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dispensable in m eta llu rgical and ch em ica l laboratories from  coast to coast.

In Y o u r  L a b o ra to ry , yo u  can obtain th e  results th at a lon e have brou gh t th is 
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EDITORIALS
SOM E A PPLIC A TIO N S OF W R O U G H T  TUNGSTEN AND 

M O LYBD EN U M .

O nly a few years ago a num ber of the elements 
were classed in the literature as brittle and had never 
been produced in a condition in which th ey were not 
brittle a t room tem perature, but have since been taken 
out of the brittle  list. Am ong these are tungsten and 
molybdenum.

Prior to their production in ductile form, tungsten 
and m olybdenum  as such (that is, other than in alloys 
or compounds) had but one application, nam ely, 
in an incandescent lamp, the one as filament, and the 
other as filament support.

Some of the physical properties of these last-nam ed 
industrially new elements, together w ith a rough sketch 
of the investigation work leading up to the pro
duction of ductile tungsten, have been published 
elsewhere {Trans. Am. Electrochem. Soc., 17, 229-234 
(1910); Proc. Am . Inst. E. E ., 29, P art II, 961-965 
(1910)).

It  is the purpose of this paper to tell of some of the 
applications which are being developed for wrought 
tungsten and wrought m olybdenum . The writer 
presents it not only for the interest of the work itself, 
but also in the hope th at it will stim ulate w ork on the 
other so-called brittle metals, and it seems to him 
th at some of our industries are alm ost certain to profit 
greatly  b y  the discovery of each new ductile element.

T H E  D R A W N -W IR E  T U N G S T E N  IN C A N D E S C E N T  L A k lP .

A  year and a half ago the hope was first publicly 
expressed th at it would soon be possible to m anu
facture lamps on a large scale from ductile tungsten. 
This hope has been fulfilled, and the com mercial de
velopm ent has been so rapid th at already the bulk 
of the tungsten lamps made in this country are of 
drawn wire, and the m anufacture is already estab
lished on a - large scale in England and Germany. 
Some anxiety was a t first felt lest it should not be 
possible to get diamond wire drawing dies of suffi
ciently small aperture to produce wire fine enough 
for the .lowest candle power lamps which m ight be 
desired. B u t this fear proved groundless and wire is 
now produced in qu an tity  down to 0.0006 inch in 
diameter.

Ductile m olybdenum  is used in some types of lamp 
as a support m aterial for the tungsten filament.

T H E  T U N G S T E N  O R  M O L Y B D E N U M -W O U N D  F U R N A C E .

This has already been described b y  W inne and 
Dantsizen ( T h i s  J o u r n a l , i g u ,  p. 770), and has proved 
to be an exceedingly useful tool, especially so in con
nection w ith the production of wrought tungsten and 
molybdenum. E xten sive factory  use has shown it 
to be not only cheaper but, regardless of cost, far 
superior to a platinum -wound electric furnace. W hen 
wound on a body of alundum  it perm its of the attain
ment of higher tem perature than can be reached with 
platinum . This attainm ent of the higher tem pera

ture is often in itself an advantage, and it is alw ays 
an advantage, in industrial work, to be relieved from 
the necessity of using the strictest tem perature con
trol to avoid m elting a furnace winding. This is 
especially true in cases where the tim e consumed in 
heating up the work in the furnace is im portant. 
For in these cases much tim e is saved b y  not using a 
constant current supply to the furnace winding, but 
b y  first raising the current, upon the introduction 
of the cold work, and then bringing it down as the 
tem perature of the w ork rises.

E L E C T R IC A L  C O N T A C T S O F T U N G S T E N  AN D  M O L Y B D E N U M .

Tungsten and m olybdenum  are destined to p lay  a 
very  im portant role in the field of contact-m aking 
devices. This is due to their high m elting point, 
which prevents them  from welding together; to their 
heat con ductiv ity  (about tw ice th at of platinum ) 
which tends to keep down local tem perature rise; and 
to their hardness, which enables them  to stand re
peated im pact w ithout flattening out.

The natural assum ption w ould be th at both metals 
under the heat of even m inute arcs, which form when 
the contacts are separated, w ould oxidize at the 
points where arcing has taken place and th at non
conducting layers w ould thus be formed which w ould 
produce a high and variable contact resistance. B u t 
several things intervene to prevent this. First, 
there is the relatively  good heat conductivity  of the 
dense form of these m etals, which distributes the heat. 
Then the fact th at the m etals are much less expensive 
than platinum , for exam ple, m akes possible the use 
of larger contact ■ masses, which again m ilitates 
against strong local heating. Finally, there is the fact 
th at w ith both tungsten and m olybdenum  the oxides 
which form in the presence of a sufficiently limited 
am ount of oxygen are conducting.

Some promising applications which are being tested 
out are the following:

A s an iridium substitute in the ‘ ‘m aster”  contacts 
of Tirrell vo ltage regulators.

A s a silver substitute in the relay contacts of Tirrell 
voltage regulators.

As an iridium substitute in feed-wire voltage reg
ulators.

As a platinum  substitute in railw ay signal relays.
As a substitute for platinum -iridium  in the contacts 

of a synchronously driven vibratin g m echanical 
rectifier.

A s a platinum  substitute in telephone jacks.
A s a platinum  substitute in autom obile and sta

tionary gas-engine ignition work, for spark coil con
tacts, m agneto circuit-breaker contacts, and spark 
plugs.

In connection w ith the above there was a t first 
serious difficulty in getting satisfactory heat contact 
between tungsten or m olybdenum  on the one hand, 
and iron or brass,'as the case m ight be, on the other.
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This was due to the fact that neither tungsten nor 
molybdenum can be satisfactorily soldered b y  any 
of the ordinary processes. This difficulty has been 
finally entirely overcome.

T U N G S T E N  AS T A R G E T  IN  A R Ö N T G E N  (X -R A Y ) T U B E .

This has proved to be, both from the scientific 
and practical points of view, an exceptionally inter
esting application.

U ntil recently platinum has been alm ost universally 
regarded as the best target material, and it has so 
long held undisputed sw ay in this field that the Röntgen 
ray  worker has come to look upon its lim itations as 
inherent in the Röntgen tube.

It  has not been possible until recently to produce 
dense, forged pieces of pure malleable tungsten. B ut 
with the advent of this material, the possibilities of 
the Röntgen tube are greatly extended.

The desiderata in a m aterial to be used as the anti
cathode or target are the following:

1. High specific gravity.
2. High m elting point.
3. High heat conductivity.
4. Low vapor pressure at high temperature.
The reasons w hy the above qualities are desirable 

follow readily from a brief consideration of the theory 
of R öntgen-ray production.

From the concave cathode, electrically charged 
particles, the electrons, are shot out a t high velocity  
in a direction normal to the surface. The paths of 
these particles converge and the target is placed a t or 
near the point of strongest convergence, the focus 
point. W hen the electron meets an obstruction, as 
the target, its velocity is reduced, and the denser the 
target the more rapid is the deceleration. The more 
rapid the deceleration the greater is the am plitude 
of the electrom agnetic pulse, the Röntgen-ray, sent out. 
Here then is a need for high specific g ravity; that 
of forged tungsten is but little less than that of 
platinum.

In m odem  Röntgen-ray practice, powerful apparatus 
running sometimes to a capacity of six  kilow atts is used 
to excite the tube. The greater part of the energy 
delivered to the tube is transformed into heat at the 
point where the cathode rays bom bard the target. 
W here platinum  is used it has been found necessary, 
to prevent melting, to place the target beyond the 
focus of the cathode so as to spread the bom bardm ent 
over a larger area. A s a radiograph is a shadow 
picture, and as the source of the R öntgen-ray is the 
bombarded area of the target, this enlarging of that 
area is clearly an undesirable thing to do, as the larger 
area will mean more overlapping and less definition 
in the resulting picture. In this w ay, the m elting 
point of platinum  has been the lim iting feature of the 
Röntgen tube. The capacity of the tube has been in
creased b y  w ater cooling the platinum  or b y  using 
as a target a large mass of copper having a very  thin 
platinum  face. B ut the limit, although raised b y  this 
artifice, has still been the m elting point of the 
platinum.

Tungsten has a much higher melting point (30000 C.

as against 1755° for platinum ), and so, even with 
sharp focusing of the cathode rays on the target, per
mits the iise of more energy than has hitherto been 
possible; for the high tem perature to which it can 
run enables it to radiate more heat, and its better heat 
conductivity perm its a more rapid flow of heat from 
the focus spot to the surrounding metal.

Stability  of vacuum  in a Röntgen tube is of the 
utm ost importance, as the character of the rays is so 
largely determined b y  the vacuum . Metal, which 
under the influence of the high tem perature vaporizes 
from the target, condenses on the glass in finely 
divided form and absorbs relatively large amounts of 
gas, thus changing the vacuum . A t  high tem pera
tures tungsten vaporizes least of all the metals.

In the above case, practice seems to be in full accord 
w ith the theory, and the tungsten target offers great 
promise to the Röntgen-ray worker. It  gives him what 
he has not had before, an indestructible target, so far 
as the present electrical apparatus goes, together with 
sharper definition and much shorter exposure.

T U N G S T E N  P R O JE C T IL E S .

The use of wrought tungsten as a projectile is being 
carefully investigated. It  offers, in this field, possi
bilities not possessed b y  any other metal.

The present small arm service projectile is made of 
lead w ith a jacket of copper-nickel alloy. The prin
cipal advantage ■ of lead over iron, which would of 
course be cheaper, is th at it has a higher specific 
gravity. Because of this fact a lead bullet will have a 
smaller cross-section, and' will therefore encounter 
less air resistance to its flight, than will an iron bullet 
of the same weight, and will therefore give a flatter 
trajectory and longer range. A n iron bullet of the 
same diameter as the lead bullet could of course be 
given the same weight b y  increasing its length. B ut 
this would a t once necessitate giving it a higher 
rotational velocity  to keep its axis tangential to its 
flight. To im part this added rotational velocity  calls 
for the expenditure of energy and so leaves less for 
velocity  of translation. The lead bullet then w ith its 
higher density m akes possible a flatter trajectory 
and longer range. W ith the exception of tungsten, 
lead is the densest m etal which can be considered for 
this purpose, for gold is the cheapest of the other 
elements having a higher specific g ra vity  than lead. 
The density of wrought tungsten is 19.3 while th at of 
lead is 11.5.

For m ilitary purposes, the softness of lead is not 
an advantage, a soft nosed bullet being tabooed in 
civilized warfare. For this reason and because of the 
fact th at it is too w eak to hold the rifling, it has to be 
jacketed  w ith the copper-nickel alloy. To take the 
rifling and to act as a gas check, the tungsten bullet 
will require a copper band or its equivalent a t the base.

The hardness and high tensile strength of wrought 
tungsten will give high penetrating power.

The high melting point of tungsten will prevent it 
from being harm fully upset at the base b y  the com 
bined action of the high tem perature and rapid im
pact due to the combustion of the powder charge.
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(An unsym m etrical upsetting of the base of a pro
jectile is very  prejudicial to accuracy.)

I t  would be a very  simple m atter to calculate the 
constants of the trajectory of a tungsten projectile 
were it not for the fact th at the high density removes 
it too far from the present base line. For such calcu
lations one quantity is lacking, the so-called “ form 
factor.”  This factor could itself be calculated if it 
contained, as the ñame would seem to im ply, only the 
dimensions and the specific g ra vity ; but there are also 
involved in it all of the errors d u e . to sim plifying 
assumptions which have been m ade in connection 
w ith the m athem atical derivation of formulae. It 
therefore becomes necessary to  experim entally deter
mine the constants of the trajectory  of tungsten 
bullets, and preparations for this work are now being 
made. W . D. C o o l i d g e .

“ T H E  F E L L O W  W H O  D O ESN ’T  K N O W  A N Y B E T T E R .”

There are in the U nited States according to the 
census more than eight thousand chemists. Most 
of these chemists have spent a t least three years 
and m any have spent six or seven years in the college 
or university acquiring a knowledge of chem istry. 
A bove all other men th ey are acquainted w ith chem i
cal laws and processes. According to President 
Maclaurin and President Lowell, to judge from  some 
of their com paratively recent addresses, the earth 
and the fulness thereof during the present century is 
to belong to the chemist. Aside from his meekness, 
however, does the chemist today show an y indications 
of entering into his inheritance? Is the chemist today, 
in this country, originating as m any new products and 
processes as he should ? Is he even originating his fair 
proportion of new chemical products and processes?

In the older and more strictly  chem ical industries, 
such as the acid, h eavy chemical, alkali and dyestuff 
industries for instance, the chem ist seems to be in 
control and progress in these industries m ay be 
credited to him. B u t there are other industries in 
which chemical principles of the highest order are 
involved which for the most part are not under chem 
ical control; such as, the paint, varnish, dyeing, 
leather, alloy, shoe ink and shoe polish industries. 
There are in some instances chemists in control who 
are m aking good, but for the most part the chemist 
in such industries as are mentioned above is em 
ployed in testing raw  m aterials and finished products. 
He m ay be even essentially ignorant of the m anu
facturing processes.

Consider, for exam ple the m anufacture of shoe 
inks and polishes. These are im portant industries 
and the m anufacture of these products is a chemical 
process. Moreover, Am erican shoe inks and polishes 
are sold all over the world, some of our largest com
panies having branch factories in England, Ger
m any and France. B u t in this essentially chemical 
industry there are alm ost no chemists. Their prod
ucts and processes have, for the most part a t any 
rate, originated w ith rule-of-thumb men, the so-called

practical men. Conditions in the other industries men
tioned are similar, though in a lesser degree perhaps.

The first really successful one-set edge ink for shoes 
was stum bled on b y  a man who added a basic color 
to an emulsion of cam auba w ax and soap, instead 
of an acid color as called for b y  the formula. If he 
had been a chem ist he would have known better. He 
would have known th at a basic color would undergo 
double decomposition w ith the soap, causing a coagu
lation of the emulsion. T h at is just w hat the basic 
color did in this case, but after stirring and straining 
it was just as fluid as before. The blacking man now 
throws his w ax w ith acid to get the desired result. 
W hat chem ist in his right mind would have added 
acid to an emulsion of w ax and soap expecting' to ob
tain a desirable result?

It  keeps the chem ist busy stretching his conception 
of chemical laws, theories and hypotheses to explain how 
the despised rule-of-thum b man gets the results he does.

The chemist, a t an y rate the common, garden- 
variety  of chemist, suffers from a sort of chemico- 
sclerosis. His conceptions of chem ical laws be
come hardened and his theories and hypotheses 
inflexible. He knows th at sodium chloride added 
to a silver salt solution produces a precipitate, but 
until colloids became fashionable how m any chemists 
knew th at in the presence of a protective colloid-like 
albumen the silver chloride would n o t'p rec ip ita te?  
He knows th at silver iodide, bromide and chloride 
are insoluble and concludes t h a t " silver - fluoride is 
also. He knows th at hydrogen sulphide gives black 
m ercuric sulphide w ith a solution of mercuric chloride 
and so the United States Pharm acopoeia states that 
under the conditions of the ‘ G utzeit T est’ , for arsenic, 
hydrogen sulphide gives a black stain. U nder usual 
conditions, however, the stain is yellow  and m ay be 
thought to indicate arsenic.

The chem ist finds it difficult to work w ithout a 
theory and neglects to follow the leads th at according 
to his theory do not promise results. B ut results 
have been obtained that were not in exact accor
dance with the preconceived theory. Perkin had a 
theory for m aking quinine and found the first aniline 
dye in spite of this theory.

There is also a certain chem ical snobbery th at 
prevents chem ists following leads of dubious respec
tab ility . In 1873 it was discovered th at a dye resulted 
from the fusion of sawdus^ and sodium sulphide. 
The dye was w eak and of no ascertainable constitu
tion, but th at such a fusion gave a dye a t all was a 
highly significant fact and even a  moderate am ount 
of investigation would have im proved this dye ten
fold. B u t as the father of the dye was sawdust, 
of course, - no self-respecting chemist would recog
nize it, and nothing was done on sulphur colors until 
tw en ty years later a sulphur dye of perfectly respec
table parentage was discovered. Then hundreds 
of chemists were set.to tilling the field.

The practical, rule-of-thumb man w ith a natural 
bent for research labors under none of these handi
caps. He is free. He staves ahead untram m eled 
b y  theory and now and then gets the result. He



Jan., 1912 TH E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y . 5

m ay put on the m arket a wood stain reeking with 
ammonia as an acid stain but it sells and does the 
work. He gets results often enough to lend a color 
of truth to the statem ent that “ I t ’s generally the 
fellow who doesn’t know any better who does the 
thing that can’t be done.

D ET ER IO R A TIO N  AND SPONTANEOUS H EATIN G  OF C O A L 
IN ST O R A G E .'

B y  H o r a c e  C. P o r t e r  a n d  F. K .  O v it z .

Received D ecem ber 11, 1911.

Not m any years ago, coal was commonly regarded as 
an extrem ely unstable material, subject to very 
serious alteration and losses on exposure to the ele
ments. E. C. Pechin, in 1872, speaking before the 
Am erican Institute of Mining Engineers, says: “ Fuel 
suffers m aterially b y  storage; especially with bitum i
nous and semi-bituminous coals is the loss heavy, an 
exposure of only two weeks causing a loss of carbon 
to the extent of 10 to 2 5 % .” Similar views have 
been held in much more recent times. For example, 
in a paper before the U. S. N aval Institute in 
1906 we find the statem ent: “ The pressure of the
weight of coal causes gases to be evolved; these 
gases constitute the chief and only value of the 
coal in th at they furnish the heat units. It  is claimed 
that if a ton of fine bituminous coal be spread out 
on a concrete pavement in the open air in this climate 
(K ey  W est, Florida) for one year, it will lose all its 
calorific properties. The gases are sim ply free to 
escape, and when the coal has lost all its gas it will 
have lost all its heat units and be sim ply coke.”  
This was only five years ago.

In 1907 a German gas-works engineer claims to 
have found that moist fine coal sustained an average 
loss per week of 1.7 per cent., this loss being due to gas. 
The 1889 edition of Groves and Thorp’s “ Chemical Tech
nology of Fuels”  says: “ In some places coal is known 
to lose 50 per cent, of its heating value in six m onths.” 
Other statements like these are to be found in recent 
literature, but probably the great m ajority of chemists 
and engineers to-day hold no such exaggerated ideas 
on the subject. There is, on the other hand, a well- 
defined suspicion, in the minds of m any th at suffi
cient loss of volatile m atter and sufficient deterio
ration b y  oxidation does occur in coal to be of indus
trial im portance; and for th at reason the investi
gations described in this paper were undertaken b y  
the Bureau of Mines to determine accurately the 
extent of the deterioration in different types of coal.

First a study was made in the laboratory of the 
loss of volatile m atter from crushed coal during stor
age. A  number of samples (20 lbs. each), representing 
a variety  of types from widely separated fields, were 
broken to about I/2-mch size and im m ediately placed

1 P resented , by  perm ission of th e  D irector, B ureau  of Mines, a t  a 
jo in t m eeting of the  New Y ork  Section, A m erican Chem ical Society, A m eri
can  Electrochem ical Society, and  the  Society of Chem ical In d u s try , New 
Y ork. N ovem ber 10, 1911.

The fellow who doesn’t  know any b e tte r ,”  will 
not make this century the century of chem istry. It 
will be done b y  the chemist who realizes the flexi
b ility  of our great laws, the instability of hypothesis, 
the unreliability of analogy and who is not afraid 
of the dark. W. H. W a t k i n s .

in glass bottles in the mine. A t the laboratory the 
accum ulated gas was withdrawn and a free con
tinuous escape of the volatile products perm itted 
at atmospheric pressure and temperature. The results 
of these experiments have been published in Tech
nical Paper No. 2, Bureau of Mines, entitled “ The 
Escape of Gas from C oal”  and will therefore not 
be given here in detail. Suffice it to say that while 
several coals evolve methane in large volum es es
pecially in the early period after mining the coal 
suffered in one year a loss in calorific value from this 
cause of but 0.16 per cent., as a maximum.

It seems therefore th at the loss due to escape of 
volatile m atter from coal has been greatly  overesti
mated.

A t the instance of the N avy  Departm ent, however, 
which is a purchaser of coal to the extent of two or 
three million dollars annually, and stores large lots 
in warm climates for long periods of time, more elab
orate tests were undertaken to determine the total 
loss possible in high-grade coal b y  weathering. The 
extent of the saving to be accomplished b y  water 
submergence as compared to open-air storage was a 
point to be settled, and there had also arisen the 
question as to whether salt w ater possessed any pe
culiar advantage over fresh w ater for this purpose. 
A n English railw ay and dock superintendent in an 
article in the London Engineer, 1903, reports 
that he has found coal accidentally submerged for 
10 years in the salt mud of the English Channel, 
actually improved in calorific value b y  1.8 per cent, 
which offers a very  p retty  question to chemists to 
say w h y .”  He claims th at salt will preserve the v ir
tues of coal as it does those of m any other things, 
“ if coal is given a strong dose of coarse salt and water 
12 hours before using, its calorific value is greatly 
improved. ”

Coal-storage problems have assumed importance 
during the last few  years on account of the uncertain
ties of supply due to strikes and transportation diffi
culties. The naval coaling stations, the Panam a 
R. R. Co., the Great Lakes commercial coal dis
tributing companies, large coke and gas or power 
plants a t a distance from the coal fields and the rail
roads themselves, particularly those in the west, 
keep 50,000-500-000 tons in storage a great deal of 
the time.

In brief outline, the tests b y  the Bureau were carried 
out as follows: four kinds of coal were chosen: 
New R iver on account of its large use b y  the N avy; 
Pocahontas as a w idely used steam ing and coking

ORIGINAL PAPERS.
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coal in the eastern section, and as being also the prin
cipal fuel used in the Panam a canal w ork; P itts
burgh coal as a type of rich coking and gas coal; and 
Sheridan, W yom ing, subbitum inous or “ black lig
n ite ” — a typ e  much used in the west. W ith the 
New R iver coal, 50-pound portions were made up 
out of one large lot, which had been crushed to 1/i- 
inch size and well mixed. These portions confined 
in perforated wooden boxes were submerged under 
sea w ater at three n a v y  yards, differing w idely from 
each other in clim atic conditions, and 300-pound 
portions from the same original lot were exposed 
to the open air, both out of doors and indoors, a t the 
same places.

W ith the Pocahontas coal test was made only at 
one point, the Isthm us of Panam a— run-of-mine 
coal being placed in a 120-ton pile, exposed to the 
weather. P ittsburgh coal was stored as run-of-mine 
in open outdoor bins, 5 tons capacity, at Ann Arbor, 
Michigan, also in 300-pound barrels submerged 
under fresh water. The W yom ing subbitum inous 
was stored a t Sheridan, both as run-of-mine and 
slack in outdoor bins, holding three to six tons 
each.

E very  test portion was sampled each tim e in dupli
cate and in all cases except the outdoor pile a t Panam a 
and the 300-pound open-air piles of New R iver 
coal the sam pling was done' b y  rehandling the 
entire amount. In the excepted cases mentioned 
it was not thought fair to disturb the entire lot, and 
therefore at Panam a a vertical section of ten tons 
only was rem oved each time (eight samples being 
taken from the io-ton section), while in the case of 
the outdoor lots at the N a vy  Y ard s a num ber of 
small portions, well-distributed, were taken from 
each pile, mixed, and quartered down.

Small lots and a fine state of. division were con
ditions purposely adopted w ith the New R iver coal 
so as to make the tests of m axim um  severity.

Moisture, ash, sulphur, and calorific value deter
minations were made on each sample, the latter b y  
means of the Mahler bom b calorimeter and a care
fu lly  calibrated Beckm ann therm om eter. The calori- 
m etric work on all except the Sheridan, W yom ing, 
tests has been done throughout b y  one man, Mr. 
O vitz, and w ith the same instrument. A ll the calo
rific values in the tables have been calculated to a com
parable unit basis, viz., th at of the actual coal sub
stance free of moisture, sulphur, and corrected ash.

The results show in the case of the New R iver coal 
less than 1 per cent, loss of calorific value in one year 
b y  weathering in the open. There was practically 
no loss a t all in the submerged samples and fresh 
w ater seemed to “ preserve the v irtu e s” of the coal as 
well as salt. There was almost no slacking of lump 
in the run-of-mine samples and the crushed coal 
in all cases deteriorated more rapidly than run-of- 
mine.

The Pocahontas run-of-mine in a 120-ton pile on 
the Isthm us of Panam a lost during one y ea r's  outdoor 
weathering less than 0.4 per cent, in heating value,

and suffered little or no physical deterioration of 
lumps.

The Pittsburgh gas coal during six m onths’ outdoor 
exposure suffered no loss w hatever of calorific value, 
measurable b y  the calorim etric m ethod used, not 
even in the upper surface layer of the bins.

The W yom ing coal lost as much as 5.3 per cent, 
in one of the bins during tw o and three quarter years, 
and 3.5 per cent, even in the first three months. There 
was bad slacking and crum bling of the lumps on the 
surface of the piles but where the surface was fu lly 
exposed to the w eather this slacking did not penetrate 
more than 12-18 inches in the 23/t-year period.

No outdoor weathering tests have been made by 
the Bureau on coal of the Illinois type. Thorough 
tests, however, on this type have been reported by 
Prof. S. W. Parr, of the U niversity of Illinois, 
and b y  A. Bem ent, of Chicago, both of whom find 
from 1.0-3.0 per cent, in calorific loss in a year 
b y  weathering. Mr. Bennet reports a slacking of 
lumps (in tests on small samples) of over 80 per cent, 
in one case and about 12 per cent, in another. It 
is probable th at in this typ e  as in the W yom ing, the 
slacking in a large pile would not penetrate far from 
the surface.

Storage under w ater unquestionably preserves the 
heating value and the physical strength of coal. B ut 
it practically necessitates firing w et coal, and there
fore means the evaporating in the furnace of an 
am ount of moisture varyin g from 1-15  per cent., 
according to the kind of coal. This factor is an im
portant draw back to under-water storage with coals 
like the Illinois and W yom ing types, which mechan
ically  retain 5-15 per cent, of w ater after draining, 
b u t in case of the high-grade eastern coals, if firemen 
are perm itted, as is ordinarily the case, to w et down 
their coal before firing, “ so as to m ake,” as they 
say, “ a hotter fire,”  then the addition during storage 
of the 2 or 3 per cent, moisture which these coals 
retain would be of little consequence. Submergence 
storage is an absolute preventative of spontaneous 
combustion, and on th at account alone its use m ay 
be justified with some coals, but m erely for the sake 
of the saving to be secured b y  avoidance of weathering 
there does not seem to be good ground for its use.

S P O N T A N E O U S  C O M B U S T IO N .

Losses in coal due to spontaneous heating are a 
much more serious m atter. O xidation, i. e., proba
bly  in the main an absorption of oxygen b y  the un
saturated chem ical compounds in the coal substance, 
begins a t ordinary tem perature in any coal, attacking 
the surfaces of the particles, thus slow ly developing 
heat. In a small mass of coal this slow ly developed 
heat can readily dissipate itself b y  radiation and no 
rise in tem perature results. If radiation is restricted, 
however, as in a large pile densely packed, the tem 
perature slowly rises. Now, the curve of oxidation 
rate plotted against tem perature rises w ith great 
rapidity, and when the storage conditions are such 
as to allow a certain point (near 1000 C.) to be passed 
the rate of oxidation is great enough ordinarily so
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that the heat developed overbalances the heat radi
ated and the temperature will rise to the ignition 
point if the air supply is adequate. The importance 
therefore can be seen of guarding against even moderate 
heating in the coal either from internal spontaneous 
causes or b y  radiation from external sources. In
creased loss of heating value and of volatile m atter 
occurs a t moderately increased temperatures even 
though the ignition point is not reached.

The amount of surface exposed to oxidation in 
a given mass depends on the size of the particles and 
increases very rapidly as the fineness approaches 
that of dust. Dust is therefore a dangerous thing in 
a coal pile, particularly if it is mixed with larger sized 
coal which forms air passages to the interior. Spon
taneous combustion is brought about b y  slow oxi
dation in an air supply sufficient to support the oxi
dation but insufficient to carry aw ay all the heat 
formed. There is a wide variation among coals in 
friability. In com parative rattler tests under cer
tain standard conditions, Pocahontas. New R iver 
and Cambria Co., Pa., coals produced nearly twice 
as much dust (through ■/," screen) as a sample from 
the Pittsburgh seam. This is a large factor in spon
taneous combustion. Mixed lump and fine, i. e.. 
run-of-mine, with a large percentage of dust, and piled 
so as to adm it to the interior a limited supply of 
air, make 'ideal conditions for spontaneous heating.

High volatile m atter does not of itself increase 
the lia b ility ' to spontaneous heating. A  recent cir
cular letter of inquiry on spontaneous combustion 
sent b y  the Bureau to more than 2,000 large coal con
sumers of the United States has brought 1,200 replies, 
of which 260 report instances of spontaneous com
bustion, 220 of them, naming the coal. Of these 
220, 95 are in semi-bituminous low-volatile coals of 
the Appalachian region, and 55 in western and middle 
western coals. This result shows a t least no falling 
behind on the part of the “ sm okeless” typ e and no 
cause for placing special confidence in these coals 
for safety in storage.

A  serious fire in cinder filling under a manu
facturing plant in Pittsburgh was recently investi
gated b y  the Bureau and all the evidence pointed 
to spontaneous combustion as the cause, induced 
b y  external, heat radiated from a furnace. The 
cinders contained 40 per cent, of carbon. A  similar 
fire occurred two years ago in cinder filling under 
a sm elting plant on Staten Island in which case 
the cinders contained 33 per cent, carbon. Damage 
amounting to $20,000 was done. The cause was 
not definitely determined, but from the reports of 
the insurance adjusters spontaneous heating appears 
to be the most plausible explanation The volatile 
m atter in the m aterial could not have been a factor 
in these causes.

Pocahontas coal gives a great deal of trouble with 
spontaneous fires in the large storage piles at Panama. 
It  is reported also b y  several large by-product coke 
concerns to be more troublesome in this respect than 
their high volatile gas coals. The high volatile coals 
of the west are, to be sure, usually very liable to

spontaneous heating, but they owe this property to 
chemical nature of the substances which compose the 
coal rather than to the amount of volatile matter. 
Strange as it m ay seem, a high oxygen content in coal 
appears to parallel its avid ity  for oxygen and to promote 
therefore its tendency to spontaneous combustion.

The influence of moisture and th at of sulphur upon 
spontaneous heating of coal are mooted questions 
much discussed, not very  much 'actually investigated, 
and certainly not yet settled. Richters has shown 
th at in the laboratory dry coal oxidizes more rapidly 
than moist, but the weight of opinion among practical 
users of coal is that moisture promotes spontaneous 
heating. The observation b y  the Bureau of many 
actual cases has not developed any instances where 
moisture could be proven to have had such an effect. 
Sulphur on the other hand has been shown b y  these 
investigations,- to have in most cases only a minor in
fluence. In a number of actual cases, samples of the 
heated coal from areas where the heat was greatest 
have been analyzed, both for the total sulphur and that 
in the sulphate form. The difference between these, or 
in other words, the unoxidized sulphur was in no case 
less than 75 per cent, of the average total sulphur 
in the original. In other words, not more than '/i 
of the total sulphur has entered into any heat-pro
ducing reaction. The possibility remains, however, 
th at all of the sulphur which was oxidized was con
centrated in one pocket of moist flaky pyrites, and 
thus sufficient heat was developed in one spot to act 
as an igniter. On the other hand, a Boston com pany, 
using Dominion (N ova Scotia) coal of 3-4 per cent, 
sulphur, has much trouble w ith spontaneous fires in 
storage, but a number of samples taken b y  the Bureau 
from exposed piles of this coal in which heating had 
occurred showed that 90 per cent, of the sulphur was 
still unoxidized. Experim ents in the laboratory, 
passing air over coal at 120° C., have developed enough 
heat to ignite the coal and no change was found in 
the form  of the sulphur. W hile not entirely con
clusive, these results point to a very minor contribu
tion, if any, on the part of sulphur to spontaneous 
heating in coal.

Freshly mined coal and even fresh surfaces exposed 
b y  crushing lump coal exhibit a rem arkable avid ity  
for oxygen, b u t after a tim e become coated with oxi
dized material, " seasoned” as it were, so th at the action 
of the air becomes much less vigorous. It is found in 

.practice th at if coal, which has been stored for six 
weeks or two months and has even become already 

. som ewhat heated, be rehandled and thoroughly 
cooled b y  the air, spontaneous heating rarely begins 
again. A  large power plant in New Y ork  crushes its 
coal to pass a 4" screen im m ediately after unloading 
from barges, the fines and dust, 50 per cent, or more, 
being left in the coal to be stored. This freshly 
crushed coal is elevated to iron hopper-shaped bunkers 
directly over the boilers and the air tem perature in these 
often reaches 100 0 F. A s the coal hangs on the sloping 
sides sometimes three or four months at a time, it 
seepis hardly surprising th at some of the bunkers are 
on fire practically all of the time.
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W ith full appreciation of the fact th at any or all 
of the following recommendations m ay under certain 
conditions be found im practicable, they are offered 
as being advisable precautions for safety in storing 
coal whenever their use does not involve an unreason
able expense:

(1) Do not pile over 12 feet deep nor so th at any 
point in the interior will be over 10 feet from an air- 
cooled surface.

(2) If possible, store only lump.
(3) K eep dust out as much as possible; therefore 

reduce handling to a minimum.
(4) Pile so that lump and fine are distributed as 

evenly as possible; not as is often done, allowing lumps 
to roll down from a peak and form air passages a t the 
bottom .

(5) Rehandle and screen after tw o months.
(6) K eep aw ay external sources of heat even though 

moderate in degree.
(7) Allow  six w eeks’ “ seasoning” after mining 

before storing.
(8) A void  alternate w etting and drying.
(9) A void  admission of air to interior of pile through 

interstices around foreign objects such as tim bers 
or irregular brick w ork; also through porous bottom s 
such as coarse cinders.

(10) Do not try  to ventilate b y  pipes as more harm 
is often done than good.

T H E  D IST IL LA T IO N  OF A LC O H O L.1
B y A . B. A d a m s , Chief Chem ist, In te rn a l R evenue B ureau.

R eceived J u ly  13, 1911.

The production of alcohol differs essentially from 
the production of straight whiskey, because it is 
necessary th at the finished product be as near pure 
ethyl alcohol as is possible, b y  m echanical means, 
to distil. To effect this the processes are essentially 
the same up to a given point ; th at is, as far as the pri
m ary distillation, this being conducted in a continuous 
beer still which is b uilt exactly  sim ilar to the continu
ous beer still used in a m ajority of the “ Bourbon” 
houses. The distillate, however, is produced at a much 
higher proof, generally at about 160 degrees or 80 
per cent, alcohol b y  volum e. The high wine distillate 
is reduced with w ater to about 101 proof, and passed 
through charcoal filters under pressure. A fter filtering, 
the spirit is em ptied into the kettle of the “ colum n” 
still. This still consists of a series of plates ranging 
in num ber from 18 to 30 or more, depending on the 
typ e and size of the plant. These plates act as de- 
phlegm ators, each one constantly condensing the 
products of higher boiling points, perm itting the 
products of lower boiling points to proceed upward. 
W hen the vapors leave the top of the still th ey  enter 
a series of condensers, in some types, called a “ goose,” 
which consists of a series of pipes arranged v e ry  much 
like a radiator. These pipes are surrounded b y  cooling 
w ater a t a tem perature practically  one degree higher

1 Pub lished  by  a u th o rity  of th e  Com m issioner of In te rn a l Revenue. 
See com panion article, “ T he D istilla tion  of W hiskey ," T h i s  J o u r n a l , 
Feb., 1910.

than the boiling point of eth yl alcohol. The purpose 
of this apparatus is to condense all products as far 
as possible, which boil at a higher tem perature than 
ethyl alcohol and which have escaped the action of 
the plates in the still. From  the “ goose” the vapors 
pass into the condenser. In recent years, on account of 
the excessive weight of the “ goose,”  which in some 
distilleries is a tan k as large as a good-sized room, 
a simpler apparatus has been devised, called a “ tubular 
separator;”  this operates on the same principle as 
the “ goose,”  nam ely, is cooled b y  w ater at the same 
tem perature. This is considered b y  m any to be as 
efficient a piece of apparatus.

A t the “ tail b o x ” or end of the condenser, the dis
tillate is separated into various fractions, depending 
on the quality, b y  the operator of the still. These 
are generally called, in the order distilled, “ fore- 
shots,”  or low wines, “ heads,” “ middle run,” “ tails,” 
“ low wines” and lastly, “ fusel o il.” The point 
at which the different fractions are cut out depends 
upon the class of goods desired b y  the operator. The 
“ middle run” is the cleanest part of the distillation, 
and when a very  clean spirit is desired is frequently 
separated in a No. 1 and a No. 2 spirit. The “ fore
shots”  and low wines are the poorest parts of the run, 
containing the greatest am ount of bad smelling 
impurities, which render them  unfit for commercial 
purposes. In this condition th ey are generally col
lected for several days and then redistilled in the 
“ colum n.”  (The better part of such a redistillation 
is classed as “ commercial alcohol.” ) The “ heads 
and tails,” if separated fairly clean, are combined 
and called “ commercial alcohol.”  The “ middle run,” 
No. 1 and No. 2 spirit go into the trade as such. The 
“ fusel oil”  is not run off a t the end of each charge but 
is perm itted to remain in the still and on the plates 
of the column until tw o or more charges have been 
run, when, in the judgm ent of the distiller, sufficient 
“ fusel o il”  has been collected to warrant its distilla
tion; this is conducted b y  sim ply turning on more 
steam  when the last of the “ low wines” have been 
run from the charge then in the kettle.

The last portion of the “ low wines” will consist of 
increasing proportions of fusel oil and water. W hen 
the per cent, of fusel oil is so great th at it does not 
remain in solution, the flow in the tail box becomes 
m ilky, and the subsequent distillate is distilled into 
the “ fusel o il” tank. The fusel oil is gradually forced 
up the column from plate to plate, being carried up
w ard b y  “ steam  distillation.”  Although w ater is 
of a lower boiling point than the am yl alcohols, yet 
it does remain on the plates o f.th e  column after the 
fusel oil has been driven up.- This can be proven b y  
opening the try  cocks a t each plate in the still during 
the course of the distillation.

M E T H O D S  O F A N A L Y S IS .

The analytical methods used were those as found 
in Bulletin  107, Bureau of Chem istry, Departm ent 
of Agriculture, under “ Distilled Liquors,”  with changes 
in treatm ent for esters and higher alcohols.

Proof.— T h e  proof of the samples w as determined
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with a regular Internal Revenue hydrometer. One 
degree of proof is equal to one-half of one per cent 
of alcohol b y  volume.

Acids.— F ifty  -cc. titrated  with N /10  N aO H ; use 
phenolphthalein as indicator; calculated to acetic 
acid.

Esters.— Saponify with soda, titrate excess with 
sulphuric acid, calculate results to ethyl acetate. 
The above method was used for the determination 
of esters in all-of the samples but the following: Nos. 
36814 to 36826, inclusive; in these samples, on account 
of the content of aldehyde bodies, the true ester 
value could not be determined until they were removed. 
These samples were treated b y  the method as given 
in Allen, Third Edition, page 158. The spirit being 
treated with 1 cc. aniline and 1 cc. phosphoric acid, 
refluxed, distilled, then proceed in regular manner.
1 find th at this method gives results a trifle lower 
than are correct, but this was compensated for b y  
adding a correction.

Higher Alcohols.— The Allen-Marquardt- method was 
used. Samples Nos. 36814 to 36828 had to be treated 
to remove the aldehydes and acetals. This was done 
by successive treatm ents with alkali to form conden
sation products, distilling; then treat with H C1 to 
break up the acetal into aldehyde; then treat with 
alkali and distil, repeating until the distillate was 
clean. Blanks were run to see that this treatm ent 
would give true results.

Aldehydes.— Determined according to the pre
scribed method, being a colorimetric comparison. 
Test made with a solution of fuchsin dissolved in S0 2.

Furjurols.— Used prescribed method, a colorimetric 
comparison. Test made b y  treating the spirit with
2 cc. aniline and x/j cc. hydrochloric acid.

In proceeding with the plan of the work outlined 
a distillery was selected which produced alcohol as 
a by-product from the m anufacture of yeast. The 
mash is made in the usual manner in about the fol
lowing proportions: Malt 34 % , rye 5 % , corn 61% .

Fermentation.— The fermentation is a very  rapid 
one as the mash is aerated during the entire process, 
which is com plete in sixteen hours. The result of 
such aeration produces a very  pure and a very  strong 
yeast, but a t the expense of more or less alcohol which 
is lost b y  evaporation, and more particularly b y  
oxidation into aldehydes, etc. On account of the 
high aldehyde content in such a mash or “ beer” 
it is acknowledged to be one of the most difficult 
to distil clean; th at is, to obtain a good grade of 
alcohol

Primary Distillation.— The finished ferm entation, 
or as it is called, the “ beer,”  is distilled in a large con
tinuous beer still, the operation of which is described 
in a previous article.1

The still is three feet in diameter, containing four
teen chambers, each eighteen inches in height. It 
produces continuously a spirit of about 150 proof, 
called “ high wines.”  Such a still after it has been 
once set produces a similar distillate during its entire

1 T h i s  J o u r n a l ,  Feb., 1 910 .

period of operation, except a t the beginning and end, 
when a full head of beer is not on the still.

Filtration.— The product of the beer still is reduced 
to about xoi proof with pure w ater and is then passed 
through charcoal filters under pressure. These filters 
are cast iron receptacles about 3V2 feet high b y  4 
feet in diameter, tigh tly  packed w ith charcoal. The 
purpose of such filtration is to eliminate from the 
high “ wines” somle of the raw odors of the spirit. 
I t  was at one time thought that this filtration, or as 
it is erroneously called, rectification, rem oved the 
fusel oil. The results of the analysis of these samples, 
as well as of the products of six other distilleries using 
similar filters, prove this to be incorrect, as the analy
ses in no case show more than a slightly lower per 
cent, of higher alcohols.

For example:
H igher 
alcohols. 

G ram s per 
100 liters.

Sam ple No. 36,814: D istilla te  from  beer s till a f te r  re d u c tio n   100.2
Sam ple No. 36,815: D istilla te  from  beer s till a fte r  re d u c tio n   84 .2
Sam ple No. 36,816: A verage sam ple of the  above a fte r having.

been through  the charcoal filters ..............................  86.2

In m y opinion this filtration rem oves from the spirit 
the major portion of certain bodies which are formed 
during ferm entation and which are soluble in w ater 
and not in the spirit, probably decomposition products 
from the proteids of the grain.

Redistillation.— The construction of the column 
still can best be understood b y  referring to the illus
tration and the cross section of tw o of the plates. 
Four thousand gallons of high wines, which had been 
reduced to xox° proof and filtered through charcoal, 
were placed in the kettle; it is heated b y  means of 
a closed steam coil. The vapors pass up from the 
kettle, entering the still a t the bottom , as th ey  ascend, 
striking the bottom  of the first plate. A  portion 
of the vapors is condensed; the larger portion proceeds 
upward through the three pipes which are under
neath the “ bonnets.”  As the w ater level of each 
plate reaches exactly  to the height of the down pipe, 
the vapors, as th ey leave the bonnet, have to pass 
through this level of liquid. More of the vapors are 
condensed, the remainder pass upward against the 
n ext p late and enter the bonnets, and so on. Those 
products which are condensed flow downward, a con
stant level being kept on the plates b y  means of the 
down pipes. Products which flow to the bottom  of 
the still are returned to the kettle autom atically. 
The column still from which the samples were taken 
has tw enty-three chambers and one boiling dome; 
The vapors after passing through the highest-cham ber 
enter a tubular separator, as previously explained; 
this is kept very  near the boiling tem perature of ethyl 
alcohol. A n y  products which are condensed are 
returned to the top of the still b y  means of the small 
trapped pipe. The vapors on leaving the separator 
enter the condenser where they are condensed to a 
liquid. It takes about th irty  hours to run off one 
charge of the kettle. Three charges of the kettle 
are run and the fusel oil distilled on the third running
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only, the still being thoroughly cleaned out after this 
distillation. The samples were taken from the running 
of such a third charge, and, therefore, include fusel 
oil samples. B y  referring to the analytical table

it will be seen, when the samples were taken, w hat 
part of the run th ey represent, and the analysis. 
O nly three samples were taken during the middle 
run because necessarily this would be a clean spirit. 
More frequently samples were taken at the beginning 
of the distillation and at the end on account of the 
changes occurring in these portions of the runs.

The first two samples, Nos. 36817 and 36818, are 
not representative of the very  first runnings of the 
charge in the kettle a t the time, b u t contain an ad
m ixture of products left on the plates from the tw o 
previous distillations. W hen the third sample, No. 
36819, was taken, the still appeared to be running 
on the charge in the kettle; this is shown b y  the drop 
in the proof. The proof gradually rises until 1 9 1 0 
is reached which is the highest proof wanted. The speed 

*of the distillation is regulated b y  the operator, it being 
desired to eliminate, in the first part of the distillation,

as much as possible of the aldehydes and similar 
products. A fter the m iddle run has been distilled 
the proof gradually drops. It  could not be read 
after 12.21 p . m . ,  when it was 165°. It  goes lower 
than this but as the flow of spirit in the tail box is 
cut out of the hydrom eter cup in order not to foul 
it w ith fusel oil, the reading could not be made.

A cids.— There is a constant appearance of acids 
in the distillate, although the highest percentage 
appears in the first portions of the run. B y  the tim e 
the middle run is reached the spirit is nearly free of 
this constituent.

Esters.— The same thing can be said of esters as 
of the acids.

The Higher Alcohols.— The results of the first' 
three samples show a rather definite percentage of
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higher alcohols. I am of the opinion that this is due, 
not so much to the distillation of this charge, but to 
the fact that fusel oil which had remained upon the 
plates from the previous distillation, had been forced 
up the still and into the tail box before the still could 
be regulated. In the next sample the content has 
dropped to 19 which is a rather small amount. These 
results practically remain constant throughout the 
remainder of the distillation, until about the tail 
is reached, when the percentage of higher alcohols 
begins to increase. It  is very noticeable in sample 
No. 36835. In the sample taken forty-five minutes 
later it has increased to nearly a per cent. In the 
sample taken sixteen minutes later it has increased 
to 2.6 per cent., and in the last sample taken, which 
was just before the “ fusel” began to distil, the con
tent was over 16.3 per cent.

Aldehydes.— A s previously stated, alcohol produced 
b y  the aeration of the mash contains an excessive 
am ount of aldehydes. A  large portion of the alde
hydes go over in the first runnings, the m ajority having 
been driven off a t the end of two hours’ distillation. 
W hen the middle run is reached the content of alde
hyde is alm ost nil and remains so throughout the 
distillation, showing that practically all the aldehydes 
have been distilled.

Furfurol.— No furfurol was found in the products 
of the beer still, and none was found in the distillate 
of the column. These results bear out the statement, 
previously made from this laboratory, th at furfurol 
had never been found in the distillate from a con
tinuous beer still.

Acetal.— The percentage of acetal and similar bodies, 
other than aldehydes, was not determined, there 
being no feasible method. The presence of acetal 
is shown in samples 36814 to 36828, inclusive; only 
a v e ry  small amount was found in the last few samples. 
It  is to be expected that such bodies will be present 
in spirit when such a high percentage of aldehydes 
is contained therein, these products being produced 
b y  the action of the aldehydes on ethyl alcohol.

Quantities in  Each Fraction.— Of the 4,000 gallons 
of 101 degrees proof of spirit in the charge of the 
kettle, neglecting the water, about 3 per cent, is 
separated as “ fore-shots” (low wines), 30 per cent, 
as ‘ iie a d s ,”  48 per cent, as “ middle run,” 16 per 
cent, as “ tails”  and 3 per cent, as low wines, fusel 
oil, 0.25 per cent. An examination of the samples 
both physical and chemical would indicate that the 
fractions represented b y  the two samples taken 
before, and the two samples taken after the middle 
run could, w ithout detriment, be added to the higher 
grade spirit increasing the proportion of middle 
run” to about 63 per cent. In a distillery producing 
alcohol from an unaerated mash the proportion of 
“ middle run” is as would be expected larger than this 
figure, being between 65 and 80 per cent., depending 
entirely on the quality desired.

SA M P L E S  FR O M  T H E  P L A T E S  OR C H A M B E R S.

In order to see at just what stage the purification 
of the alcohol occurs, it was decided to take samples

from the plates of the still from the bottom  up. The 
analyses of these would show at just which point 
the spirit was cleansed. As previously stated, the 
charge in the kettle, which was sampled, was a third 
one; there was, therefore, remaining on the plates 
and in the kettle just three tim es as much higher 
alcohol as was present in one charge. I thought it 
best to w ait until the still has been cleaned out and 
a new charge in process of distillation before taking 
samples from the plates. The best tim e a t which 
to take representative samples is during the middle 
of the distillation, when the purest spirits come over. 
I, accordingly, went to the distillery a t 10 o ’clock p . m ., 

a t which tim e the middle run had been distilling for 
tw o hours. B y  referring to the illustration it will 
be seen that there is a little cock just above each plate 
in the still. The cocks are placed about four inches 
above the w ater line of the plate. Being so high 
it made it difficult to obtain samples in some cases, 
as only vapor came from the cock. The three chambers 
nearest the bottom  could not be sampled as the cocks 
had been perm anently closed. Samples were taken 
from Nos. 4, 5, 6 and 7 chambers from the bottom , 
and then from every other chamber to the top, or 
23d m aking tw elve samples. For purposes of com 
parison I have included in this table Sample No. 
36829 which is a sample from the previous run, taken 
a t the condenser, at about the same relative time, 
showing th at the highest proof is reached in the top 
chamber of the still. B y  reference to the analytical 
table and curves it is seen th at the proof rather regu
larly increases from  the fourth chamber, where it 
was 164°, to the top cham ber where it was 190.7 °.

Acids and Esters.— The content of the acids and 
the esters would seem to indicate th at both of these 
products are formed in the column, as, if this were 
not the case, there would be no reason for a higher 
content in the upper than in the lower chambers.

Higher Alcohols.— Exam ination of the higher alco
hols proves th at the m ajor portion of them  is con
densed out of the spirit on the lower plates, and when 
the seventeenth cham ber is reached it is as free of 
this product as the still can m ake it.

Aldehydes.— The determ ination of aldehydes show 
only a faint trace.

Furfurol.— No furfurol was found in any of the 
samples.

C O N C L U S IO N S .

The results seem to prove th at the essential differ
ences between the column still and the pot still, or 
w hat should probably be called a "sim ple”  still, 
are;

First: T h at a much higher proof can be obtained
from the former.

Second: T h at the system  of chambers, the source
of heating being a steam  scroll, fractionates, from 
the middle portion of the run, practically  all of the 
higher alcohols, nam ely, about 80 per cent., whereas 
the simple still not only does not fractionate any 
of these constituents, but the greatest portion distils 
over in the middle part of the run.
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Credit should be given Mr. Peter V alaer for the 
analytical work on the aldehydes and furfurols.

I wish to thank The Am erican Copper & Brass 
W orks, of Cincinnati, Ohio, for the loan of the cut 
of the column still.

N o t e .— In offering this paper I w ould state th at 
it is not as com plete as it m ight be, as more work 
should be done to ascertain the different constituents

of the foreshots and heads, and also the relative pro
portions of the different higher alcohols in the last 
portion of the run. For instance, sample No. 36838 
gives, with the Allen-M arquardt method, for higher 
alcohols, 16.3 per cent, b y  w eight; this would be ap
proxim ately 20 per cent, b y  volum e. A fter  shaking 
this sample w ith a large volum e of w ater 40 per cent, 
of higher alcohols separate, of which a considerable
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S a m p l e s  f r o m  A l c o h o l  D i s t i l l a t i o n .

G r a m s  p e r  1 0 0  l i t e r s  ( b a s e d  o n  o r ig in a l  s a m p le ) .  B e e r  s t i l l  s a m p le s .  

P ro o f . H ig h e r
L a b .  N o . D e s c r ip t io n . G a l lo n s . D e g re e s . A c id s . E s t e r s . a lc o h o ls . A ld e h y d e s . F u r f u r o l

3 6 8 1 4 D i s t i l l a t e  N o . 1 2000 101 2 1 . 6 2 2 .3 1 0 0. 2 120 0 . 0
3 6 8 1 5
3 6 8 1 6

S a m p le

D i s t i l l a te  N o .  2 
M i x t u r e  o f  a b o v e  

a f t e r  f i l t e r i n g  
th r o u g h  c h a r c o a l  
— a v e r a g e  o f  k e t t l e

2000

4 0 0 0

S a m p l e s

101 2 1 . 6

101 2 0 . 4

f r o m  C o l u m n . 

P r o o f .

2 2 .3

2 2 .3

8 6 . 2

8 6 . 2

H i g h e r

120

125

0 . 0

0 . 0

L a b .  N o . N o . D e s c r ip t io n . T im e  t a k e n . D e g r e e s . A c id s . l i s t e r s . a lc o h o ls . A ld e h y d e s . F u r f u r o l .

3 6 8 1 7 1 L o w  w in e s 1 0 .1 3  a .m . 185 3 2 . 6 7 0 .4 4 7 . 5 6 0 0 0 0 . 0
3 6 8 1 8 2 L o w  w in e s * 1 0 .2 5 185 1 8 .0 7 9 .2 3 8 . 7 6 4 0 0 0 . 0

3 6 8 1 9 3 L o w  w in e s 1 0 .4 5 180 2 7 . 6 8 2 .7 3 6 . 0 4 8 0 0
3 6 8 2 0 4 H e a d s 1 1 . 0 1 185 5 4 . 0 7 8 .6 3 2 . 0 2 3 2 0 . . .
3 6 8 2 1 5 H e a d s 1 1 .4 5 187 4 8 . 0 7 1 . 6 1 9 .4 2200

3 6 8 2 2 6 H e a d s 1 2 .3 5 189 4 5 . 6 4 5 . 2 1 9 .4 8 0 0
3 6 8 2 3 7 H e a d s 1 .1 5  P.M. 190 6 3 . 6 3 S .2 1 9 .4 4 2 6
3 6 8 2 4 S H e a d s 2 .1 5 191 6 0 . 0 3 1 .1 1 9 .0 3 7 0 0 . 0
3 6 8 2 5 9 H e a d s 3 . 1 5 191 5 4 . 0 2 5 .8 1 7 .6 96 0 . 0

3 6 8 2 6 10 H e a d s 4 . 1 5 191 4 2 . 0 2 4 .1 2 2 .9 4 2 0 . 0
3 6 8 2 7 11 H e a d s 5 . 4 0 191 3 6 . 0 1 7 .6 1 9 .4 13 0 . 0

3 6 8 2 8 12 H e a d s 6 . 4 0 191 3 2 . 4 2 1 . 1 1 7 .6 7 . 2 0 . 0

3 6 8 2 9 13 M id d le  r u n S . 4 5 191 1 5 .6 2 1 . 1 1 6 .3 1 . 8 0 . 0
3 6 8 3 0 14 M id d le  r u n 2 . 0 0  A.M. 191 1 2 . 0 1 9 .4 1 8 .0 1 . 1

3 6 8 3 1 15 M id d le  r u n 7 . 3 0 191 8 . 4 2 4 .6 1 6 .3 1 . 2 0 . 0
3 6 8 3 2 16 T a i l s 8 . 0 0 19 0 9 . 6 2 8 .2 1 5 .0 1 .3
3 6 8 3 3 17 T a i l s 9 .1 3 190 * 8 . 4 2 4 . 6 2 1 . 1 1 .3 0 . 0
3 6 8 3 4 18 T a i l s 1 0 . 1 0 190 3 . 6 1 4 .1 2 5 . 0 1 .3
3 6 8 3 5 19 T a i l s 11 .0 5 187 9 . 6 2 8 .2 1 2 2 .3 t r a c e 0 . 0

3 6 8 3 6 20 L o w  w in e s 1 1 .5 0 182 1 6 .8 1 7 .6 8 4 0 .0 1 . 0
3 6 8 3 7 21 L o w  w in e s 1 2 .0 6  p .m . 172 1 0 . 8 2 2 .9 2 6 5 0 .0 1 . 0 0 . 0

3 6 8 3 8 22 L o w  w in e s  
F u s e l  o il

1 2 .3 0
1 2 .3 8  B e g in s

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

W a tc r - c l c a n  o u t

S a m p l e s  f r o m  C h a m b e r s  o f  C o l u m n . 

G ram s per 100 lite rs  (original sam ples).

H igher

S a m p l e s  f r o m  C h a m b e r s  o f  C o l u m n . 

G ram s p e r 100 lite rs  calcu la ted  to  100 proof.

H igher F u r-
L a b .  N o .

A v e r a g e  o f  k e t t l e
P r o o f . A c id s . E s t e r s . a lc o h o ls . A ld e h y d e s . F u r f u r o l . A c id s . E s t e r s . a lc o h o ls .  A l d e h y d e s ,  f u r o l .

• 3 6 8 1 6  

L a b .  N o .

w h e n  c h a r g e d .  
N o . o f  c h a m b e r s  

f r o m  b o t to m .

1 0 1 % 2 0 .4 2 2 .3 8 6 . 2 125 0 . 0 2 0 . 2 2 2 . 1 8 5 .4 124 0 . 0

3 6 8 5 5 4 1 6 4 .4 6 . 0 1 0 . 6 3 3 6 .2 f a i n t  t r a c e 0 . 0 3 . 6 6 . 4 2 0 4 .6 0 . 0  0 . 0
3 6 8 5 6 5 1 7 0 .8 6 . 0 1 2 .3 2 9 2 .9 f a i n t  t r a c e 0 . 0 3 . 5 7 . 2 1 7 1 .5
3 6 8 5 7 6 1 7 4 .4 4 . 8 1 2 .3 1 4 8 .8 f a i n t  t r a c e 2 .7 7 .1 8 5 . 3
3 6 8 5 8 7 1 8 0 .4 1 5 .6 6 1 . 6 1 1 1  . 0 f a i n t  t r a c e 8 . 6 3 4 .1 6 1 .5
3 6 8 5 9 9 1 8 3 .0 8 . 4 3 5 . 2 5 4 .3 f a i n t  t r a c e 4 . 6 1 9 .2 2 9 .7
3 6 8 6 0 11 1 8 4 .S 1 3 .2 7 0 .4 5 8 .1 f a i n t  t r a c e 7 .1 3 8 . 0 3 1 . 4
3 6 8 6 1 13 1 8 6 .0 8 . 4 5 2 . 8 4 1 . 4 f a i n t  t r a c e 0 . 0 4 . 5 2 8 . 4 2 2 .3
3 6 8 6 2 15 1 8 7 .2 7 . 2 4 4 . 0 3 5 . 2 f a i n t  t r a c e 3 . 8 2 3 .5 1 8 .8
3 6 8 6 3 17 1 8 8 .4 7 . 2 6 5 .1 1 5 .0 f a i n t  t r a c e 3 . 8 3 4 .5 7 . 9
3 6 8 6 4 19 1 8 9 .1 7 . 2 2 2 .9 1 7 .6 f a i n t  t r a c e 3 . 8 1 2 . 1 9 . 3 ... ...
3 6 8 6 5 21 1 9 0 .2 1 3 .2 2 4 .6 1 4 .1 f a i n t  t r a c e 6 . 9 1 2 .9 7 . 4
3 6 8 6 6  23  
3 6 8 2 9  a t  c o n d e n s e r

1 9 0 .7 1 0 . 8 4 4 . 0 1 7 .6 f a i n t  t r a c e 0 . 0 5 . 6 2 3 . 0 9 . 2 ............................

f in i s h e d  a lc o h o l 1 9 0 .8 15..6 2 1 . 1 1 6 .3 1 . 8 0 . 0 8 . 2 1 1 . 1 9 . 0 ............................

roportion distilled at less than 1 2 8 ° , proving th at lim ited time available, I can not at this time com plete
the Allen-M arquardt m ethod estim ates only about 
50 per cent, of the total higher alcohols present in 
this particular sample.

Prelim inary fractionation of a sample of salable 
fusel oil from this distillation proves it to contain 

. a t least 75 per cent, of am yl alcohol, boiling at 1280-  
132 °; therefore, as the Allen-M arquardt method 
estim ates practically  all of this alcohol, then the pro
portion of the lower boiling point, higher alcohols, 
in this sample 36838 m ust be greater than in the 
m arketable fusel oil.

On account of the sm all samples taken and the

the work along these lines, but hope to carry it to 
completion at some future time.

P U R E  LIN SEED  OIL.
B y  E. J .  S h e p p a r d .

R eceived O ctober 20, 1911.

The m ajority of writers on the subject of linseed 
oil state th at linseed in variab ly contains adm ixed 
seeds and straw  as im purities; but, w ith the exception 
of the article b y  K etel and A ntusch,1 there is no data

1 Z . anoe-J.-. Chem., 1896, 581.
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available of the precise effect of these impurities on 
the constants of the oil. Church, however, calls 
attention to the injurious effect of weed seeds on the 
color of the oil. The following investigation was 
undertaken in order to establish the exact influence 
of these impurities on the oil.

pletely freed of impurities b y  screening and b y  hand 
picking. Portions of the clean seed were analyzed 
and the data obtained are shown in Table I. On 
pressing the clean seed, oil sample C  was obtained.

Samples 1 ,2 ,3  ar|d 4 are considered as representative 
of seed used for crushing in this country; 5, 6 and 7

F in .  2 .

a piece of wire gauze fitting inside of B  is placed on 
C ; this prevents the charge from wedging in the holes 
of the plate C.

Samples of seed, as used for pressing, were taken 
at an oil-mill together with' samples of the oil pressed 
therefrom — Samples A. Portions of the seed as 
received were pressed in the special press and gave 
samples B. About 300 grams of the seed were com-

The per cent, of oil was obtained b y  the extraction 
method. The percentages of impurities refer, of course, 
to the amounts present in the seed as received. In 
the case of the Calcutta seed, the percentage of total 
impurities is a trifle high, as the average of n  recent 
samples was 6.90 per cent.— containing 15.1 per cent, 
oil. The oil in the clean Calcutta seed averaged 
41.01 per cent.

A ndes1 is evidently in error on the average weight 
of a seed. W ijs' figures1 on the am ount of impurities 
present in various seeds are correct in some cases. 
It is a rem arkable fact th at the percentages of im puri
ties in the C alcutta and Russian seeds do not con
firm the statem ents of most writers on the subject 
th at “ Calcutta and B altic seeds are freer from foreign 
seeds than the Am erican and La P lata seeds, and that, 
consequently, the oils are of better q u a lity .”  A p 
parently, this prejudice regarding the presence of

1 “ D rying O ils,” page 5S.
2 Andes. Ib id ., page 318.

It was thought best to obtain the oil by the pressure 
method rather than b y  the extraction method as 
em ployed b y  K etel and Antusch. The accom panying 
drawings and photographs (Fig. i) show the details 
of construction of the special press designed and 
built for this purpose by Professor A. H. Sabin: 
A , in Fig. 2, is a cast-iron base. B  is a piece of steel 
tubing. C, in Fig. 3, is a perforated steel plate, 
the grooves of which serve as channels for the oil; 
in use it is placed with grooves down. D  is a solid 
piece of shafting; this serves as a piston. In practice,

were imported in a small quantity, but are believed 
to be representative— no authentic factor}' samples 
of oil could be obtained. The average weight per 
seed was obtained on 4 0 0 0  full-sized seeds; these were 
afterward used for the specific g ra v ity  determination.

T a b l e  I.
Non- Oil in 

A verage Olcagi- oleagi- to ta l
w eight nous im - nous ini- im puri- 

Oil Sp. gr. per purities, purities. ties.
p er 15.5° C. seed. P e r  P e r P er

Seed. cent. 15.5° C. Mg. cent. cent. cent.
1—A m erica n .............. 39 .67  1.1388 4.61 1 .50  1 .69  10.0
2—A m erica n ...............  39 .4 0    4 .5 3  1.01 1.05
3 — La P la ta ................  36 .98  1.1415 5 .5S  0 .5 8  5 .6 4  14.1
4— C alcu tt a ................  4 0 .8 2  1.1326 5 .41  4 .8 5  5 .0 3  14.9
5— B om ba y ................  41 .23  1.1182 7 .88  0 .81  2 .80
6—S. Russia

(K e rtch )  39.11 1.1375 5 .7 4  5 .0 5  1.71
7— N. Russia

(R iga)................ 36 .95  1.1458 4 .1 9  3 .31  1.97
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foreign seeds in commercial Am erican linseed is un
founded.

In preparing the oil, the seed was ground in a coffee- 
mill, placed in a Mason jar  and steam introduced, 
the ja r  covered and placed in a steam  oven for 2 hours. 
On rem oval, the meal was at once packed in cloth 
and placed in the press, the piston inserted and, 
using the screw of a filter-press, pressure was applied, 
the oil draining through the outlet tube into a bottle 
wired to the press. The first test-run showed th at 
only slightly more oil was left in the cake than in 
regular factory practice.

Table II  contains the analytical results obtained 
on the oils. In all cases, the oil was filtered through 
paper before m aking a determ ination. Sample 2A  
is an extraction process o il; all the other factory samples 
are oils m anufactured b y  the old process hydraulic 
method.

Fig. 3.

Analyses: iA  and 2A  give the results obtained
recently on the factory  samples of oil, while iA , 
and 2A, are the results obtained two years ago on the 
same samples, indicating th at no change in the con
stants determined took place in the oils. Samples 
xB, iC  and 2C were pressed in the laboratory from 
seed kept 2'/j years in closed Mason jars.

T able  I I .
Sp. gr. Iodine
15.5° C. R ef. index No.

No. Oil. 15.5° C. a t  25° C. (H anus.) Color.
1 A m erican— A 0.9346 1.4802 187.5 yellow

A m erican— Aj 0.9347 1.4800 187.9 yellow
A m erican— B 0.9347 1.4800 187.6 yellow
A m erican— C 0.9346 1.4800 187.5 yellow

2 A m erican— A 0.9330 1.4800 185.9 yellow
Am erican— A* 0.9331 1.4797 186.1 yellow
A m erican— C 0.9330 1.4800 186.5 yellow

3 L a  P la ta —A 0.9316 1.4782 171.4 green
L a  P la ta — B 0.9316 1.47S2 171.8 green
L a P la ta —C 0.9317 1.4783 171.1 orange

4 C alcu tta— A 0.9329 1.4790 178.9 yellow
C alcu tta— B 0.9327 1.4792 179.3 yellow
C alcu tta— C 0.9327 1.4793 180.5 yellow

5 B om bay— C 0.9316 1.4790 176.9 yellow
6 S. R ussian  (K ertch )— C 0.9317 1.4795 177.0 orange
7 N. R ussian  (R iga)— C 0.9354 1.4815 196.4 green

published giving the analysis of oils from picked 
seed, w ith the exception of Thomson and D unlop1 
who obtained 205.4 as the iodine no. on oil from picked 
R iga seed, but th ey used the W ijs method. K etel 
and A ntusch3 give data of the effect on the oil of 
varyin g am ounts of dotter and rape seeds added to 
clean linseed, but th ey used the extraction m ethod 
for obtaining the oil; while, in a later article3 they 
adm it the possibility of a lower iodine no. in extracted  
oil, th ey  state th at to their knowledge this has never 
been actually  tested. It  m ay also be mentioned that 
the am ounts of dotter and rape seeds added are con
siderably out of proportion to those actually  present 
in the com mercial seed examined.

M astbaum  states4 th at “ expressed oil has a higher 
iodine no. than extracted  oil.”  The com parative 
analysis of 2A and 2C would seem to indicate, however, 
th at this is not necessarily so.

It  is w orthy of note th at high percentages of non- 
oleaginous and low percentages of oleaginous im 
purities, as in the La P lata  seed, do not affect the con
stants, b u t do affect the color of the oil.’ On the other 
hand, w ith the Calcutta seed, the variation in iodine 
no. can hardly be due to experim ental error— more 
likely  to the high per cent, of oleaginous im purities—  
whereas the color is only slightly  affected. The green 
color of the R iga oil m ust be due to some coloring 
m atter present in the seed itself.

The typ ica l analyses quoted in Table II fall well 
within the lim its set b y  W ijs when the usual difference 
between the H anus iodine no: and the W ijs no. is 
considered.

From  a consideration of the results it appears th at
1. Oil pressed from  clean linseed does not differ 

m aterially from com m ercially pure linseed oil.
2. The dark green color of the La P lata  oil is due 

to the non-oleaginous impurities.
3. A  high per cent, of oleaginous im purities does 

not affect the color appreciably, b u t does affect the 
iodine no. slightly.

4. The technical m anufacture of oil b y  the extrac
tion process does not lower the iodine no.

5. The constants of the oil pressed from  the seed 
which had been kept 2r/j years in a closed container 
do not appear to be affected b y  the aging of the 
seed.

L a b o r a t o r y  N a t i o n a l  L e a d  C o m p a n y ,
B r o o k l y n , N .  Y.

So far as the w riter knows, no figures have been

ARSEN IC IN G LA SS.

B y  S. R . S choles.

R eceived N ovem ber 13, 1911.

In H ovestadt’s excellent w ork on “ Jena G lass”  
arsenic oxide (A s30 5) is listed among the constituents 
of m any of the glasses described, in quantities of from 
-0.2 to 0.4 per cent. The English edition of this book 
contains a note b y  E verett, the senior translator.

‘ A nalyst, 1906, 2S2.
2 Loc. cit.
3 Z . aitgew Chein., 1897, 210.
« Ib id .. 1896, 719.
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who takes exception to this view, arguing th at the 
pentoxide would be reduced at the glass-making 
temperature. Rosenhain, author of “ Glass Manu
facture,” supports the latter opinion, and adds that 
he believes very little arsenic remains in the glass 
at all. It seemed of interest, therefore, to study 
this question from the analytical standpoint, b y  e x 
amination of the glass itself. Some unexpected 
results were obtained.

Tw o varieties of glass were analyzed for arsenic: 
No. 1, a soda-baryta glass, of fairly high alkali-con- 
ten t; No. 2, a potash-lead glass, used for cut-glass
ware. In No. 1, the arsenious oxide put into the
batch, or raw materials, was between 0.3 and 0.5
per cent, of the glass produced, while in No. 2 it was
approxim ately 0.45 per cent. In both these batches, 
potassium nitrate was used in considerable quantity, 
and in No. 2 red lead was one of the main constituents, 
so that there was abundant opportunity for the initial 
oxidation of the arsenic to the pentavalent condition. 
The method used for determining the percentage and 
state of oxidation of the arsenic remaining in the glass 
was as follows:

Samples of glass, powdered to pass a 40-mesh 
sieve, were weighed into a platinum dish and treated 

• w ith 15-20 cc. of hydrofluoric acid, added in three 
portions. W hen reaction had ceased, 20 cc. of 30 
per cent, sulphuric acid were added, and the m ixture 
evaporated on a water-bath until hydrofluoric acid 
fumes ceased coming off. It was then rinsed into a 
beaker, m aking a total volume of 40 cc., and arsenic 
acid determined b y  titration after the manner described 
in Sutton’s “ Volumetric Analysis.” In the case of 
the lead glass, the solution was filtered before the 
addition of potassium iodide, to remove the lead 
sulphate and avoid formation of lead iodide. A fter 
titrating w ith thiosulphate, the solution was nearly 
neutralized with sodium carbonate, 20 cc. of a saturated 
solution of sodium bicarbonate were added, the arse
nious acid was titrated with iodine, and the arsenious 
oxide originally present determined b y  difference. The 
standard solutions used were twentieth-normal. Blank 
determinations showed that the reagents contained 
no measurable quantity of arsenic. The data obtained 
are tabulated below.

Cc. N / 20 P er P er
Glass. G ram s thio- Cc. N /2 0 cent. cent.

No. sample. sulphate. iodine. A s20 5. AS2O 3. AssOft. AS2O 3-

1 6 .6 0 9 .0 9.1 0.02587 0.0003 0 .39 0.00
1 4 .8 2 4 .2 5 .1 0.01207 0.0022 <0.25 0 .05
2 4 .25 5 .9 6.6 0.01696 0.0017 0 .40 0 .04
2 7 .73 9 .6 9 .6 0.02760 0.0000 0 .36 0.00
21 6.00 8.6 8.6 0.02472 0.0000 0.41 0.00

These results indicate that a great part of the arsenic
used in glass-making remains in the glass as the higher 
oxide, probably as arsenate of soda or potash. This 
is som ewhat surprising, in view of the properties 
attributed  to arsenic in justification of its use. It 
is expected to volatilize, aiding in the m ixing of the 
batch as the latter melts. Moreover, it is said to have 
an_oxijlizing effect, but the fact that the arsenious

ised w ith sodium  carbonate and  dissolved in sulphuric acid.

oxide originally employed appears finally in the glass 
w ith a gain of oxygen does not bear out this belief. 
On the contrary, it seems th at the use of arsenic m ust 
reduce the available oxygen of the batch. A t least in 
cases where nitrates are present and the m elting 
carried on in closed pots, as in the m anufacture of 
the glasses here examined, the value of the arsenic, 
if any, obviously lies in neither its volatilizing nor 
its oxidizing powers.

The glass used and the data concerning it were 
furnished b y  one of the glass companies of this vicinity.

L a b o r a t o r y  o f  I n d u s t r ia l  R e s e a r c h .
U n iv e r s it y  o f  P i t t s b u r g h ,

P i t t s b u r g h .

TH E D ETER M IN ATIO N  O F CHROM IUM  AND ITS S E P A R A 
TION FROM  VA N A D IU M  IN STE ELS.

B y  J . R . Ca in .
Received N ovem ber 10, 1911 .

W hile attem pting, recently, to determine chromium 
in chrome-vanadium steels, difficulties w ith  some of 
the usual methods were encountered. If a steel con
taining chromium as chrom ate and vanadium  as 
vanadate is titrated  against ferrous solutions, using 
ferricyanide to indicate the point at which all the 
vanadium  and chromium are reduced and an excess 
of titrating solution is present, there is sometimes 
an indefinite end-point, because as soon as some van a
dium is reduced to the van adyl condition this reacts 
w ith the ferricyanide indicator, reducing it to ferro- 
cyanide which then gives the usual color w ith the 
ferric salts present.1 A n experienced operator can 
oftentimes judge the end-point sufficiently closely 
for practical work, but the difficulty increases with 
increasing vanadium , and it is almost alw ays necessary 
to run blanks of various kinds, increasing to that 
extent the uncertainties of such methods. If the 
excess of ferrous solution is titrated  back w ith per
m anganate some correction is also necessary for chro
mium oxidized b y  perm anganate.3 If in the prelim inary, 
oxidation of the vanadium  and chromium, any m an
ganese dioxide separates, as where potassium per
m anganate or potassium chlorate are used, some 
chromium m ay be, and often is, carried down b y  the 
manganese.J If, in order to separate vanadate from 
chromate, the nitric acid solution of the steel (with 
or w ithout prelim inary ether extraction of most of 
the iron) is poured into excess of sodium hydroxide 
solution and boiled, usually an appreciable amount 
of chromium goes into the filtrate w ith the vanadium . 
M any methods take no account of this chromium. 
The amount so lost increases with the manganese 
in the steel and the tim e of boiling, the manganese 
being converted in part to peroxide and this, in the 
strongly alkaline solution, oxidizing the chromium 
to chromate.-*

M any careful tests having shown th at chromium in

1 C a in ,  T h i s  J o u r n a l ,  3 ,  4 7 6  (1 9 1 1 ) ;  o t h e r  r e f e r e n c e s  w il l  b e  f o u n d  h e r e .
3 Cain. loc. cit.
3 A rnold and Ibbo ttson , ''S tee l W orks A nalysis,” 3 rd  E d ., p. 1 8 0 .  

also Cain, loc. cit.
* Cain, b e . cit.
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much larger amount than the usual commercial steels 
carry can be precipitated com pletely in a few  minutes 
b y  boiling the nearly neutralized (ferrous) solution 
of the steel with barium  carbonate, cadmium carbonate, 
zinc oxide or magnesium oxide, it was decided to base 
a m ethod for determining chromium on one of these 
m ethods of separation from iron. P robably the 
reason w h y such separations have not come into more 
general use is because p ractically  all writers have 
directed to m ake the carbonate or oxide precipitation 
in the cold, which requires m any hours’ standing and 
is even then sometimes incomplete. The work done 
here has shown that but ten or fifteen m inutes’ boiling, 
w ith proper precautions, is all th at is ever necessary, 
the filtrates being free from even traces of chromium 
(or vanadium ).

Noyes and B ra y 1 have given conditions for com 
pletely precipitating chrom ates in the presence of 
vanadates which m ake possible a good separation 
of the tw o elements. The work here having com 
pletely confirmed their results, this separation was 
incorporated in the method.

D E S C R IP T IO N  O P  T H E  M E T H O D .

Dissolve in a covered 300 cc. Erlenm eyer flask 
an amount of drillings, which will give not to exceed 
6 or 7 centigram s of chromium, using about 10 cc. of 
concentrated hydrochloric acid per gram  of steel. 
The concentrated acid (specific g ra vity  1.20) seems to 
dissolve the steel much more readily than a diluted 
acid. W hen no more hydrogen is given off, dilute to 
100 or 150 cc. with hot w ater,'n early  neutralize with 
saturated sodium carbonate solution, add barium  
carbonate emulsion in slight excess, place on the hot 
plate and boil vigorously ten or fifteen minutes, with 
small additions of the barium  carbonate emulsion every 
tw o or three minutes. The flask should be kept 
covered during all operations so as to exclude air 
as com pletely as possible. Too great an excess of 
barium  carbonate should not be used, as this increases 
the difficulty of extracting the chrom ium  in the sub
sequent fusion. A n excess of a gram  or two is the 
most that should be present. Rem ove the flask from 
the plate, Jet the precipitate settle, and filter at once 
on a t i  cm. w hite label No. 589 filter, washing twice 
with hot w ater. These operations should be carried 
out rapidly and w ithout delay. P lace the filter and 
precipitate in a sufficiently large platinum  crucible, 
burn off the filter, add 2 gram s of sodium carbonate 
and about 1 / 1 gram potassium nitrate, arid fuse for 
20 minutes. Support the inverted and inclined 
crucible on a glass triangle which has glass legs about 
•>/i inch long fused to its corners for supports, place 
on the bottom  of a 250 cc. beaker, cover it w ith boiling 
w ater and digest a few minutes until the fusion is 
disintegrated. F ilter into a flask, add 1 or 2 cubic 
centim eters of hydrogen peroxide to the filtrate and 
boil for five or ten minutes to destroy the excess of 
peroxide. Cool, transfer to a 250 or 300 cc. separatory 
funnel, add a slight excess of nitric acid (1 -1 ) , and 
shake vigorously a few minutes, allowing the liberated

1 Technology Quarterly, 21 , 14 (L90S).

carbon dioxide to escape b y  inverting the separatory 
funnel and opening the stopcock. Transfer to a 
250 cc. beaker, just neutralize w ith sodium hydroxide 
solution, and then add nitric acid (x - i) , 2 cc. for each 
roo cc. of solution. Add 20 cc. of a 20 per cent, 
lead nitrate solution to the cold solution, stirring 
vigorously. The precipitate settles quickly. It  is 
filtered on asbestos, and washed three or four times 
w ith cold water. The asbestos m at is transferred to 
a beaker or flask, and the lead cbrom ate decomposed 
w ith hot hydrochloric acid (1-4). The solution is 
cooled, the volum e m ade up to 150 or 200 cc. and it 
is titrated  against approxim ately N /10 ferrous sul
phate solution w ith ferricyanide as outside indicator. 
Or, if desired, an excess of the ferrous sulphate 
solution is added and the excess titrated  back against 
bichrom ate. The standard iron solution should be 
com pared w ith bichrom ate or perm anganate on the 
d ay  it is used. Table I gives results obtained with 
synthetic solutions and w ith the chrom e-vanadium  
standard steel of the Bureau of Standards. The syn
thetic solutions were m ade b y  adding the chromium 
from a carefully standardized bichrom ate solution 
and the vanadium  from a sodium van adate solution 
to the hydrochloric acid solution of a vanadium  and 
chromium free steel.

T a b l e  I .
I r o n

No. of present. V anadium Chrom ium Chrom ium D iffér
exp t. G ram s. present. p resent. found. ence.

1 1 0.0012 0.0140 0.0137 — 0.0003
2 1 0.0024 0 .0280 0.0277 — 0.0003
3 1 0.0024 0 .0420 0.0420 0 .0000
4 1 . 0 .0036 0.0560 0.0558 — 0.0002
5 1 0.0048 0.0700 0.0700 0.0000
6 1 0.0060 0 .1 120 0 .112 2 +  0.0002
7 1 0.0120 0.16S0 0.1685 +  0 .0005
8 1 0 .0180 0 .2800 0.2805 +  0 .0005
91 4 0.0536

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

Numbers 6, 7 and 8 of Table I show th at very  large 
amounts of chromium can be com pletely precipitated 
b y  the barium  carbonate m ethod carried out as above 
described. However, if the am ount of chromium e x 
ceeds th at recommended in the m ethod described 
herein, it cannot be readily extracted  b y  2 grams of 
sodium carbonate, particularly if too great an excess 
of barium  is present. The am ount of sodium car
bonate used was governed b y  the directions of Noyes 
and B ra y 2 who state that, for a successful separation 
of chromium, not too much sodium nitrate should be 
present. The separations described herein were made 
in a volum e of 250 cc., and inasmuch as 2 gram s of 
sodium carbonate were used for fusions, the resulting 
sodium nitrate concentration was about 1.3 grams 
per 100 cc. The filtrates were tested for chromium 
b y  rem oving the excess of lead w ith sulphuric acid, 
filtering, concentrating to about 10 or 15 cc. and 
m aking alkaline w ith sodium hydroxide. No color 
indicative of chrom ate was ever obtained, even after 
adding a little  hydrogen peroxide and boiling to

1 C hrom e-vanadium  s tan d a rd : 4 d e te rm ina tions; cach  gave 1.34 p e r 
cen t. A verage of resu lts  of codperating  analysts : per cent, chrom ium  1.36r 
p e r cen t, v an ad iu m  0.204.

2 Loc. ctt., p. 48, N ote 4.
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oxidize any chromium th at m ay have been reduced. 
Possibly the larger amounts of chromium could have 
been com pletely extracted b y  one fusion, had more 
sodium carbonate been used, but the manipulation 
is then less convenient; moreover, with the usual 
range of chromium content in commercial steels one 
need never work w ith more than 7 or 8 centigrams to 
secure an accurate determination.

The boiling w ith hydrogen peroxide in alkaline 
solutions before precipitation with lead nitrate is done 
in order to destroy an y nitrite formed during the 
fusion. If this were present when the solution is 
acidified, the resulting nitrous acid would possibly 
reduce some chromium or vanadium . F ive m inutes’ 
boiling will insure destruction of the excess of peroxide 
if only 2 or 3 cc. of the usual 3 per cent, solution are 
used. The hydrogen peroxide should be com pletely 
removed before acidifying, inasmuch as it reduces 
chromic acid.1

The freeing of the solution from carbon dioxide is 
an im portant step, for if this is not done, the pre
cipitate does not settle out rapidly arid is not so easy 
to filter; shaking in a separatory funnel, as described, 
is a convenient w ay of accomplishing this.

The solutions containing the chromium, after 
titration, were treated with enough sulphuric acid to 
precipitate the lead, which was filtered off and washed 
with dilute sulphuric acid. The filtrates were 
evaporated on the hot plate until free from hydro
chloric acid and then electrolyzed with a m ercury 
cathode3 until free from iron and chromium. The 
solution in the electrolyzing apparatus was then 
tested for vanadium  b y  hydrogen peroxide, none 
being found in most cases and in others only traces, 
showing th at the separation under the conditions 
given is practically perfect. It is well to examine the 
insoluble from the fusion for chromium b y  again 
fusing it w ith sodium carbonate and potassium nitrate. 
The solution from the second fusion is alm ost in
variably colorless when working under the conditions 
herein recommended. Should there be a slight 
yellow  color, however, the chromium causing it can 
be estim ated colorimetrically. A  determination of 
chromium can be made easily in i ’ / j  hours.

C O N C L U S IO N S.

1. Sources of error in some of the usual methods for 
determ ining chromium in chrome or chrome-vanadium 
steels, which lim it the accuracy of the results, are 
described.

2. The precipitation of chromium from solutions of 
steels and its separation from practically all the iron 
can be effected quickly and easily b y  boiling with a 
num ber of précipitants, herein described.

3. The chromium m ay be readily extracted from the 
precipitates b y  fusion, and separated from vanadium  
b y  precipitating as lead chromate, under the con
ditions prescribed.

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

1 Perchrom ic acid is first formed, b u t is rap id ly  decomposed.
2 C a in .  loc. cit.

^ H E  BISM UTH  A TE M ETHOD FO R M ANG ANESE.
B y  D . J .  D e m o r e s t .

Received O ctober 20, 1911.

There seems to be considerable misapprehension 
as to the effect which chromium has upon the bis- 
m uthate method for manganese. Thus it has been 
stated th at chromium affects the results for man
ganese b y  this method. If, however, the method is 
properly carried on, the chromium has no influence. 
It is true th at the bism uthate oxidizes some of the 
chromium to chromic acid, and this is titrated  along 
w ith the manganese if the manganese is titrated  by 
adding an excess of ferrous sulphate and then titrating 
the excess w ith permanganate. This is not the proper 
w ay. If the permanganic acid is titrated directly 
with sodium arsenite until the pink color disappears, 
the chromic or vanadic acids which m ay be present 
do not interfere at all and the results are accurate.

To show this, the vanadium  steel standard issued 
b y  the Bureau of Standards was analyzed for m an
ganese with and w ithout the addition of chromium. 
The Bureau gives 0.669 per cent, as the manganese in 
the steel. The following results were obtained.

W ith o u t adding W ith  3 per cent, chrom ium
chrom ium . added as K 2Cr20i.

0.666 0.669
0.666  0.666
0.666  0.671

A no ther steel w as run  in  the sam e way obtain ing:
0 .468  0 .468

The acid open-hearth steel standard issued b y  the 
Bureau of Standards, and for which the Bureau gives
0.407 as their average, and the average by the co
operative- chemists as 0.412 was analyzed with and 
without 3 per cent. Cr. The results were 0.403 per 
cent. Mn w ithout, and 0.405 per cent. Cr with 3 per 
cent, chromium. Another sample gave 0.489 per 
cent, w ithout addition of Cr or V  and 0.488 per cent, 
with the addition of 3 per cent. Cr and i ‘ /2 per cent. 
V.

The method as used in this laboratory is as follows: 
One gram sample is dissolved in 45 cc. of w ater and 15 
cc. H N O , (sp. gr. 1.42) and the solution boiled until 
nitrous fumes are gone. A fter cooling a little some 
‘‘bism uthate” is added, a little at a time, until the 
resulting perm an ganic' acid or manganese dioxide 
persists after a few m inutes’ boiling. Now K N O , is 
added to dissolve the Mn0 2 and the solution is boiled 
a few minutes to expel nitrous fumes. It  is then 
cooled to tap w ater tem perature. W hen cold, bis
m uthate is added a little at a time, while the solution 
is shaken, until about J/j gram  has been added. A fter 
settling a moment the solution is filtered through 
asbestos on glass wool (for speed) and the asbestos 
washed well. Then sodium arsenite is run in from a 
burette until the pink tinge just disappears. There 
should not be a brownish color at the end. If there 
is, it indicates insufficient acid.

The arsenite is made b y  adding to 2l/l g. A s20 3 
in a beaker a hot solution of Na2COa until the A s20 3 
dissolves. It  is then diluted to 2V2 liters.

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

Co l u m b u s .
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SA LT -R ISIN G  B R E A D  AND SOM E COM PARISONS W IT H  
B R E A D  M A D E  W IT H  Y E A S T .1

B y I-Ie n r y  A. K o h m a n .

R eceived O ctober 12, 1911.

Bread is made light and porous b y  two methods 
of aeration. The oldest of these and the one, which 
is most extensively used at present, involves a process 
of ferm entation, in which various microorganisms 
produce the gas necessary to raise the bread; b y  the 
other m ethod it is given a porous character, either 
b y  forcing carbon dioxide under pressure into the 
dough while it is being mixed, as is done in m aking 
aerated bread, or b y  m ixing with the other ingredients 
certain chemicals, which, when th ey come in contact 
w ith the w ater used in m aking the dough, evolve 
gas, either im m ediately upon m ixing the bread or 
later when it becomes hot during the process of baking.

The m ethod of preparing bread w ith the aid of 
yeast has been extensively investigated and the func
tion of this microorganism in bread is now thoroughly 
understood. B y  means of the saccharifying enzyme, 
diastase, which is present in flour, a part of the starch is 
converted into sugar, which as well as th at norm ally 
present in flours and th at added in m aking the dough 
either as sugar in some form or other, or m alt extract, 
is p artly  converted b y  the yeast into alcohol and 
carbon dioxide which aerates the bread.

A nother type of bread, involving a process of fer
mentation, the so-called salt-rising bread, is made 
b y  m any housewives and bakers, particu larly  in the 
south and is not so thoroughly understood and offers 
far greater difficulties in its preparation. In its 
preparation there is added neither yeast nor a portion 
of ferm ented dough from the previous baking, as is 
done in m aking certain kinds of rye bread and a typ e 
of white bread as well. In fact there is nothing added 
th at can be called leaven, and each d ay ’s baking 
is dependent upon a new and independent spontaneous 
ferm entation. The method th at is com m only em ployed 
is as follows: Com meal, salt and soda are thoroughly 
m ixed and stirred into enough hot m ilk or water, 
often boiling, to m ake a batter of the consistency of 
com  meal mush. This batter or "em ptyin gs,”  as it 
is com m only called, is kept in a warm  place 15 to 20 
hours or until it becomes light and shows the evolution 
of gas, and is then m ixed w ith flour and w ater to make 
a slag sponge. The sponge is allowed to  come up 
well which m ay take from one to three hours, and is 
then m ixed w ith the remainder of the ingredients 
to m ake a dough of the usual stiffness. The dough 
is allowed to stand not longer than an hour but is 
usually moulded into loaves im m ediately upon mixing. 
A fter it has risen to the degree of lightness desired, 
it is baked in the usual w ay.

The literature on the subject indicates th at the 
theory of the leaven in this bread is v e ry  incom pletely 
worked out and th at there are conflicting view s both 
in regard to the nature of the organism or organisms 
involved and to its source.

1 T h is  w ork w as done under th e  Fellow ship estab lished  in  th e  U niver
s ity  of K ansas, by  th e  N ational A ssociation of M aster B akers, and  th e  re 
su lts  h a v e  in  p a r t  been m ade pub lic  in papers read  in  conventions, and  
th ro u g h  a  series of artic les  in  The B akers ' Review.

In reference to salt-rising bread M argaret M itchell1 
says: “ W hen a brew is prepared, but no stack yeast 
or raw dough is added, it  will still be found th at in 
tim e the m ixture will ferm ent if kept warm. This 
spontaneous ferm entation is due to the fact th at 
yeast spores, when dried, are very  light, and are blown 
about so th at th ey are present alm ost everywhere. 
These floating spores m ay be those of the household 
yeast, or those of ‘w ild ’ yeasts which are common, 
for instance, in drying fruit, etc., but which are not 
often cultivated. The spores can enter the brew 
from the air or from utensils used in m ixing. W hen 
accidentally planted th ey  grow, as an y yeast would, 
and produce ferm entation. Along with the ‘w ild ’ 
yeast obtained in this m ethod of m aking bread, there 
are usually also obtained a large num ber of bacteria, 
which form bodies of characteristic odor and flavor 
in the coiirse of their ferm entation; and to this is due 
the peculiar odor and flavor of the salt-rising bread.” 

She says further: “ The uncertainty of this m ethod 
of m aking bread is one of its disadvantages, but 
when it is made, often in the same place the ‘w ild ’ 
yeast m ost successful in raising this kind of bread 
is apt to be more abundant in the air, utensils, etc., 
than other ‘w ild ’ yeasts.”

Professor F. C. H arrison2 says the following: “ There 
is another m ethod of m aking risen bread, th at is 
the m ethod called ‘salt-rising.’ I t  is the result of 
a spontaneous ferm entation, and is therefore a m atter 
of chance whether good bread will be produced, a l
though in places where such bread has been made 
for some tim e there is less likelihood of failure, as the 
utensils and air of the rooms in which the bread is 
made contain large numbers of the desirable germ s.” 
Dr. E . H. S. B ailey3 describes the process as follows: 
“ The salt-rising process depends on preparing a 
favorable medium in which the yeast germs will 
grow, and then allowing them  to get into the dough 
from  the air, or from the ingredients used in m aking 
the sponge. The bread is started b y  the use of flour, 
or com m eal, warm  milk, and salt. The meal begins 
to ferm ent after a short time, if kept in a warm  place, 
but the ferm ented m aterial will not have the same 
taste and odor as the sponge from yeast, as various 
‘w ild ’ yeasts are sure to be present. I t  is probable 
th at lactic and b utyric ferm entation also take place 
to some extent. A lthough salt, in any quantities 
above 1.4 per cent., retards alcoholic ferm entation, 
yet as it even to a greater extent retards the grow th 
of foreign ferments, such as lactic and certain ‘w ild ’ 
ferments, it is probable th at its addition is an ad
vantage, on the whole, if this m ethod of ferm entation 
is used. Salt-rising bread-is finer grained than yeast 
bread and has a peculiar and characteristic odoiy 
which is due, no doubt, to the lactic ■ ferm entation' 
w hich has taken place.”

Helen W . Atw ater* describes it thus: “ The so-called 
‘salt-rising’ bread is interesting as an illustration 
of self-raised bread. In it the ferm ents originally'

1 U . S .  Department Agricultural B ulletin , 200, p. 45.
2 Ont. Agricultural B ulletin , 118, p. 16.
3 "S a n ita ry  and  A pplied C hem istry .”  p. 168.
4 U . S. D ep t. A gr., Farmers' Bulletin , 389, p. 21.
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present or acquired from the air produce the ferm enta
tion which leavens it. To make it warm milk and 
com m eal are mixed together into a stiff batter which 
is left at blood-heat until the whole mass is sour— that 
is, until the ferments present have produced fer
mentation throughout. N ext a thick sponge is made 
of wheat flour and hot water in which a little salt 
has been dissolved. This sponge and the sour batter 
are thoroughly kneaded together and set in a warm 
place for several hours. The leavening action started 
in the batter spreads through the dough and produces 
a light, porous loaf, which m any persons consider 
very  palatable. Such a bread is com paratively free 
from acidity, as the presence of the salt hinders un
desirable acid ferm entation.”

P. G. Heinemann and Mary H efferan,1 in an in
vestigation of salt-rising bread, isolated a bacillus 
which agrees in morphology, staining properties 
and other cultural characteristics with B. bulgaricus. 
In a stain from the m ixture of com meal, milk, salt 
and soda the bacilli present showed a granular ap
pearance, but after growing in milk they stained 
uniformly. These bacilli, the 'authors failed utterly 
to isolate by plating on ordinary laboratory media, 
but they were readily isolated if cultivated in milk 
at 3 70 C. or if plated with milk-agar. In milk the pure 
culture forms a soft cream y coagulum which does 
not separate from the whey. A fter 14 days the milk- 
showed an acidity of 1.65 per cent, and the authors 
think that the milk is a necessary part as w ithout 
it the bacillus is unable to produce the acid necessary 
to liberate the carbon dioxide from the added soda. 
B y  inoculating sterile milk with com m eal it was demon
strated that the origin of the organism was the corn- 
meal and not the milk.

Erbert J. Clapp,3 in a paper on salt-rising bread, 
tells of the extrem e difficulties encountered in m aking 
it and enumerates the conditions and ingredients 
that he finds important. It is his experience and 
that of bakers as well that success depends to a large 
extent upon the king of cornmeal used. Kiln-dried 
meal is found to give poor results. Best of all he finds 
coarse meal, “ hulls, shucks and a ll,’ ’ as he describes 
it. The hulls and shucks are strained out, however, 
in making the sponge. He enumerates potatoes 
which are not generally used as one of the essential 
ingredients, but says that river bottom  potatoes 
which are high in moisture and low in starch do not 
give satisfactory results.

Mr. Clapp's formula differs also from the one ordi
narily given in that it includes ginger as one of the 
essential ingredients; milk, on the other hand, is not 
used at all and he says its use is to be avoided entirely.

He emphasizes the fact that it is im portant to scald 
the vessels used in making the bread and to guard 
against souring. The evolving gas he observed would 
bum  (explode) when a lighted match is applied 
which he attributes to the generation of alcohol.

It is evident that while there are conflicting view s in 
the above references, there are also some points of 
agreement. A ll of the writers agree that the methods

1 Science, Ju n e  25. 1909. 29, No. 756. p. 1011.
- R akers’ Helper, Nov.. 1908, 22, 1164.

of m aking this type of bread are exceedingly uncertain; 
it is a prevalent opinion, too, that success is dependent 
very  largely upon preparing a favorable medium and 
allowing the desirable organisms to get into it either 
from the air or utensils. Dr. B ailey and Margaret 
Mitchell state definitely that the leavening power 
is due to the presence of “ w ild” yeasts and that 
various bacteria contribute more or less to the odor 
and flavor of the bread; the bacterial fermentation, 
in the opinion of Dr. Bailey, is due to lactic and 
butyric ferments. Professor Harrison and Helen 
A tw ater do not specify w hat the germs are that 
cause the spontaneous fermentation.

P. G. Heinemann and M ary Ilefferan observed a 
bacillus which they were able to isolate but they do 
not say whether yeast was present or not. This ba
cillus, they maintain, is enabled by the use of milk 
to produce the acid necessary to liberate the carbon 
dioxide from the soda.

“ s a u e r t e i g ”  m e t h o d .

There is another typ e of bread made by the use 
of the “ Sauerteig,”  which, while it differs from salt- 
rising bread in m any respects, has sufficient-bearing 
upon the subject, as will be seen later, to warrant 
a brief review of some of the literature on the subject.

Long before the existence of microorganisms was 
discovered, it was known th at when meal or flour 
and w ater were made into a paste it would, after 
a time, begin to ferment and evolve gas. This was 
early made use of in the preparation of bread and it was 
soon learned that a portion of the dough could be saved 
to start the fermentation in the next baking. This 
portion of dough would continue to ferment and become 
sour, hence its name “ Sauerteig,”  but when mixed 
with fresh flour and water it would again become 
active and raise the bread. This method of making 
bread was, and in some countries is still, used very 
extensively, particularly in m aking whole meal bread 
(“ Schw arzbrot” ) and rye bread. It is similar to the 
salt-rising method in that the ferm entation in both 
is spontaneous; they differ, however, in that the former 
is started with hot w ater or milk, usually boiling, 
while the latter is made with tepid water. They 
differ also in that salt-rising bread is made from fresh 
meal each tim e while b y  the “ Sauerteig”  method 
a portion of fermented dough is saved for the next 
baking, and when a housewife or baker is out it is 
usually obtained from a neighbor. This method 
of m aking bread, while it is crude and uncertain com
pared with the methods of to-day which involve the 
use of compressed yeast, is, as would be expected, 
more certain than the salt-rising method because 
each time a portion of dough is saved for the next 
baking which insures the presence of the essential 
organisms although they m ay be badly contam inated 
with others.

A  microscopic exam ination of a “ Sauerteig”  re
veals both yeast cells and various bacteria in great 
num bers; at times the former and at times the latter 
exceed in numbers, and it has been the subject of m any 
investigations to determine the role of each in the 
preparation of bread by this method.
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The earliest view  was th at this bread was leavened 
b y  means of an alcoholic ferm entation due to the 
presence of yeast.1 This view  was supported b y  
various analyses th at showed the presence of both 
sugars and saccharifying enzymes in flour, and later the 
alcohol in the ferm ented dough. Further, microscopic 
exam ination revealed the presence of yeast which was 
shown to have the cultural characteristics of Sac- 
charomyces minor Engel.

In the year 1883 Chicandard2 advanced a new theory, 
according to which the ferm entation in this bread 
is due to a bacterium , which he claims produces gas
eous products from the albuminous substances in 
flour.

In  support of this theory, he says th at diastase does 
not saccharify starch at ordinary tem peratures and 
th at there is no decrease in the sugar content of dough 
during ferm entation. A s a m atter of fact, however, 
sugar is a normal constituent of flours, and diastase 
has been shown to be active even a t the tem peratures 
a t which doughs are ordinarily fermented.

Further, he maintains th at there is no alcohol in 
dough which also has been proved to be contrary 
to fact. A s a further support of his theory he gives 
an analysis of the evolving gases which consist of 
about 70 per cent, of carbon dioxide and the remainder 
of hydrogen and nitrogen. These gases are similar 
to those evolved from decaying albumin, which 
he gives as additional evidence in favor of his theory. 
Peters3 thinks, however, th at the carbon dioxide 
m ay have been produced b y  yeast, th at the nitrogen 
m ay have come from enclosed air and the hydrogen 
m ay have been produced b y  a butyric ferment.

Laurent4 found th at an organism which he called 
Bacillus panificans is norm ally present in flours. 
This organism is killed only after heating to io o °  C. 
for 10 minutes and is probably not killed in the baking 
of the bread. W hen growing in dough, it produces 
acetic, lactic and butyric acid, together w ith C0 2 
but no hydrogen nor nitrogen. According to Laurent 
it is the cause of ropiness in bread, and iij the opinion 
of Maurizio is identical w ith Bacillus mcsentericus 
vulgatus.

A n investigation b y  Diinnenberger3 leads him to 
believe th at the essential organism in the preparation 
of bread b y  this m ethod is yeast and th at the presence 
of bacteria is, a t least, unnecessary if not even harm 
ful.

In three papers on “ Die Organismen des Sauerteigs 
und ihre Bedentung fur die Brotgahrung,” Peters6 
reviews the literature on the subject £nd gives the 
results of his own exhaustive investigation. He 
finds numerous yeast cells and m any bacteria as well, 
in a normal “ Sauerteig.”  He succeeds in isolating 
Saccharomyces minor, which has been obtained b y  
previous investigators, another yeast which resembles 
this species closely, Mycoderma vini {Sacchar, my-

1 Botanische Zeituiig, 47, 404 (18S9).
2 Ib id .. 47, 407 (1889).
3 Ib id .. 47. 408 (1889).
* ‘’G etreidc Mehl un d  B ro t. M aurizio," p. 238.
6 Bolanische Zeitunff, 47, 410 (1889); (Botanisclie Centralblatt. 1SS9).
' i b id . .  47, 405, 420 and  435 (1S98).

coderma) and Saccharomyces cerevisiae. In addi
tion to these four species of yeast he isolated five 
different bacteria which he describes m inutely. He 
concludes from the results of his investigation th at 
the ferm entation of bread b y  means of the “ Sauerteig” 
is com plex in its nature and th at no single organism 
is responsible for all the changes that take place. 
The Saccharom yces are im portant in th at th ey pro
duce the alcoholic ferm entation which aerates the 
bread and the bacteria render soluble a portion of 
the constituents of the flour and produce a certain 
percentage of acid ity  which checks various other 
bacteria th at cause diseases in bread.

According to Lehm ann’s 1 investigation there is 
present in the “ Sauerteig” together w ith numerous 
yeast cells a gas-form ing bacterium . Upon a gelatin 
plate made from the dough numerous yeast colonies 
develop, which upon further exam ination agree in 
m orphology and cultural characteristics w ith Sac
charomyces minor Engel. Am ong the yeast colonies 
there usually appear com paratively few  colonies of 
bacteria. If, however, an agar plate is made and 
incubated a t about 3 70 C. the yeast colonies do not 
appear, but numerous colonies of bacteria develop, 
am ong which one form greatly  predominates, others 
appearing far less p lentifu lly and regularly. This 
predom inating organism which he calls Bacillus levans 
grows on gelatine plates in white w ater colonies which 
are spherical in shape w ith a rather darker zone in 
the center. It is facu ltative anaerobe and grows 
in an atmosphere of C 0 2. It is a gas form er and now 
and then bubbles will appear even in sugar-free bouillon 
gelatine media. In the presence of sugar it produces 
gas in gelatine and agar media both on plates and in 
stab cultures. In bouillon media it produces cloud
iness while if sugar is added gas is evolved. The 
organism is m otile; does not form spores.

The gases th at evolve from sugar bouillon, outside 
of a little ' nitrogen, consist of approxim ately 1/s 
hydrogen and a/j carbon dioxide. H ydrocarbons 
were not detected. In sugar-free bouillon only very  
small quantities of hydrogen were produced and no 
carbon dioxide. A  more com plete analysis of the 
gases produced b y  this organism is given b y  M aurizio.2 
It  was grown in sugar-bouillon and the results of the 
gas analysis follow:

D ilu ted  Sugar-free 
Beerw ort. bcenvort. bouillon.

1. 2. 3.
C arbon d io x id e ................................  6 8 .9  66.8  63 .7
H ydrogen ...........................................  2 5 .4  28 .7  3 1 .8
N itrogen .............................................  5 .7  4 .5  5 .5

The variation indicated b y  the figures above he 
attributes to the fact th at carbon dioxide is absorbed 
to some extent b y  the medium. .

W hen grown in different media the gases produced 
b y  this bacillus show considerable variation.

D ilu ted  Sugar-free 
Beerw ort. beerw ort. bouillon.

4. 5. 6 .
C arbon d io x id e ................................  6 8 .4  6 3 .8  0
H ydrogen ...........................................  22.1 28 .7  67 .1
N itro g en .............................................  9 .2  7 .5  3 2 .9

C entralblatt fü r  B a cterio log ie, 1894, p. 350.
2 “ G etreide Melil und  B ro t. M aurizio."  p. 235.
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There were obtained from 600 cc. 1 per cent, sugar- 
bouillon 300 cc. of gas, while in sugar-free bouillon 
only 30 cc. of gas were obtained from the same amount 
of media.

The acids that this organism norm ally produces 
in media containing sugar are designated as acetic, 
lactic and oxalic.

Lehmann succeeded in setting up a gaseous fer
mentation in flour, which had been sterilized b y  sub
merging in ether for several days and regained from 
the ether b y  evaporation, b y  subsequent moistening 
with sterile w ater and inoculating w ith this Bacillus 
levans. The evolving gases were the . same as those 
from sugar-bouillon ferm ented b y  this bacillus, and 
the odor the same as th at of the "Sauerteig.”  A  
similar portion of the sterile flour inoculated from 
the “ Sauerteig" ferm ented in apparently the same 
w ay  but an analysis of the gases showed, however, 
th at hydrogen was invariably absent, which would 
indicate that this is due to the presence of yeast and 
th at the gas in the "Sauerteig”  is not produced b y  
Bacillus levans.

A  control in which the sterile flour was inoculated 
w ith both Bacillus levans and yeast also failed to 
yield hydrogen in the evolving gases, which would 
perhaps indicate th at the bacillus is not active in 
the presence of the yeast. Also when both organisms 
were inoculated into the media the m axim um  evolution 
of gas was obtained much sooner and with a smaller 
degree of acidity  than when the ferm entation was 
due to Bacillus levans alone.

Outside of the rôle that Bacillus levans plays in 
bread-making, w hether it be desirable or not, it is 
of interest from another point of view. It was observed 
b y  Wolffin and Lehmann th at it strikingly resembles 
Bacillus coli commune especially in its morphology. 
Also it was possible to set up the same gaseous fer
m entation in a paste made from sterile flour and water 
with Bacillus coli commune, as occurs when the 
same m aterial is inoculated w ith Bacillus evans. 
Both ferment maltose, grape sugar and lactose: 
Bacillus coli differs, however, in th at it coagulates 
m ilk and also in the composition of the gases it pro
duces.

When bouillon with 1 per cent, of grape sugar added 
was fermented w ith Bacillus levans and Bacillus coli 
commune the following gases were obtained:

Bacillus coli 
Bacillus levans. commune.

Carbon d iox ide . . .......................................  66.5  22.3
H ydrogen........................................................  2 8 .6  75 .6
N itrogen ........................................................... 4 9  2 .1

The gases collected from a paste of sterile flour 
and w ater exhibit no m arked variation from the above 
table as m ay be seen from the following:

Bacillus coli 
B acillus levans. commune.

Carbon d iox ide .............................................. 66 .5  23.3
H ydrogen ........................................................  27 .7  74 .0
N itrogen ........................................................... 5 g 2 .7

Lehma.nn questions whether these differences in 
the composition of the gases are sufficient to dis
tinguish this bacillus from the coli group, particularly

when the variability  of these bacteria is taken into 
account. Members of this group have been known 
to lose their ability  to coagulate milk, or to ferment 
sugar after having been grown on sugar-free media 
for some time. Maurizio also is of the opinion th at 
Bacillus levans belongs to the doli group and he, too, 
concludes, as Peters, that it is the function of the yeast 
to produce the gas necessary to aerate the bread, and 
further that various lactic bacteria are desirable in 
th at they check the action of objectional forms such 
as butyric bacteria and members of the coli group.

The disagreement in regard to the theories con
cerning the leavening agent in salt-rising bread and 
the necessary ingredients, the uncertainty of manu
facture, and the lack of uniform ity in the finished 
product lead the author to investigate .the subject, 
in order to ascertain definitely, if possible, w hat the 
leavening agent really is: whether "w ild ”  yeasts, 
as the m ajority of writers on the subject claim ; or 
the interaction of lactic acid formed b y  bacterial 
ferm entation, w ith soda as others claim ; and then 
perhaps to obtain the desirable organism in pure 
culture and propagate it for the production of bread 
of uniform quality, thus substituting more scientific 
methods for m aking this type of bread.

O B S E R V A T IO N S .

The first step in the investigation was to start the 
ferm entation from commeal, as is regularly done, 
and then also to m ake the bread in order to be certain 
th at the ferm enting mass contained the essential 
organisms. The first experiences of the author in 
m aking this bread were in harm ony w ith the references 
on the subject in regard to the uncertainty of the 
method, and even after the bread had been made 
successfully a number of times, failures were of frequent 
occurrence, although care was taken to control tem 
peratures, proportions of ingredients, etc.

A fter having made the bread successfully a number 
of times, a microscopic exam ination of the "em p ty
ings” prepared in the custom ary w ay was made. 
This was found to be literally teem ing with bacteria 
while yeast cells were not to be found. Since this 
was contrary to w hat was found in the literature, 
the exam ination was repeated again and again; each 
time, however, bacteria were present in great numbers 
while yeast cells were invariably absent. This in
dicates th at yeasts p lay  no part in this bread, and the 
question arises as to how these bacteria function 
in the dough, whether b y  producing acid which liber
ates carbon dioxide from the soda or b y  decomposing 
some of the constituents of the flour into gaseous 
products. It was observed th at if a portion of these 
“ em ptyings” was transferred to sterile milk b y  means 
of the platinum  loop, gas began to be evolved after 
8 or io  hours, and th at a curd which was broken and 
full of holes, due to gas bubbles, would form. It  was 
possible to transfer these bacteria from tube to tube 
and each time the same gaseous ferm entation would 
be set up, which would indicate th at the evolving gas 
is produced b y  the bacteria from the milk itself, and 
it becomes of interest to determine the relationship 
of the bacteria present in the ferm enting batter.
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It is only in exceptional cases, if ever, that a sample 
of natural media contains but a single species of 
microorganism when in a state of ferm entation. 
Often the a ctiv ity  of two or more species in the same 
media produce changes which neither could do of 
itself. W hen several species are sim ultaneously en
gaged in the consumption of the same medium, their 
association is termed sym biosis; as an exam ple of 
this we m ay refer to the kefir grains which contain 
at least one species of yeast and two species of lactic 
bacteria, the simultaneous growth of which produces 
from m ilk the beverage known as kefir. Another 

• common association of microorganisms is styled 
metabiosis, in which one species b y  its activities 
renders the medium suitable for the growth and de
velopm ent of another. A  good exam ple of this is 
the formation of vinegar from cider, due to the pres
ence of yeasts which form alcohol from the sugar, 
and acetic bacteria which, after the alcoholic fer
m entation has ceased, transform the alcohol into 
acetic acid. The “ Sauerteig”  is perhaps an example 
of both sym biosis and metabiosis, inasmuch as there 
is the sim ultaneous consumption of sugar b y  yeasts 
and lactic bacteria, which relationship is that of the 
former, and later the conversion of part of the alcohol 
formed b y  the yeast into acetic acid, which, as it 
occurs in the m anufacture of vinegar, has already 
been referred to as an exam ple of metabiosis.

The microscopic exam inations having shown that 
active microorganisms in salt-rising bread are bacteria, 
it becomes a question whether or not a pure culture 
can be obtained from the “ em ptyings”  w ith which 
alone the bread can be made, or whether the neces
sary gaseous products of ferm entation owe their 
origin to the combined a ctiv ity  of several species 
growing side b y  side.

A fter transferring the bacteria from one milk tube 
to another for several times and incubating at 400 C., 
it was observed that there was exhibited no great 
variety  of forms, indeed the cells were strikingly 
alike except for slight differences in the length of 
rods.

It was therefore assumed that the fermentatioix 
is due to a single species and plates were made to 
obtain it in pure culture. The first set of plates was 
made with an agar-bouillon media and incubated 
at 40° C. A fter about 15 hours a good growth had 
appeared and a number of milk tubes were inoculated 
from those colonies which seemed to show differences 
and incubate at 400 C. The next day all the tubes 
showed a growth, for a soft curd had formed in the 
milk, but none of them showed any signs of gas pro
duction while the one inoculated from the tube from 
which the plating was made was giving off gas. Since 
the first plating resulted in a failure, it was repeated. 
Again numerous colonies appeared in the usual time 
and this time a larger num ber of tubes were inoculated 
from them and incubated a t 400 C. Again a curd 
formed in each of the tubes but there were no signs 
of gas. A fter m aking numerous plates with this 
agar bouillon medium and isolating m any cultures 
w ithout obtaining any that would produce gas it was

thought that perhaps the medium was not favorable 
for the gas forming bacteria and that it either did 
not appear upon the plates at all or became attenuated 
during the planting and lost its ab ility  to produce 
gas.

Since soda is com monly used in m aking the bread 
it was thought th at an alkaline medium m ight be more 
suitable. Therefore a portion of nutrient agar medium 
w ith 1.0 per cent, added lactose was titrated  with 
phenolphthalein to an alkalin ity  of 1 per cent, and 
another to an acidity  of 1 per cent. W ith each of 
these plates were made, both directly from the “ em pty
ings,” and a tube that was the result of several trans
fers, and numerous tubes inoculated and incubated 
at the usual tem perature of 400 C., but again all 
efforts to obtain a gas-form ing culture were in vain.

An effort was made to make a medium as similar 
as possible to the original “ em ptyings” b y  adding 
a portion of cooked flour to the agar medium. This 
medium, however, was so opaque th at it could not 
be used successfully and was abandoned. A s milk 
is com m only used in m aking this bread, plates were 
made w ith a m ilk-agar medium and a num ber of milk 
tubes inoculated and incubated. Upon observing 
them  the next day one of them showed the char
acteristic gaseous ferm entation. From this tube 
another set of plates was made and several tubes 
inoculated. These again were giving off gas after 
incubating over night. Since m ilk-agar plates are 
alw ays rather opaque it was thought advisable to 
plate this culture upon d ear media so as to be more 
certain that it was pure. This was done but not 
a tube produced any gas after incubating. This 
then was either not a pure culture or it lost its ab ility  
to produce gas during the plating on clear media. 
Further attem pts to obtain another gas-form ing culture 
b y  plating with m ilk-agar failed utterly.

It was observed that when the predom inating culture 
from the ferm enting batter was isolated and grown 
in milk that after a curd had formed the milk began 
to be peptonized near the surface and after standing 
a few days a large part of the curd was peptonized. 
The same effect was observed when m ilk-agar tubes 
were inoculated with this culture, only the peptoniza
tion proceeded downward in the tube much slower. 
In m ilk-agar tubes, inoculated direct from the ferm ent
ing batter, the peptonization of the milk was also 
observed near the surface while farther down gas was 
formed which at times pushed part of the media to
gether with the cotton plug out of the tube. This latter 
effect was observed in broth-agar tubes also when the 
media was boiled to expel air. P lates made from 
the organisms after having been grown under these 
anaerobic conditions yielded no culture th at would 
produce gas.

W hen m ilk-agar plates are poured in Petri dishes 
about V , of an inch deep and 6 inches in diameter, 
the milk begins to peptonize from the top downward 
until after several days the medium loses its opaque 
character entirely and becomes yellowish in color. 
In these deep plates gas bubbles at tim es form near 
the bottom  of the plates which m ay be due either
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to a single organism or to several. To obtain cultures 
of these, the plate was inverted to allow the medium 
to drop out, when tubes could be inoculated b y  touching 
the gas bubble with a platinum loop. Milk tubes 
inoculated in this w ay  showed the characteristic 
gaseous fermentation after incubating over night, 
but when plates were made from them and tubes 
inoculated from colonies, no gas appeared.

Single cells isolated from the ferm enting batter 
b y  Dr. M. A. B arber’s pipette method reacted in milk 
as those obtained b y  plating. A  soft curd was first 
formed which later was peptonized from the top 
downward. When allowed to grow under a cover 
glass in an incubator at 400 C. a good growth was 
observed both in milk and broth. Spores formed 
readily. Single spores put into sterile milk and 
incubated produced the same reaction in milk as the 
cells themselves. No culture was obtained b y  this 
method that produced gas.

A fter all these failures to obtain a culture that was 
pure without a doubt and would retain its gas-pro
ducing power, it was thought that perhaps this gas 
formation was due to a m ixture of cultures— perhaps 
a case of symbiosis or metabiosis. Upon this as
sumption plates were made and a number of tubes 
inoculated and incubated. A fter a good growth had 
set in, the tubes were numbered and fresh tubes in
oculated from them b y  means of a platinum  loop, 
m ixing the various cultures. For exam ple one tube 
was inoculated from Nos. 1 and 2, another from 1, 
2 and 3. etc. The results of this mixing of cultures 
was as fruitless as all previous efforts, not a single 
tube showed an y  gas.

When sterile milk is inoculated from the fermenting 
batter, gas is driven off after incubating 6 to 10 hours 
and a curd is formed which is carried to the top b y  
the gas bubbles and then assumes a tough leathery 
character. If after incubating for three or four days, 
sometimes less, a transfer to sterile milk is made, 
no gas appears. The same loss of gas production 
occurs in three or four bays if transfers are made at 
intervals of either 12 or 24 hours. A  falling off of 
gas production is also observed in the ferm enting 
batter; after gas bubbles begin to form the rate of 
gas production increases for about three or four 
hours and then gradually decreases. A fter fermenting 
for 8 to 10 hours, it becomes very much weaker and 
does not regain its strength if used in m aking the 
sponge and dough. In the latter the weakness is 
even more apparent than in the former, and when 
once the batter has fermented too long, the loaves 
are apt to be only about one-half the normal size. 
This gradual weakening of the batter has been ob
served by bakers, as well, and is popularly termed 
“ working itself out.”  T h ey also observed th at when 
once it has become weakened and lost its gas-pro
ducing power th at it will not regain its strength b y  
the addition of fresh food m aterial as is done in m aking 
the sponge and dough. W hile it was not possible 
to propagate the bacteria in liquid media from time 
to time to be used in m aking bread, a dried product

was prepared which could be used a t will with good 
results.

The product was used b y  the author in m aking 
salt-rising bread in numerous experim ents and was 
also given out to a num ber of housewives who used 
it successfully. That the artificial cultivation of bac
teria can be of value to the m anufacturing baker 
as well was dem onstrated by giving this product 
a thorough trial in a modern baking plant where the 
bread was not uniform and it was necessary at times 
to add compressed yeast to insure proper aeration. 
From  800 to rooo loaves were made daily for a month 
and the bread was uniform in quality  and was ready 
for the bench a t the desired time every day while 
formerly it was often ready sooner or later than de
sired and consequently upset the system  of the plant. 
The batter made from the product begins to ferment 
not only more regularly but sooner than if made 
with meal. One yjound is sufficient for the production 
of 400 to 500 loaves of bread.

The fact that the fermenting “ em ptyings” made 
from this product reveal cells which are strikingly 
alike, a large sporebearing motile rod greatly  pre
dominating, and that once a gas-forming organism 
was obtained by plating, arid this one lost its ability  
to produce gas after incubating several days, indicates 
th at the gas formation owes its origin to a single 
organism, which becomes attenuated during the 
plating. This is corroborated b y  the fact that a 
falling off of gas formation is observed both in the 
b atter and when transfers are made to sterile milk, 
and is further supported b y  the fact that from either 
broth or milk-agar plates, in which the colonies were 
extrem ely thick, portions of media so large that all 
organisms should be included could be transferred 
to sterile milk and no gas would be evolved, which 
seems clearly to indicate attenuation.

Another instance in which the loss of gas production 
was observed m ay be referred to here. In a modern 
bakery bread is mixed with huge mixers in lots of 
about 800 to 1500 pounds of dough. A  certain 
make of these mixers is run at very  high speed making 
about 60 revolutions per minute, which is several 
times th at of the average mixer. This extrem e 
treatm ent is considered very  desirable in making 
ordinary bread as it develops the elasticity of the 
gluten and improves the color of the bread. A  batch 
of salt-rising bread was tried in one of these mixers, 
taking out a portion of dough after m ixing 6, 15 and 
30 minutes, respectively. The loaves made from 
the dough that was m ixed 6 minutes rose very slowly, 
and were poor in quality, while the loaves from the 
portions of dough th at were mixed 15 to 30 minutes, 
respectively, failed u tterly  to rise, even after standing 
several hours, while when m ixed in a slow-speed mixer 
they rise in 30 to 45 minutes.

Such variation is not w ithout parallel as m ay be 
seen from observations made b y  K lein ,1 on Bacillus 
cnteriditis sporogencs. If deep liquid sugar-gelatine 
tubes (8 cm.) are inoculated with the bacilli or spores

1 C enlralblatl fu r  B a k terio lo g ie , 18, I A bteilung, N'o. 24. p. 737 (1895).
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of this organism and incubated at 200 C., the medium 
is liquefied after 48 hours, w ith the form ation of very  
few  indeed, if any, gas bubbles and the organism sporu- 
lates freely. If, on the other hand, a stab culture 
is made from the same culture into a sim ilar medium, 
gas formation begins within 24 hours and the medium 
is tom  and rent b y  the evolving bubbles. In such 
a culture in which gas is abundantly given off, complete 
liquefaction takes 8, 14, or even 20 days, instead of 
48 hours, and spore form ation is not observed. The 
gas is principally methane.

A  violent evolution of gas, after incubating from 
x to 2 days which breaks the layer of cream, ac
companied w ith the formation of a curd which separates 
from the clear acid whey, is given b y  K lein 1 as the 
typ ica l characteristic of this organism in milk.

If tw o gelatin tubes are inoculated w ith spores 
and the bacilli of the organisms, respectively, and 
incubated for several days, the results are so different 
th at it is difficult to believe th at the tw o cultures are 
identical, for the former shows the typical spherical 
liquefying colonies, while in the latter only small 
non-liquefying spots appear.

B y  transferring spores of the organism to fresh 
sugar-gelatine for a num ber of times, it undergoes 
m arked changes in its cultural -characteristics. It 
soon acquires greater liquefying powers, a tendency 
to form threads and the ab ility  to rapidly form spores. 
In m ilk these variations arc quite pronounced, for 
it no longer produces the changes which have been 
described as typical. Instead of the violent evolution 
of gas which disturbs the layer of cream, the form ation 
of a curd and the separation of a clear whey, the m ilk 
undergoes an entirely different transform ation, in 
which there is no gas w hatever evolved and the cream 
is not disturbed. A fter several days the m ilk im 
m ediately underneath the cream begins to be de
composed into a yellowish solution which remains 
separate from  the white coagulum  underneath. The 
w hey in the typical milk culture smells of butyric 
acid and reacts acid while, the yellow  solution of the 
atypical culture is w eakly alkaline and has a foul 
odor. The bacilli in the typical m ilk culture are 
short rods w ithout spores, while those of the atypical 
culture often appear in threads which as w ell as the 
short rods sporulate w ithin a few days. W hen once 
the organism has changed so th at spores when re
peatedly transferred to m ilk continue to give the 
atypical culture characteristic, the change is perm anent 
and it does not revert to the original form. The 
virulence in the atypical is alm ost or entirely lost.

On the suggestion of Professor Stephens some 
“ em ptyings”  were obtained from a lad y who makes 
salt-rising bread which he at one tim e found to be 
teem ing w ith both yeast cells and bacteria. This 
was contrary to w hat had been observed, but as it 
agreed w ith a num ber of the references a m icro
scopic exam ination was made, but again m any bacteria 
were present and no yeast cells. From  these “ em p ty
ings” a set of p lates ’was made and a num ber of tubes 
inoculated. On rem oving them  from the incubator

1 Cenlralblait fu r  Baktcriologie, 22, I  A btcilung, p . 577.

the n ext day several of them  were evolving gas. One 
of these cultures was plated repeatedly on both milk 
and broth-agar media and each tim e all the colonies 
appeared alike and all the tubes inoculated were 
evolving gas after standing in the incubator for about 
15 hours, which is sufficient evidence th at it is a pure 
culture, and it becom es a question as to  w hether it 
is capable b y  itself to properly ferm ent bread. The 
mere fact th at it will produce gas when growing in 
m ilk is not sufficient evidence th at bread can be made 
w ith it, for often the “ em ptyings”  will apparently 
be ferm enting norm ally, but when made into a sponge 
b y  the addition of w ater and flour the production 
of gas alm ost ceases, and when the dough is made 
it fails u tterly  to rise. Indeed a t tim es both the 
“ em ptyings”  and sponge will appear norm al and the 
dough will fail to rise, and it has happened in practice 
th at a batch  of about xooo pounds of dough was run 
through the mixer, divider and moulder, and after 
being p ut into pans failed to rise and had to be taken 
from the pans and m ixed w ith compressed yeast.

In order to determine w hether this bacterium  is 
of itself capable of aerating bread, it is of course de
sirable to use sterile flour; this unfortunately can be 
obtained only with difficulty and perhaps not a t all 
w ithout altering the character of the flour and destroy
ing to a cei'tain extent its bread-m aking qualities.

One of the tw o methods that have been em ployed 
is b y  heating the flour to a tem perature of 1 1 5 0 to  
1200 C. This tem perature is not sufficiently high 
to com pletely sterilize the flour for spore-forming 
organisms certain ly suiwive, and besides it darkens 
the flour and, according to Peters, destroys its ability  
to  form a dough. The other m ethod of submerging 
the flour under ether for several days is more satis
factory, as it is less injurious to the flour, but it is a diffi
cu lt m atter to sterilize enough to be used in baking tests.

In these experim ents it was thought best not to  
sterilize the flour b u t to grow the bacteria in sterile 
media up to the tim e the sponge was made, which 
would give the bacteria in the flour only from two to 
four hours to becom e active, for it was never more 
than four hours from the tim e the sponge was made 
until the bread was p ut into the oven and usually 
between tw o and three hours. W hen a dough w as 
made w ithout the addition of either bacteria or yeast, 
no m arked changes were apparent within three or 
four hours, and if yeast was then worked into it, 
it would begin to rise and after ferm enting properly, 
nearly normal bread could be made, which would 
indicate th at the bacteria in flour do not have a m arked 
effect upon a dough w ithin three or four hours.

As already stated, m ilk is a common ingredient 
in salt-rising bread, and as it can be sterilized con
veniently, it was used in the following baking experi
ments. W ith  this pure culture bread w as m ade 
from the following ingredients: 800 grams of flour, 
100 cc. sterile milk, 410 cc. w ater, 12 gram s salt 
and 15 grams sugar. The sterile milk was inoculated 
w ith the pure culture obtained and incubated 17 
hours, when it was made into a sponge w ith 175 
gram s of flour and 200 cc. water. A fter the sponge
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began to drop, which took about tw o hours, the dough 
was made b y  m ixing the sponge with the remainder 
of the ingredients and moulded into loaves and put 
into pans at once. The bread rose well and was 
baked in the usual w ay and had the characteristic 
odor and taste of salt-rising bread. This experiment 
was repeated a num ber of times, which indicates 
th at this bacterium  is able b y  itself to properly aerate 
bread. Bread was also made b y  the “ straight dough” 
process in which all the ingredients are m ixed at 
once leaving out the sponge stage. In this experi
ment the whole of the liquid used was m ilk fermented 
b y  this bacterium, which was made into a dough 
b y  mixing w ith the other ingredients. The dough 
was at once moulded into loaves and put into pans. 
It rose rather slower, than when a sponge was made, 
and produced bread of poorer quality. “ Straight 
dough” bread was also made b y  using as the liquid 
r/2 fermented milk and ■/, w ater; also b y  allowing 
the bread to rise, as is alw ays done in m aking yeast 
bread, previous to moulding into loaves. This bread 
rose faster in the pans and the loaves had more of 
a tendency to crack. The bread was coarser in texture 
and when cut crumbled easily.

This bacterium  could be propagated b y  transferring 
-to fresh milk occasionally. A fter standing tw o months, 
however, it had become much weaker, and while 
it would still produce gas when grown in milk, it 
would no longer raise bread. E ven  b y  transferring 
to fresh milk a num ber of tim es it failed to regain 
its strength. A fter 200 cc. of m ilk ferm ented with 
this organism had been kept for 9 months in a German 
flask closed w ith a cotton plug, it  was impossible 
to abtain any growth w hatever b y  inoculating sterile 
milk from it.

An effort was made to prepare a d ry product con
taining this organism to be used in m aking bread. 
This was done b y  growing the pure culture in sterile 
milk and then m ixing flour to m ake a sponge. A fter 
the sponge had risen and fallen it was spread on 
panes of glass in thin layers and allowed to dry. 
Some of this dried product was m ixed w ith meal 
and was used in starting the bread in the usual w ajr. 
W hen the liquid used in starting the “ em ptyings” 
was heated to the boiling point the addition of some 
of this dried m aterial seemed to make no appreciable 
difference either in the regularity or the tim e it would 
take to show the formation of gas bubbles, as was 
observed b y  setting at different times, a num ber of 
em ptyings in Erlenm eyer flasks plugged w ith cotton, 
both w ith and w ithout any added material. W hen the 
meal was stirred into the boiling m ilk a tem perature 
of 85° to 900 C. was obtained. W hen the m ilk was 
heated to 900 C., it seemed rather doubtful whether 
the addition of some of this product was noticeable; 
if heated to 800 or 70 °, however, it  was observed that 
gas began to form both sooner and more regularly 
if a portion of the dried product was added, which 
would indicate the possibility of preserving this 
organism in the dry state for its economic use.

The source of the organisms involved, especially 
when the bread is made without adding them b y  arti

ficial means, is one of the im portant considerations 
in m aking this kind of bread. It  is the opinion of 
Dr. Bailey, Professor Harrison and M argaret Mitchell 
that they get into the prepared medium either from 
the air or utensils and that failures are far less frequent 
in places where the bread has been made for some time. 
To determine whether or not the desired bacteria 
get into the medium from the air, a num ber of Erlen
m eyer flasks were partially filled with the usual in
gredients in the proportions th at they are used in the 
“  em ptyings.”  These flasks were plugged w ith cotton 
and sterilized b y  steam ing for about 45 minutes on 
three or four consecutive days. A fter incubating 
for a few days to make certain th at all life in the 
flasks was destroyed, the plugs were pulled and the 
flasks set in a gas oven which had been repeatedly 
used as a place to keep the “ em ptyings”  and sponges 
as well while th ey were fermenting. If these bacteria 
are propagated from one baking to another b y  means 
of the air then this oven should prove a particularly 
fertile source, and as the media was properly prepared 
and the tem perature carefully regulated, these flasks 
should soon show the characteristic ferm entation. 
A s a m atter of fact, however, it was only occasionally 
th at a gaseous ferm entation would develop in these 
flasks and then with great irregularity; the gas bubbles 
would first appear near the top of the media and later 
they would form farther down and never did they 
occur uniform ly throughout the media as is the case 
when the “ em ptyings”  are set in the usual way. 
Often an abnormal ferm entation would occur in these 
flasks; a t tim es this would become manifest in a sour
ing of the media w ithout an y gas formation, and at 
other tim es various moulds would appear on the 
surface of the media. This would indicate that the 
air is not the true source of the gas-forming organism, 
and although it m ay get into the media from the air 
a t times it cannot be relied upon to produce the desired 
ferm entation w ith any certain ty or regularity.

In how much the utensils serve as a means of propa
gating the bacteria eviden tly depends to some extent 
upon the operator; if they are thoroughly cleaned 
each time after use, the chances are th at the bacteria 
are nearly all rem oved with the ingredients; on the 
other hand if carelessly cleaned, it is possible that 
enough bacteria will be retained to again start the 
ferm entation. A t best, however, this cannot be a 
reliable source, and as the bacteria would be only 
on the sides of the vessel, some tim e would elapse 
before th ey would get into the center of a non-liquid 
medium. It  is the experience of the author th at it 
m atters little, if any, whether the "em ptyin gs" were 
made in vessels that had been previously used or not.

E vid en tly  the m ilk is not the source of the or
ganisms for the bread can be made with water, also 
it is possible to obtain the gaseous ferm entation by 
inoculating sterile m ilk w ith com m eal. The true 
source seems to be the com meal, and it is the experi
ence of bakers and housewives th at the more highly 
cleaned meals do not give as good results, which would 
indicate th at it is associated in some w ay w ith the 
exterior of the grain of com . It  is the experience
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of housewives, and canning factories as well, th at it 
is a difficult m atter to can corn so th at it will keep; 
often the ends of the cans bulge out, owing to the for
mation of gas which m ay be due to the survival of 
the salt-rising organisms.

A s already stated, it has been a m atter of much 
dispute as to w hat ingredients are nccessary in m aking 
salt-rising bread, and something over two hundred 
baking experim ents were made to determine the ncces
sary ingredients, the proportions in which they would 
be used, the most favorable tem perature, etc. These 
baking experim ents were taken up as system atically 
as possible, observing the effect of changing one 
thing a t a time both upon the rate of the evolution of 
the gas and the character of the bread produced, and 
keeping a careful tabulated record of the results, 
some of which will be given here. One series of these 
experiments w as made to determine the effect of milk, 
and the following table shows the proportions of the 
ingredients used, when they were mixed in “ em ptyings,” 
sponge and dough, and the tem perature of each 
(sec Table I). The ingredients in Nos. 101, 102 and

upon the growth of the bacteria and consequently 
upon the character of the bread produced. Various 
baking experim ents were made to determine to which 
of the constituents of the milk to attribute this.

It  was found th at whole m ilk did not give appreci
ab ly  better results than skimmed, which would in
dicate. th at the butter fat, while certain ly it has a 
“ shortening” effect, as all fats do, has no bearing 
upon the gas production of the organism. The other 
two im portant constituents of milk, nam ely the casein 
and milk sugar, were used separately in m aking the 
bread. Four different samples of casein were obtained: 
tw o made from the butterm ilk and tw o from skim 
milk.

It was found that when the “ em ptyings” were set 
as in No. 101 with 10 grams of casein instead of 10 
grams of powdered skim-milk, gas began to form 
several hours sooner, especially when the butter
milk caseins were used, as m ay be seeen from bakings 
132 and 134. E ven five gram s of casein which is 
about the equivalent of casein in 10 gram s of powdered 
skimmed milk was more effective than the latter

5

1909.
D a te ........................................... .......................  11/3 11/3 11/3 11/14 11/14 11/14 11/14 11/10 11/10

1910.
5 /9

N o.............................................. .......................  101 102 103 132 133 134 135 112 115 378
H -O ....................... .................... .......................  150 150 150 150 150 150 150 150 150 150
Dried m ilk .............................. .......................  10 10 10 10 5A 1 10A1 5B2 10M3 3C4 5
Cornm eal.................................. .......................  20 20 20 20 20 20 20 20 20 22
S u g a r......................................... 4 4 0 0 0 0 0 0
S ta r te r ...................................... .......................  2 2 2 2 2 2 2 2 2 2
S o d a .......................................... 2 'A 2 K 2 y2 2 3 2 2 A 2 lA 2 lA 2 'A 2
T im e .......................................... .......................  9 .3 0 9 .3 0 9 .30 10.30 10.30 10.30 10.30 10.30 1Ç.30 S .30

IIoO ............................................ .......................  200 200 200 200 200 200 200 200 200 200
Dried m ilk ............................... .......................  0 10 0 0 0 0 0 0 0 0
F lo u r.......................................... .......................  150 150 150 150 150 150 150 150 150
N aH C 03. .................................. 0 0 0 0 0 0 0
T im e .......................................... .......................  8 .5 0 9 .3 0 9 .3 0 12.05 9 .3 0 9 .3 0 9 .3 0 8 .3 0 2 .2 0
T em p......................................... .......................  40 41 41 43 42 40 40 40 41

11*0.................. ......................... 200 200 200 200 200 200 200 200
I 'lo u r ......................................... .......................  650 650 650 650 650 650 650 650 650

0 0 0 0 0 0 0 0
12 12 12 12 12 12 12 12

O il.............................................. .......................  0 0 0 0 0 0 0 12 0
T im e ......................................... ......................... 10.00 11.00 11 .40 1.05 10.50 10.45 10.35 9 .55 3 .3 0
T em p ......................................... 37 37 38 39 38 38 39 41

O ven .......................................... ......................... 11.00 12.10 2 .0 0  10.13 12.00 12.00 11 .05 4.25
O u t......................................................................- 11.45 11 .35

1 A in  133 and  134 is casein from  skim -m ilk.
2 H in 135 is casein from  an o th e r sam ple of skim -m ilk casein.
3 M in 112 is m alt ex trac t.
4 C in  115 is asparagin .
N ote: All b a tte rs , except in  Xo. 378, were set in the evening a t  the tim e g iven  and  the  sponges in the  m orning of the  n ex t day . No. 37S w as finished 

in  one day .

103 are precisely the same in quantity, differing 
only in that No. 101 had the milk added in the “ em pty
ing,”  No. 102 in the sponge and 103 in the dough. 
It  is evident from the table th at the em ptyings in
101 were light and ready to be made into the sponge 
b y  8: 50, while 102 and 103 required 40 minutes longer; 
in the sponge it was observed that 101 was more 
active than 102 and 103 still more sluggish. 1 In the 
dough the advantages of adding the m ilk in the early 
stages were still more apparent. The bread from 101 
was largest in volum e and best in every w ay, No.
102 was rather heavy and 103 failed to rise more than 
about one-half the usual height. From  these experi
ments it is evident that milk has a marked influence

and alm ost as effective as to grams of the same m a
terial. In baking Nos. 133, 134, 135, all of which were 
made with casein, the gas began to be evolved about 
2r/j hours sooner than in No. 132 which was made 
with powdered skimmed milk. No. 13) showed 
signs of gas about */3 hour sooner than 133 and 135 
but it was made into a sponge about the same time.

W hen lactose was used instead of m ilk in the above 
form ula the gas began to form little sooner than if 
it was not used. B oth  lactose and casein used to
gether were apparently no more effective than the 
same amount of casein alone. These experiments would 
indicate that the essential constituent of the milk 
is the casein rather than the m ilk sugar or butterfat.
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The two samples of butterm ilk casein, as stated above, 
favored the gas production more than those made 
from skim-milk and also more than the powdered 
milk itself. This m ay perhaps be partly  explained 
b y  the fact that the casein from butterm ilk under
goes a partial hydrolysis during the ferm entative 
process of butterm aking, which m ay render it more 
assimilable b y  the bacteria. Also it was observed 
later th at 21/’ grams of soda in the above formula 
made the media rather alkaline and checked the fer
mentation somewhat, and as the caseins, especially 
those made from butterm ilk, reacted acid, neutralized 
a part of this alkali and made the medium more 
favorable to the growth' of the baetc-ria.

Malt extract which is used extensively in making 
ordinary bread also proved to be of value in making 
salt-rising. By the use of 10 grams of malt extract 
as in baking No. 112 it was possible to make good 
salt-rising bread. The value of m alt extract is per
haps to be attributed both to its content of maltose 
and various soluble nitrogcnotis substances, and it 
is a question whether the enzymes have the same value 
that they do in m aking bread with yeast, especially 
those that have a proteolytic action, for the bacteria 
themselves have a marked action upon the gluten.

The addition of three grams of asparagin, as in 
No. 115, was detrim ental and there was no gas pro
duction even after standing for several days. A m 
monium nitrate was added to the formula in quan
tities varying from '/> t0 5 grams, and it was found 
to retard the production of gas in all cases and when 
more than about 2 grams were used, gas failed to be 
produced at all. Potatoes and ginger, which are at 
times used, were tried but no beneficial effects were 
observed.

A  series of “ em ptyings" were set in the same w ay 
using different sugars, i. c., maltose, cane sugar, dex
trose and lactose, and it was found that the gas began 
to ‘evolve sooner than if no sugar was added to the 
meal. These sugars, as near as could be observed 
from the time bubbles began to form, were all fer
mented equally well and also as far as the production 
of bread is concerned.

These results were confirmed by adding 1 per cent, 
of cane sugar, maltose lactose, dextrose and dextrin 
respectively to separate portions of a nutrient agar 
medium and inoculating with a small loop full direct 
from the ferm enting batter. The agar medium 
to which the carbohydrates, named above, were added 
contained 10 grams peptone and 5 grams beef extract 
to a liter of water. Seven hours after inoculating 
the tubes containing carbohydrates were all rent 
with gas bubbles and the medium in each tube was 
raised to about twice the initial volume. The tube 
containing no sugar showed only a few small bubbles 
which did not increase appreciably with longer in
cubation, while in a control no gas bubbles were ob
served. The dextrin and sugars were all fermented 
equally well.

The addition of milk accelerates both the pro
duction of gases and acids. It was repeatedly observed 
that those “ em ptyings” which were set with milk

or casein began to throw off gas sooner and more 
rapidly and, too, that the evolution of gas ceased sooner 
and the medium became sour. For exam ple on one 
occasion the “ em ptyings”  made w ithout milk were 
allowed to stand at a tem perature o f -40° C. for 31 
hours or 25 hours after gas bubbles appeared and it 
was still alkaline and gas was given off, while when 
milk is added it becomes sour in a very much shorter 
time and the evolution of gas ceases. This has been 
observed by bakers as well, and the author has been 
told that the addition of milk causes the fermenting 
material to “ work itself o u t” much sooner. When 
once the evolution of gas has ceased the “ em ptyings” 
no longer work well, if at all, when used in making 
the sponge. This is quite different in fermenting either 
a batter or a clear wort w ith yeast, for after the fer
mentation has ceased and the yeast settled to the 
bottom , it can be saved for a week or more and used 
in making a sponge. This also accounts for the fact 
that a portion of salt-rising dough cannot be saved 
for the next baking with the same success as can a 
portion of dough made with “ Sauerteig,”  for the 
ferments in the former rapidly lose their gas-pro
ducing power and fail to regain it with the addition 
of fresh flour and water. The “ em ptyings” as well 
fall off in gas production after fermenting for some 
time. A fter the first bubbles appear, the rate of 
evolution of gas increases to a m axim um  and then 
gradually decreases. When once this maximum has 
been passed they no longer give good results when 
used to make bread, for the weakening in gas pro
duction becomes even more pronounced in sponge 
and dough.

It is well known that, in all ferm entative processes, 
the tem perature is of great importance, and in a modern 
baking plant the tem perature of the dough is under 
alm ost perfect control, varying only a degree or two 
from day to day during the four seasons of the year. 
Bakers who make salt-rising bread have found that 
26.6° (8o° F .), the tem perature at which ordinary 
bread is fermented, is far too low for this typ e of 
bread. To determine at what tem perature the salt- 
rising organism is most active a num ber of “ em p ty
ings”  were made in the usual w ay and placed in ovens 
at a temperature of 350 C., 40° C., 4 5 0 C., 50° C., 
550 C. and 6o° C., respectively. It was found that the 
optimum temperature lies somewhere between 400 
and 500 and that it is possible to ferment bread of 
about equal quality anywhere between these two 
temperatures. A t 350 the gas is evolved very much 
slower and when the bread is put into pans it takes 
considerably longer for it to rise to the usual height. 
When set at 55 0 C. the gas is formed slower than at 
lower temperatures while a t 600 C. only a few bubbles 
of gas are formed in 24 hours. From these results 
it is apparent that the bacteria grow and can be used 
in making bread through as wide a range of tem perature 
as yeast although it is about 15 0 C. higher.

It is the experience of the author that best results 
arc obtained b y  fermenting the “ em ptyings" and sponge 
at a tem perature rather lower than the optimum and 
then taking the water used in m aking the dough hot
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enough to bring it to a tem perature of 42 0 to 46° C. 
In bread made w ith yeast as well it is in accordance 
w ith the best bakery practice to increase the tem 
perature tow ard the latter stages of the ferm entation.

Sudden changes of tem perature seem to  have no 
m arked influence upon the bacteria other than ac
celerating or retarding the rate of ferm entation, 
for good bread was made from  “ em ptyings”  th at had 
cooled to 220, b y  m aking the sponge in the usual w ay 
a t 390 C. and the dough at 42 0 C. This is of practical 
importance, for often in practice the “ em ptyings” 
are not kept at constant tem perature. In the later 
stages, however, especially in the dough, it is essential 
th at the tem perature should be up to 400 C. or over.

[To be continued /in February.']
D e p a r t m e n t  o f  I n d u s t r ia l  R e s e a r c h ,

U n i v e r s i t y  o f  K a n s a s ,

L a w r e n c e .

A R A P ID  M ETHOD F O R  T H E  D ETER M IN A TIO N  OF S U L 
P H U R  IN R O A ST E D  B LE N D E .

B y  C. C. N i t c h i e .

R eceived N ovem ber 10, 1911.

As usually conducted, the sam pling and analysis 
of the roasted ore drawn from a blende roasting kiln 
furnishes information useful only for purposes of 
record. A  small portion is taken from each car load 
drawn and all such portions are m ixed at the end of 
a d ay to m ake an aver.age sample, which is analyzed 
on the following day.

This practice gives only average results, is of no 
value in determ ining the quality  of ore from the in
dividual draws, and fails entirely to detect the oc
casional car of poorly roasted ore which is transferred 
to the storage bins. I t  relies only on the judgm ent 
of the kiln men to determine when the ore is suffi
ciently roasted to be suitable for use in the spelter 
furnaces, and when it should be returned to the kiln 
for additional roasting.

In order to put the disposition of the ore on a defi
nite basis, each draw should be sampled and ana
lyzed  for sulphur im m ediately after leaving the kiln. 
No ore should be placed in storage until the analy
sis is reported, showing that the sulphur is below 
a previously fixed maximum.

The usual gravim etric method of sulphur determ i
nation is unsuitable for such control analyses, on ac
count of the tim e required, which would necessitate 
holding the ore in the car for a considerable length 
of time.

A bout a year ago Mr. M. F. Chase suggested to the 
w riter th at a rapid method, suitable fo r  such deter
minations, m ight be devised b y  heating the ore sam 
ple in a current of air, absorbing the resulting oxides 
of sulphur in an excess of a standard alkali solution 
and titrating the excess. Based on this suggestion, 
the m ethod to be described was worked up and has 
been in regular use since January, 19 11.

In the kiln, the constituents of the original ore are 
m ainly converted into oxides. Some remain p artly  
in the original sulphide condition, while a small part

of the zinc, some of the lead, and all of the lime are 
present as sulphates. On heating this ore in a cur
rent of air to a bright red, all of the sulphides are oxi
dized, giving the corresponding m etallic oxides and 
sulphur dioxide' w ith a little sulphur trioxide. The 
sulphates of zinc and lead are decomposed, giving zinc 
and lead oxides and sulphur trioxide. The calcium 
sulphate, however, is not easily decomposed b y  heat 
and remains unchanged, unless the tem perature is 
raised to a point much higher than w ould be p racti
cable in any roasting furnace. Strontium  and barium 
would probably be present as sulphates. This has 
not been confirmed as none of the ores on which the 
m ethod has been used have contained these elements.

A t  first thought, this property of the calcium  sul
phate m ight seem to be a  drawback to the method, 
but, as the result wanted is an index of the com plete
ness of the roast, and as, even under the best con
ditions at the kiln the calcium  in the ore will alw ays 
retain its equivalent in sulphur, no real error is intro
duced. The result obtained is the so-called ‘ 'false 
sulphur,” the sulphur which, under proper conditions, 
m ight have been rem oved from the ore in the kiln.

A n unforeseen phenomenon is the evolution of co
pious fumes of zinc oxide as long as an y sulphide re
mains unoxidized. This undoubtedly comes from 
the reduction of the zinc oxide and sulphate b y  the 
zinc sulphide (reactions analogous to the well known 
reactions in the sm elting of lead sulphide ores) with 
volatilization of the zinc and subsequent oxidation 
b y  the air current.

2ZnO + ZnS = 3Zn + S0 3
ZnSO, + ZnS = 2Zn + 2S0 2
2Zn + 0 2 = 2ZnO

The cessation of this evolution of zinc oxide fur
nishes a ve ry  accurate indication of the completion
of the decomposition of the sulphides and sulphates 
of the ore, and of the absorption of the sulphur oxides.

The fume is not appreciably dissolved b y  the alkali 
solution. Numerous tests after absorption have 
shown, a t most, faint traces of zinc, not enough to 
affect the determ ination. To prove that it is zinc 
oxide, it was collected over distilled w ater in an in
verted bottle which was then covered and allowed to 
stand until the fume had settled. I t  was then dis
solved in a little dilute hydrochloric acid and potas
sium ferrocyanide solution added. This gave the 
white zinc ferrocyanide precipitate.

Phenolphthalein is used as the indicator in the 
titrations, as it is equally sensitive to sulphurous 
and sulphuric acid, showing neutrality w ith the nor
mal salts of both.

For heating the ore sample to drive off the sul
phur, nothing can be superior to the electric tube 
furnace, on account of its simple m anipulation, ac
curacy of tem perature control and cleanliness. The 
furnace which has been in use here is one sim ilar to 
th at described b y  Mr. G. M. B erry ,1 w ith a fused silica 
com bustion tube. I t  has given even- better service 
than was claim ed b y  Mr. Berry, as the original 
winding was in service over 4,000 hours at 10000 C.,

1 T h i s  J o u r n a l ,  2 ,  2 5 5 .
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part of that time for about tw elve hours a day, and 
for nearly four months continuously w ithout a shut 
down.

The ends of the tube are cooled b y  wrapping with 
strips of cotton gauze which dip into distilled water.

F ig .  1 .

Tap w ater should not be used as it soon forms a crust 
of salts over the gauze, decreasing the cooling effect. 
An excellent reservoir for the cooling w ater consists 
of a rectangular box of galvanized sheet iron of about 
the same length as the combustion tube, about six 
inches high a n d  t w o  
inches wide. T h i s  i s  
tigh tly  closed except for 
two small o p e n i n g s ,  
which com municate with 
laterally p r o j e c t i n g  
troughs at the bottom  
near each end. T h i s  
reservoir is filled with 
w ater and placed back 
of the furnace, w ith the 
small troughs under the 
ends of the combustion 
tube to receive the free 
ends of the gauze. A t
mospheric pressure keeps 
the w ater from flowing 
into the troughs except 
when evaporation h a s  
lowered the w ater level 
to the top of the open
ings. This reservoir con
tains enough w ater to 
last a week or two. Even where the ends of the tube 
are water-cooled, there is danger th at the rubber stop
pers m ay be overheated b y  the radiant heat. To 
avoid this the ends of the stoppers are protected b y  
discs of Vs" asbestos board of the same diam eter as

the tube, held in place b y  bordering the ends of the 
small glass tubes as shown in Fig. 1.

A  convenient device for introducing the boat w ith
out the necessity of looking into the tube to m ake 
sure th at the boat is not overturned is shown in Fig.
2. I t  is made of a piece of heavy wire, preferably 
of nickel or some other m etal not easily corroded or 
rusted. One end is flattened out and so bent th at the 
end projects over the end of the boat and in contact 
with it when both boat and wire are resting on the 
bottom  of the combustion tube. The other end of 
the wire is bent at a right angle to m ake a hook 
for withdrawing the boat and also to indicate when 
the rod is in the proper position to keep the boat up
right. A  notch is filed around the wire or a finer wire 
wrapped around it as a guide at the point which is 
flush w ith the end of the tube when the boat has been 
pushed to the middle of the tube.

The solutions needed are an accurately standard
ized solution of sulphuric acid and one of equivalent 
strength of sodium hydroxide. A  convenient solution 
is equivalent to 5 milligrams sulphur per cc. One 
cc. will then equal 0 . 5 %  sulphur on a i-gram  sample. 
The two solutions should be as nearly equal as possi
ble to avoid the necessity for corrections in reading 
one in terms of the other. There should be provided 
a reservoir of distilled w ater on an elevated shelf, 
with a siphon tube for use in diluting the contents 
of the absorption bulb to the proper volum e, and for 
washing it out after the absorption.

The most convenient form of absorption vessel 
which we have found is the M urray potash bulb.

The m ethod as in use a t present is as follows:
Each car, as it is brought from  the kiln, is sampled 

in two places b y  a spear sampler. This sample is 
cut down with a riffle to about 50 grams and ground 
with a few turns of the muller in a B u ck ’s m ortar.
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Fine grinding is undesirable as it prolongs the time 
necessary for the analysis b y  restricting the free cir
culation of air through the ore. A ll th at is necessary 
is to grind fine enough so th at a one-gram sample 
will be fairly representative.

A  measured quantity  of the standard alkali solu
tion is run into the absorption bulb. Seven to 10 cc. 
will suffice in practically all cases. This is diluted 
w ith distilled w ater to a volum e th at will bring the 
solution into the fifth bulb when the air current is 
passing. The bulb is then attached b y  a bent glass 
tube to the exit end of the furnace.

One gram  of the ore is placed in a com bustion boat 
and introduced into the tube of the furnace which 
has already been heated to about 1000° C. A  m oder
ate ly  rapid current of air, freed from carbon dioxide 
b y  caustic potaih  or soda lime, is passed through the 
apparatus until the sulphur is com pletely driven 
over into the alkali solution. This usually takes 
about six minutes. W hen the zinc oxide fume has 
com pletely disappeared from the large bulb of the 
absorption vessel, the air current is stopped. The 
absorption bulb is disconnected and the solution 
transferred to a beaker, the bulb being thoroughly 
rinsed out w ith distilled water. A few drops of 
phenolphthalein are added and the standard acid is 
run in until the solution is colorless. If the acid and 
alkali solutions are exactly  eq u iva len t,' the volume 
of acid required is subtracted from the volum e of 
alkali originally taken for the absorption. The 
difference is the volum e of acid equivalent to the 
sulphur which has been burned out of the ore. If 
the solutions are of the concentration mentioned 
above, this volum e is divided b y  2 to give the per 
cent, of false sulphur in the ore.

When the acid and alkali solutions are not exactly  
equivalent, the value of 1 cc. of the alkali in terms of 
the acid solution must be determined. The volum e 
of alkali taken for absorption is multiplied b jr this 
factor, giving the equivalent volum e of the acid solu
tion. The volum e of acid used in the titration is 
then subtracted from this equivalent volum e and 
the result divided b y  2 to give the per cent, of 
false sulphur.

If total sulphur is wanted, it is only necessary to 
add to the false sulphur 32/50 of the per cent, of lime. 
W ith most ores the lime varies within com parative!}' 
narrow limits. I t  is usually sufficient for technical 
purposes to calculate, for a given grade of ore, the 
correction corresponding to' the average per cent, 
of lime in that grade, and to add this correction to 
all determinations.

This method has been carefully checked up by 
running daily samples, both b y  the new method and 
by the gravim etric method. The accom panying table 
shows the results for tw en ty consecutive days on 
Wisconsin m agnetic separator concentrates.

As a further check on the method, a num ber of 
ores were analyzed for (1) total sulphur b y  the gravi
metric method, (2) lime, (3) false sulphur b y  the new 
method, and (4) fixed sulphur remaining in the ore

False  su lphur
determ ined T o tal T o tal

b y  new  m ethod. su lp h u r su lp h u r
P e rc e n t .  CaO. CaO X 32 /5 6 . (ca lcu lated ), (g ravim etric).

0 .6 3 .4 1 .9 2 .5 2 .8
1.1 3 .0 1 .7 2 .8 2 .8
1 .1 3 .1 1 .8 2 .9 2 .9
1.2 3 .0 1.7 2 .9 2 .9
0 .9 3 .3 1.9 2 .8 2 .8
0 .9 3 .5 2 .0 2 .9 3 .0
1.2 3 .1 1 .8 3 .0 2 .8
1 .2 3 .0 1.7 2 .9 3.1
1 .0 3 .0 1.7 2 .7 2 .7
0 .9 2 .8 1 .6 2 .5 2 .6
1 .0 2 .8 1 .6 2 .6 2 .9
1 .0 3 .0 1.7 2 .7 2 .7
1.1 3 .0 1.7 2 .8 2 .8
1 .0 2 .8 1.6 2 .6 2 .8
1.1 2 .8 1 .6 2 .7 2 .9
0 .9 2 .4 1 .4 2 .3 2 .5
1.2 2 .8 1 .6 2 .8 2 .5
1.5 2 .5 1.4 2 .9 3 .0
0 .9 3 .0 1.7 2 .6 2 .6
0 .9 3 .1 1 .8 2 .7 2 .8

A verage, 2 .73 2 .8 0

after the volatilization of the false su lphur. Tl'
results are given in the following table:

F ixed  S False S T o tal S  (sum
T o ta l s C aO X (g rav i (new of false and

(gravim etric). CaO. 32/56. m etric). m ethod). fixed su lphur).
2 .3 3 . 0 1.7 1.6 0 .7 2 .3
2 .3 3 . 0 1.7 1.8 0.6 2 .4
5 .9 0 .9 0 .5 0 .5 5 .5 6.0
2 .5 0.6 0 .3 0 .4 2.2 2.6

These figures show that, under the prescribed con 
ditions, the fixed sulphur calculated from the per 
cent, of lime is the same as th at found b y  analysis, 
and th at the total sulphur calculated from the false 
and fixed sulphur is the same as th at determ ined b y  
analysis.

A ttem pts to use the m ethod for the determ ination 
of sulphur in raw  ores have led to low results, either 
from failure to absorb the larger quantities of sul- 
phur gases or from condensation of part of the sul
phur trioxide in the cooled portions of the tube. As 
there is not the same demand for a rapid m ethod in 

, the case of raw ores as in th at of the roasted, these 
attem pts have not been continued.

There is every reason to believe th at a similar 
m ethod could be applied to the determ ination of sul
phur in other roasted ores besides those of zinc, for 
example, pyrites cinders, copper ores, etc., where 
the sulphides and sulphates are easily decomposed 
b y  air and heat.

C O N C L U S IO N S .

1. The method is very  rapid, less than ten minutes 
being required from taking the sample to com pleting 
the titration and calculation.

2. The results are sufficiently accurate for control 
work in the operation of the plant.

3. The operations are all so simple that they m ay 
be entrusted to boys with but little training in chem
ical manipulation.

D e p u e ,  I I I .
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Up to the time of the Japanese-Russian war, the 
growth of the Lauras camphora outside of the control 
of the Japanese governm ent for industrial purposes 
was unknown. On account of the existing high prices 
of cam phor during the war, and the continuation of 
these high prices, afterwards, a stimulus for the ex
tension of the camphor industry was furnished. 
It therefore became evident that we must soon de
pend upon synthetically prepared camphor or look 
for new fields in which the camphor can be cultivated. 
The former was naturally the first to supply the needs 
pf the time, but the latter proposition was also taken 
up and is just beginning to show the great advantage 
it possesses.

Camphor has been prepared synthetically for 
a num ber of years. However, on account of the 
constantly increasing cost of the raw materials, pinene 
and crude turpentine, the synthetic preparation 
of cam phor has never proved a paying undertaking.

The objects of this investigation are to determine 
the quality  and amount of camphor and oil that can 
be obtained from leaves and twigs of camphor trees 
growing in Jamaica.

The method for determining the yield of camphor 
was to place weighed camphor leaves in a large gal
vanized iron can, about two feet high and one and 
one-half feet in diameter, and containing a false bottom  
of copper gauze, four inches above the stationary 
bottom . Steam  distillation was carried on for about 
two hours, a t the end of which time the leaves were 
exhausted. A  number of experiments were carried 
on to determine the time necessary for the complete 
exhaustion of the leaves, and it was found that the 
odor of the distillate was an accurate indicator as to 
whether the leaves were exhausted or not. Long 
distillations caused a decomposition which gave the 
distillate a peculiar, unpleasant odor, which was very 
difficult to remove. The steam, together with the 
cam phor in the vapor form, was led through a large 
condenser, connected with a two-liter balloon flask.- 
which was surrounded by running water, and this 
in turn was connected with a second condenser, lead
ing into a large bottle filled with alcohol. Almost 
all the cam phor was condensed in the balloon flask, 
but a very little passed over and was condensed in 
the second condenser. The camphor, together with 
the oil, was collected on the water, as it is soluble 
in w ater to the extent of only one part to one thousand, 
and was separated from the water b y  filtration. The 
cam phor in this form was a heavy brownish-white 
substance containing oil and other impurities.

There was sent to us a total of 7S7.5 pounds of leaves, 
twigs, trunk and roots and as we received it it weighed 
620.25 pounds, m aking a loss of 21.2 per cent, during 
transportation.

Sack No. I was labeled “ Green Leaves’ ’ and was 
marked “ weight 149 pounds.”  It weighed when we 
received it 109 pounds, and it had lost 26.8 per cent, 
of its weight in transportation, due largely to drying.

T a d l e  I .— S a c k  X o  I .

Leaves.
Grams.

Crude cam phor 
and  oil. 
Grams. Per cent.

2 ,000 54.09 2 .7
5 ,000 119.00 2 .4
2 ,000 44 .5 2 .2
5 ,000 130.0 2 .6
2 ,000 4 2 .0 2.1
5 ,000 105.0 2.1
2 ,000 4 5 .0 2 .3
5 ,000 132.0 2 .6

28,000 671.5 2 .4

This was the best sack of green leaves and gave 
a little higher per cent, of camphor.

Sack No. II labeled "Green Leaves” weighed 135 
pounds, but when we received it it weighed 99 pounds, 
a'loss of 26.6 per cent.

Leaves.
T a b le  I I .— S a c k  N o . I I . 

C am phor and  oil.
Grams. Grams. Per cent.
2,000 2 3 .0 1 .21
2,000 30 .5 1 .52»
5 ,000 93 .5 1 .87»
2,000 3 8 .0 1 .90
2,000 3 8 .0 1 .90
5 ,330 137.0 2 .57

18,330 360 .0 1 .82

This was a sack of wettest leaves and the leaves 
were mildewed considerably, and this seems to de
crease the percentage of cam phor more than would 
be accounted for by the increased moisture. The 
mildew possibly causes the breaking up of the cells 
which contain the cam phor and which seem to hold 
it quite effectively during ordinary drying.

Sack No. I l l  weighed 82 pounds when shipped 
and 58 pounds when received, a loss of 29.3 per cent, 
during transportation.

Sack No. IV  weighed 45.5 pounds when shipped 
and 33.25 pounds when received, a loss of 27 per cent. 
Sacks Nos. I l l  and I V  were used together.

Leaves.
T a b l e  II I .  

C am phor and  oil.
Grams. Gram s. P e r cent.
1,500 3 0 .0 2 .0
2 ,000 39 .5 1.98
2,000 3 9 .0 1.95
2,000 4 6 .5 2 .33
2,000 4 0 .0 2 .00
2,000 41 .8 2 .09
2,000 4 8 .0 2 .4

140 (500 leaves) 3 .0 2.1
2,000 62 .0 3.1
2,000 59.5 2 .98
2,000 6 0 .0 3 .0 0

19,640 469.3 2 .38

The difference in the per cent, yield as noted in 
the leaves was largely due to the difference in moisture 
contained b y  them, which ranged from 25 per cent, 
in the leaves, on the outside of the sack, to 40 per 
cent, in the wet leaves in the center of the sack.

The weight expressed as crude cam phor in the 
above three tables is a m ixture of gum camphor, oil 
of camphor and water. The condensed cam phor

1 O m i t t i n g  b e c a u s e  o f  l e a k s  a n d  u s in g  o n ly  t h o s e  in  w h ic h  t h e r e  w a s  
n o  k n o w n  lo s s  o f  c a m p h o r  g iv e s  a n  a v e r a g e  o f  2 .2 7  p e r  c e n t .
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and  oil of cam phor was filtered through a cotton plug 
and the cam phor containing the oil of cam phor thus 
separated from the water. No attem pt was made 
to  separate the cam phor contained in this saturated 
water. It was used in refilling the steam  chamber 
and in moistening the leaves in the still.

SU M M A R Y  O F  T H E  C A M P H O R  AN D  O IL  IN  T H E  G R E E N

L E A V E S .

T able  IV.
Crude cam phor 

Leaves. a n d  oil.
Gram s. Gram s. P e r cent.
19.640 469 .3  2 .38
9 .350  213 .0  2 .27

27 .950 671 .5  2 .40

5 6 .940  . 1353.8 2 .35

ON  R E M O V IN G  T H E  O IL  FR O M  T H E  C A M PH O R .

The m ixture of crude cam phor and oil of camphor, 
containing some water, was separated b y  placing 
it in cotton sacks in a hand press and subjecting to 
pressure. The fluid thus forced out consisted of 
oil of cam phor and water. The residue was a white 
crystalline camphor. The cam phor was purified, b y  
m ixing with charcoal and slaked lime, and sublimed. 
The oil was separated from  the w ater b y  means of 
separating funnels and Table V  gives the result of 
this purification.

C A M PH O R  FR O M  G R E E N  L E A V E S .

T a iile  V.
Per cent.

1 .32 pure  cam phor 
0 .5 4  oil of cam phor 
0 .3 8  w a ter
0 .11  loss in m anipu lation  and  im purities.

2 .35

C A M PH O R  FR O M  D R IE D  L E A V E S .

Sack V  contained when shipped 99 pounds and 
when we received it 94 pounds, a loss of 5 per cent.

T a b l e  V I.

Leaves. C am phor and  oil.
Gram s. Gram s. P er cent.
6 ,000 160 2 .66
6 ,000 142.0 2 .36
2,500 70 .0 2 .80
6 ,000 176.0 2 .93

20 ,500 5 48 .0 2 .69

Sack V I weighed when shipped 77 pounds and 
when received 65 pounds, a loss of 15.6 per cent.

T a b l e  V II.
Leaves. C am phor and  oil.
Gram s. G ram s. P er cent.
2 ,000 3 8 .0 1.90
5 ,000 l 70 .0 1.40
2,000 4 8 .0 2 .4 0
5 ,000 100.0 2 .0 0
5 ,000 133.0 2 .66
2 ,000 54 .5 2 .73

21 ,000 443 .5 2 .0 8

1 O m itting  because of leak in the s till 16,000 gram s of leaves, 373.5 
¿ ra m s  of cam phor an d  2.33 p e r cen t, of oil.

Sack V II  weighed when shipped 100 pounds and 
when received 95 pounds, a loss of 5 per cent.

T a b l e  V III .— S a c k  N o. V II. 
Leaves. C am phor an d  oil. 
G ram s. Grams. P e r cent.
5 ,000 125.0 2 .5 0
2 ,000 4 4 .0 2 .20
5 ,000 135.0 2 .72
2 ,000 4 8 .0 2 .4 0
5 ,000 126.0 2 .52
2 ,000 5 5 .0 2 .75
5,000 140.0 2 .8 0
2 ,000 154.0 2 .7 0
2,500 70 .0 2 .8 0

30 ,500 798 .0 2 .6 0

SU M M A R Y  O F R E S U L T S  O F D R IE D  L E A V E S .

Rem oving the oil and w ater from the crude cam phor 
the three fractions gave the following results:

T a b l e  IX .
Leaves. C am phor and  oil.
G ram s Gram s. P e r cent.
20 ,500 548 .0 2 .69
16,000 373.5 2 .33
3 0 ,500  n 798.0 2 .6 0

67 ,000 1719.5 2 .5 4

T a b l e  X .
Gram s. P e r cent.

600 gram s gave 365 cam phor 60.83
110 oil 18.33
120 w a ter 20 .00

5 loss 0 .8 4

T a b l e  X I.
G ram s. P e r cent.

500 gram s gave 305 cam phor 61 .00
90 oil 18.00
95 w a ter 19.00
10 loss 2 .00

T a b l e  X II .
Gram s. P e r cent.

600 'g ram s gave 380 cam phor 63 .33
105 oil 17.5
105 w a ter 17.5

10 loss 1.67

The 2.54 per cent, of crude cam phor is m ade up as 
follows:

T a b l e  X I I I .
P e r cen t.

1.569 pure  cam phor 
0 .457 oil 
0 .482  w a ter
0.031 loss in m an ipu la tion  and  im purities.

2 .54

A  comparison of the results between the cam phor 
yield in the w et and dried leaves is unfortunately 
only of com parative value because, as noted before, 
the green leaves had dried more or less in shipment 
and the dried leaves were not thoroughly dried, but 
were assayed as sent to determine the best tim e to 
harvest the leaves. The results indicate th at there 
is very  little or no loss of cam phor during ordinary 
w eather drying, but th at the cells of the leaves hold 
quite securely the gum  camphor. This is im portant 
as it m akes possible an economical harvesting of
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the leaves. The leaves m ay be left to fall and can 
be gathered at convenient intervals.

The dried leaves contain proportionately less oil 
of cam phor and more camphor than the green leaves. 
This is probably due to an accelerated oxidation of 
oil of cam phor during the last stages of life in the 
leaves.1 This also shows th at the camphor is so well 
enclosed in the vegetable cells th at it is not easily 
dispensed. This is further substantiated b y  the fact 
th at the dead leaves still contain a considerable quan
t ity  of camphor.

The dead leaves weighed 12 pounds when shipped 
and 7.5 pounds when received, m aking a loss during 
transportation of 37.5 per cent. This marked loss 
in w eight of the dead leaves is entirely unexpected.

2730 grams of dead leaves (leaves from a dead tree) 
yielded 38 grams of camphor or 1.39 per cent. This 
is less than the yield from green or dried leaves and 
this cam phor contained very  little oil of camphor.

C A M PH O R  IN  T H E  T W IG S  FRO M  G R E E N  L E A V E S .

T a b l e  X IV .
Twigs. C am phor and  oil.
G ram s. Gram s. P er cent.

2 .275  24.15 1.06
2 .8 0 0  22 .00  0.81
2 .8 0 0  38 .00  1.36
4 .0 0 0  ‘51 .00  * 1.27

10.550 138.00 1.30

22 .425 273.15 1.16

T a b l e  XV .
G ram s. P e r cent.

136.609 cam phor 50 cam phor
60 .28  oil 22 oil
61 .24  w a ter 2 2 .4  w ater
15.03 loss 5 .0  loss

The green twigs then yielded:

T a b l e  X V I.

Per cent.
0 .580  cam phor 
0 .255 oil of cam phor 
0 .260  w ater 
0 .065 loss

JTW IGS FR O M  D R IE D  L E A V E S .

8770 grams of twigs yielded 0.84 gram of crude 
cam phor and 46.2 grams of pure cam phor =  0.5445 
per cent, camphor.

C A M PH O R  FR O M  W O OD .

1800 gram s of wood yields xi grams of camphor; 
0.61 per cent of camphor.

The cam phor thus obtained is a white crystalline 
substance. W hen first taken from the press it has 
a m elting point of 17 5.50 C. and upon resubliming 
and crystallizing from petroleum ether it melts at 
1 77 0 C. and boils at 204.5 0. It  is dextrorotatory 
42.82o. Specific g ra vity  0.980.

The properties of - camphor required b y  the U.
S. P. are as follows:

M elting p o in t......................................................174° C.
Boiling p o in t......................................................204 °C .
Specific g ra v ity ..................................................0 .990
D ex tro ro ta to ry .................................................. 41°

1 J .  See . Chtni. In d .. 21, 1036.

The above analyses indicate this to be a good, pure 
gum cam phor possessing all the properties required 
b y  U. S. P.»

The oil obtained from the green leaves was fraction
ated as follows:

T a b l e  X V II.

results:

Degree. P er cent.
Boiling p o in t . . . 158-165 1 1 .2

165-173 1 4 .5
173-178 9 .2 8 5
178-190 1 0 .2 0
190-195 5 .4 5

T a b l e  X V III .
Degrees. P er cent.

Boiling p o in t . . . 195-205 1 2 .9  Ï
205 -2 2 8 2 1 .1  I 15.2 per cent, cam 
228 -2 4 0 5 .4 5  J phor ob tained
240 -255 3 .6 3 from  these frac

Residue, 1 .82 tions.

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

T a b l e X IX ,
Degrees. P er cent.

Boiling p o in t . . . 158-175 7
175-185 19
185-195 20
195-205 20
205 -2 2 0 10
2 2 0 -2 4 0 10
240 -252 5

Residue. 9

A fter several fractionations the following fractions 
were obtained:

T a b l e  X X .
Boiling p o in t . . .

cam phor
separated

158-170 9 .3
170-175 10.3
175-185 21.7
185-195 7 .0
195-205 24 .4
205-215 6 .3
215-230 7 .7
230-235 2 .7
235-240 1.3
240-260 2 .3
260-280 2 .3

Residue. 6 .4

T a b l e  X X I.
Degrees. P er cent.
150-195 41 .5
195-220 41 .5
220-245 8 .5
R esidue red  oil. 8 .5

Boiling p o in t . . .

The oil has a specific g ra vity  of 0.915.
400 cc. of the oil obtained b y  combining fractions 

which distilled at the same tem perature were re
distilled with the following results:

. T a b l e  X X II .

Degrees. Cc. P er cent.
Specific
grav ity .

I. 158-165 20 5 0.844
II . 165-173 • 76 19 0 .860

I I I . 173-178 43 10 0.870
IV. 178-192 • 56 14 0.899

V. 192-202 8 2 0.915
(V tt) C am phor 101 gram s 25

V I. 202-215 26 6 .5 0.924
V II. 215-228 20 5 .0 0 .928

V II I . 228-236 18 4 .5 0.931
IX . 236-252 16 4 .0 0 .933
X . R esidue 20 5 .0

100.0
1 Pharm acopoeia of th e  U nited  S ta te s , E igh th  D ecennial R evision , p . 88.
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T able X X III .
Jam aica. -Schimmel.

Degrees. P er cent. P er cent.
175-180 34 26-38
180-185 14 30-44
185-190 7 11-19
190-215 31 10 cam phor
215 18.5 4 safrol and

V  and V I are the results of six fractionations distilling 
between i9 2 ° -2 i5 °  and freezing out successively.

55 gram s of cam phor 
26 gram s of cam phor 
14 gram s of cam phor 
6 gram s of cam phor

101 (Vrt)

Thus from 400 cc. of oil of cam phor from the Ja
maica leaves we obtained 101 gram s of camphor 
or 25.25 per cent, of camphor.

Comparing the analysis of the oil obtained from 
Jam aica cam phor with that as published in Schim m el1 
we have the following:

Bulling p o in t . .

eugenol.

The last three constituents are valuable.
The oil as first obtained, in pressing the cam phor 

is a colorless liquid, which soon turns yellow  on ex
posure to the air. The first fractions are colorless 
and transparent and have a specific g ra v ity  of 870- 
910. These distil between 150-195 °. The chief 
constituents are pinene, phellandrene, cineol, dipentene 
and some camphor. On further fractionating, a 
yellow and a red oil are obtained. The camphor 
is separated out from the yellow  oil and safrol from 
the red oil.

From this report, it is evident that the determ ina
tions are alm ost all made from the leaves which in 
all cases were richer in cam phor than the wood. H ow
ever, the percentage of cam phor contained in 
the leaves, with the cheap labor and the good methods 
for obtaining the; cam phor and oil, which has been 
found to possess equal properties with the best camphor 
placed on the m arket, renders possible the industry 
of cam phor in Jamaica. This can be accomplished 
b y  harvesting the leaves only, thus allowing the trees 
to grow and become larger, more vigorous, and con
sequently more valuable each year.

D e p a r t m e n t  o f  I n d u s t r ia l  R e s e a r c h .
1 ‘n iv r r s it y  o f  K a n s a s .

T H E  IN D E X  OF R E FR A C TIO N  OF T H E  M IX E D  A CID S OF 
’ F A T T f  OILS.

B y W . B. S m i t h .

Received N ovem ber 1. 1911.

This study was begun because of the anomalous 
figures given b y  Lew kow itsch,1 Allen-5 and Van Nos
trand,4 for the index of refraction of the m ixed acids 
of rape oil and cocoa butter. W ithout doubt these

1 Sc him  nu* I & Co.. A llen’s “ O rganic A nalysis,” Vol. I I ,  P a rt I I I .  p. S04.
- “ Oils, l-a ts  an d  W axes.” 1904, 563. 72S. 196; 1909 , I I . 202. 481; I. 4 1 1.
:t “ O rganic A nalysis,”  3 rd  lid .. 2 , 137, 166; 4 th  lid .. 2, 124. 178.
1 Chemical A nnua l. 1909, 60. 63.

are typographical errors, 1.4991 instead of 1.4491' 
for rape oil at 6o°, and 1.422 instead of 1.4421 for 
cocoa butter. It seemed worth while, however, to 
find, if possible, a general formula for this constant 
and the following is offered as the solution:

T a b l e  I .— R a t i o  o r  A c i d s  t o  G l y c e r i d e s .

T ri
R efractive Index.

Tem p.

“ R efraction
ra tio :”

a c id /

Produced from 
glyceride.

glyceride. G lyceride. Acid. °C. glyceride. P er cent.
B u ty rin . , . 1 .43587 1 .39906 20 0.9744 87.44 30 .46
C a p ro in .. . . 1 .44265 1 .41635 20 0.9817 90 .16 23.96
C a p ry lin ... . . . 1 .44S17 1.42825 20 0.9862 91 .91 19.58
Ca p r in ........ . 1 .44461 1.42855 40 0.9889 93.14 16.67
L a u r in ........ ■ 1 .44039 1.42665 60 0.9905 94.04 14.42
M y ris tin .. .  .. . . 1 .44285 1.43075 60 0 .9916 94.75 12.74
P a lm it in . ., . . . 1.43807 1.42693 80 0.9922 95 .29 11 .42
S te a r in ......... . . .  1 .43987 1.43003 80 0.9932 95.73 10.34
O lein ........... .. . .  1.4636 1 .*1546 40 0 .9938 95 .70 10.41
L in o lin ......... (0 .9935) ? 95.67 10.48
L ino len in . . . (0 .9935) ? 95.63 10.55

There have been collated in Table I the refractive 
indices of triglycerides and their corresponding acids, 
as given b y  Lewkowitsch, as well as the am ounts 
of fa tty  acid and of glycerol produced on hydrolysis, 
and from these data has been calculated the ratio 
of the refractive index of the acid to that of the glycer
ide. B y  com paring these figures and from the curve

ft/Jcid "P r o d u c e d

shown it is seen that this ratio depends upon the 
percentage of acid in the glyceride. The irregularities 
in the curve m ay be due to the differences of the tem per
atures of reading.

It is seen that the “ refraction ratios” of stearin 
and olein are practically  the same. As linolin and 
linolenin have nearly the same percentage composition 
as stearin and olein, there is no reason to doubt that 
their “ refraction ratio" is not much different. Hence, 
it is reasonable to suppose that the refractive .index 
of the mixed insoluble acids of the fa tty  oils m ay be 
closely calculated b y  m ultiplying the refractive index

1 T hoerner. J . Soc. Chevi. In d .,  1895, 43.
O ther*errors noted: Index  of re frac tion  of black m ustard  oil. 1.4672

a t 15.5°. Lew k., 1904, 572; 1909, I I .  214: V an N ostrand , p. 58: given by
T olm an, Hull. 7 7 , B ureau  C hem istry, p. 45, as 1.4762.

A llen, 3rd Kd.. p. 72. 4 th  E d ., p. 43. gives 0.000176 instead  of 0.000365 
as th e  fa c to r for correction  for tem peratu re .

LewkowiUch . 1904, 196; 1909, I, 411. should read  for th e  refraction  
of the  oils them selves: cocoanut oil. 1.441 ; la rd . 1.4539; beef tallow . 1.4510; 
m u tto n  ta llow , 1.4501.
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of the oil b y  0.9938, the ratio of oleic acid to olein. 
A preponderance of laurin, myristin, or palmitin 
should lower this factor.

To test this hypothesis the published data was 
examined, and the best of it is given in Table II.

The greater number of these figures give “ refraction 
ratios" not greatly  different from 0.9938. Some, 
however, va ry  considerably from this, and conse
quently experim ental data appeared desirable. A 
number of oils were procured from as reliable sources 
as was convenient. Rapeseed oil was extracted from 
the seed b y  ether and corn oil from yellow maize in the 
same way. The linseed, cod liver, peanut and olive 
oils and cocoa butter were purchased from trust
w orthy dealers, hence, although showing no evidences

T a b l e  I I .
Index  of refraction.

Oil. Oil. Acids.
1 .4546

L inseed .......................................... I .480 1 .472
1 .4521

Soy b e a n .............................. ___  1.4718 1 .4650
1 .4728 1 .4655

R apeseed ............................. ___  1 .4667 1 .4491
1 .4667 1 .4991 (?)

C asto r................................... ___  1 .4636 1 .4546
Sunflow er............................ ___  1.4611 1 .4531’
P oppyseed ........................... ___  1 .4586 1.4506
C ottonseed .......................... ___  1 .4570 1 .4460

j M ax............ ___  1 .4654 1 .4567
11 sam ples- M in....................... 1 .4647 1 .4552

t A v........... ___  1 .4649 1 .4557
Sesam e.................................. . . . .  1.4561 1.4461

1.4651 1 .4559
A lm ond ................................ . . . .  1 .4555 1 .4461

1.4674 1 .4589
A pricot k e rn e l................... ___  1.4674 1 .4590
Peach k e rn e l...................... ___  1.4630 1.4558

1 .4512
P e a n u t.................................. ___  1 .4545 1 .4461
O live..................................... ___  1 .4548 1 .4410
Cashew n u t f a t .................. ___  1 .4545 1 .4459
L ard  (fat ) ........................... ___  1 .4539 1.4395
L ard , very o ily .................. ___  1.4541 1 .4450
L ard . A m erican ................. ___  1.4594 1.4500
L ard . G e rm an .................... ___  1.4578 1.4484
L ard , G erm an .................... ___  1 .45S2 1.4481
C hicken ................................ ___  1.4576 1.4499
T u rk ey .................................. ___  1.4565 1 .4470
R a b b i t .................................. ___  1.4587 1.4495
P a lm ...................................... ___  1.4510 1.4441
Tallow, b e e f ....................... ___  1.4510 1 .4375
Tallow , m u t to n . . . . . . . . . . ___  1.4501 1.4374
P u t t e r ................................... . . .  1 .445-1 .448 1 .437-1 .439
R u tte r.- ................................. ___  1.4550 1 .4470
M argarin .............................. ___  1.453 1 .444
Cacao b u t te r ...................... ___  1.4496 1 .442

1.4496 1 .422 (?)
P a lm n u t............................... ___  1.4431 1 .4310
C ocoanut o il ....................... ___  1.4410 1.4295

of adulteration are not guaranteed to be absolutely 
pure. The other oils were obtained from known 
sources.

Separation of the acids was performed by saponify
ing with alcoholic soda, boiling off the alcohol, dissolv
ing in water, treating with dilute 1LSO,. separating 
the oilv laver and drying and filtering if necessary. 
Drying was curtailed as much as possible to avoid 
oxidation. The refractive index was determined 
on an Abbe-Zeiss refractom eter with heatable prisms, 
a tem perature of 400 being used except where the 
fats were solid a t this temperature. The oil arid acids

in each case were read at the same temperature, 
and when necessary corrected to 40° b y  the use of 
the factor 0.000365, the error being negligible within 
short ranges of temperature. The results are shown 
in Table III.

Owing to the danger of oxidizing the acids if dried 
too long, the refractive indices of the acids are probably 
accurate to only about three units in the fourth 
decimal place. The oils themselves are more nearly 
correct.

The ratio for peanut oil is no doubt high because of 
the depression of the refraction of the oil due to the 
large amount (11 per cent.) of free acid present. E x 
cluding this, the nine liquid oils range from 0.9933 
to 0.9942, the average being 0.99376. Although

P u b l is h k d  D a t a .

Tem p.
"R efraction

ra tio ." A uthority .
60 0.9922 Thoerner
20 0.9946 Jensen
60 0.9932 Thoerner
27.5 0.9954 O ettinger and  H uchte
27.5 0.9950 O cttinger and R ueh tc
60 0.9880 Thoerner
60 1.0221 Allen
60 0.9939 Thoerner
60 0.9945 Thoerner
60 0.9945 T hoerner
60 0.9902 Thoerner
40 0.9941 1
40 0.9934 ¡- W agner and  C lem ent
40 0 .9 9 3 7 j
60 0.9931 Thoerner
40 0.9937 U tz
60 0.9935 Thoerner
40 . 0.9942 Ross and Race
40 0.9943 Ross and Race
40 0.9950 Ross and Race
40 0.9938 Pactrov itc li
40 0.9942 Thoerner
60 0.9905 Thoerner
60 0.9941 Sm ith  and  Clark
60 0.9901 T hoerner
60 0.9934 Richardson
40 0.9936 A rnold
40 0.9936 Arnold
40 0.9931 A rnold
50 0.9947 Ross and  R ace
50 0.9935 Ross and  R ace
40 0.9937 Lewkowitsch
60 0.9952 Thoerner
60 0.9907 Thoerner
60 0.9912 Thoerner
60 0.9945-0 .9938 Thoerner
40 0.9945 A rnold
60 0.9938 Thoerner
60 0.9948 Thoerner
60 0.9810 Allen
60 0.9916 Thoerner
60 0.9920 Thoerner

a few samples were examined, the closeness of
the result to the factor derived from Table I indicates 
that it is correct, while the variety  of oils tested would 
show that it is of general application. The nine 
samples of solid fats range from 0.9941 to 0.9923, 
averaging 0.9932. The lower acids were eviden tly  
washed out of the butter. The other fats show a 
lower factor in proportion as they contain much palm i
tin, myristin or laurin.

The last column in Table III shows refractive indices 
of other observers calculated to 40 °, excluding the 
incorrect figures on rape oil and cocoa butter. The



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

result obtained b y  Thoener on olive oil does not seem 
admissible, as the refractive index of oleic acid, which 
forms 75 to 90 per cent, of the fa tty  acids, is 1.4471 
a t 6o°, or 1,4546 at 40°. If  we take as a basis for 
calculation the index of refraction of linolic acid as 
approxim ately 1.4643 at 40° and the composition 
of the fa tty  acids of an olive oil as 10 per cent, palm itic 
acid, 84 per cent, oleic and 6 per cent, linolic, the re
fractive index of the m ixture is about 1.4539 a t 4°°> 
while Thoem er’s figure of 1.441 at 6o° is about 1.4483, 
against the value on Table III  of 1.4528.

T a b l e  I I I . — E x p e r i m e n t a l  R e s u l t s .

"R e - R efractive  index
Index  of refraction , frac- m ixed acids.
• * . tion  o th e r observers,

Oil. Oil. Acids. ra tio .”  calc, to  40°.
Linseed o il.........................  1.4734 1.4635 0 .9933 1 .4619-1 .4647
Cod liver o il ........................  1.4711 1.4625 0 .9942  1.4594
Soy bean  o il........................  1.4682 1.4586 0 .9935 1.4610
Corn oil1...............................  1.4677 1.4583 0 .9936  1.4585
Corn oil2...............................  1.4675 1.4585 0 .9939 1.4585
R apesccd o il.....................  1.4658 1.4572 0.9941 1.4564
C ottonseed o il................... 1.4637 1.4545 0 .9937 1 .4533-1 .4567
P e a n u t o il..........................  1.46333 1.4552 0 .9947 1.4534
Olive o il................................ 1.4619 1.4528 0 .9938 1.4483
L a rd ..................................... 1.4590 1.4491 0 .9932 1 .4468-1 .4500
L ard  s tea rin  (very  soft) 1.4585 1.4487 0 .9933 . . . .
Oleo o il...............................  1.4578 1.4479 0 .9932 (tallow  1.4447-1.4448)
Cocoa b u t te r .....................  1.4563 1.4475 0 .9939 1.449
B u tte r  (ren o v a ted )  1.4544 1.4458 0.9941 1 .4 4 4 -1 .447
O leostearin ........................  1.4549 1.4437 0 .9923 (tallow  1.4447-1.4448)
P a lm n u t o il.......................  1.4496 1.4392 0 .9928 1.4383
C o co a n u to il...................... 1.4494 1.4386 0 .9925 1.4368
(80%  co tto n seed )  1.4624 1.4527 0 .9934 . . . .
(20%  oleostearin)

Effect of Unsaturated Acids.— The data .given in 
this paper show th at the iodin value and the higher 
refraction of unsaturated acids, due to double and 
triple linkages, do not effect this factor m aterially. 
A s the iodin value and the refraction of the acids 
increase, those of the glycerides increase also. The 
difference between the refraction of the glycerides 
and of the acids, averaging 0.0092 for fa tty  oils, is 
so small in comparison w ith the total refraction that 
the absolute refraction has little  effect on the factor.

The extrem es of 1.5 and 1.4 would give I-- 9° 8 =
1.5000

, x.390S .
0.9939 a n d  = 0.9934. This is, of course,

I .4OOO
true only of these oils. The relation between iodin 
value and this factor is shown in Table IV.

T a b l e  IV .— E f f e c t  o f  U n s a t u r a t i o n .
P e r cent, 
unsatu - 

Iod in  ra te d
In d ex  of refraction . no. acids.

•   * Tem p. (E stim ated .)
G lyceride. Acid. Degrees. F ac to r. «---------- ■----------*

O lein ................ 1.4563 1.4471 60 0 .9937 8 6 .2  100
S te a rin   1.4472 1.4373 60 0 .9932 0 .0  0

Linseed o il. . .  1.4734 1.4635 40 0 .9933 185 90
C o m o il   1.4677 1.4583 40 0 .9936  120 92
Olive o il  1.4619 1.4528 40 0 .9938 85 90
L a rd ................  1.4590 1.4491 40 0 .9932  62 70
Oleo o il  1.4578 1.4479 • 40 0 .9932 50 55
C o c o a b u tte r . 1.4563 1.4475 40 0 .9939 35 40

1 E x tra c te d  In labora to ry .
2 O utside source.
3 E leven p e r cent, free acid.

Here there is, with olein and stearin, a difference 
in refraction of 0.0091, of iodin value of 86.2, and in 
saturation of 100 per cent., yet the factor is about 
the same. W ith the oils given, which consist very  
largely of glycerides of acids of eighteen carbon atoms, 
but which differ w idely in refraction, iodin value, 
and saturation, the variation in the factor is within 
the lim its of error.

C O N C L U S IO N S .

1. The values 1.4991, 1.422 and 1.441 for the re
fractive indices at 60° of the insoluble acids of rape 
oil, cocoa butter and olive oil, respectively, are not 
correct.

2. The relation between the refraction of the oil 
and the refraction of the acids depends upon the per
centage of acid in the glycerides, being nearly independ
ent of the total refraction and of the iodin value.

3. The refractive index of the insoluble acids of 
fa tty  oils should be close to the refractive index of 
the oil m ultiplied b y  0.9938.

4. F or solid fats this factor should lie between 
0.992 and 0.994, according to the composition of the 
fat".

L a b o r a t o r ie s  U .  S. B u r e a u  
' o f  A n im a l  I n d u s t r y .

T H E  CH LO RIN E CONTENT OF M IL K .1

13y  P a u l  P o e t s c h k e .

R eceived O ctober 29, 1911.

In a previous publication3 concerning the determ i
nation of sodium chloride in m ilk, the axithor gave 
prelim inary consideration to the ratio existing between 
ash and sodium chloride as a means of detecting 
added salt. The present paper is the result of an e x 
tended study of this ratio.

A ll of the chlorine determ inations recorded in this 
paper were made b y  the author’s method. Briefly,, 
this consists in rem oval of the fat and proteids w ith  
copper sulphate and sodium hydroxide. The filtrate 
is acidified w ith nitric acid and titrated  b y  V olhard ’s. 
method.

T otal solids were determined w ith . the aid of a. 
special pipette3 devised to deliver five grams of milk.. 
The lactom eter readings recorded in all of the present; 
w ork were taken w ith the instrum ent described in 
the same paper on total solids. F a t was determined 
b y  the B abcock method. Incinerations for ash were: 
made in a muffle, care being taken to  prevent the: 
platinum  dishes from  being heated to visible redness.

Richmond* states th at the chlorides in m ilk can be 
titrated  w ith silver nitrate, using potassium  chrom ate 
as indicator, and th at xo cc. of m ilk took on an average 
3.45 cc. N/ x o  silver nitrate w ith extrem es of 3.35 and 
3.6 cc. in nine samples.

It is well known th at phosphates interfere w ith the 
determ ination of chlorine b y  this method. In the 
case of m ilk, a proper end point can not be obtained.

1 R ead  before N. Y . Section, O ctober, 1911.
2 T h i s  J o u r n a l ,  2 ,  No. 5 .
3 Ib id ., 3, No. 6.
4 A nalyst. 34, 208.
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Instead of changing to a reddish color when all of 
the chlorine is converted to silver chloride, a yellow 
color, gradually becom ing deeper and developing into 
orange, is noted. A  reddish color is observed only 
after a considerable excess of silver nitrate is present.

In Table I is given the results obtained b y  direct 
titration w ith silver nitrate using potassium chromate 
as indicator. The results obtained with the author’s 
method are given for comparison.

The direct titrations with chromate indicator were 
made on 10 cc. of milk, with and without dilution. 
In each case the same amount of indicator was used 
and the titration continued until the first change to 
a  deeper yellow  was noted. The milk, containing the 
same amount of indicator, was used as a control 
to  note the first change in color.

T a b l e  I.— S o d iu m  C h l o r id e  i n  G r a m s  p e r  100 cc.
D irect titra tio n  w ith chrom ate indicator.

T a b l e  I I I .

N um ber.
71.884 '
71.885 
71,888 
71.900

10 cc. d ilu ted  with 
10 cc. undilu ted . 90 cc. of w ater.

0 .246
0.238
0.248
0.167

0.324
0.276
0.315
0.334

A uthor's
m ethod.

0.180
0.167
0.183
0.194

N um ber.
T o tal
solids. F a t.

P ro 
teids.

L actom 
ete r a t  
60° F . Ash.

Sodium
chloride.

a sh /
sodium
chloride.

57,025 12.50 3 .6 0 3 .28 115 0.781 0.181 4.31
53.989 12.18 3 .6 0 111 0.730 0.158 4 .6 2
53,990 12.24 4 .1 0 105 0.725 0.205 3 .5 4
58,037 14.40 4 .9 0 121 0.739 0.111 6.66
67.526 13.05 4 .6 0 2.66 105 0.693 0.154 4 .5 0
64.304 14.01 5 .5 0 3 .25 104 0.740 0.200 3 .7 0
68.80S 12.74 4 .0 0 112 0.745 0.143 5.21
71.617 12.54 3 .9 0 3 .22 110 0.790 0.195 4 .0 5

a. 0.729 0.163 *4.47
b. 0.759 0.186 4 .08

M axim um 0.790 0.205 6 .6 6
M inimum 0.693 0 .1 1 1 3 .5 4

A verage. , 0.743 0.170 4.51

N um ber.
T otal
solids. F a t.

L ac tom eter 
a t  60° F . Ash.

Sodium
chloride.

.Ratio 
a s h /  so

d ium  chlor
59.604 16.12 6 .5 0 118 0.816 0 .180 4 .53
65.055 11.81 3 .4 0 110 0.760 0.149 5 .1 0
65.056 11.81 3 .4 0 110 0.760 0.113 6 .73
65.057 11.34 3 .3 0 104 0.680 0.158 - 4 .3 0
65.058 10.77 2 .80 104 0.690 0.149 4 .63
65,059 11.72 3 .4 0 109 0.720 0.149 4 .83
65,060 11 .80 3 .4 5 108 0 .610 0.153 3 .99
64.907 12.17 3 .6 0 112 0.666 0.167 3 .97
64.909 12.04 3 .6 0 111 0 .716 0 .193 3 .7 0
64,910 12.47 3 .6 0 114 0 .698 0.180 3 .87
64.933 12.78 4 .1 0 112 0 .696 0 .169 4 .1 2
64,934 12.49 3 .8 0 112 0 .720 0.176 4 .0 9
64.935 12.04 3 .6 0 109 0 .730 0 .159 4 .5 0
64.936 11.63 3 .2 0 110 0.700 0.154 4 .5 4
64.937 12.01 3 .4 0 112 0 .726 0.169 4 .2 9
64.938 12.04 3 .5 0 111 0.734 0.154 4 .75
64,256 12.46 3 .7 0 0.710 0.143 4 .9 6
64.257 . 12.37 3 .6 0 0.710 0 .130 5 .4 6
69,190 11.57 3 .9 0 97 0.684 0 .220 3.11
69,191 11.38 3 .8 0 96 0.696 0.193 3 .6 2
69,192 10.92 3 .65 92 0.705 0.228 3 .0 9
69,193 11 .17 3 .8 0 . 93 0.677 0.206 3 .28
M axim um 0.816 0.228 6 .73
M inimum 0.610 0.113 3 .0 9
A verage. . 0 .709 0.168 •1 .34

These results show that direct titration of milk 
with silver nitrate, using potassium chromatc as 
indicator, is impossible. Richmond fails to give any 
data concerning the accuracy of the direct titration. 
The five experiments which he records, showing 
“ salt added" and “ salt found,” m ay be correct in so 
far as the added salt is concerned, provided the titra
tion is carried to the same end point as the original 
milk. This is no proof whatever that the chlorine 
in milk can be determined b y  direct titration.

Milk from individual cows m ay vary  greatly from 
the normal. Certified milk offers an opportunity 
to stu d y the mixed milk of healthy cows. Such 
m ilk is produced under the regulations of a medical 
or scientific milk commission or else inspected b y  
law.

Table II gives the results obtained on ten samples 
of certified milk.

T a b l e  I I .
R atio

these samples. Form aldehyde was added in the pro
portion of about i to 2ooo.

An experiment was made to determine whether 
formaldehyde in an y w ay  interfered with the determ i
nation of chlorine. A  sample of milk was treated 
w ith formaldehyde (approxim ately 40 per cent.)

T a b le 'III gives the results obtained on tw enty-tw o 
samples of m arket milk.

The sixty-nine samples of milk, recorded in Table 
V , are from individual çows. As far as it was possible 
to ascertain, these samples were taken under condi
tions which prevented their being watered or other
wise tam pered with. It was necessary to preserve

¿ODIUM CHL0RIDŁ

in the proportion of 1 to 1000 and 1 to 500. Chlorine 
was determined in the original and treated samples.

The results given in Table IV  show that, even in 
this unusually large proportion of formaldehyde, 
no error is introduced.
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T a b l e  IV .
Sodium  chloridc. 

P er cent.
Original sam ple a. 0 . 144

b. 0 . 143
T rea ted w ith  1- 1000 form aldehyde a. 0 . 147

b. 0 . 142
T rea ted  w ith  1-500 form aldehyde a. 0 .144

b. 0 . 144
T a b l e  V.

R atio
a s h /

T o tal L ac tom eter Sodium sodium
N um ber. solids. F a t. a t  60° F. Ash. chloride, chloride.
68.344 13.01 4 .6 0 105 0.756 0.184 4.11
68.345 12.66 4 .2 0 109 0 .740 0 .170 4 .35
68.346 12.79 4 .0 0 111 0.750 0.197 3.81
68,347 11 .89 3 .6 0 107 0.686 0.177 3.87
68,348 12.62 3 .7 5 115 0 .840 0 .190 4 .4 2
68,349 11 .68 3 .7 0 101 0.658 0.204 3.23
68,350 12.18 3 .4 0 113 0.730 0.181 4 .0 3
68,351 14.73 5 .5 0 114 0.736 0.143 5 .1 5
68,352 11.41 3 .2 0 106 0 .800 0.232 3 .45
68.353 13.33 4 .85 107 0.750 0.170 4.41
68,354 11.67 3 .45 106 0.700 0.175 4 .0 0
68,355 14.18 4 .9 0 0 .720 0.196 3 .67
68,356 11 .37 3 .3 0 104 0.736 0.198 3 .7 2
68,357 11 .63 3 .2 0 109 0.762 0.166 4 .5 9
68,358 13.05 4 .2 0 113 0.732 0.132 5 .55
68,359 12.30 3 .8 0 108 0 .786 0.186 4 .2 2
68,360 12.57 4 .4 0 102 0 .670 0.180 3 .7 2
68,361 13.64 4 .4 0 0 .730 0.134 5 .45
68,362 12.55 3 .8 0 0.800 0.203 3 .9 4
68,363 11.17 3 .2 0 104 0 .750 0.216 3 .47
68,364 12.72 3 .6 0 0 .720 0.171 4 .21
68,365 12.81 4 .0 0 0 .694 0.178 3 .9 0
68,366 12.99 4 .65 104 0 .750 0.185 4 .0 5
68.367 12.21 3 .6 0 111 0.748 0 .150 4 .9 9
68.368 12.17 3 .6 0 111 0.734 0.164 4 .4 8
68,369 14.75 6 .1 0 107 0.730 0.186 3 .9 3
68,370 10.87 3 .2 0 100 0.704 0.222 3 .17
68,371 11 .47 3 .4 0 104 0.796 0.209 3.81
68,372 12.19 4 .0 0 104 0.700 0.181 4 .0 9
68,373 12.66 4 .2 0 106 0.778 0.174 4 .47
68,374 13.26 4 .3 0 114 0 .740 0.146 5 .07
68,375 12.21 3 .8 0 108 0.666 0.164 4 .0 6
68,376 14.43 4 .6 0 125 0.928 0.212 4 .3 8
68,377 13.73 4 .8 0 111 0.736 0.157 4 .6 9
68,378 14.49 5 .6 0 109 0.740 0.173 4 .2 8
68,379 11 .29 3 .4 0 102 0.726 0.216 3 .3 6
68,380 12.19 3 .4 0 113 0.730 0 .140 5.21
68,381 11 .09 3 .0 0 105 0.724 0.185 3 .91
68,382 11 .57 2 .8 0 114 0 .710 0.155 4 .5 8
68,383 11 .10 2 .7 0 111 0 .780 0.131 5 .95
68,384 12.52 3 .6 0 115 0.632 0.147 4 .3 0
68,385 12.63 4 .0 0 112 0.634 0.157 4.0-1
68.386 12.93 4 .3 0 109 0 .6 7 0 0.152 4.41
68,387 11 .73 3 .6 0 103 0.616 0.174 3 .5 4
68,388 11.22 2 .5 0 117 0.662 0.138 4 .8 0
68,389 12.50 3 .8 0 111 0.710 0.141 5 .03
68,390 11 .02 2.95 105 0.706 0.197 3 .5 8
68,391 12.39 3 .7 0 111 0 .720 0.128 5 .62
68,392 12.03 3 .4 0 111 0 .710 0.154 4.61
68,393 10.92 2 .5 0 111 0.774 0.161 4 .8 0
68,394 12.03 3 .7 0 106 0 .720 0.157 4 .5 9
68.395 13.08 4 .1 0 114 0 .730 0.148 4 .93
68,396 11 .49 3 .6 0 102 0.790 0.241 3 .2 8
68,397 11 .41 2 .9 0 112 0 .690 0.165 4 .1 8
68.398 12.56 3 .4 0 0 .690 0.127 5 .43
68,399 9 .75 2 .6 0 0 .820 0.335 2 .45
68,400 11 .64 3 .5 0 104 0.700 0.184 3 .8 0
68,401 12.30 3 .9 0 106 0.704 0.196 3 .5 9
6S.402 11.74 3 .6 0 106 0.710 0.174 4 .0 8
68,403 9 .7 8 2 .4 0 97 0 .730 0.228 3 .2 0
68.404 11 .46 2.80 116 0 .720 0.176 4 .0 9
68,405 10.88 2.60 111 0.772 0.203 3 .8 0
68,406 11.73 3 .4 0 107 0.758 0.162 4 .6 8
68,407 11.15 2 .3 0 118 0 .710 0.143 4 .97
68,408 11.82 3 .0 0 118 0 .720 0 .116 6 .2 0
68,409 12.18 3 .6 0 112 0.726 0 .126 5 .76
68,410 9 .7 0 3 .4 0 80 0.532 0 . 145 3 .67
6S.411 11.77 3 .5 0 108 0.720 0.152 4 .7 4
68,412 13.93 4 .9 0 114 0.742 0.112 6 .63
M axim um 0.928 0 .335 6.63
M inim um 0.532 0.112 2 .45
A v e ra g e ... 0 .728 0.173 4T33

Several samples of milk, found to contain large 
amounts of added salt, are given in Table V I. These 
samples were all very  sa lty  to the taste. E vid en tly  
the salt was added in these cases b y  persons who 
sought to satisfy a personal grudge against the dealer 
or consumer. The samples were received for exam ina
tion for foreign substances.

T a b l e  V I .
R atio
a sli/

T  o tal L ac tom eter Sodium sodium
N um ber. solids. F a t. a t  60° F. Ash. chloride. chloridc.
64,908 12.23 3 .4 0 118 0 .780 0.415 1 .88
49,383 12.10 , 3 .5 0 117 1 .140 0.615 I .85
67,819 14.84 5 .8 0 3.160 2.610 1.21

One sample of milk containing both added w ater 
and salt is given below. The taste of this sample 
was not distinctly salty.

S a m p l e  N o . 5 4 ,2 8 4 .
P e r cent.

L ac tom eter a t  60° F .................................................  81
T o tal solids.................................................................... 8 .00
F a t.   ................................................................................ 2 .0 0
A sh ...................................................................................  0 .65
Sodium  ch loride..........................................................  0 .239
R atio  a sh /sod ium  ch lo ride ..........................................2.71

Table V II  gives the maxim um, minimum and average 
results obtained on certified milk, m arket milk and 
milk from individual cows.

T a b l e  V I I .

Ash.
Sodium

chloride.

R atio
a s h /

sodium
chloride.

M axim um 0.790 0.205 6.66
M inimum 0.693 0.111 3.54
Average 0.743 0.170 4.51
M axim um 0.816 0.228 6.73
M inimum 0.610 0.113 3.09
A verage 0.709 0.168 4.34
M axim um 0.928 0.335 6.63
M inimum 0.532 0.112 2 .45
Average 0.728 0.173 4 .33

[ shows the percentage of milk samples

Certified m ilk, 
10 sam ples

M arket m ilk,
22 sam ples

Milk from  in d i
v idual cows, 
69 sam ples

found within various ratios of
Ash

sodium chloride
T a b l e  V III .

R a tio  a sh /sod ium  chloride 2 to  3 3 to 4 4 to  5 5 to 6 6 to  7
Certified m ilk, 10 sam ples 0 2 0 .0 % 6 0 .0 % 10.0% 1 0 .0 %
M arket m ilk, 22 sam ples 0 3 6 .4 % 5 0 .0 % 9 .1 % 4 .5 %
Milk from  indiv idual cows, 69

sam ples 1 ..5 % 3 3 .3 % 4 7 .8 % 14.5% 2 .9 %

The results given in Table V III , represented graphic
ally  in Chart I, show th at go per cent, of the certified 
milk samples, 95.5 per cent, of the m arket milk samples 
and 95.6 per cent, of the samples of milk from individual 
cows be within the ratio of 3 to '6. Com paratively 
few samples fail to come within this range.

It is apparent that the chlorine content of milk 
is subject to wide variation and that the average 
chlorine content, expressed in terms of sodium chloride,

Ash
is 0.17 per cent. The average ratio of —t -— • •: . — r-r-0 sodium chloride
is 4.5.

In conclusion I wish to acknowledge m y indebted
ness to m y assistants, Messrs. Carl Marx and J. Schroff, 
for their assistance in the analytical work.

L e d e r l e  L a b o r a t o r ie s ,
N e w  Y o r k  C it y .
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T E M P E R A T U R E  CORRECTION S IN R A W  SUG AR P O L A R IZ A 
TIO N S.1

B y W . D. H o rn e .

* R eceived N ovem ber 23, 1911.

In polarizing raw sugars at temperatures other 
than the standard 20o C., errors are introduced that 
are of serious moment. Much has been written on 
the subject and tem perature corrections have been 
worked out, but unfortunately they have not been 
generally adopted.

One of the best methods of effecting the necessary 
corrections is th at described b y  Dr. C. A. Browne 
at the 7th International Congress of Applied Chemistry, 
to be described later; and the present paper is to pre
sent results on m any hundreds of analyses, which 
entirely corroborate the reliability of this method 
of correction.

In the spring of 1909, when the New Y ork Sugar 
Trade L aboratory was planned, I made some pre
lim inary experim ents on temperature corrections in 
m y own laboratory to ascertain the relative results 
of polarizing at 200 and at higher temperatures, 
and later I have made continued close comparisons 
between the polarizations of the Sugar Trade Labora
tory a t 20o and polarization of the same sugars in 
other laboratories at ordinary room temperatures.

In the early experiments it was necessary, for 
polarizing at 20o: 1, that the solution of the normal 
weight of sugar should be made up to 100 cc. at 
20o C.; 2, th at it should be polarized at 20° C.; 3, 
that the polariscope should be at 200 C.

In order to accomplish these ends I cooled the solu
tion of sugar in a flask with a thermometer in icc-water 
to 20 o C., filling to the mark with a few drops of water 
at about this same temperature. The solution was 
then shaken and filtered at room temperature, which

polariscope. These caps fit tigh tly  over the ends 
of the observation tube and each has a glass windowed 
end and an annular space inside filled with soda lime, 
which was found to be much better for this purpose 
than calcium chloride or caustic alkali.

The polariscope was kept at 200 C. b y  enclosing the 
working parts, including both polarizing and analyzing 
nichols, in a galvanized iron box covered with a 
s/ 8-inch layer of cork board made b y  the Arm strong 
Cork Company, of Pittsburgh, and containing two 
V 4-inch copper tubes, running along each side of the 
inside of the box, through which ice-cold w ater was 
circulated.

It was found advisable to pass w ater at 1 0 C. 
through this tube at the rate of 100 cc. per minute, 
which cooled the polariscope to 200 C. as shown by a 
thermometer passing through the box and covering, 
near the analyzer and com pensating quartz wedges. 
The water issued at about 130 C. when the tem pera
ture of the room was between 230 and 3 1 0 C. The 
polariscope was maintained at 20° C. about an hour 
before polarizations were made and the observation 
tube when inserted at other than 20° quickly came to 
this standard, a change of as much as two degrees 
taking place in four minutes.

Cane sugars polarized at tem peratures higher than 
20° C. are subject to a tem perature correction, which 
m ay be divided into tw o parts: 1, the tem perature
correction for pure sucrose, given b y  the formula 
P. 20 =» P .'[ i.o  + 0.0003(2 —  20)] and 2, the tem pera
ture correction as applied to pure levulose, the formula 
being P. 20 = P' — o.oo8i2L(/ —  20). B y  prop
erly applying the com bination of these form ulas to a 
raw cane sugar polarized at tem peratures other than 
20°, it is possible to arrive, a t a result very  close indeed 
to th at which would be obtained when polarizing the 
sugars at 20 as m ay be seen by the following set of

T a b l e  I .

Calculated correction C alculated correction
C alculated correction 

for b o th  levulose

Difference of 
calculated polarization 

from actual polarization
A t 20. A t 26.5. Diff. for sucrose alone. for levulose. and  sucrose. a t  20° C.

95 .4 95 .3 — 0 .1 0 4-0.1868 — 0.0330 4-0.1538 4-0.0538
A t 21 C.

95 .5 95.25 — 0.25 4-0.1572 — 0.0279 4-0.1293 — 0.1207
95 .5 95 .2 — 0.30 4-0.1571 — 0.0279 4-0.1292 — 0.1708
95 .3 95.15 — 0.15 4-0.1570 — 0.0279 4-0.1291 — 0.0409

A t 20 C
95 .3 95.15 — 0.15 4-0.1855 — 0.0330 4-0.1525 4-0.0025
95.5 95 .4 — 0.10 4-0.1862 — 0.0330 4-0.1532 4-0.0532
95.3 95 .2 — 0.10 4-0.1855 — 0.0330 +  0.1525 4-0.0525
95 .2 9 5 .0 — 0.20 4-0.1856 — 0.0330 4-0.1526 — 0.0476 

A verage — 0.0247

necessarily warmed it up a little, as the laboratory 
was usually above 200 C. This filtrate was put into 
a tubulated 200 mm. observation tube, containing 
a centrally located thermometer, and immersed in 
ice-water until the tem perature fell a little below 20° 
C. (about 180 C.), the tube dried with a towel, two pro
tecting caps containing granular soda lime to prevent 
condensation of atmospheric moisture on the cold 
end glasses slipped on, and the whole put into the

1 P a p e r  p resented  a t  the  m eeting of the Association of Official Agri- 
cu ltu ra l Chem ists, W ashington , N ovem ber 22, 1911.

observations, on eight raw  sugars, giving the polariza
tions actually  obtained at 20° C. (the polariscope, the 
solution and containers all being a t this same degree), 
as compared with polarizations of the same sugars 
at higher degrees, as indicated in Table I. These 
950 sugars were assumed to contain 1.25 per cent, 
invert sugar on the average, and having calculated the 
corrections for the sucrose and levulose separately 
and having united all these results, it was found 
th at these corrected polarizations were only 0.0247
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polariscopic degrees lower than the polarizations 
actually  made a t 20° C.

As the invert-sugar content of these sugars was 
not definitely known, a . further investigation of 12 
samples of raw sugar was made in which the invert- 
sugar content of each was accurately determined, 
g iving the results shown in Table II.

B y  use of the formulas above given, the polariza
tions .of all the raw sugars com ing to two technical 
laboratories have been arranged in groups covering 
m onthly periods, corrected for tem perature and 
com pared w ith the corresponding average polariza
tions obtained in the Sugar Trade Laboratory, when 
tested a t 200 C.

T a b l e  I I .

A t 20°. A t 28°. Diff.
Calculated correction 

for sucrose alone. In v e r t sugar.
Calculated correction 

for levulose alone. Com bined corrections.

Difference of 
calculated  polarization 

from  polarization a t  20°.
95.25 95.1 — 0.15 +  0.2282 1.33 — 0.0432 +  0 .1850 +  0 .0350
86 .80 85.7 — 0 .1 0 +  0.2057 2 .50 — 0.0812 +  0.1245 +  0.0245
94.25 9 4 .0 — 0.25 +  0 .2256 1.45 — 0.0471 +  0.1785 — 0.0715
9 4 .3 94.1 — 0.20 +  0.2258 1.39 — 0.0451 +  0.1807 — 0.0193

93.5
A t 25° 
93 .3 — 0.20 +  0 .1400 1 .84 — 0.Q374 +  0 .1026 — 0.0974

94 .7 94.55 — 0.15 +  0.1418 0.81 — 0.0164 +  0 .1254 — 0.0246
85 .8 85.7 — 0 .1 0 +  0 .1286 1.77 — 0.0359 +  0.0927 — 0.0073
94 .7 94 .6 — 0 .1 0 +  0 .1419 1.07 — 0.0217 +  0,1202 +  0 .0202
9 4 .6 94 .4 — 0.20 +  0 .1416 1.45 — 0.0294 +  0.1122 — 0.0878

S7.6
A t 27° 
87 .6 — 0.00 +  0.1839 2.15 — 0.0595 +  0.1244 +  0.1244*

95 .3 95.15 — 0.15 +  0.2001 0.91 — 0.0260 +  0.1741 +  0.0241
94 .6 94.4 — 0.20 +  0.1998 1 .48 — 0.0421 +  0.1577 — 0.0423

A verage ■ 
A verage w ithout*  *=» -

.0101

.0205

H aving applied the form ulas for correction of 
sucrose and levulose, the results obtained in the last 
column show the differences of the polarizations made 
a t high tem peratures and calculated back to 20 
from the polarizations actually  made at 20 °. The 
average of 12 such determ inations gives us a result 
for the sugars polarized above 200 of only 0.0273 
polariscopic degrees lower than the polarizations 
actually  made a t 200 C. If we om it the tenth sample 
in the above series, which seems to be irregular, we 
find th at the average calculated polarization is only
0.0186 polariscopic degrees lower than the polariza
tion actually  made at 20 °.

These observations are quite in accord w ith those 
made b y  Browne, on m ixtures containing known 
am ounts of sucrose and levulose in raw  sugars and 
molasses and reported b y  him in the article above 
cited.

L abora to ry  “A ” .

The results found are expressed in the following 
table, which gives in decimal fractions of a single 
degree polariscopic the variations of m y laboratory 
“ A ” and laboratory “ B ”  results after calculating to 
200 C., from the results obtained in the Sugar Trade 
L aboratory when conducting the whole operation 
at 20° C.

Thus we see th at the average discrepancy in this 
series of about one thousand samples is only +0.0148 
polariscopic degree, but that if the levulose correction 
has not been applied this qu an tity  w ould be in
creased to +0.0499.

The levulose correction is thus twice as great as 
the total experim ental error and should b y  no means 
be ignored. The ideal m ethod is, of course, to con
duct the entire operation of polarizing sugars a t 20 °, 
b u t as this requires an expensive plant or som ewhat 
increased work and tim e b y  the m ethod outlined

L abora to ry  "B .”
D ate. Sucrose Levulose Total Diff. from Sucrose Levulose T otal Diff. from
1911. cor. cor. cor. T rade  Lab. cor. cor. cor. T rade  Lab.
M arch +  0.0800 — 0.0140 +  0 .0660 — 0.0070 +  0 .0424 — 0.0059 +  0.0365 — 0.0096
A pril +  0 .1290 — 0.0236 +  0 .1054 +  0 .0140 +  0.0239 — 0.0036 +  0.0203 +  0 .0200
M ay +  0.2002 — 0.0303 +  0.1699 +  0.1190 +  0.0990 — 0.0180 +  0 .0810 +  0 .0710
Ju n e +  0.1977 — 0.0575 +  0.1402 +  0.0436 +  0.1832 — 0.0355 +  0.1477 +  0.0117
Ju ly +  0.2235 — 0.0576 +  0.1659 +  0.0273 +  0.2373 — 0.0580 +  0.1793 — 0.0170
Aug. +  0.2329 — 0.0634 +  0.1695 +  0.0625 +  0.1177 — 0.0344 +  0.0833 +  0.0193
Sept. +  0 .1379 — 0.0373 +  0 .1006 +  0.0047 +  0.1666 — 0.0520 +  0 .1146 — 0.0267

Average corrections for b o th  laboratories +  0 .1486 — 0.0351 +  0.1135 +  0 .0148

In order to get a further comparison between 
polarizations made a t 20° C., and those made a t higher 
tem peratures, and calculated to 200 C., I have made 
m onthly comparisons between the polarizations of 
m any hundreds of samples tested both at the Sugar 
Trade L aboratory and at other laboratories.

above, cases will arise where a tem perature correction 
will be required. M y contention is th at if an y such 
correction is to be applied it should be done in accord 
w ith a full appreciation of the significance of levulose 
as well as of sucrose and thus be made as correct 
as our present knowledge will allow.
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LABORATORY AND PLANT.
AN E L E C T R IC  LA B O R A T O R Y  FU RN ACE.

B y  R a y m o n d  C. B e n n e r .

R eceived A ugust 16, 1911.

In taking up the subject of methods of ignition, 
we must, of necessity, go back to the time of Bunsen. 
He would feel quite a t home in this field, for, here, 
things have been at a standstill and we have remained 
about where he left us until within the last year or 
so, since which tim e more attention has been given 
to this im portant subject. In most places the Bunsen 
burner and air blast furnish the sole sources of heat 
for ignition purposes.

In order th at a given compound m ay have a definite 
and constant composition for weighing, both the man
ner and tem perature of ignition must be taken into 
consideration. In the case of m any elements such 
as silicon and calcium, the form in which they are 
usually weighed is not altered b y  the highest tem 
peratures obtainable with the Bunsen burner or the 
laboratory blast lamp. For such as these, this method 
of ignition m ay be used with perfect satisfaction.

Another factor, however, to be reckoned with, is 
the loss of weight undergone b y  the platinum crucibles 
when ignited in the open flame. B y  heating a p lati
num crucible weighing about 15 grams b y  means of 
gas, which contained considerable sulphur, the author 
has found this loss to be as high as 1 mg. per hour.

The question of tem perature is likely to be the one 
of most importance, and one in which the analyst 
is most likely  to err, since the various texts give but 
an idefinite idea as to the maximum temperature 
which certain precipitates will stand before un
dergoing decomposition, or, on the other hand, as 
to w hat tem perature it is necessary to use in order 
to obtain a  compound of definite composition. 
Treadw ell’s “ A n alytical Chem istry,”  N. Y ., 1910, p. 167, 
says, in regard to the ignition of cadmium sulphate 
in a double crucible: “ The outer crucible can be heated 
to the full red heat of the Teclu burner without running 
risk of decomposing the cadmium sulphate. It is, 
however, not necessary to heat it so strongly.” In 
regard to the ignition of manganese sulphate, the 
following statem ent is found in Fresenius, “ Quan
titative A na lysis” , N. Y ., 1896, p. 158: “ It  resists
a very  faint red heat, but upon exposure to a more 
or less intense red heat, it suffers decomposition.”

E lectricity  makes the most convenient, cleanest 
w ay of obtaining heat for m any laboratory purposes, 
but when platinum  resistance furnaces are utilized, 
the likelihood of their burning out, as well as first 
cost, often makes their use prohibitive. W ith the 
advance in the study of alloys, it has been found that 
an alloy of nickel and chromium, called "N ichrom e,” 
possesses properties which make it an ideal wire for 
laboratory resistance furnaces for temperatures up to a 
m axim um  of n o o °  C. This alloy which melts a t about 
2800° F. is not easily corroded b y  ordinary laboratory 
fumes and has a resistance of about 68 times th at of cop
per. This high resistance makes it possible to use

. /.

em ployed b y  us are of tw o types, but being made in 
the same general w ay, a detailed description of one will 
suffice. Som ewhat sim ilar combustion and treating 
furnaces have been described b y  B erry.1 The furnace 
shown in Fig. 1 has for a foundation a small clay cup, 
such as is used in batteries. In the case of this fu r
nace, it is 21/," in diam eter and 5" long, which size

1 T h i s  J o u r n a l , 2 ,  N o . 6 .

electricity at n o  to 220 volts w ith very  little, if any, 
external resistance in the circuit. This renders pos
sible the construction of small laboratory furnaces for 
temperatures up to 1000° C. or n o o °  C., not only 
at low cost, but with the additional advantage of 
economical operation because of the utilization of the 
currents ordinarily at hand. The furnaces most largely
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the winding m ay be commenced at the closed end of 
the muffle A  (Fig. 1), enough free end being left to 
reach the binding post E. The wire is fastened by 
several turns of nickel or “ Xichrom e" wire of a larger 
size than that used in winding the furnace. The wire 
on the outer end of the furnace is wound a little 
close in order that the tem perature m ay be equalized 
where radiation is greater. Great care should be used 
to avoid kinking the wire, as this renders it brittle. 
W hen the winding is complete, the end is fastened 
in the same manner as before, leaving enough free 
end to reach the binding post E '.

A fter the winding has been properly executed, 
the problem of proper insulation and protection 
from the air is to be considered. The insulation 
in itself is not difficult, but to find a m aterial which

/=7 c7 . 3

space between the wires B (Fig. 1). This m ixture 
is plastered on just thick enough to com pletely cover 
the wires. (If the coating is too thick it is likely 
to crack badly.) A fter drying and baking b y  means 
of the current, any imperfections are repaired and 
the baking repeated. This can be som ewhat improved 
by painting with a dilute solution of water glass.

Now the furnace is ready for packing in the heat

is very  convenient for individual use. When resting 
on end it has been used for m aking fusions and when 
resting on the side, for ignitions. This furnace can be 
made to hold four crucibles at a time b y  inserting a 
long piece of asbestos board to form a bottom. 
Around the clay cup A  is wound the “ Nichrom e” 
wire, the size and length of which m ay be easily deter
mined, when the size of the clay  cup and the voltage 
of the current to be used are known. One half the 
carrying capacity  of the air-cooled wire, as allowed by 
the m anufacturers in their bulletin (this can be ob
tained 011 request), should not be exceeded when the 
wire is enclosed in heat-insulating material, as we de
scribe. In order that the furnace m ay not be readily 
burned out, wire of such size and length should be 
used for each furnace that it will be impossible to e x 
ceed one-half the carrying capacity  of the wire when 
there is no resistance in the circuit. It m ust be re
membered that a tem perature of iooo° C. w ithin the 
furnace means that the tem perature of the wire carry
ing the current is much higher. A fter determ ining the 
length of wire w ith which the furnace is to be wound.

will insulate, at the same time have no chemical action 
on the wires and yet protect them from the air at 
iooo° C., is more or less of a problem. Of the m ixtures 
which have already been tested, the one consisting 
of one part kaolin to three parts of ground quartz 
gives the best results. The kaolin and crushed 
quartz are mixed to a paste with w ater and plastered 
over the wire and cup, care being taken to fill all

Q S' 6
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insulating m aterial D. This is done as shown 
in Fig. 1. The whole is then covered with a heavy 
piece of asbestos board F, and the binding posts E 
are placed as shown.

A  furnace of the muffle type (Fig. 2) has likewise 
been constructed on the same general principles and 
has been found to be equally economical, as well 
as much more satisfactory when a large number of 
ignitions are to be made. This furnace is 101/," 
long over all, while the muffle is 5 " in length. The 
furnace is wired with No. 17 B. S. “ Nichrome” wire. 
The same tem peratures can be obtained in this furnace 
as in the one first described, but more care must be 
taken because of its increased size.

W ithout external resistance the highest temperature, 
to which it is safe to heat the furnaces, can be obtained 
when the furnace door is closed. Furnaces, constructed 
on the above plan and of the dimensions shown in 
the figures, as a rule, fulfil these conditions. Xever-
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theless the highest temperature obtainable in cach 
furnace should be determined and not allowed to 
exceed iooo° to 1100° C., if the life of the furnace 
is to be considered. In order that a constant tem 
perature less than the maximum m ay be obtained, 
it is necessary to have external resistance. A  very 
convenient resistance box, shown in Fig. 3, can be 
made b y  using six stove bolts of 1 //' iron, about 
12" long, threaded a t both ends, each end being 
provided with two washers and two nuts. The ends 
of the resistance box m ay be made of either asbestos 
board or wood, wood being the more satisfactory for 
boxes, which are to be used for small currents which 
produce but small amounts of heat. For boxes which 
are to be wound with heavier wire and used for large 
currents, which develop sufficient heat to warp boards, 
asbestos, although not as stiff, is more satisfactory. 
The five iron rods, 1 to 5 (Fig. 3), should be wrapped 
with thin asbestos paper which has been painted with 
w ater glass solution. The water glass cements the 
paper firm ly to the iron, so that no trouble will be 
experienced with its peeling off. Bolt 6 is left bare. 
W hen the w ater glass is dry, the bolts should be fastened 
in position on the boards as indicated b y  1 to 6 in Fig. 3.

The slide contact is made of hard wood, the hole in 
the center being lined with copper b y  means of which 
contact is secured with the sheet of brass or “ Nichrom e” 
ribbon. The metal is kept in contact with rod 
6, which passes through the metal lined hole, by 
means of a small screw. The brass or “ N ichrom e'’ 
sheet has enough spring to make a satisfactory 
contact, when pressed against the wire, where it winds 
about 5 by rotating around 6. This arrangem ent 
is quite satisfactory for currents up to 3 amperes, 
but for higher currents better contact is necessary 
and can be obtained by a thumb screw so arranged 
as to pass through C and press X  against the resist
ance wire (Fig. 6).

When cleanliness and convenience are considered, 
there is no comparison between the electric furnace 
and gas as a means of making ignitions.

The first cost of the two furnaces as well as the 
resistance box can be seen from the following tables:
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M U FF J.n  FURNACE,

M u ff le ...........................................................................................................................  0 . 5 0
W ire 65 f t. No. 17 B. S. “ N ic h ro m e ''.........................................  1 .27
Labor a t 50 cents an  h o u r.................................................................  1 .00
Clay and quart/, san d ........................................................................... 0 .1 0
1 leat-insulu ting  m ateria l (old pipe covering).............................  0 .0 0

$2.87
C r u c i h l e  F u r n a c e .

Clay cup  2'/«” X & / " ........................................................................  0 .2 0
W ire No. 20 B. S. 32 f t. “ N ichrom e" .......................................  0 .35
L abor a t 50 cents an  h o u r.................................................................  0 .75
Clay and  q u a rtz  san d ........................................................................... 0 .05

51 .35
R e s i s t a n c e  B o x .

Stove b o l t s ..............................................................................................  1.00
W ire 75 ft. No. 22 B. S. “ N ichrom e” w ith a  resistance of 

abou t 70 ohm s and  a  carry ing  cap ac ity  of ab o u t 6
am peres................................................................................................  0 .80

L abor a t 50 cents an  h o u r................................................. ................ 2 .00

S3.80

The cost of operation is as reasonable as the first 
cost. When used on a n o -v o lt  circuit, with electricity 
at xo cents per kw. hour, the muffle furnace, which 
takes 5 amperes, can be operated at a cost of 5 cents 
per hour and the crucible furnace, which takes 3 
amperes, will cost 3 cents per hour. A t the U niversity
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of Arizona, where gas is S r .50 per 1000 cu. ft., it 
costs about 1.5 cents per hour to run a Bunsen burner. 
Therefore, when, as is the rule, several ignitions are 
to be made, the electricity is considerably cheaper 
than gas since 2 to 4 crucibles can be ignited in the 
sm aller furnace and 4 to 8 in the large. In these 
electric furnaces, tem peratures can also be reached in 
a porcelain crucible which 'are  rather difficult to 
obtain b y  means of a Bunsen burner or blast lamp.

The heating and cooling curves (Figs. 4 and 5), taken 
with the door closed and open, show the rate at which 
the furnace w ill heat up and cool down. W ith or
dinary usage, furnaces, made as described above, 
have a life of several hundred working hours and 
when one bum s out it is only a m atter of the ex
penditure of a few moments of tim e to renew the 
heating element.

U n i v e r s i t y  o p  A r i z o n a ,

T u c s o n .

A ST IL L  FO R  A BSO LU TE A L C O H O L .1

B y  R a l p h  H .  M c K e e .

R eceived O ctober 17, 1911.

In a laboratory, in which considerable organic work 
is carried on, the expense of absolute alcohol in a 
year's tim e is a distinct item. The still shown in 
the accom panying sketch has proven efficient in the 
preparation of absolute alcohol from ordinary 94 
per cent, alcohol. It is made of sheet copper tinned 
on one side, w ith a half-inch bent brass pipe (32 
inches within the still. A  greater length would 
probably be an im provem ent), whose upper end is 
connected w ith the main carrying steam  at about 
40 pounds pressure and the lower end w ith the same 
steam  trap used for our still for distilled water. An 
opening, B, four inches in diameter, is used for filling 
and em ptying the still. I t  is closed b y  use of the 
top of a plum ber’s drum trap such as is com m only used 
in connection with bath  tubs. The still was made

1 A no ther form  of alcohol still is described by  W arren , J .  A m . Chem. 
Soc., 32, 698 (1910).

and installed b y  a local tinner a t a cost of $21.00, 
not including the steam trap.

In operation the still is charged with 35 pounds 
lump lime and 26 liters of ordinary 94 to 95 per cent, 
alcohol. A  current of w ater is started through the 
condenser and steam turned on until the alcohol 
has been heated to boiling and then turned off. This 
takes about five m inutes’ tim e and the dehydration 
of the alcohol once started evolves sufficient heat 
to keep the still hot some hours. To insure the com 
pletion of the dehydration, the steam  is turned on 
the next morning and the heating with the condenser 
vertical continued for six or seven hours. The union 
A  is then loosened, the condenser turned down into 
the nearly horizontal position shown in the sketch,

the union tightened and the distillation and collection 
of the absolute alcohol begun. A t  this point it is 
necessary to wrap some kind of a blanket about the 
body of the still, otherwise, owing to air cooling, the 
distillation will be slow and incomplete. To clean, 
the unions are opened and the still rem oved to a con
venient place and washed out b y  use of a hose inserted 
into the four-inch opening B.

The yield  is som ewhat over sixteen liters of alcohol 
of slightly  better grade (99.8 per cent.) than shown b y  
freshly opened bottles of “ absolute alcohol” from  two 
well-known German chem ical houses. The cost of 
the product is about So.30 a kilo as com pared w ith 
the ordinary purchase price of S i. 10 a kilo, both 
being on the “ duty-free”  basis granted to educational 
institutions. Laboratories which cannot avail them 
selves of “ duty-free”  straight alcohol m ay find it 
worth while to prepare, b y  this apparatus, water-free 
alcohol from  the ordinary denatured article.

U n i v e r s i t y  o f  M a i n e ,
O r o n o .
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point apparatus more accurate and more easily con
trolled than those ordinarily used. W ith all common 
types, the chief difficulty is in obtaining a uniform 
rise in tem perature, and in duplicating the conditions 
at another time. The following simple piece of ap
paratus needs little explanation beyond the illustra
tion. It  is based upon the Thiele tube, w ith electricity 
supplanting the Bunsen flame, as heating agent. The 
lower half of the side arm is wound with resistance 
wire, such as fine manganin or nichrome. The whole 
arm is then enclosed with asbestos paste as shown in 
the cut. Using a lamp board, or rheostat, the current 
sent through the heating coil m ay be varied at will, 
and thus the rise of tem perature very  accurately 
controlled. B y  calibrating the instrum ent in terms 
of lamps and tem perature it is only necessary to turn 
on the proper number of lamps and the rise of tempera-

ture will be exactly  uniform each time it is used. 
The rate of change m ay be varied from an alm ost 
im perceptible rise, to a very  rapid one, and the range 
is limited only b y  the fluid used.

In m aking a series of determinations it is very  
convenient to turn off, say, one lamp, while preparing 
the tubes, thus retaining the tem perature within 
a few degrees of the m elting point and saving much 
time usually spent in needless delay. For substances 
whose m elting points v a ry  with the rate at which 
th ey are heated, this device is especially convenient. 
It  has been in use for over a year in the organic re
search laboratories of Cornell U niversity, has given 
complete satisfaction and has supplanted the older 
types.

C o r n e l l  U n i v e r s i t y ,

I t h a c a , N. Y .

AN A U TO M A TIC  PIPE TT E .
B y  T .  O .  S m i t h .

R eceived N ovem ber 15, 1911.

E ve ry  chem ist engaged either in routine work or 
in research involving a considerable number of de
terminations has learned to appreciate the value 
of any autom atic or labor-saving device he m ay 
find available.

The autom atic pipette here described is offered 
because of its sim plicity, accuracy, ready adaptability 
to an y volum e required, and especially, because it 
is easily set up from materials and apparatus found 
in every laboratory.

A  N E W  M ELTING-POIN T A PP A R A TU S.

B y D . S .  P r a t t .

Received O ctober 26, 1911.

In the course of some research work with organic 
compounds, it becam e necessary to have a melting-

The only m aterials needed are:
A — A  bottle of a size adapted to the reagent which 

it is to contain.
B— A  three-w ay stopcock burette.
C— A  fine capillary tube long enough to reach from 

the zero reading on the burette to the top of the solu
tion in the container.

D — Glass and rubber tubing to set up as shown 
in the illustration.

B y  raising or lowering the capillary tube C, the 
pipette m ay be adjusted to deliver any exact quantity 
within the limits of the capacity of the burette used.

It  is obvious that if the capillary tube is drawn out 
as fine as possible and the burette and container 
brought near the same level, the accuracy of the 
pipette is practically that of the burette.

N e w  H a m p s h i r e  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n ,  0
D u r h a m .
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ADDRLSSL5.
AD D RESS AT T H E  U N VEILIN G  OF T H E  BUST OF W O LCO TT 

G IB B S.'
B y  C h a r l e s  E .  M u n r o e .

R eceived N ovem ber 29. 1911.

[The unveiling of the Bust of Professor W olcott 
Gibbs took place in Rumford Hall, Chem ists’ Build
ing, New Y o rk  City, on Novem ber 25th. The Bust 
was executed b y  Ernest W ise Kevser, and it will be 
appropriately placed in Rum ford H all among like
nesses of other distinguished investigators in the field 
of chem istry.

The presentation address was made b y  Mr. Alfred 
Gibbs, representing the relatives and descendants of 
Professor Gibbs, and a 
review  of his life work 
and history was given by 
Professor Charles E. Mun- 
roe.— E d i t o r .]

Because of the place of 
his birth and th at where he 
was ed u cated ; because of 
the profession he chose and 
which he so highly adorned ; 
because during the greater 
part of his mature life he 
applied his splendid talents 
and broad attainm ents to 
the realization of the hopes 
of the founder of the 
R oyal Institution in his 
bequests to H arvard College 
and to the American 
A cadem y of A rts and 
Sciences; and because he 
w as an academ ician and a 
club man, it is em inently 
fitting th at the bust of 
W olcott Gibbs should be 
unveiled in the Rumford 
Hall of the Chem ists’ Club 
of the C ity of New Y ork.

For on February 21, 1822, 
he was bom  in this c ity  of 
New Y o rk ; in 1841 he 
received his baccalaureate 
degree from Columbia College of this c ity ; in 1845 he 
received the degree of M.D. from the College of 
Physicians and Surgeons of this c ity ; he chose chem 
istry as his profession; he was Rumford Professor of 
H arvard College and H arvard U niversity for 45 years 
and a mem ber of the Rum ford Committee of the Am eri
can Academ y of A rts and Sciences for 30 years; he 
was founder, member and president of the National 
A cadem y of Sciences; he suggested and organized the 
Union League Club of New Y ork and he prom oted and 
supported other social organizations.

1 D elivered in R um ford  H all, Chem ists' Club. New Y ork. N ovem ber 
25. 1911.

His education was, however, much broader and more 
com prehensive than th at comprised in his satisfac
tion of the requirements for the degrees awarded him 
at Columbia College and the College of Physicians 
and Surgeons, for in the interim between his graduation 
from the first-named institution and his entrance on 
the second he served as laboratory assistant to Dr. 
Robert Hare, Professor of Chem istry in the U niversity 
of Pennsylvania, then the most eminent chemist 
Am erica had produced and to-day revered for his 
splendid contributions to science. On his gradua
tion from the College of Physicians, and Surgeons, 
Gibbs went to Europe where, until 1848, he con

tinued his studies under the 
direction of the eminent 
chemists, R a m m e ls b e r g ,  
Heinrich Rose, Liebig, 
Laurent, Dumas and Reg- 
nault, whose names are 
each inscribed upon the 
honor roll of those to whom 
the chem istry of to-day 
owes its place among the 
sciences.

Broadened b y  travel, b y  
contact w ith these eminent 
i n v e s t i g a t o r s ,  and the 
students th at gathered 
about them, Gibbs returned 
to his native country for 
service in his profession, 
and found his first oppor
tun ity  in the delivery of a 
short course of lectures in 
a minor institution in D ela
ware, but very  shortly after, 
in 1849, he was appointed 
professor of chem istry in 
the Free Academ y, now 
the College of the C ity  of
New Y ork , where he re
mained until 1863 when 
he accepted the Rum ford 
professorship, requiring ser
vice in chem istry, in the 
Scientific School of H ar

vard College.
His term of. service in New Y ork  was distinguished, 

for. while his d u ty  to the college demanded only that 
«he teach its students the elements of chem istry, he
began in 1851 as associate editor of the American
Journal oj Science, the preparation of abstracts of 
foreign literature in chem istry, and he engaged in 
research with the result that in 1857, there was given 
to the world the first memoir on a notable and syste
m atic research in chem istry from Am erica when the 
Smithsonian Institution published the memoir of 
Gibbs and Genth on ‘ ‘The Am m onio-Cobalt Bases” 
which has ever since served as a model for the pres
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entation of results by investigators in chemistry. 
In 1861 his independent paper on the platinum metals 
appeared and, as Clarke says, “ firmly established his 
reputation.”

Gibbs was in New Y ork when our Civil W ar came on 
and devoted as he was to his profession he was also 
a patriot. It will be recalled that in broadly fitting 
himself for his profession he had at the College of 
Physicians and Surgeons pursued that branch of 
applied chem istry styled medicine and qualified in 
it, hence he could serve his country best and most by 
the exercise of his special knowledge and attain
ments. When men are rushing to expose themselves 
as targets for the enemy it requires a high degree of 
courage to offer on the altar of one’s country one’s 
special talents in service outside the firing line.' But 
this Gibbs did and the U. S. Sanitary Commission 
stands to-day as an epoch in the civilization of man. 
B y  its work it proved, perhaps, to be the greatest 
good for mankind that was realized from that dread
ful period of labor in which a great nation was bom. 
It has been a model for other nations that have subse
quently, unfortunately, been engaged in war.

Not content with applying his acquired knowledge, 
especially in that branch of applied chem istry known 
as medicine, to the amelioration of the “ horrors of 
w ar” and to the aid of those that conquered, Gibbs 
sought to organize and crystallize opinion and effort 
by bringing together those of influence in New Y ork 
who favored active m ilitary operations against the 
seceders and thus the Union League Club, which 
met, to organize, in his home, was formed. And 
throughout his life he was an organizer, or member, 
of bodies of men through which, b y  investigation, 
consideration, and discussion, issues of moment in 
science were carefully wrought out, while social rela
tions were conserved and promoted.

He was born and reared under conditions that could 
have bred an aristocrat. His father was in affluent 
circumstances. His progenitors had served their 
country and mankind in positions of importance. 
He inherited a competency. His associations from 
earliest youth  were with the cultivated, intellectual 
and forceful. He was in person impressive and 
engaging. He was in taste and dress discriminating; 
but he was in his dealings with and estimates of man 
democratic.

A s a prospective student I met him in 1868 and he 
looked to me god-like. It was my good fortune not 
only to be received as a student b y  him but later to 
become his assistant, and through other fortunate 
circumstances, such as being ordered to d uty in 
Newport, where he resided after his retirement, to 
keep in contact with him quite up to the time of his 
death. I recall most vivid ly  my first meeting with 
him for he embodied in the flesh all that I had ever 
imagined of man and though m y relations with him 
were afterwards quite close this feeling and belief 
persisted and remains. He was above the average 
man in height, and his body was sym m etrically 
developed with his stature so that he walked and 
moved with natural gracefulness. His head was

adm irably proportioned and was covcred with a 
splendid mass of curling black hair which matched the 
beard that covered his face. In clothing and person 
he was alw ays decently fastidious, but ever the a t
tracting features were his eyes, which were deep brown 
in color, lustrous and luminous; and his voice, which 
was full and rich, with a deliciously attractive and 
convincing overtone.

He gave the impression of mildness and fairness 
and continued association confirmed this first im
pression. Never have I met one who so avoided 
definitely judging his fellowman or who when forced 
to do so judged him more fairly and without prej
udice, for his mind was filled with the contem pla
tion of nature in a large w ay and of its processes, and 
he was endeavoring constantly to comprehend them 
and to record the results of his observations and tests 
for the benefit and use of mankind. He regarded his 
fellowman in the same broad and tolerant manner. 
In fact the definite impression of him which one re
ceived b y  close contact with him was largeness of 
vision; breadth of view ; tolerance of differences in 
opinions, methods or manners; and sym pathy, in a 
broad w ay, for m ankind; and that he approached 
every issue, scientific or social, w ithout prejudice, 
and with an entirely open mind.

If, in m y attem pt to portray Dr. W olcott Gibbs 
from the image that abides with me, I have conveyed 
to you the impression that, through tim idity or 
indolence, he sought to avoid strife, let me hasten to 
im m ediately correct this erroneous impression, for on 
the contrary he was intensely human and he met his 
troubles in a thoroughly human w ay but even then on 
a high plane.

Perm it me to illustrate by an anecdote or two. 
Self-government by students is regarded in this 
country as a very modern and novel development. 
Dr. Gibbs introduced it at the outset of his coming to 
Cambridge. I do not know th at he had not previously 
done so in the College of the City of New Y ork. 
E ventually  in m y career as a student in his labora
tory I succeeded to the first place in the governing 
body and I wore the resounding title of Chief of 
Police. During m y adm inistration a rebellion arose. 
The orders I gave were not obeyed and the fines I 
assessed were not paid. H aving exhausted all the 
resources of authority at m y command and the dis
order having become a menace to all earnest students, 
after due warning, I resorted to the unheard-of ex
pedient of reporting the recalcitrants to Dr. Gibbs. 
T hey were much amused when they were directed to 
report to this mild-mannered, sweet-tempered gentle
man. I was not present at the interview. I never 
knew what occurred a t th at interview. The students 
never told me and Dr. Gibbs never referred to it. 
But what 1 do know is th at when these students re
turned they said: ‘ ‘Munroe, you m ay order us to do 
w hat you w ish ; you m ay assess such fines as you 
p lease; but never again direct its to report to Dr. 
Gibbs;” and from that day until I left the labora
tory discipline was complete.

Strange as it m ay seem Dr. Gibbs became, on com 
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ing to H arvard, a storm  center. President Hill called 
him because he had a vacant chair in chem istry to 
fill and he found in Gibbs th e most em inent chem ist 
in Am erica. Gibbs accepted the position at H ar
vard  because it seemed to offer the largest oppor
tu n ity  for usefulness in the field for which he was 
especially equipped. B ut his appointm ent thwarted 
the realization of the am bitions of others; it became 
a cause of dissension and the arraying of groups of men 
against each other. The situation had becom e acute 
as I entered upon the scene. In the regular per
formance of m y duties I was unw ittingly forced to 
know of it though then I knew not the reason for it 
or the extent of it. I was especially embarrassed to 
come upon Professors Gibbs and Cooke, when they 
were engaged in a gentlem anly, but very  personal, 
altercation.

U nknow ingly to me, out of this came m y oppor
tunity. W hile holding the position of private assis
tan t to Dr. Gibbs I was appointed Assistant in Chem
istry in the College under Professor Cooke. W ith 
the courtesy th at prevails among gentlemen all these 
arrangem ents were ostensibly in the hands of Dr. 
Gibbs and it was from him th at I received m y in
structions to make th at visit to President E liot at 
which I received notification of m y appointm ent 
to the college. N aturally  and most properly I re
ported to Dr. Gibbs th at I had obeyed his instructions, 
and the results of so doing, and I can never forget his 
adm onition. K now ing m y lo y a lty  to him, knowing 
th at inadvertently I had become som ewhat ac
quainted with the distressing situation he said: “ Mr. 
Munroe I have been deposed and you are appointed 
to take m y place. Y ou  know that m y relations with 
Professor Cooke have not been entirely amicable, 
y e t let me say th at you can serve me best b y  serving 
him with entire devotion.” Thus spoke the man in 
W olcott Gibbs.

W ere there tim e I should like to describe the labora
tory  at the Lawrence Scientific School and the manner 
in which it was directed b y  Dr. Gibbs. Fortunately 
this has been well recorded, b y  Professor F. W. Clarke 
in his memorial Lecture before the Chemical Society 
of Great Britain and b y  Stephen Paschall Sharpies in 
his description of the Lawrence Scientific School 
to the Cam bridge H istorical Society. I m ay say 
th at were it to be investigated b y  an agent of the 
Carnegie Foundation, armed w ith a pad and pencil, 
it m ust have been condemned. I m ust further say 
th at after com pleting m y fortieth consecutive year of 
university teaching I should, if put under oath, state 
that, measured b y  pedagogical standards, it was un
sound. B u t I m ust add that the results produced were 
splendid and th at the students th at survived the 
process went forth finely equipped to pursue their 
chosen professions. Dr. G ibbs’ visits to us were 
infrequent but the impression he made in these con
ferences were such th at he was an ever-living presence 
and a constantly present example. M endenhall’s 
rem ark th at a student would prefer to be neglected 
b y  Rowland to being taught b y  another embodies 
th e, thought I desire to convey concerning the re

lation of W olcott Gibbs as a teacher to his students. 
The pedagogue trains his pupils as the m ilitary ser
geant drills the cowherd. B ut the educator educes 
from his student his best capacities in the line of his 
endeavor. He brings the within without. He re
veals to the student the latter's own capacities. He 
preserves to the com m unity th at precious gift, in
dividuality, but arouses, and enlivens, and controls 
it so th at it m ay best serve the com m unity in which 
th at individual m ay be placed. It is impossible to 
form ulate the m anner in which this m ay be accom 
plished for the possibilities v a ry  w ith each student 
to be taught and w ith him who teaches, and the 
teachers who comprehend this are rare, but such was 
W olcott Gibbs.

It is said of Gibbs th at he was not a "popular 
lecturer.”  I m ay say th at this was most unfortunate 
for the populace. It  has been m y privilege to listen 
to a large num ber of those public speakers who have 
commended them selves to the public. As a youth I 
reported at length, for the newspapers, the lectures of 
Tyndall and Proctor. I served as dem onstrator for 
Professor Cooke in that charm ing course of lectures at 
the Low ell In stitute which appeared as “ The 
New Chem istry.”  I sat at the feet of E dw ard 
Everett, H enry W ard Beecher, W endell Phillips and 
Emerson. I was enthralled b y  Julia W ard Howe and 
M ary A. Livermore. Dr. Gibbs gave tis b u t few 
lectures, b u t those were enriched b y  such a wealth 
of knowledge, graced w ith such diction, planned in so 
thoroughly logical and system atic a manner, and 
presented with such charm ing sim plicity aś to ever 
remain as alm ost unapproachable models.

For Dr. Gibbs was ever true to his best capacity  
(his proper sphere of usefulness to his fe llow s); nam ely 
research, and he continued this long after his retire
ment from the field of teaching. A s one reviews his 
achievem ents in research one is amazed at the catho
lic ity  of his accomplishments. A ll recognize his 
numerous contributions to analytical chem istry; his 
application of the electric current to quantitative 
determ inations being especially well known; but he 
covered the field from gravim etric, through volum etric, 
to gas analysis. I t  is also p retty  generally known 
th at his early investigations of the com plex ammonium 
basos, and their compounds, were in his later life 
supplem ented b y  researches into the constitutions 
of the com plex inorganic, acids. Organic chem istry 
claim ed his attention. In 1853 he prepared an 
arsenical derivative of valeric acid. In 1868 he 
discussed the constitution of uric acid and its deriv
atives. In 1869 he described some products formed 
b y  the action of alkali nitrites upon them. In 1891 
and 1892, w ith H. A . Hare and E. T . Reichert, he 
treated of the physiological action of definitely re
lated chem ical compounds. He produced memoirs 
on a normal map of the solar spectrum  and on the 
w ave lengths of the elem entary spectral lines, and, 
in the study of interference phenomena, he discovered 
a constant, which he styled the interferential constant. 
The tim e allotted me is too brief to enable me to set 
forth the work of an investigator who at the age of
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18 published a paper entitled a “ Description of a 
New Form of M agneto-Electric Machine, and an 
Account of a Carbon B attery  of Considerable E n ergy” 
and at 71 years of age published a method for' the 
separation of the r&re earths, further than to say 
th at while Gibbs was an experimentalist rather than a 
theorist he published views on theoretical chem istry 
that have force to-day.

B y  virtue of his sym pathy and breadth he became 
a pioneer in comprehending, assimilating and ex
pounding the results of others, giving them alw ays 
full credit. He was the first Am erican to adopt and 
prom ulgate the conclusions of Cannizzario; so early 
as 1880 he appreciated the value of the researches 
of J. W illard Gibbs and was the prime factor in having 
the Rumford medal conferred on this immortal Y ale  
physicist. I well remember his enthusiasm in those 
early days when speaking of the recently published, 
and now classic, memoir b y  Kekul<5.

I fear the privilege you have afforded me to speak 
of m y beloved m aster has tempted me to overstay 
the tim e allotted me and y e t I feel I have but in
adequately set forth the man" and his achievements. 
In closing, perm it me to quote from the admirable 
tribute paid him b y  Theodore W. Richards.

“ The circumstances of his early academic life 
brought him in contact with but few students. This 
is the more to be regretted because his enthusiastic 
spirit, his tireless energy, his recognition of every
thing good, and best of all his warm human friend
ship which endeared him to all who knew him. Those 
who were thus fortunate, whether students or col
leagues, will alw ays devotedly treasure his memory; 
and his place as a pioneer in science in America will 
alw ays be secure.”

W O L C O T T  G IB B S .1

A lthough 1 am unable to b.e present a t the un
veiling of the bust of Dr. Gibbs, I cannot let the 
occasion pass w ithout some expression of m y adm ira
tion for him; and in thinking the m atter over, I have 
been struck with the contrast between his work and 
th at of some of his followers in the study of the metal 
ammonia compounds, who seem to think that the main 
object of a research consists in providing oneself with 
a  sufficiently flexible theory, and then fitting graphic 
formulas of the compounds to it with little or no a t
tem pt at experimental proof. Such researches, in 
which the pen is mightier than the test tube, had no 
attraction for W olcott Gibbs. W ith him the test tube 
was supreme— in fact not only were his racks alw ays full, 
but on his desk were m any large beakers crowded with 
test tubes, each with a label sticking out of its m outh ; 
and I remember few things so delightful and illumina
ting as seeing him flitting from one to another, dila
ting on the beauty of the crystals or precipitate, and 
pointing out its relation to past work and promise for. 
the future.

In his obituary of va n ’t Hoff, Emil Fischer said most 
good chemists follow their noses in research. This 
was em inently true of W olcott Gibbs, and his scent

1 L e tte r  from  Professor Jackson. R ead  a t  Unveiling of G ibbs’ Bust.

was fine enough to guide him unerringly through the 
most intricate trails, for the “hardest subjects had a 
special attraction for him.

Few chemists have been his equal in the power of 
appreciating the suggestiveness of observations, of 
contriving new and varied conditions for experiment, 
and in shaping imagination.

His work, however, was exclusively experimental. 
In fact some of us wished that he would have drawn 
more inferences from his discoveries, but I think that 
he considered th at his real function was that of the 
experimental pioneer; and certainly he converted 
m any a tangled alm ost impenetrable thicket into a 
pleasant grassy path between well-trimmed shrubberies.

C h a r l e s  L o r i n g  J a c k s o n .
H a r v a r d  U n i v e r s i t y ,

N ovem ber 22. 1911.

C H EM IC A L IN D U ST R IE S IN SW ED EN .

B y T h o m a s  H. N o r t o n .

Sweden is a land in which chem istry has played 
an im portant role from a com parative early date. 
Scheele and Berzelius were among the most noted 
pioneers in the form ative period of the science, and 
110 less than 20 of the known chemical elements have 
been discovered b y  Swedes. The Kingdom  owes 
to three factors its past and present position in tech
nical chem istry. The first is a fairly abundant and 
diversified mineral wealth. Swedish iron and cop
per once dominated the w orld’s m arkets. W hile no 
longer leading in quantity, Sweden still occupies a 
foremost position with regard to the quality of its 
metal products, and the high technical standard of 
its mining and m etallurgical equipment.

A  second feature is the enormous extent of the 
country's forests. Once contributing the necessary 
charcoal for its choice product of iron, they now fur
nish the raw m aterial for an enormous industry— the 
manufacture of cellulose in its varied forms.

The third factor is Sweden’s abundant w ater power. 
The coal deposits-of the land are unfortunately limited 
and of inferior quality. The annual output is 305,000 
long tons. In earlier days the forests supplied fuel. 
Now that tim ber possesses a greater value, and the 
supply is more limited, it has been necessary to im
port coal from abroad to the extent of 3,000,000 tons 
annually.

W ith the advent of electric power and its economi
cal transmission it has been possible to utilize the 
waterfalls on a most extensive scale. Electrotechni
cal industries have prom ptly availed themselves of 
this opportunity. The total available w ater power 
of the Kingdom  is estim ated at over 4,000,000 horse 
power. A bout one-ninth has thus far been harnessed 
for industrial purposes. Each year at present there 
is an additional increase of over 100,000 horse power. 
In 191 x it is estim ated that this increase will be about
115,000 horse power. Owing largely to this rapid ex
ploitation of her vast w ater power, Sweden is changing 
from a producer of raw materials to a predom inantly

1 Special rep o rt to  U. S. Consular Service.



m anufacturing land. Modern industrialism is rapidly 
invading every field of national activ ity .

The chemical industry of the country is confined 
chiefly to inorganic branches. A part from the wood 
pulp, and the products of the electrochemical 
branches, it is in most cases inadequate to meet the 
demands of the home m arket of a population of
5,500,000. It is, however, expanding steadily, more 
rapidly than the growth of population.

According to the census of 1900 there were 256 
chemical factories, em ploying 2,644 workmen, with 
annual products valued a t 84,095,000. To these 
should be added 187 factories producing oils, tar, etc., 
with 2,434 workmen, and an output of §5,650,000, 
and the m atch industry with 20 factories, 6,102 work
men, and products valued at 82,665,000. Paper and 
allied branches were credited with 159 factories, 
18,490 workmen, and an output of 88,130,000. The 
m etallurgical industries give em ploym ent to 16,876 
workmen, and the products are valued at 849,050,000. 
For purposes of comparison the statistics of other 
leading industries are here given: Mining, 13,187 
workmen, output 85,430,000; metals and machines, 
56,222 workmen, output 844,840,000; textiles, 37,187 
workmen, output 836,100,000.

The 256 establishm ents classified b y  the census as 
chemical works are subdivided as follows:

V alue of
C harac te r of products. Factories. W orkm en. products. 

Inorganic acids, bases, and  salts  32 291 $ 683,000
Fertilizers........................................... 72 921 1 ,402 ,000
E xplosives.......................................... 19 664 897,000
Colors and  m iscellaneous  133 768 1 ,113,000

For its supplies of most heavy chem icals Sweden 
is still to a great degree dependent upon other Euro
pean countries.

Sulphuric acid is made largely in connection with 
the m anufacture of superphosphate. In 7 factories, 
with 39 workmen, there was an annual output of 
35,108 metric tons (metric ton •= 2,204.6 pounds). 
T w enty  years before the output was but 4,000 tons. 
The output nearly covers the domestic demand. P y 
rites is used chiefly in the works, and is imported from 
Norway and Spain. There is also a considerable 
consumption of Sicilian sulphur.

There is but one factory for caustic soda and bleach- 
ing-powder. Both articles arc imported chiefly, as 
is also the case with soda and its various by-products 
and derivatives. In the list of salts, however, there 
is one notable exception in the case of potassium chlo
rate. This compound, so im portant in the domestic 
m atch industry and in the m aufacture of explosives, 
is now one of the leading staple products of Sweden 
and is extensively exported. The electrolytic pro
cess b y  which it is produced was devised in 1893 b y  
Director O. Carlson, who started the first electro
chemical establishm ent in Sweden. In 1900 the two 
factories em ployed 215 workmen, and the chlorate 
produced was valued at 8214,000. In 1909 imports 
of chlorate had sunk to 207 tons, and the Swedish 
factories were not only meeting the home demand 
bu t exporting annually 1.400 tons to other countries.
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The industry uses potassium chloride from Stassfurt 
as its raw material.

Carlson’s method is an advance upon preceding pro
cesses for the electrolysis of alkaline chlorides, as he 
does not use diaphragm s in the electrolytic bath and 
m aintains a continuous operation. Cathodes of iron 
are em ployed, but the anodes, which were originally 
of carbon, arc now of platinum-iridium gauze. For
m erly the baths were kept slightly alkaline b y  ad
ditions of caustic potash or lime. Now they are kept 
slightly acid, as free hvpochlorous acid favors the 
formation of chlorate. Small amounts of potassium 
bichrom ate arc also added to prevent the reduction 
on the c.athode of the potassium hypochlorite pri
m arily formed. The process is notew orthy as the 
sole im portant instance where an electrolytic method 
has proved to be econom ically superior to an old, 
established process of chem ical m anufacture and has 
effectually displaced it. In Germ any only one fac
tory has tried to maintain its m anufacture of potas
sium chlorate b y  the old process, using Deacon Chlo
rine. In England the old process is likewise being 
gradually abandoned.

F E R T IL IZ E R S .

Agriculture is highly developed in Sweden, onc- 
half of the population being engaged in tilling the 
soil, and the demand for artificial fertilizers is exten
sive. Although there are large amounts of apatite 
in the country, it is impossible to com pete with the 
raw phosphate brought from Florida, Algiers, and 
the Pacific. About 29.000 tons of Chile saltpeter 
are imported annually. Thom as slag is worked up 
very  advantageously, as some of the Swedish iron 
ores are very rich in apatite and yield with the basic 
Bessemer process a very  rich slag. Three factories 
grind this slag, producing 10,000 tons annually. As 
the demand for Thomas iron is limited, the prod'action 
will not increase m aterially.

A  few years ago Prof. W iborgh devised a method 
for utilizing the phosphoric acid in the Swedish iron 
ores, which carry especially large amounts of apatite. 
These ores are finely ground and the resultant pow
der subm itted to the action of powerful magnets. 
B y  this means the apatite is largely freed from the 
iron oxide. It is then fused with soda and the phos
phoric acid is brought into the citrate-soluble form 
of tetracalcium  phosphate. The product compares 
favorably with Thom as slag and even superphos
phate in fertilizing efficiency. A  factory was started 
a t Svarton to m anufacture the so-called W iborgh 
phosphate, but after a short period the works were 
closed. •

There are numerous factories for producing bone 
meal, as well as bone fat and glue and animal charcoal, 
and a few establishm ents for m aking poudrette. Her
ring guano is a staple article. A t Gothenburg and 
its vicin ity  there are 17 factories engaged in extracting 
herring oil and preparing the residual press cakes 
for fertilizer. The annual product is valued at
8285,000. of which 8208,000 is represented b y  the
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guano. This industry depends on the success of the 
annual herring catch.

In 1900 Sweden consumed 253,132 metric tons of 
artificial fertilizers, of which one-half were produced 
at home. In the course of a decade the industry has 
developed so rapidly that there is now a surplus of 
superphosphate available for export, amounting to
17,000 tons in 1909.

E X P L O S IV E S .

The m anufacture of explosives constitutes one of 
the leading industries of Sweden, largely owing to 
the genius and inventive ability of Nobel. In ad
dition to dynam ite his other leading invention, bal- 
listite, a smokeless gunpowder consisting of a gelatinr 
ized m ixture of nitroglycerin and guncotton, is manu
factured. O riginally the Nobel Co. prepared this 
powder from equal parts of the two constituents. 
It  is now made from one part nitroglycerin and three 
parts guncotton. A  small amount of diphenylamine 
is often added. Gelatinization is effected b y  means 
of a m ixture of alcohol and ether (2 to 1).

Another distinctively  Swedish explosive, Lam m ’s 
bellite, is manufactured to a limited extent. Its base is 
dinitrobenzene, and it belongs to the class of picrate 
powders. The growth of this branch of manufacture 
in Sweden has been remarkable. In 1870 there was 
one factory, em ploying 40 workmen, with an annual 
output of 834,000. In 1900 there were 11 factories, 
with 394 workmen, and an output of $724,000.

C O L O R IN G  M A T T E R S  C A R B ID E  AND V A N A D IU M  SA L TS.

Small establishments m anufacturing coloring m at
ters produce pigments of domestic materials, lam p
black, ochers, zinc white, white lead, and cobalt blue, 
and prepare also, for use in solution or composition, 
the different organic dyestuffs, imported chiefly from 
Germany. There are 46 factories, employing 130 
workmen, producing wares of an annual value of 
§234,000.

Acetylene is widely used in Sweden, and the car
bide industry was founded almost as early as in the 
United States. Tw o factories, one at A lby and the 
other at Trollhattan, with a total of 5,000 horsepower, 
produce not only enough for the needs of the domestic 
m arket, but also export annually about 1,600 tons. 
The actual cost of production is given as 3 cents per 
pound.

Sweden has' in the past supplied the world’s de
mand for vanadium  compounds, vanadium  chloride 
for the aniline-black dyeing, and ammonium vana
date for use in steel-making. The exportation is now 
much less than formerly, for aniline black and copper 
sulphate and sulphide are more in use now as cata
lytic agents.

M A T C H E S.

The m atch industry is one of the most important 
in the Kingdom  and has grown rapidly. Tw enty 
factories produced matches valued at $3,422,000 in
1909. Nine-tenths of the total product js exported. 
These Swedish m atches are encountered all over the

world, despite a very keen com petition. The export 
interests complain of the high protective duties in 
most countries. In France, Spain, and Greece 
matches are a Government monopoly.

The Swedish factor}' equipm ent contains m any 
devices for replacing manual labor. Lagerm an’s 
‘ ‘ complete m achine,”  introduced in 1892 at the Jon- 
koping works, is one of the most ingenious labor- 
saving devices known. The m atcli splints, already 
cut into the proper form b y  other appliances, are fed 
regularly into one end of this machine and emerge 
at the other end a finished product, packed in boxes 
ready for shipment. One such machine produces 
hourly 3,600 boxes of matches.

Aspen wood is used almost exclusively in the m atch 
industry. It is easy to cut and porous enough to 
adm it easily of impregnation with sulphur or paraffin. 
The domestic supply of aspen of good quality  is now 
seriously reductd, and much is imported from Finland 
and Russia. Most of the chemicals used— phos
phorus, antim ony, sulphur, and paraffin— are im
ported. This was also form erly the case w ith potas
sium chlorate until the recent establishm ent of the 
Swedish electrolytic manufacture. In 1901 the 
Swedish Government forbade the sale in the K in g
dom of matches made w ith yellow phosphorus. A t 
present the manufacture of the old-fashioned matches 
is much less than formerly, although the Jonkoping 
works produce a considerable quantity in which yel
low phosphorus is replaced b y  innocuous phosphorus 
sesquisulphide. In m anufacturing the standard safety 
matches of Sweden now the splints are first soaked 
in paraffin, or in a concentrated solution of ammonium 
phosphate. The ignition mass for the heads consists 
of potassium chlorate, mixed with sulphur or anti- 
tim ony sulphide, gum, or dextrin in solution, and 
small amounts of powdered glass and ferric oxide. 
Potassium  dichromate and manganese dioxide are 
occasionally added as oxidizers. The friction sur
face on the boxes is coated w ith a m ixture of red phos
phorus, antim ony sulphide, and dextrin solution.

The largest factories in the Kingdom  are the two 
at Jonkoping and the “ V u lca n ” at Tidaholm. 
Under their lead nearly all the other manufacturers 
have combined to prevent undue com petition and 
facilitate the export trade. This latter is carried 
on largely through H am burg and London, which serve 
as distributing points for much of the w orld’s trade 
in matches. There has been a rapid shrinkage of 
the export of Swedish m atches to Germ any, p artly  
as a result of recent legislation. In 1909 the export 
was 1,655 tons, and in 1910 but 44 tpns.

W O O D  P U L I ’ .

The manufacture of cellulose, or wood pulp, is 
another highly developed Swedish industry, based 
also prim arily upon its forest wealth. The factory 
for grinding wood, established a t Trollhattan in 1857, 
was the pioneer of the pulp industry. The prepara
tion of chemical wood pulp was introduced in 1871, 
the soda process being used. In 1874 came the sul
phite process, Francke using calcium  bisulphite, and
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E km an the magnesium compound. Both of these 
methods are now utilized, but th at of Ekm an is used 
to a less extent on account of its greater co st; the pred
ict is, however, of a rem arkable p u rity  and gloss, 
and it is preferred as raw  m aterial for the finer 
qualities of paper. Swedish wood pulp ranks high, 
as the wood em ployed— aspen and spruce— is freer 
from resin than th at available in most countries. 
The pulp factories of Sweden num ber 122, and in 

-1900 employed 6,910 operatives and produced 417,000 
m etric tons of pulp.

The exports of pulp reached 564,000 tons in 1909, 
as against 229,000 tons in 1900, and consisted of
372,000 tons of dry chem ical pulp, 31,000 tons of wet 
chem ical pulp, 46,000 tons of dry m echanical pulp, 
and 115,000 tons of w et mechanical pulp. The total 
value of the exports was $15,372,000. Great Britain 
takes about 60 per cent, of the export, other heavy 
purchasers being France, N orway, Germany, Belgium, 
Denm ark, and, recently, the United States.

There has been a serious overproduction of wood 
pulp during the past three years and prices have been 
much disorganized. R ecently the wood-pulp associa
tions of Sweden and N orw ay have agreed upon a 
system atic lim itation of the production of mechanical 
pulp for 191 r and 1912. The prospective reduction 
during the period ending January 1, 1913, is fixed 
at 150,000 tons. No restriction is placed on the 
output of chemical pulp. A s a result of this agree
m ent prices of m echanical pulp have already been 
m aterially advanced.

P A P E R .

The m anufacture of paper is naturally  closely 
allied with th at of cellulose. In 1909 Sweden had 
66 paper mills, em ploying 7,725 operatives, the pro
duction am ounting to 250,000 tons, of which 137,510 
tons, valued at $7,346,000, were exported. The 
ratio of increase is about the same as th at of cellulose. 
Of the paper exported, 80 per cent, goes to Great B rit
ain and is used chiefly for newspapers.

Swedish filter paper for chemical purposes has 
m aintained a world-wide reputation for a century. 
For a long period it was regarded as indispensable 
for the needs of the analyst, and the m anufacturers 
enjoyed a practical monopoly. R ivals in other 
countries, especially in Germ any, now com pete in 
furnishing a filter paper carefully freed b y  treatm ent 
w ith hydrochloric and hydrofluoric acids from mineral 
m atter. The rem arkable success attained in earlier 
years b y  the largest Swedish firm was due to the use 
of the purest w ater available for m anufacturing pur
poses and the choice of exceptionally pure raw material. 
The peculiar properties of the paper were largely 
secured b y  freezing it while in a moist condition. 
The formation of ice crystals rendered the feltlike 
mass sufficiently porous for the purposes of rapid 
filtration. This Swedish firm m anufactures now a 
v e ry  choice grade of w riting paper, m ade b y  sim ply 
dipping its filter paper into sizing.

A L C O H O L — N E W  S O U R C E  O F S U P P L Y .

Another industry, th at of the m anufacture of alco

hol, is now linked with the great cellulose interests. 
The custom ary methods of distillation are well de
veloped in the country. There were in 1900 131 dis
tilleries, producing annually 450,000 hectoliters 
(11,887,650 gallons) of spirits containing on an average 
50 per cent, of alcohol. Much of this is for use as a 
beverage. Of the total am ount 62 per cent, is m anu
factured from potatoes, 35 per cent, from maize and 
grain, and 3 per cent, from  beets and molasses. There 
were 429 distilleries in 1875 and only 131 at the close 
of the century.

The chemists of Sweden have experim ented in a 
variety  of w ays to solve the problem  of m anufacturing 
alcohol from wood and thus find an additional source 
of revenue from the country’s forest wealth. In the 
production of wood pulp b y  the sulphite method 
there is a waste product th at the chemists have finally 
been able to utilize w ith profit in the production of 
alcohol. The profitable utilization of the exhaust 
lyes drawn off from sulphite boilers has alw ays been 
a problem. For every ton of cellulose m ade b y  this 
process there are 10 tons of these lyes. T h ey con
tain one-half of the weight of the wood originally 
introduced into the boilers. Am ong the m atters 
present are dextrose and various other sugars, xylose, 
acetic acid, tannic acid, nitrogen compounds, resins, 
etc., as well as the calcium  lignin-sulphonate, the 
chief product of the reaction. Of the sugars 
present most are susceptible of ferm entation. T hey 
constitute about 1 per cent, of the lyes. The treat
m ent of the liquid is com paratively simple. I t  is first 
neutralized with calcium  carbonate, after which 
yeast is introduced. W hen the ferm entation is com 
plete the alcohol produced is secured in the ordinary 
manner. The process yields 6 gallons of alcohol 
(100 per cent.) for 1,000 gallons of lye. A bout 14 
gallons are secured for every short ton of cellulose.

As m ay be imagined, m ethyl alcohol and other vo la
tile compounds are contained in this crude alcohol. 
It  is sold and used as denatured alcohol for heating 
and technical purposes. The excise rates in Sweden 
have been adjusted so as to aid this ne\V industry. If 
the process were extended to all Swedish sulphite 
works, the annual output would be about 3,500,000 
gallons. It  is doubtful whether a sufficient demand 
exists for this grade of alcohol to furnish a home 
m arket for such an amount. German chemists a^e 
skeptical as to the possibility of producing the alcohol 
econom ically under existing conditions in the Empire, 
where, on the basis of the Swedish results, over
8,000,000 gallons could be produced annually.

In the attem pts to m anufacture alcohol directly 
from  wood, investigation so far has been directed to 
the simple reaction involved in com bining one mole
cule of w ater w ith one molecule of cellulose, and
thereby producing dextrose, from which alcohol 
is obtained b y  ferm entation. Chem ically, b y  treat
m ent w ith sulphuric acid under pressure, this 
change can be readily effected. From  ordinary 
wood, alcohol am ounting to 5 or 6 per cent,
of the original weight can be thus secured. Pure
cellulose yields 15 per cent. The problem is essen



tia lly  of an economic nature. It is claimed in Sweden 
that it has been solved, and that a method has been 
elaborated for utilizing the waste of the sawmills. 
Details are not given.

D IS T IL L A T IO N  O F W OOD.

The distillation of wood developed at an early day 
in Sweden, as was to be expected in a land so rich in 
forests. Swedish tar was exported to every land 
arid given the preference for coating vessels and their 
rigg'ng> walls, roofs, and roofing paper. It continues to 
enjoy its good repute, but exports are less in quan
tity  than was the case half a century ago. There 
has been renewed activ ity  during the past decade. 
The foreign trade in this article shows the fluctuations: 
1875, imports 1,700 and exports 8,300 metric tons; 
1900, imports 1,700 and exports 3,600 metric tons; 
1909, imports 200 and exports 7,614 metric tons.

The industry is now centered in the northern sec
tion of the Kingdom  and shipments take place chiefly 
from the port of Umea. Much of the tar is produced 
in a small w ay in old-fashioned tar hollows by indi
viduals or families. There are some more modem 
establishments, where iron retorts are installed. The 
census of 1900 reported products from such works 
valued at $58,000. As the exports alone of wood 
tar had a value of $135,000, it is evident that the 
bulk of the output comes from small producers. There 
are now about 25 firms engaged in the business, most 
of them carrying it on in connection with extensive 
lumbering and wood-pulp interests.

The Skogens Kolaktiebolag, at Ivilafors, is the lead
ing com pany devoted exclusively to wood distillation. 
It  uses annually for this purpose over 100,000 cubic 
meters of pine wood (cubic meter =  3 5 . 3 1 4  cubic 
feet). A  good example of the diversity of interests 
carried on b y  a Swedish com pany is seen in the case 
of the Stora Kopparbergs Bergslags Aktiebolag, of 
Falun. This com pany is said to be the oldest indus
trial corporation in the world, having received a royal 
charter in 1347 after a previous existence of over a 
century. For two centuries, prior to 1750, it was the 
chief producer of copper in the entire world. Since 
then, as the copper supply diminished, it has devoted 
itself to iron, and is to-day the leading producer of 
iron and steel in Sweden, owning the largest iron 
works in northern Europe. During the past century 
it g ra d u a lly , increased its land-holdings until it now 
owns 750,000 acres of forest and has become the lar
gest exporter of forest products in the Kingdom. A t 
Skutskar it operates what is thought to be the largest 
sawmill in the world, and at K vam sveden it lately 
built a  combined pulp factor}7 and paper mill at a 
cost of $760,000. Its annual dividends are 14 per 
cent.

The K ilafors Co. and a few others, notably the 
Skanaska A ttikfabriken, of Perstorp, furnish a wide 
variety  of products obtained from the destructive 
distillation of wood. Their lists contain the various 
charcoals, wood naphtha of 64°, m ethyl alcohol free 
from acetone, pyroligneous acid, technical and crys
tallized acetic acid, formaldehyde, creosote, carbon-
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ates of creosote and guaiacol, turpentine, lam pblack 
tar oil, carbolineum (for the impregnation of wood) 
pitch, etc. L ittle effort is made to go further in 
the isolation Of the numerous other constituents of 
wood tar, or to use those separated for the m anu
facture of higher derivatives.

Forty years ago factories were started in Sweden 
for the purpose of utilizing the stumps of spruce and 
other conifers, b y  subjecting them to destructive 
distillation. A part from tar, etc., it was sought to 
secure more particularly the crude wood oil, used in 
place of turpentine. This branch of m anufacture 
has not been very  successful, as it has not been possible 
to free the product from a pronounced burnt odor. 
A t present six small factories carry on this distil
lation. The production of resin and turpentine is 
strangely limited for a country so rich in conifers as 
Sweden. There is an annual import of 400 tons of 
turpentine.

P R O D U C T IO N  O F COAL T A R .

There are 27 gas works in Sweden, but w ith the 
abundant w ater power and cheap electricity the in
dustry does not expand rapidly. A t Gothenburg 
the annual per capita consumption is 1,236 cubic 
feet. A t Stockholm it is 3,088 cubic feet. A m 
monia is collected in a few works in the form of the 
sulphate. The tar from the larger works is used for 
producing asphalt, carbolic acid, and. creosote oils, 
chiefly for impregnating wood. The domestic supply 
of tar is insufficient, and there is an annual import 
of about 2,800 metric tons. One reason for the lim ited 
production of coal tar is the fact that Sweden 
possesses no coking coals and is forced to im port coke 
from abroad. B ut little is done to carry on any 
system atic separation of the constituents of coal tar, 
apart from the carbolic acid.

A  Swedish firm has introduced a novel and valuable 
feature into the treatm ent of coal tar. The A ktie- 
bolaget Joh. Ohlsson’s TeckniskaFabrik, of Stock
holm, has solved the problem of rem oving the car
bon from coal tar. The black color of tar is due to 
the presence of a large amount of carbon in an ex
trem ely finely divided state. It constitutes about 
one-quarter of the weight of the crude material. As 
the liquid tar has about the same specific g ravity  as 
the solid carbon, the latter remains suspended. The 
firm in question has succeeded in com pletely isolat
ing the carbon from the liquid constituents of tar, 
leaving the latter in the form of a clear, transparent, 
gold-brown liquid. Such a purified tar is evidently 
much better adapted for fractional distillation than 
the crude material, and should facilitate the separa
tion of the hydrocarbons and other compounds w ith 
a high boiling point, an operation rendered difficult in 
the process of ordinary tar distillation, owing to the 
foaming caused b y  the fine carbon toward the end of 
the operation.

The carbon separated b y  the Ohlsson process is 
tota lly  different from lam pblack in its physical proper-^ 
ties and is distinctly of a graphitic nature. When 
pressed into a com pact form it furnishes adm irable
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electrodes for arc lighting and also' for electrochemical 
work. It could probably be used with equal advan
tage in m aking crucibles, as it possesses m arked su
periority over retort graphite.

Details are withheld with regard to the method 
used for effecting the separation. In all probability 
light hydrocarbons are added to the tar to lower its 
specific gravity, and the actual separation is brought 
about b y  the use of centrifugals. The added hydro
carbons can be rem oved b y  distillation from the re
sidual liquid tar. This process is w orthy of careful 
study, owing to its possible bearing upon the isolation 
of the more com plicated higher-boiling constituents 
of coal tar.

s u g a r . —

Despite the northerly clim ate and various other 
unfavorable conditions, the production of beet sugar 
in Sweden has increased, until sugar im portation 
has .practically ceased. Beginning with 1 factory 
in 1876, there are now 20 in active operation, the 
largest producing 120 tons daily. The total annual 
production is about 130,000 tons. There are 9 sugar 
refineries em ploying 2,402 operatives. A ll factories 
em ploy the diffusion process. The industry is located 
entirety in the lower end of the peninsula. Seed is 
brought from other more favored lands. The average 
yield  of sugar is very  high, taking all factories into 
consideration, being 3.5 metric tons per hectare (2.47 
acres). The average yield in France and Belgium  is 
3.2 tons and in Germ any 4 tons. The industry has 
been fostered b y  a protective tariff, am ounting at 
present to 1.82 cents per pound. The rate of duty 
has varied at different times, but has never been 
less than 1.6 cents. A  helpful factor in establishing 
new factories has been the remission for five years 
of all taxes on such works when built at least 19 miles 
from any existing factory.

S T A R C H , G L U E , G E L A T IN  A N D  Y E A S T .

Starch is m anufactured on a som ewhat extensive 
scale, chiefly from potatoes. There are 95 factories, 
producing a total of 7,580 tons annually. This meets 
the entire dom estic demand. A  large share of the 
product is changed into glucose and used for conserves. 
Glue and gelatin are likewise produced in . nearly 
sufficient quantity  to meet domestic needs. There 
are 13 factories, em ploying 223 workmen, and pro
ducing wares valued annually a t 8300,000. Y east 
is made in several factories, the annual ouptut being 
2,785 tons.

O IL S .

In 1900 there were r4 oil factories, em ploying 159 
operatives. The annual product was 11,736 tons of 
oil cake and 4,418 tons of linseed and rape oil, as 
well as small quantities of fish oil and train oil. In 
1909 Sweden imported 16,904 tons of animal and 
vegetable oils, 872 tons of train oil, 684 tons of oleine, 
and 8,017 tons of fats.

One Swedish specialty in this branch deserves note. 
The “ Collanoljefabriken” has produced for a num ber 
of years an oil very  highly valued for treating leather

and rendering it waterproof. The composition and 
m anufacture are kept secret, but it is supposed to be 
extracted  from certain tropical plants. The oil is 
extrem ely viscous, can be drawn out in long strings, 
and repels w ater to a most pronounced degree. A s 
a leather preservative it seems to render exceptional 
service.

M IS C E L L A N E O U S .

The soap industry is highly developed. There 
are 42 factories producing annually 13,000 tons of 
soft soap and 3,700 tons of hard soap. Excellent 
toilet soap is m anufactured in a few establishments. 
Im ports of soap are relatively small. In some fac
tories the production of scents is also extensive, the 
annual output being valued at 8200,000. This is 
about six tim es the value of the imports of 
scents.

The candle industry is so developed that it prac
tically  supplies the domestic demand. There are 
3 factories, em ploying 312 workmen. The annual
product, which includes also stearin, is valued at
S6,.188,000. The imports are insignificant.

The domestic demand for varnish is very  nearly 
covered b y  Swedish works. T hey num ber 15 and 
em ploy 91 workmen.

The m anufacture of cem ent has • grown rapidly of 
late years and is now an exporting industry. In 6 
works 1,336 operatives are em ployed. The annual
output of 126,000 tons has a value of $1,130,000. 
A bout one-third of this is exported, chiefly to the adja
cent countries.

There are Swedish -concerns engaged in the m anu
facture of lactic acid, lanolin, fruit essences, cosmetics, 
and pharm aceutical preparations, and some of the
last named are of international repute. L iquid car
bonic acid is made in three factories, the total annual 
output being 415 tons.

M IN IN G  A N D  M E T A L L U R G Y .

The mining and m etallurgical interests are so closely 
connected with chemical industries that a few data 
are appended. In 1902 30,700 workmen were em 
ployed, of which 14,600 were employed in mining 
proper, including 10,500 in the iron mines.

The quantities of ores and minerals produced in 
1902 were as follows, in m etric tons: Iron ores, 
2,897,000; lead and silver ores, 9,400; copper ores, 
30,000; zinc ores, 49,000; manganese, 2,800; clays, 
216,000; feldspar, 18,000; coal, 305,000. 1111908 the
production of iron ore had increased to 4,713,000 
m etric tons, of which 3,444,000 were exported.

Metals were produced in 1908 as follows, in metric 
tons: Pig iron, 556,000; iron and steel bars, ingots, 
blooms, etc., 772,000; zinc, 274; lead, 277; copper, 
2,807. Silver to the extent of 1,389 pounds and gold 
to the extent of 44 pounds were also produced.

Iron constitutes 95 per cent, of the value of the 
m etallic output. Most of the companies engaged 
in the production of iron and steel a re  partners in 
the Jam kontoret, an association th at represents
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a peculiar valuable method of organization for mutual 
aid and protection.1

IM P O R T A T IO N  O F C H E M IC A L  GOODS.

In the following table a detailed statem ent is given 
of the imports of chemicals, drugs, dyes, and raw ma
terial used in their manufacture, as furnished b y  the 
annual report of the Swedish customs administration 
for 1909.

M etric M etric
A rticles. tons. A rticles. tons.

F a ts .................................. Cosm etics........................... 11
Oils, non-vo latile ......... . .  16,904 P erfum es............................ 8
P e tro leu m ...................... . .  111,485 Soap:
T ra in  o il......................... 872 T o ile t.......................... 46
C am phor......................... O rd inary .................... 260
Gum s an d  re s in s ......... 4 ,302 A lbum en ............................. 3
T u rp en tin e ..................... 412 Anim al charcoal.............. 186
Coal t a r ......................... 2 ,782 Celluloid............................. 22
W ood t a r ........................ 200 Collodium ........................... 2
B ary te s ........................... Enam el m a te ria l.............. 102
C ryo lite ........................... 57 R enne t e x tra c t................. 91
F lu o rsp a r ....................... 672 R ubber, a rtificia l............. 24
M agnesite ....................... 728 V arn ishes........................... 340
P y r ite s ............................. . .  78,049 M edicines........................... 137
C audles........................... 46

COLORS, ETC.
A lizarin ............................... 64 L am pb lack ...................... 66
A n n a t to ............................. 11 L ithopone........................ 960
B lack ing .............................. 123 P a in ts ................................ 149
Bronze pow der................. 8 P rin te rs ’ ink:
B ronze and  chrom ium B lack ........................ . 94

c o lo rs .............................. 110 Colored...................... 22
C atechu ............................... 207 Quebracho w ood............. 5,245
C innabar............................. 15 R ed le a d ............................. 1,003
C oal-tar colors.................. 687 R ed  ocher.......................... 542
Colors in tubes and  glass 13 Sum ach and  e x t r a c t . . . . 56
D ye w oods........................... 503 T anning m ate ria ls ........... 6 ,286
G all ap p les ......................... 16 W hite  le a d ......................... 510
Indigo: Zinc, w h ite ......................... 2 ,692

E x t r a c t ....................... 37 O ther colors....................... 2 ,563
S y n th e tic ................... 46

CHEM ICALS.
A lum : H ydrochloric ac id ........... 2 ,134

C hrom e....................... 65 Iodine and  iod ides......... 4
P o tassiu m .................. 29 L ano lin ................................ 6

A lum  cak e .......................... 349 Lead a ce ta te ..................... 61
A lum ina .............................. 4 L im e .................................... 1,146
A lum inum  su lphate  . . . . 1,024 L yso l.................................... 1
A m m onia ............................ 13 M agnesium:
Am m onium : Chloride o f ................ 425

C arbonate  o f ............ 137 Sulphate o f.................... 140
Chloride o f ................ 226 N ap h thalene ...................... 74
N itra te  o f .................. 11 N itric  ac id .......................... 89
S u lphate  o f ............... 76 N itric  e th e r ........................ 5

A n tim o n y ........................... 118 Nitrobenzene, m irban
19 46

Arsenic, w h ite ................... 13 O pium ................................. 1
B o rax ..................... 365 Oxalic ac id ......................... 38
B leaching-pow der............ 3 ,018 P hosphorus ........................ SS
Boric ac id ........................... 76 Phosphoric a c id ............... 25
B rom ine and  brom ides. 10 Po tash , caustic:
C arbo rundum .................... 3 L iq u id ......................... 21
C em ent................................ 12,776 Solid............................ 4
Chloroform ......................... 6 Potassium :
Citric a c id ........................... 14 C arbonate o f............ 1,312
Cobalt ox ide ...................... 3 C hlorate o f ................ 207
Copper su lphate  (blue Chloride o f ................ 1,805

v itr io l)............................. 104 C hrom ate o f ............. 87
Ferrocyan ides................... 11 Cyanide o f................ 4
Ferrous su lphate  (green N itra te  o f.................. 267

v itr io l) ............................. 945 S ulphate  o f ............... 26
F orm alin ............... 5 Sulphide of (incl.
G lycerin .............................. 214« NazS)...................... 451
G ra p h ite .................. . 442 Q uinine p re p a ra tio n s . . . 1 .3

1 A rep o rt covering th e  workings of th e  Jarn k o n to re t, o r Iro n  In s ti
tu te , an d  th e  progress i t  has m ade in th e  reduction  of iron ore in electric 
b la s t furnaces was published  in D aily  Consular and  T rade  R eports  for 
J u ly  19, 1911.

M etric M etric
Articles. tons. Articles. tons.

S accharin ........................... 4 Sulphur:
Salicylic a c id ..................... 4 C rude .......................... 23,255
Salt: Flow ers...................... 59

C rude.......................... 2,174 R efined....................... 3,521
R efined ....................... 24,143 Sulphuric acid: 9

Soda, caustic: F u m in g ....................... 509
So lid ............................ 1,111 O rd in a ry .................... 1,446
L iq u id ......................... 8 S uperphosphate ............... 2 ,845

Soda a s h ............................. 13,490 T arta ric  a c id ..................... 36
Sodium : Thorium  n itr a te ............... 1 .7

A cetate  o f ................. 36 T in  an d  lead oxides. . .  . 58
C hlorate o f ................ 3 T in  s a lts .............................. 1
C hrom ate o f ............. 8 W ater g lass........................ 405
N itra te  o f .................. 28,894 Z inc ....................................... 8
Sulphite  and  hypo Zinc ch lo ride..................... 50

su lph ite  of............ O the r chem ical p rep a ra 
Su lphate  o f ............... 20 ,226 tio n s ................................ 1,444

It  will be seen from the table that Sweden offers 
a fairly  good m arket for a great va rie ty  of chemical 
products. Germ any is the chief source of supply. 
The United States furnishes 78,143 tons of the petro
leum, 4,314 tons of lubricating oils, 3,913 tons of 
molasses, 812 tons of fats, 1,157 tons of cottonseed 
oil, 1,543 tons of corn oil, and 284 tons of other oils.

E X P O R T A T IO N  O F C H E M IC A L  G O O D S.

In the following table are shown the Swedish ex
ports in 1909 of chemicals and goods in the manu
facture of which chemicals are used:

M etric M etric
Articles. tons. A rticles. tons.

F a ts ........................................... 735 W ood p u lp .........................
Oils and  o lein .................... 1,299 A m m onium  s u lp h a te . . . 331
Coal t a r ................................... 4,461 Calcium  c arb id e ............... 1,556
W ood t a r ................................. 7,614 C em ent................................ . .  33 ,197
T urpen tine, c ru d e ................ 191 Copper su lp h a te ............... 182
F e ld sp ar .................................. 16,575 F errocyan ides ................... 69
R en n e t..................................... 61 Potassium  ch lo ra te ......... 1 ,400
S o ap .......................................... 59 Sodium :
L am pb lack ............................. 392 Chlorate o f ................
R ed ocher............................... 216 S ulphate  o f ...............
T anning e x tra c ts ............. 196 Sulphuric a c id ................... 203
M atches (value. $3,050,- S u perphospha te ............... 17,245

000)...................................... 26 ,868 T in  and  lead o x id e s . . . . 60
P a p e r ........................................ 137,510

T H E  F U T U R E  F O R  S W E D IS H  P R O D U C T S.

From  the foregoing table it is evident that, apart 
from the magnificent array of its wares based upon 
wood as a prim ary material, Sweden has already 
begun to export in quantity  several other products 
of its chemical industry. The chief representa
tives in this class are cement and superphosphate, 
supplied chiefly to adjacent countries, and the chlo
rates and calcium  carbide, products of the recently 
established electrochemical works. I t  is likely that 
the exportation of the latter products will steadily 
expand and th at Sweden will become a strong com 
petitor in the w orld’s m arkets for electrochem ical 
products on account of the cheap w ater power. T hat 
its paper and pulp exports will continue to increase 
is likewise probable. W hile for the moment the m atch 
trade shows no evidence of a check, there is less con
fidence in its future growth. Tariffs, fiscal regulations, 
and an increasing power and efficiency among foreign 
competitors are threatening to restrict the field of 
operations v e ry  seriously. For the time being the
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U nited Kingdom  and the British Colonies are the 
best customers of the Swedish m atch trade.

E X P O R T S  TO  T H E  U N IT E D  S T A T E S .

The values of the' exports of chemical products 
to the United States in four years, 1907-1910, were 
as follows:

A rticles. 1907. 1908. 1909. 1910.
..............  $  41 ,000 $ 7,000

Chem icals (chiefly caustic
a lk a lies)................ ..............  6 ,000 4 ,0 0 0 $ 7,000 $ 13,000

2 ,500
3 ,000

5 ,400
G lue ............................
M atches..................... 124,000 207,000 157,000
P a p e r .......................... 496 ,000 850,000 623,000
W ood pulp:

1 ,318 ,000 1 ,636 ,000
4 ,5 0 0M echanical................ 1 ,060 ,000

The United States purchases Swedish bar iron to 
the am ount of over $1,000,000 annually, and about 
$600,000 worth of wire rod, as well as smaller quan
tities of several other forms of the metal. The ex
port of Swedish ferrosilicon to the U nited States 
was valued at $5,000 in 1909, while in 1910 it had 
attained a value of $51,000. Of much greater in
terest is the sudden increase of the Am erican demand 
for Swedish iron ore. The value of the im portations 
ranged from $12,000 to $32,000 during the period 
1907-1909. In 1910 the figure reached $983,000. 
For a num ber of years past Am erica has purchased 
Swedish pig iron to an average annual value of $90,000.

IM P O R T A N C E  O F T H E  S W E D IS H  M A R K E T  FO R  C H E M IC A L  

GO O D S.

A s the Am erican m anufacturers of h eavy and finer 
chemicals approach the point of com peting w ith Ger
m any and Great Britain in the w orld’s m arkets, they 
will find in the Swedish trade an im portant field. For 
the tim e being there is an opportunity to extend trade 
in colors, - paints and pigments, blacking, varnishes, 
and a few sim ilar articles, the value of which is already 
appreciated in Sweden. The consumption of quinine 
preparations is also relatively  large.

The outcom e of the Swedish studies in the electric 
sm elting of iron ores m ay mean much for certain iron 
deposits in the United States where conditions are 
not unlike those existing in Sweden.

F U E L  ECONOM Y IN F A C T O R IE S .1
B y  C. E . L u c k e .

R eceived N ovem ber 13, 1911.

Maxim um  econom y in the use of fuel as one of the 
prim ary raw m aterials in m anufacturing is to be 
measured b y  the least consumption per unit of m anu
factured product, a statem ent ridiculously easy 
to m ake but most difficult of realization. The difficul
ties in realization arise from the alm ost infinite variety  
of com binations in the uses to which the heat liberated 
b y  com bustion m ay be put, and the relation of heat 
quantities entering into each of the different uses

1 A ddress delivered a t  th e  jo in t m eeting  of th e  A. C. S., S. C. I  and
A. E . S., New Y ork , N ovem ber 10, 1911.

of the heat, the difficulty in measurement of heat 
quantities, and the bulkiness of the records of the heat 
balance required to keep track  of the heat disposi
tion in the establishm ent. No one would think for a  
moment, in conducting the financial operations of 
a business, of dispensing w ith records of expenditures 
and income or fail to provide a more or less elaborate 
cost system  for distributing the expense over the 
various parts of the apparatus used in production 
and for dividing cost of the products into the different 
elements th at m ake it up. No one would think of 
attem pting to econom ically m anufacture a steam  
engine w ithout providing for a regular system atic 
determ ination of the cost of the crank-shaft and in 
some instances for the distribution of the cost into 
elements of raw  steel from which it was made, the 
operations of forging, machining, transporting and 
handling, and for the fixing of the overhead charges, 
all of which are determ inable items, and to which 
m ay be added m any others of lesser im portance, 
carrying the process as far as the inform ation is worth. 
Cost information is worth as much as the possible 
saving in cost of production to which the information 
leads, so th at m anufacturing managers m ust use and 
do use their best judgm ent in deciding how far they 
will detail their cost records, but it will be difficult 
to find one who would attem pt to carry on his business 
w ithout cost records as elaborate as the conditions 
warranted. It is quite the same w ith fuel economy, 
th at is, so far as need of records is concerned but b y  
no means the same in practice. There can be no 
rational attem pt made tow ard fuel econom y in a given 
system  of m anufacture using fuel w ithout a knowledge 
of the distribution of the heat of th at fuel throughout 
the establishm ent, and it is no more difficult to trace 
the heat throughout a system  supplied w ith heat 
than it is to trace expenses for m aterial and labor 
in a crank-shaft or fly-wheel relating each to the total 
expense incurred, though it is quite possible th at the 
inform ation m ay not be worth enough to w arrant as 
com plete a distribution of the expense of heat supply 
or as elaborate a system  of records as would be w ar
ranted in the case of labor or m aterials entering di
rectly  into the factory product. However, there can 
be no question as to the absolute necessity for some 
heat accounting to determ ine the coal heat charge to  
be attached to each individual process using heat 
and to show sources and quantities of utilizable w aste 
heat, however simple .the system  of the accounting 
m ay be, nor can there be an y doubt as to the increas
ing justification for more and more elaborate records 
as coal cost forms an increasing fraction of the total 
cost of production. H ow m any factories there are 
in which no more records of heat are kept than the 
cost of coal per m onth is impossible to state in the 
absence of statistics, but according to m y own observa
tions the num ber will be ve ry  large, probably in excess 
of three-quarters of the total establishm ents. It is 
not surprising, therefore, th at m axim um  heat econom y 
is so seldom attained or th at m anagers are so constantly 
besieged and bewildered by, and so much dependent 
upon, the statem ent of prom oters of all sorts of schemes
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who promise to accomplish most impossible economies 
and yet whose absurd arguments cannot be answered 
because of absence of data. How m any managers, 
having under their direction steam plants for power, 
know the cost of their draft sufficiently closely to be 
in a position to judge the value of a new draft system- 
offered for their consideration? How m any know 
even the cost of the power itself so as to be in a posi
tion to judge a new power system  offered as a substitute ? 
It is safe to say th at those who have data of the above 
sort constantly up to date are far less in number 
than those who know the total cost of their product 
and its fractional part of overhead charges, labor 
and m aterials and yet every one will claim a desire 
for fuel economy.

H eat accounting is necessary. How much account
ing depends upon the fraction of total production 
cost chargeable to fuel in one form or another and 
through these accounts economy m ay be affected 
most readily b y  attacking first the big losses or items 
of large heat waste. In this w ay and only in this w ay 
m ay the best results be obtained from a given installed 
system  in operation or the relative value of a competing 
system  judged, as a preliminary to a change of system. 
In m any cases it will be found that managers believe 
they have records of their heat distribution and power 
cost but these figures are what their so-called operating 
engineer hands them. It is most curious how the 
engine room cost figures are so seldom subjected to 
critical analysis and checking to make sure that they 
include all the items that are properly chargeable 
to th at account or to insure the correctness of the 
items th at arc reported. This is in striking contrast 
to the care w ith which so-called factory cost systems 
will be installed and operated b y  experts in the same 
establishm ent which is satisfied with the accounting 
of a skilled mechanic called an engineer for its power 
and heat cost.

Econom y is then alw ays a question of accounting, 
th at is, correct accounting as elaborate as the con
ditions m ay warrant in ever}’’ establishment. The 
attainm ent of maximum economy is, however, also 
largely a question of the operating system used. 
It  is one thing to know for a given plant in operation 
where the heat losses are and how much they are; 
it is another thing to know how to reduce these losses 
in the existing system  b y  m odifying the detail of 
management or even altering connections or sub
stituting new units, but it is quite a different thing 
to know when or how to change the system as a whole 
to an entirely different one or how to compare broadly 
existing w ith possible new systems.

In a general discussion of fuel economy, it seems 
as if the question of system  ought to be put in the 
first place, especially if it can be shown that there 
is an y fundam ental and essential differences in the 
losses involved and hence in the net fuel economy 
of the system  applied to a factory. It m ay be assumed 
that in a factory  fuel enters directly or indirectly 
into four classes of services, all of which are essential 
to the m aking of the product:

1. Power.

2. Factory heating in cold weather.
3. Factory lighting.
4. Direct m anufacturing processes, such as heating, 

cooling, evaporating, condensing, melting and drying.
In a given establishm ent the system  involving 

all these processes m ay be self-contained or m ay be 
externally sustained. A  system  is self-contained 
when all four classes of service m ay be derived from ‘ 
the same coal supply. It is not self-contained when 
it is partly  or w holly dependent upon external supplies 
as, for example, gas for lighting alone, electricity for 
lighting alone, or for power in addition, and perhaps 
fox high tem perature furnace work with coal for the 
other services. In all system s where coal is used in 
m anufacturing, its heat is rarely applied directly 
to the service to which it is u ltim ately put, but its 
heat is usually transferred in part to steam  or trans
formed in part to combustible gases, giving in the 
former case the steam system  of heat distribution 
and in the second case the gas system . W here heat 
of coal is directly applied to such service as high 
temperature heat supply, th at service can alw ays 
be better done b y  gas derived from  the coal in just 
about the same degree of gain in efficiency as in the 
gas over the coal-fired cook stove. There is one ex
ception to this, however, and th at is where fixed 
carbon enters as a necessary element in a therm al 
reaction, but these cases are so clearly exceptional 
as to need no comment.

The prim ary process in the use of heat is, therefore, 
the making of steam on the one hand, or the gasifying 
of coal on the other, and the direct loss encountered 
in either of these processes is the first factor for measure
ment and record in the heat-accounting system. This 
first step of conversion m ay be made to take place 
w ith an average efficiency of 65 per cent, to 75 per 
cent, for the steam  system, depending on the coal, 
the goodness of the firing and the type of equipment, 
and an efficiency from 75 per cent, to 85 per cent, 
for the gas system, showing a clear gain of about 
10 per cent, for the gas system  on the average for this 
first step, with, however, a lim itation and this lim i
tation is the inability of the producer to handle as 
wide a range of fuel with equal success to th at a t
tainable in the boiler.

Steam  once made is transm itted in pipes for short 
distances only and under high pressure w ith constant 
heat loss for every foot and involving high m ainte
nance charges, on its w ay to engines for shaft power 
or electrical generation. The gas, however, m ay be 
transm itted at low pressure over very  long distances 
to all the buildings of large establishm ents or to 
neighboring establishm ents several miles aw ay or 
from a central gas generating station dozens of miles 
distant through pipes cheaper than those required 
for steam and w ith almost no m aintenance cost in 
comparison. This pipe distribution cost is the next 
item in the accounting and w ithout setting down 
numerical values is again plain ly in favor of the gas 
system, which involves no heat loss w hatsoever while 
the steam involves a large one and in which the pipe 
maintenance costs are hardly comparable a t all.
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The next step is the conversion into work, in the 
engine, of the heat carried b y  either the gas or the 
steam, and here the balance is again in favor of gas 
as the gas engine is a much more efficient heat con
verter than the steam  engine in the small sizes found 
in the average factory and even in larger sizes also, 
though there to a lesser degree. Few  factories would 

, find an y occasion to use engine units exceeding 1000 
h. p., which size, operated condensing, w hether of 
the turbine or compound Corliss sort, will yield therm al 
efficiencies less than 20 per cent., whereas, operated 
non-condensing, these efficiencies would drop to at 
least 15 per cent. A  smaller steam engine of, say, 
100 h. p.,. will be less efficient and the turbine would 
not be so good as the piston type, though the differ
ence would not be so very  great. For this size the 
efficiency th at could be counted on would be about 
15 per cent, operated condensing and not over 10 
per cent, operated non-condensing. Compare these 
efficiencies w ith the sure and substantially constant 
therm al efficiency for the gas engine in all sizes, of 
25 per cent., which indicates a margin in favor of the 
gas of at least 5 per cent, for large steam engines 
condensing, 10 per cent, for the smaller condensing 
and also for the large non-condensing and 15 per 
cent, for the small non-condensing steam engines. 
These efficiencies are not the best ever obtained but 
are about as good as one can count on obtaining in 
factory work. Of course, load fluctuations will 
affect the result but these figures are for a load equally 
favorable to the two classes of machines.

If electricity is generated and transm itted for 
lighting or for use in electric motors the efficiency 
of electrical generation, transmission and reconver
sion to power and light is the same for both systems. 
It  is right here, however, that another item m ay 
be put on the credit side of the account in favor of gas 
and one that is not generally or sufficiently appreci
ated, arising from the possibility of elim inating some 
of the electrical equipment, if not all. If machines 
are to be driven in various distant parts of the es
tablishm ent there is no reason w h y we should not 
do as has been done more often in Germ any, and that 
is to set down small individual gas engines a t the 
spot where power is required and transm it gas with 
practically  no loss instead of generating electricity 
and transm itting it to electric motors with three 
losses. This would not only save the expense of the 
electrical equipm ent b u t would save all electrical 
losses, which are often considerable, especially when 
generator and m otor work a t unfavorable loads. 
This is a perfectly feasible proposition and will give 
substantially the same efficiency of conversion as is 
obtainable in a single large central engine, a fact 
th at distinguishes the gas system  more than an y
thing else from the steam system . Concentration 
of m any small steam engines into a single large one 
alw ays results in steam  economy, a fact which has 
led to constant concentration of steam system s into 
larger and larger central generating units, so th at 
the steam  m ay be regarded as a centralizing influence 
whereas, on the contrary, the constancy of gas engine

efficiencies in large or small sizes must characterize 
the gas system  as a decentralizing influence in the 
interests of economy.

T ake next the question of factory lighting of the 
self-contained system , which m ay be electrical with 
current supplied b y  either steam- or gas-driven genera
tors and which can be only electrical for steam engine- 
driven generators but which m ay be som ething else 
when gas is available. There is no good reason for 
assuming th at m antle lights of fair brilliance and 
moderate gas consumption cannot be produced to 
operate on weak producer gas for factory lighting 
and as soon as th ey become available, as they surely 
will when the demand becom es pressing enough, 
m antle gas lighting w ith producer gas will displace 
to a very  large extent electric lighting in those -es
tablishm ents where the gas system  is used for power 
and heat and gas transmission substituted, at least 
in part for electric. This sort of change while not 
feasible now, because of the lack of developm ent of 
weak gas, m antle lights, will add another credit 
item in favor of the com plete gas system  and the 
possible gain in fuel econom y for lighting should be 
incentive enough to produce these lights and warrant 
their quite general use.

H eating of buildings is alm ost universally accom 
plished b y  means of steam- or water-heated radiating 
surfaces a t a tem perature of 200 degrees Fahrenheit 
or thereabouts and there is no good reason for changing 
the system . The preparation of this low-pressure 
steam  or m oderately hot w ater can be done with 
equal efficiency b y  either the gas or steam system  
in cold weather, though the latter again receives a 
credit charge for all the rest of the year when heat 
is not required. For example, if the exhaust steam  
from steam  engines is used it m ust be at approxim ately 
atm ospheric pressure to give a high enough tem pera
ture, or live steam  must be used either alone or added 
through reducing valves as make-up. In an y case 
the heat put into the heating system  gives about 
too per cent, effect in the warm ing of buildings, 
especially when drips are returned. This is also 
the case for the gas system  as jacket w ater heat and 
exhaust gas heat can be combined for the same purpose 
and fresh gas drawn upon through therm ostatic gas 
burners to supply any deficiency. B y  either m ethod 
the effect is the same, full use of waste heat and 100 per 
cent, efficiency in the use of fresh supplies of heat in 
the warming of the building. During the tim e of no 
building heat requirement, which in this locality  lasts for 
more than half the year, the waste heat of the steam 
engine is far in excess of that of the gas engine, es
pecially if the former be non-condensing as is usually 
the case where exhaust steam -heating system s are 
in use so th at measured over the whole year the gas 
system  is again most favored.

There remains now to exam ine the possibilities 
of 'credit or debit items for the tw o system s in ap
plying the heat to the direct m anufacturing processes, 
which m ay be for convenience divided into low-tem- 
perature heating and high-tem perature heating, the 
former including most of the evaporating and drying
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processes and the latter roasting, baking, melting, 
etc. All low-tem perature processes can be carried 
on by steam -jacketed chambers or steam coil apparatus, 
using live or exhaust steam, a fact that has led to 
the design and mechanical perfection of m any appli
ances now regarded as standard and for which there 
is no gas-heated equivalent. There is no good reason, 
however, w hy equivalent apparatus should not be 
quite as effectively designed and with efficiencies 
over 90 per cent, for operation with gas burners but 
like the m antle light the need has not yet been strong 
enough to warrant their production. Such evaporators 
concentrators, cookers and driers as fall in this class 
will, when gas-heated, offer still further simplification 
of piping and reduction of piping loss over their 
steam -heated equivalents and should be equally effect
ive. H igh-tem perature heating can be accomplished 
only b y  oil, piped illuminating gas or independent 
coal fires w ith the steam factory system while the gas 
system  offers a possibility of producer gas-fired furnaces 
for practically all services and with almost perfect 
temperature_ control better by far than is possible 
with oil or coal and more economical because excess 
air and incomplete combustion can both be eliminated.

Thus, for the heating processes of manufacture, 
the gas system  offers the same high-temperature 
source of heat, a gas fire, for all, while the steam system 
requires fresh fuel for the high temperatures, accom
plishing the low-temperature service with live or ex
haust steam, but the former is not an accomplished 
fact sim ply because no one is yet prepared to sell 
gas-fired appliances to take the place of steam-heated 
ones.

Comparing gas and steam systems broadly by 
summarizing the preceding brief analysis, it appears 
that the self-contained factory plant m ay be much 
more econom ically operated by the former than b y  
the latter for all the services of power, lighting, build
ing and process heating, but this is not all, for there 
is also in favor of the gas a very great sim plicity 
in the heat balance determination for the gas over 
the steam so very  great as to make it easier to keep 
up the operating economy nearer to the high possi
b ility  b y  quick and easy determination of wastes. 
For example, b y  means of a central gas meter and 
as m any individual distributing meters as the separate 
consumptions of gas, the gas generated m ay be easily 
known as well as its distribution throughout the 
plant for all purposes b y  no more complicated pro
cedure than the reading of meter dials which any 
good boy can do. Add to this recording calorimeters, 
and gas m eter readings can be reduced by one m ulti
plication to heat consumed by each part of the sys
tem. W ith such a ready check on consumptions 
and losses, it is sure that heat-accounting will be 
practiced because the cost of the account will be so 
small and, therefore, the plant m ay be and will be 
operated at somewhere near its good economy point. 
This is in most striking contrast to the case of the 
steam system  where the possible economy is not 
only less but where in addition the realized economy 
is so much below its own maximum possibility simply

because of the difficulty of m aking the measure
ments necessary to a heat balance with reasonable 
accounting costs. In the first place it is impossible 
to continuously measure the heat supplied in steam 
generated because there is no reliable and cheap 
steam meter available and even if there were, the 
heat equivalent of a pound of steam constantly varies 
with feed temperature, steam pressure and its wetness, 
or superheat. Pipe line losses can be determined 
only by collecting and weighing drips ; steam consump
tions of other appliances and their heat equivalents 
is a question of m any recording steam meters, steam 
calorimeters, thermometers, pressure gauges and auto
matic water weighers. To keep up all the instruments 
of this sort that would be needed so that they will 
remain reasonably accurate and to make the calcu
lations of combining the various readings to get a 
heat balance would in most cases cost more than 
the information would be worth though a partial 
record is alw ays a paying thing when designed to 
include the big items.

W hy is it then, in view of both the higher possible 
economies of the self-contained gas factory system  
for the four classes of factory service and the corre
spondingly easier and cheaper fuel-accounting that 
would follow its use, that there is to be found 
no such system  in use? The answer is as com plex 
as a detailed study of the systems, but a few facts 
stand out more prom inently than others: First,
there must be put the inertia of the human mind, 
which resists the mental effort necessary to bring 
about a change when things seem to be running 
fairly well in the older way. There is alw ays a 
latent suspicion that the new thing m ay not work 
however clear a case is made out for it on paper, 
and even if the manager himself is convinced in 
the light of his trained ability  for clear independent 
thought, he m ay not be able to convince his board 
of directors who are ordinarily incapable of thinking 
in terms of anything but past performances of the 
factory, however willing they m ay be to deal in the 
futures of stocks and bonds. So far there has been 
in this particular case some good reason for suspicion, 
not of the scientific engineering possibilities but of 
the business expediency of a general change because 
of the lack of standardization or m echanical perfec
tion of some of the needed appliances. W e have no 
producer gas mantles for lighting, no gas-fired evapora
tors, concentrators or driers, and most im portant of 
all, we have no universal gas producer capable of 
econom ically using any available solid fuel, but it 
is for us to make these things, and m y main object 
in speaking on this subject is to stim ulate their pro
duction b y  showing a m otive. L et the gas appliance 
makers get to work on the problem of adapting ap
paratus for all the manifold services of lighting and 
heating to the use of weak producer gas and let us 
all, chemists and engineers, try  to solve the gas pro
ducer problem. Progress in the perfection of appli
ances for using producer gas will stim ulate the demand 
for the right sort of gas producer to generate it, and the 
appearance of the producer on the m arket will force
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the creation of gas-burning industrial apparatus 
so th at each reacts on the other. A s soon as the 
industrial world concerned with fuel econom y in 
m anufacturing demands these things in a sufficiently 
strong and positive manner they will be produced.

D E F L O C C U L A T IO N .1
B y  E d w a r d  G. A c h e s o n .

R eceived N ovem ber 18, 1911.

It  is with much diffidence that I come before you to 
speak on a subject th at has not y e t emerged from the 
em bryonic state. M y latest experim ental researches 
had to do w ith it; I believe it will rapidly grow in im
portance in the scientific industrial world; and finally 
much w ork of a strictly  scientific character remains 
to be done to reduce the fragm entary knowledge 
we now have of it to an exact science.

In m y labors devoted to working out and developing 
industrial and commercial projects, 1 have upon 
several occasions found reactions, conditions and 
results th at did not harmonize with the accepted 
theories and formulae of scientific men. Being 
an earnest believer in publicity, in order th at an y 
possible benefits th at m ight accrue to the common 
welfare m ay the more quickly be enjoyed, I shall 
la y  before you a detailed account of m y  experim ents 
on the deflocculation of inorganic bodies. It will 
become very evident, as m y story unfolds, th at through
out the series of experim ents described and the w ork
ing hypothesis em ployed, I was w holly disregarding 
the prevailing theories, and th at I unconsciously 
entered the field of colloids.

H aving worked out the problems involved in the 
m anufacture of graphite from coal and other car
bonaceous materials, I u n d erto o k,. in the summer 
of 1901, the introduction of this artificially made 
graphite into the crucible trade. M y first efforts 
were devoted to the m aking of a satisfactory crucible 
of m y graphite, using as a binding m aterial Am erican 
clays. M any failures were m et w ith, and I found 
it difficult to locate the cause of the failure, whether 
w ith the graphite or w ith the clay. I soon learned th at 
the m anufacturers of crucibles in the U nited States 
invariably used, as a binding agent for the graphite 
in the crucible body, clays im ported from Europe.
I secured samples of these im ported clays, and found 
them  much superior to the Am erican ones in plasticity  
and tensile strength.

Chemical analysis failed to disclose the cause of 
the physical differences existing in the clays. The 
question involved interested me greatly, and I decided 
to endeavor to determine w hat produced the varia
tions. I found it generally stated in the books th at 
residual clays were non-plastic, and sedim entary 
clays were more or less plastic. Here was the starting 
point. P lasticity  was developed b y  or during the 
act of transportation from the point of formation to 
the final resting place of the clay. I did not believe 
there was anything in the simple act of the suspension

1 A ddress delivered before the  Society of Chem ical In d u s try . L ondon, 
N ovem ber 7, 1911.

in w ater th at would produce the effect noted, and 
therefore looked for the cause of the foreign m atter 
carried b y  the water. I t  seemed th at the most likely 
agents were the organic substances washed from the 
forests into the running waters. W ith this idea in 
view , I made a few experim ents w ith those substances 
I thought likely  to be found in the washings of vegeta
tion. One of m y early experiments was to treat 
kaolin w ith a solution of tannin, and I at once noticed 
less w ater was needed to produce a given degree of 
fluidity; also th at the tensile strength and p lasticity  
were increased.

“ Tests were made on the increased tensile strength, 
of clay, as the result of treatm ent with organic m atter, 
and it was found th at briquettes m ade of Harris 
kaolin and dried a t 120° C. would break w ith a load 
of 5.73 kilogram s per square centimeter, while the 
same clay, after treatm ent w ith 2 per cent, of catechu 
for a period of ten days, then formed into briquettes 
and dried a t 120° C., would not break until the load 
was increased to 1 9 . 7 5  kilogram s per square centi
m eter— an increase of more than 244 per cent.

I now began to wonder w hether or not the effect 
I had discovered was known, as it m ight have much 
value to an industry of such colossal dimensions and 
antiquity  as clay-working. Moreover, it would be 
am azing if it should not be known, in view  of the tre
mendous am ount of experim ental work th at had been 
done on th at art. I searched for some record of the 
addition of organic m atter to c lay  during its working, 
and only one instance could I find, th at of the E g y p 
tians in brick-m aking, as recorded in the fifth chapter 
of Exodus. The accepted theory of using straw 
fiber as a m echanical binding agent had never appealed 
to me. Straw , however, contains no tannin, and the 
effect I had found had alw ays been produced with 
tannin, or a substance containing tannin. I procured 
some straw, boiled it w ith water, decanted the re
sultant reddish brown liquid, and m ixed it with clay. 
The result was like th at produced w ith tannin, and 
equal to the best I had obtained. It  now seemed 
likely  that the E gyptians were fam iliar w ith the 
effect I had discovered, and believing this was w hy 
th ey used straw  in m aking brick and were successful 
in substituting stubble for the straw, I called clay 
so treated “ E gyptianized  C lay .”

The effect of organic m atter, as typified b y  tannin, 
in producing deflocculation and a resultant colloidal 
state of c lay  is v e ry  readily shown; for instance, I 
have here some powdered kaolin, a sm all quantity  
of which I will place in a test tube, add water, and 
after shaking, set aside. Another portion of the kaolin 
I will put into a beaker, and moisten w ith a w ater 
solution of tannin, to which a small am ount of ammonia 
has been added. A fter  a thorough m ixture has been 
made, using a glass rod. to stir with, to  elim inate as 
much as possible an y  grinding action, I will add more 
w ater and divide the contents of the beaker between 
tw o test tubes. To one of the tubes containing tannin- 
treated clay  I will add a  little  common table salt. 
The three tubes I will place here before you, th at we 
m ay examine them later.
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In the Summer of 1906 I succeeded in making 
artificially a high-grade graphite which I wished to 
make applicable to all kinds of lubrication. To meet 
the various demands, it would be necessary to have 
it remain diffused in liquids lighter than itself; for 
instance, w ater and petroleum oils. Recalling the 
effect of tannin on clay, which caused it to remain 
diffused in water, I treated a sample of my graphite 
with tannin, and found the same effect occurred. 
The graphite being black, it makes a better lecture 
demonstration than the clay I have shown you, and 
I will repeat m y experiments, using graphite. I have 
here a sample of artificially made graphite, which 
has been disintegrated to a fineness that will permit 
it to pass through a sieve having 40,000 meshes to 
the square inch. I will introduce a small quantity 
of it into a test tube, add water and, after shaking, 
set aside. Another sample I will place in a beaker 
and moisten with a solution of organic matter, and 
after thoroughly stirring with a glass rod, I will add 
water and divide it between two test tubes, to one of 
which I will add table salt. These three tubes I will 
place beside those holding the clay, to be examined 
later.

The actual am ount of defiocculating effect produced 
on the graphite in the beaker-is very  small indeed. 
In commercial work considerable mastication and 
time are required, I have here a bottle containing 
w ater having two- to three-tenths of t per cent, of its 
weight in deflocculated graphite; the deflocculation 
having been produced b y  a treatm ent similar to that 
I have applied to the graphite in the beaker, and a 
little of it being poured on a filter, you see the black 
liquid running into the test tube below the filter. 
The paper retained none of the graphite on its upper 
surface, all of it having passed into and through the 
paper. I will now add two or three drops of acid 
to the black liquid in the tube, and after warming 
over a spirit lamp, will throw it 011 another filter paper, 
and you now see a clear, colorless liquid descending 
into the tube below the filter. This is the water 
in which the graphite ,'in a deflocculated condition 
was diffused; the graphite having been flocculated 
b y  the acid is now retained on the upper surface of 
the filter paper. The effect I have produced with 
the acid could have been produced w ith a solution 
of salt, lime water, or any one of that large list of 
substances known as electrolytes, even so weak an 
acid as carbonic acid if caused to bubble up through 
w ater carrying deflocculated graphite will cause 
flocculation and sedimentation.

Upon being deflocculated, the graphite is diffused 
through the w ater in a colloidal state, and I have 
samples of deflocculated graphite in w ater which 
have stood for more than two years without showing 
an y settling, notwithstanding the graphite is two 
and two-tenths times heavier than water.

I have been able to obtain this same effect on 
natural graphite, amorphous alumina and silica, 
lam pblack, and m y m anufactured product— Siloxicon, 
which is an amorphous body having the formula 
Si,C,0 . The effect can be produced with a long

list of organic bodies; for instance, tannin or organic 
substances containing tannin, also with solutions 
containing the gum of the peach and cherry tree, 
or extracts from straw  and grass. The off-fall from 
the barnyard proved to be very  efficient. I speak 
of these organic substances as agents when used to 
produce deflocculation, and they act as protective 
colloids to the deflocculated body.

Some minutes have now passed by, and we will 
examine the tubes containing the clay and the graph
ite. W e find the clay that had been m ixed w ith 
plain w ater has settled. The m ixture of clay, water, 
organic m atter and salt has also cleared, while the 
tube containing the clay, w ater and organic m atter 
remains muddy. In like manner the tube containing 
t h e , disintegrated graphite in w ater has cleared; the 
second one containing water, graphite and organic 
m atter remains black; while the third tube, which 
was set up the same as the second, but had a little 
salt added to it, has cleared. A pparently a great 
affinity existed between the organic and the inorganic 
substances introduced into the water. The inorganic 
body abstracted the organic from the water, and in 
doing so, was deflocculated. E ach particle as it was 
thrown off was enveloped in an aqueous je lly  of the 
organic agent, or a t least such was the working 
hypothesis I followed to arrive at m y results, and 
I find it difficult to think of this breaking up stopping 
short of the final subdivision with the resultant separa
tion into individual molecules, or the sm allest particles 
into which a body can be subdivided w ithout loss 
of identity.

As I have already stated, I deflocculated clay  in 
the year 1901 and graphite in 1906 and im m ediately 
afterwards a number of other bodies. I early under
stood I was producing colloidal conditions of these 
bodies, but not until the summer of the present year; 
1911, did I read any treatise on colloids, being fam iliar 
with this state of m atter only in a very  general w ay. 
During the summer I procured a copy of the book 
“ Colloids and the Ultram icroscope” as w ritten b y  
b y  Dr. Richard Zsigm ondy and translated into E ng
lish b y  Jerome Alexander, of New Y ork. 1 found 
the book extrem ely interesting, and a t once wished 
to have a sample of m y deflocculated graphite sub
jected to ultramicroscopic examination. Mr. A lex
ander kindly undertook the examination. He found 
the graphite in the deflocculated condition to be in 
a true colloidal state, the particles being in rapid 
motion, and he estim ated their average size in linear 
dimensions to be 75 millimicrons. Seventy-five m illi
microns are seventy-five millionths of a millimeter, 
and it would require slightly more than 13,000 of the 
particles to extend one millimeter. Now, the particles 
of disintegrated graphite, used as the crude m aterial 
from which to produce deflocculated graphite, pass, 
as I have stated, through a sieve having 40,000 meshes 
to the square inch and their m axim um  linear, dimen
sions are such that it would require 13 of them to ex
tend one millimeter. Hence, the particle of disin
tegrated graphite is one thousand times greater in 
linear dimension than the deflocculated one. These
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are figures th at certainly test our powers of apprecia
tion.

I have been asked, “ W hy don’t you speak of the 
graphite as colloidal?” K now ing now th at it is in a 
colloidal state, I speak of it  as being colloidal, but 
when I am speaking of m y process I am talking of 
a method of producing deflocculation. W hen does 
th at process of deflocculation stop? Is it short of 
the final subdivision and the throwing off of the 
molecule? I think not. I believe we are here dealing 
w ith molecules. Their size m ay not agree w ith w hat 
t h e y  should be as com puted in accordance w ith ac
cepted theories, but, nevertheless, I cannot conceive 
the subdivision once started, in the presence of sufficient 
deflocculating agent, will stop short of the final, 
w ith the freeing of the molecule and the creation of 
the colloidal state.

How did all this I have been telling you come to 
happen? The following quotation ap tly  tells how:

“ I t ’s generally the fellow who doesn’t  know any 
better who does the thing th at can ’t be done. Y ou  
see the blamed fool doesn’t know it can’t be done, 
so he goes ahead and does it .”

T H E  CH EM IST AND  TH E COTTON SEED  OIL IN D U ST R Y  IN 
AM ERICA.*

B y  D a v i d  W e s s o n .

R eceived N ovem ber 14, 1911.

Few industries have made greater progress during 
the past forty  years than the m anufacture of cotton 
seed oil and by-products of the cotton seed.

W ithout indulging too much in statistics, we need 
only compare the am ount of seed crushed in 1872—  
52,000 tons— with the average annual crush of the 
present tim e— 4,000,000 tons.

To put it another w ay, in 1872 4 p ercen t. of 1,317,000 
tons were crushed, while the average crush of to-day 
is 66V3 per cent, of 4,000,000 tons. This put into 
dollars would mean th at in 1872 the farmers received 
not over $8.00 per ton from the mills or $4x6,000 
total, while a t $20.00 per ton for seed, a conserva
tiv e  price for to-day, the mills are paying annually 
$80,000,000.

The growth of the industry is shown in the following 
table:

P er cent. 50 gal. bbls.
Y ear. Seed worked. of crop. of oil.
1872 52,705 4 35 ,000
1880 235,404 9 175,000
1890 873,702 25 690,000
1900 2 ,4 7 9 ,3 8 6 53 1 ,920 ,000
1910 4 ,0 0 0 ,0 0 0 66 3 ,2 0 0 ,0 0 0

The rapid grow th shown above is due to several 
causes, such as increase of population in the country 
and the increasing demand for edible fats in all parts 
of the world, but the chief cause has been the work 
of the chem ist which has made the oil edible and has 
cheapened the cost of production, while the cost of 
the raw  m aterial, the cotton seed, has been constantly 
increasing.

1 Presidentia l A ddress delivered before th e  Society of C otton  P roducts  
A nalysts , Chem ists’ Club, New Y ork, Ju n e , 1911.

W hen the speaker first saw crude cotton seed oil 
in the spring of 1884, the chemists em ployed b y  the 
oil mills and refineries could be counted on the fingers 
of one hand. If near chem ists were included the 
fingers of both hands would have been sufficient.

Apparently the first chemists were em ployed in 
connection with the refineries, mill work being con
sidered a m echanical problem pure and simple.

The refining methods a t th at tim e were ve ry  crude 
and purely empirical. Caustic soda solution was 
added in varyin g am ounts according to the ideas of 
each individual refiner; in one case, for instance, 
the strength of the lye was judged b y  feeling a drop be
tween the fingers.

The refining losses were tremendous. Oil was 
refined w ith 12-14  per cent, loss which now is easily 
handled inside of 8 per cent. The finished oil was as 
a rale tainted more or less b y  soap stock, and no two 
lots were alike. The refiner was entirely dependent 
upon the character of the seed for the color and flavor 
of his product. One season all oil m ight be prime, 
while n ext season most of the oil m ight be off.

W hite oils were produced in the early days b y  treat
ing the yellow oil from alkali refining with sulphuric 
acid, followed b y  an alkaline wash. Some people 
used perm anganate o f  potash or bichrom ate of potash 
and sulphuric acid. ' The resultant oil was white 
but not very  edible.

In 1881-1882, fuller’s earth was first used, m aking 
a white oil superior to th at produced b y  w hat was 
called the acid treatm ents. It  had a very  poor 
flavor, but never the less large quantities were used 
in lard mixing.

The introduction of an im proved m ethod of refining 
the oil in igoo has probably done more than any other 
factor to put the industry on its present basis.

B y  means of this refining method, which for trade 
reasons is kept secret, it is possible to turn out a per
fectly  neutral odorless product from the regular com 
mercial oil, year in and year out, puttin g refined 
cotton seed oil so far as uniform ity is concerned in 
the same class as granulated sugar.

The high standard of quality  set b y  this process 
has made all large refineries im prove their methods, 
and this has taken the oil from  the soap kettle and 
put in on the table w ith consequent increase in value.

N ow let us turn to the oil mill end of the business. 
The first system atic exam ination of mill products 
was begun in 1887, a year after the form ation of the 
Am erican Cotton Oil Trust. Samples from the different 
mills were exam ined regularly in the w riter’s laboratory, 
and the oil, amm onia and moisture determ ined in meal 
and cake. The hulls were also exam ined for meats 
and im perfect hulling. In those days the cake was 
sold on looks, soft yellow  cake running 14 per cent, 
or so of oil being considered the best, while bright 
yellow  meal, running about 10-12 per cent, of oil, 
was quite regular, though m any mills did much better. 
Ten per cent, in cake was considered a fair basis 
for com puting yields. I have before me analytical 
results from seven representative mills in Dec., 1888.
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The lowest percentage of oil in meal was 8.75, while 
the highest was 13.37.

I also have here a table showing the yields of about 
fifty  mills during the season of 1887-1888. The 
best oil production shown is 44.05 gallons with 783 
lbs. of cake per ton, while the poorest is 33.69 gallons 
and 737 lbs. of meal or cake.

The highest cake production shown is 852.63, 
while the lowest is 636.38. These results compared 
w ith present methods calling for 900 lbs. of meal 
and not over 7 per cent, of oil left in the same show 
w hat an im provement has taken place in the work 
of the oil mills.

The change in mill results is m ostly due to the chem
ist who b y  constantly testing the products has shown 
the losses, and made necessary constant improvements 
in machinery, and care in operating the same.

W hat the chem ist has don e'for the oil mills as a 
wholfe can be figured in dollars and cents as follows: 
Old m ethod of working made 800 lbs. of meal and left 
in it 10 per cent, of oil or 80 lbs. oil per ton of seed. 
Present methods make 900 lbs. of meal and leave 
7 per cent, of oil or 63 lbs., a difference of 17 lbs. 
of oil saved per ton of seed worked. A t 5 cents per 
lb. this means a saving of 85 cents per ton of seed, 
or S3,400,000 on the crop, without taking increased 
cake into consideration.

If we compare the old refining methods with the 
present ones, we find instead of 12 per cent, loss, 
an average of 8 per cent., 4 per cent, of 3,200,000 
bbls. worth 5 cents per lb., S20.00 per bbl., or $2,560,- 
000.

The conversion of soap stock into fa tty  acids and 
glycerine has raised the value of the fat therein at 
least 3 cents per lb., or $12.00 per bbl.

In refining 3,300,000 bbls. of oil, 7 per cent, woidd 
appear as fa tty  acids in soap stock— 224,000 bbls., 
which, a t $12.00 per bbl., would be worth $2,688,000.

B y  m aking the oil edible, $2.50 per bbl. is a conserva
tive figure to put on the increased value of the oil 
on 3,200,000 bbls. This amounts to $8,000,000 a year.

If we sum up we find results as follows:

CORRECTION.

The Preparation and Properties of M etallic Cerium .

Editor oj the Journal oj Industrial and Engineering Chemistry:

In you r Vol. 3, No. 12, December, 1911, pp. 880-897, a p 
pears an article  b y  the writer 011 the “ Preparation and Prop
erties of M etallic Cerium .”  In justice to  previous investigators, 
the w riter would like to  m ake the following corrections:

B ottom  of page 881.— “ T he following year H illebrand and
Norton p u blish ed  chlorides of cerium  and potassium .’
T h e y  used sodium -potassium  chlorides and cerium chloride.

B ottom  of page 881.— “ T h e y  succceded in producing about 
6 gram s of ceriu m .”  Should read, “ T h ey  succeeded in pro
ducing a b o u t 6 grains of cerium a t a  single operation and pro
duced in a ll a b o u t 30 gram s of the m etal.”

Page 886.— “  Earlier work on the Electrolysis of the A n 

Im provcd mill w ork .................................................................................. $3 ,400 ,000
Im proved refining ...................................................................................... 2 ,560 ,000
Im proved soap stock  v a lu e .................................................................... 2 ,688 ,000
Im proved  flavor of o il.............................................................................. 8 ,000 ,000

T o tal annual increased value of oil mill p roducts due to applied
chem istry .................................................................................................. $16,648,000

W e might go further into the various products 
made from the oil and soap stock, but this is sufficient
to show, though somewhat im perfectly, the value 
of our work to the oil mills. On the other hand, the 
increased quality of the oil has increased the demand 
for it, and the supply of raw material, the seed, being 
limited, has gone in value from S8.00 to $20.00 per 
ton or an increase of $12.00 per ton. 4,000,000 tons 
of seed at $12.00 a ton is $48,000,000 a year which goes 
to the farmer. In other words, chem istry applied 
to the oil mill business has done three times as much 
for the farmer as it has for the mills and refineries.

When we look back at our achievements, we feel 
something has been accomplished but we well know 
there is still a hard struggle before we get the business 
on a secure basis.

No sane miner would bu y ore at $20.00 per ton 
without having every car very carefully sampled and 
assayed. He would p ay  for no more than its value 
as shown b y  analysis. W ith cotton seed, we all 
know how little attention is paid to its intrinsic value, 
and how little care is taken to sample it. One per 
cent, oil in the seed means $1.00 per ton difference in 
value, but who ever heard of seed being docked because 
it was poor in oil ?

Meal is being more and more sold on analysis as 
it should be, but there is still much to be desired.

We have good methods for soap stock analysis, 
but we lack a strictly  scientific and at the same time 
practical method for crude oil analysis. It is hoped 
we can some day in the near future obtain a method, 
the accuracy of which will be comniensurate with the 
value of the product.

Let us continue our work, and, encouraged b y  the 
achievem ents of the past, endeavor to do better 
in the future, so we m ay all be proud of our membership 
in the Society of Cotton Products Analysts.

hydrous Chlorides.”  T he m ethod there described is th at given 
b y  Moissan in his Chimie Minerale and is som ew hat different 
from the process used b y  H illebrand and Norton.

Page 891.— U nder the heading “ Ph ysical Properties of M etal
lic C erium ”  should be inserted the following: "S o m e  of the
physical and chem ical properties of cerium  have been d eter
mined b y  H illebrand (Pogg. Ann., 156, 466 and 158, 71) and b y  
M uthm ann (see references 23 and 24).”

Page 893.— -A t the end of th e last paragraph on the “ D eter
mination of the M elting P o in t”  should be added: “ The m elting
point determ ined by the writer corresponds fa irly  closely  w ith 
the value given b y  M uthm ann (623° C ).”

Page 893.— A t the end of th e paragraph on “ Specific H e a t”  
should be added: “ Dr. W . F . H illebrand determ ined the
specific heat of cerium  b y  m eans of B unsen’s ice calorim eter 
(Pogg. Ann., 158, 71). He gives the corrected value of 0.04479

NOTES AND CORRESPONDENCE.
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for pure cerium , using a b o u t 2 grains of m etal in a determ ina
tion. T he w riter used more than 70 gram s of m etal in a deter
m ination using J o ly ’s differential steam  calorim eter, and ob
tained a  corrected value of the specific h eat for pure cerium  
equal to  0.05112. T he atom ic h eat using H illebran d’s value is 
6.28; using H irsch ’s value, 7 .17 .”

P a ge  893.— A t the end of the paragraph on “ H eat of O xid a
tio n ’ ’ should be added: “ M uthm ann (L ie b ig ’s Atm., 3 3 1 , 41)
gives the heat of oxidation  of cerium  equal to 1603 cal. per 
gram .’ ’

T op  of page 895.— A t the end of the second paragraph under 
the heading " A l lo y s ’ ’ should be inserted: "M u th m an n  and
B cck  (246) have described some of the a lloys of cerium w ith 
zinc, alum inum , m agnesium  and m ercury.”

Page 895.— Under "A lu m in u m  A llo y s”  should be added: 
“ M uthm ann (L ie b ig ’s Ann., 3 3 1 , 47) describes th e com pound 
C cA 14.”

Page 896.— U nder “ M ercury A llo y s”  should be added a t  the 
end  of the paragraph: “ Cerium  w ill dissolve in m ercury to  the 
e x ten t of abou t 15 per cen t.”  A l c a n  H i r s c m .

B r o o k l y n , D ecem ber 6, 1911.

T H E  M E K E R  B U R N E R .

Editor of the Journal of Industrial and Engineering Chemistry: 
T he e very-d ay  tools of the chem ist determ ine to  a large e xten t 

the character of his work no less than those of the artisan  do 
his. T he success or failure of a great research problem in chem 
istry  m ay depend as much upon th e ap p aratu s a t  hand as upon 
the im agination and skill of the worker. Possibly the leading 
fact ¡11 the h istory o f science is this: th at great trains of dis
coveries have depended more upon the invention of new a p 
paratus than upon the developm ent of the hum an brain. A fter 
a ll it is the atten tion  to  the details of equipm ent as well as the 
personal organization in a laboratory, w hich brings a b o u t per
fec t results. A nd so we sing the praises of the M ekcr burner. 
W ith  th is burner one can do alm ost the w ork of the blast-lam p, 
w ithout the annoyance connected w ith the use of th e latter. 
T h e  flam e is large and intensely hot and the highest tem p era
ture, strange to say, is reached a t  the base of the flame. For 
an a ly tica l w ork in crucibles it  has no equal, nor is there a n y  other 
device approaching it in excellence. It  has no inner cone and 
platinum  ware can be made to  receive the full effect of the flam e 
w ithout danger of in jury. “ There is nothing new  in the a p 
p aratus— no original idea in vo lve d ,”  m an y a critic  w ould say, 
" ju s t  a  Bunsen burner w ith  an abun d an t air su p p ly  and a 
piece of D a v y  safety-lam p gauze a t  the to p .”  B u t n ot e v e ry  
burner so constructed w ill g ive  a  flam e free from th e destru ctive 
inner cone, and in tensely ho t a t  the base. E v e ry  p oin t in the 
design m ust be carefu lly  balanced to  produce the perfect result. 
W e do n ot know  the in ven tor or the h istory of his invention, 
b u t a  sim ple inspection of the burner in action  indicates th at 
this is no chance discovery, no day-dream  or night-dream  
suddenly m ade concrete and perfect. C arefu lly  th ou gh t out 
an d  w rou ght o u t b y  tr ia l and exp erim en t and repeated exp eri
m ent is the p erfectly  simple M ekcr burner.

VV. D. R i c h a r d s o n .

IM PO RTS AND E X P O R T S  OF F A R M E R S ’ M A T E R IA L S .

T h e agricu ltu ral interests of foreign countries b u y  nearly 
$roo,ooo,ooo w orth of Am erican m anufactures and other prod
u cts for use in cu ltiva tin g  the soil, w hile a b o u t $50,000,000 
w orth  of foreign products arc an n u ally  im ported into th e U nited 
S tates for use upon Am erican farm s. T he foregoing sum m arizes 
certain  inform ation recen tly  com piled b y  the B ureau of 
S tatistics , D epartm ent of Com m erce and Labor.

T h e exp orts from  th e U nited S tates of articles required in 
farm ing, th e larger portion are com posed of m anufactures, such 
as agricu ltural im plem ents, binding tw ine, barbed wire, and oil 
cake, w hile phosphate rock to be ground up and used as fertilizer, 
and clover, tim oth y  and other grass seeds are am ong the artic les 
exp orted  in the n atural state. In addition  to the exp o rts 
above enum erated as specifically for farm  use, there are certain 
articles for w hich the agricu lturalists of a ll other countries draw  
upon the U nited  S tates b u t' which can n ot be classed as dis
tin ctiv e ly  for farm  purposes, such as w agons, carriages, traction  
engines, fiber bags, pum ps, etc. In such cases the Bureau of 
S tatistics has no means of determ ining the proportion of the 
exp orts intended for farm  use and th ey  arc not, therefore, in 
cluded in the $100,000,000 w orth  of m erchandise exp orted  
for agricu ltural purposes.

T a k in g  up the principal exp o rts of the class under discussion, 
agricu ltural im plem ents head the list, w ith a probable to ta l of 
$40,000,000 in the year a b o u t to  end, com prised of n early  
$20,000,000 w ortli of mowers and reapers, $8,000,000 w orth  of 
plows and cu ltivators, $2,500,000 w orth  o f . threshers, and the 
rem ainder m iscellaneous farm ing tools and im plem ents. These 
a gricultural im plem ents are exp o rted  to p ractica lly  a ll parts 
of the world where man has adopted modern m ethods of cu ltiva - 
in g th e soil: the great w h eat fields of Russia, in the vin e
yards of France, on the coffce p lantation s of Brazil, in the rice 
fields of China and Japan, and in a ll the rap id ly  developing 
countries of the N ew  W orld, including C anada, A rgentina, 
Cuba, and M exico. T h e y ear’s exp orts w ill range n early  $8,- 
000,000 to  European Russia, S6,000,000 to  A rgentina, and abou t 
$5,000,000 to Canada, to  a b o u t $1,500,000 to A frica , while to 
B ritish  A ustralasia  and O ceania w ill be sent a to ta l of nearly 
$2,000,000 to other O ceania and A sia  abou t $1,000,000, and 
B razil a b o u t $500,000 worth. E ven  th e great m anufacturing 
countries of Europe, the U n ited K ingdom , G erm any, and 
France, arc represented in the y e a r’s exp orts o f agricultural 
im plem ents, the U nited K in gdom  w ith a to ta l of over S i ,000,000, 
G erm any, S2,000,000, and France, $3,000,000.

Fertilizers, of which the exp o rts w ill be a b o u t S i 2,000,000 
during the year, are ch icfiy  sent to  European countries, where 
long-continued use o f the soil has largely  depleted their natural 
fertility  and rendered artificial fertilizers a necessity. F or 
Am erican phosphate rock and other fertilizers of th a t class 
G erm an y is the’ largest m arket, follow ed n ex t b y  N etherlands 
and the U n ited  K ingdom . A n other class of m aterials, used as 
cattle  food, whose exp orts are considerable includes oil cake and 
oil cake meal m ade from  cottonsced and linseed. O f these th e 
exp o rts am ou n t to abou t S i5,ooo,ooo per annum , being e x 
ported m ostly  to various countries of Europe.

B in d in g tw ine is another article  of im portance in w heat- 
grow ing countries. 0,f th a t article the y ear’s exp o rts w ill be 
a b o u t S8,000,000, p ra ctica lly  all destined for R ussia and other 
European countries, Canada, and A rgentina. Am erican barbed 
wire exported , abou t $5,000,000 per annum , goes ch iefly  to 
Canada, A ustralia, A rgen tin a, B ritish  A frica, M exico, B razil, 
and Cuba. In addition  to these articles, there are others largely 
if not exclu sively  required b y  farm ers, such as w indm ills, w ith 
exp orts nearing $2,000,000 per annum ; and clover and other 
grass seeds, over $1,000,000.

On th e other hand, Am erican farm ers draw  upon other 
countries for ccrtain  of their requirem ents, m ost of the im 
ports, how ever, being artic les in their n atural state. T h e 
largest item  shown in the im ports o f last year w ere fertilizers, 
including n itrate  of soda, $17,000,000; guano, m anure salts, 
etc., $10,000,000; potash salts, $8,000,000; sulphate of am m onia, 
used in part as a  su bstitute  for m anure and in part in the m an u 
facture o f alum , $5,000,000; anim als for breeding purposes, 
ch iefly  horses, n early  $3,000,000; clover seed, $3,000,000; and 
sugar b e e t seed, $750,000.
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W H A T  OU R R IV E R S  C A R R Y .

Colorado R iv er  discharges during an average year into the 
G ulf of California 338,000,000 tons of mud and silt as suspended 
m atter. In addition  to  this the dissolved substances in the 
w ater include 4,550,000 tons of sodium chloride, or common 
salt; 3,740,000 tons of G lauber’s salts; 4,000,000 tons of lime;
2.400.000 tons of gypsum ; and 4,800,000 tons of Epsom  salts. 
In  spite of a ll th is dissolved m aterial the Colorado a t  its mouth 
is n ot considered to be a stream  of unusually high m ineraliza
tion for th at region of the country. T h e reason is th at the river 
also carries so enorm ous an am ount of w ater tlia t the dissolved 
salts con stitute  a  com p aratively  sm all proportion of the total 
discharge. O ther stream s in the country contain dissolved 
salts in greater concentration— for exam ple, th e Elm  Fork of 
Red R iver, in O klahom a, discharges nearly 1,300,000 tons of 
comm on sa lt annually. A lthough this am ount is not so great 
as th a t discharged b y  the Colorado it is much greater in pro
portion to  th e size of the area drained. The discharge of salt 
from th e Colorado is equal to  20 tons annually to each square 
mile drained b y  the river, b u t the salt in Elm F ork of Red R iver 
is equal to  j,68o tons per square mile of area drained. The 
sam e river discharges annually 177,000 tons of magnesium 
chloride, 168,000 tons of Epsom  salts, 690,000 tons of gypsum , 
and 54,000 tons of lime. These quantities, too, are considerably 
greater than those carried in the Colorado in proportion to 
the size of th e drainage area.

Belle Fourche R iver, a t  Belle Fourchc, S. D akota, discharges
191.000 tons of gypsum , 79,000 tons of G lauber’s salts, and
236.000 ton s of Epsom  salts. T he mud and silt carried in sus
pension b y  th is river am ount to 1,100,000 tons. M ilk R iver 
a t  H avre, M ontana, discharges annually 41,000 tons of soda; 
P a y e tte  R iver, in Idaho, discharges 46,000 tons; S a lt R iv er a t 
R oosevelt, Arizona, discharges 288,000 tons of sa lt and 170,000 
tons of Epsom  salts; and the R io Grande discharges 245,000 
tons of lim e and 368,000 tons of G lauber’s salts.

T h e foregoing are a few  of the figures of incidental interest 
presented b y  W ater-Su pply Paper 274 of the United S tates 
Geological S urvey, entitled  “ Some Stream  W aters of the W estern 
U nited S tates .”  T h e w ork reported b y  this volum e is, how 
ever, of higher practical im portance than the above statem ent 
w ould indicate. I t  is the result of an investigation of the 
q u ality  of western stream  waters made for the purpose of deter
m ining their a va ila b ility  for use for irrigation and other pur
poses. F or a  w ater-supply system  the q u ality  of the w ater 
availab le  determ ines its usefulness quite as much as the qu an tity . 
Som e w aters contain ingredients th a t m ake it  impossible to  
use them  for irrigation unless certain precautions arc taken in 
a p p lyin g  them  to  the land and in draining them  off. Certain 
ingredients in w ater m ake it  unavailable or destructive if used 
in boilers and th e q u ality  of w ater used in a  m anufacturing 
p lant m ay very  largely  determ ine the qu ality  of the product 
of m anufacture. T h e report ju st published therefore can not 
fail to be of m aterial valu e to  the m anufacturing and agricultural 
interests of the W est; and the proper consideration of the in
form ation th a t i t  contains w ill prevent m any costly  m istakes 
in connection w ith the industrial developm ent of th at part of 
the country.

CEM EN T PRODUCTION TO 1910.

Ten years ago th e production of Portland cem ent for the first 
tim e passed the 10,000,000-barrcl m ark, showing an increase of 
2,600 per cent, over the production of 10 years previous, and the 
g ian t strides th a t had been made in the industry were w id ely 
rem arked. E ven  this production was sm all compared with 
th a t of the present day. In 1910, according to the report on 
cem ent b y  E rn est F. B urchard, of the Geological Survey, the 
production of Portlan d cem ent reached the enormous total of

76,549,951 barrels, w ith a  value of $68,205,800. T his is eq u iva 
lent to  12,986,152 long tons, valued a t  $5.25 a  ton. I t  is an 
increase over the ou tp u t for 1909 of 1 1,558,520 barrels, or nearly 
18 per cent., and an increase in value of $15,347,446, or more 
than 29 per cent. This increase alone is greater th an  the to ta l 
ou tp u t of Portland cem ent in 1900. In addition to Portlan d 
cem ent there w as also produced last year 1,139,239 barrels 
of natural cem ent and 95,951 barrels of puzzolan cem ent, a  
to ta l o f 77,785,141 barrels.

T he price of Portland cem ent in 1910 w as as low as 73 cents 
a  barrel in some places, the average for the U nited S tates being
89.1 cents a barrel. In 1890 the average price was over $2 a 
barrel and as late as 1903 it  w as $1.24 a  barrel.

Mr. B urchard rem arks th a t m easured b y  the capita l invested 
the cem ent in du stry is one of the w orld ’s three great e x tra ctiv e  
industries. In cap ita l em ployed it  ap p aren tly  far ou tran ks 
the gold-m ining in du stry of the U nited  States, including A laska, 
as well as the copper industry. O n ly  coal and iron stand ahead  
of it.

The principal constituent of Portland cem ent is lim estone, 
and Mr. B urchard ’s report sum m arizes the m ost im p o rtan t 
limestone form ations in all the States. T h e greatest of these 
are found in the eastern half of th e U nited States, where there 
are enorm ous limestone deposits. T he report is accom panied 
b y  a m ap show ing the distribution of these limestones. The 
areas th e y  cover com prise m an y thousands of square miles. 
The map also shows the location of the operating cem ent plants 
in the U nited States.

T h a t the m anufacture of cem ent is an Am erican in dustry 
is shown b y  the fact th a t w hile our production last year was over
75,000,000 barrels our im ports w ere on ly 306,863 barrels. Our 
exports were 2,475,957 barrels.

T he following table shows the health y grow th of the Am erican 
Portland cem ent in du stry and also the decrease in prices:

P r o d u c t io n  o f  P o r t l a n d  C e m e n t  in  t h e  U n i t e d  S t a t e s  1 8 8 0 -1 9 1 0 .

A verage price 
Barrels. per barrel.

1 8 8 0 .................................................................. -1 2 ,0 0 0  S 3 .0 0
1 8 9 0 .................................................................. 3 3 5 ,5 0 0  2 .0 9
1 8 9 5 .................................................................. 9 9 0 ,3 2 4  1 .6 0
1 9 0 0 .................................................................. 8 , 4 8 2 ,0 2 0  1 .0 9
1 9 0 5 .................................................................. 3 5 ,2 4 6 ,8 1 2  0 . 9 4
190 9 .................................................................. 6 4 ,9 9 1 ,4 3 1  0 .8 1
19 1  0 .................................................................. 7 6 ,5 4 9 ,9 5 1  0 . 8 9

W O R L D ’S PROD U CTION OF CO AL.

The tota l coal production of th e world in 1910 was ap p ro x i
m ately  1,300,000,000 short tons, o f w hich the U nited S tates 
contributed abou t 39 per cent. A ccording to the U nited S tates 
Geological Survey, it  exceeded G reat B rita in , which ranks 
second, b y  over 200,000,000 tons. G reat B rita in ’s production 
in 1910 w as less than 60 per cent, of th a t of th e U nited  States, 
and G erm an y's w as less than half. T he increase in both of 
these countries in 1910 over 1909 was com p aratively  sm all, 
whereas the increase in the U nited S tates was n early  equal 
to the entire production of France and was more than the to ta l 
production of a n y  foreign cou ntry excep t G reat B ritain , G er
m any, A ustria-H ungary, and France.

The U nited S tates has held first place am ong th e coal-pro
ducing countries o f the world since 1899, when it  surpassed 
G reat B ritain. In the 11 years since-iSgg th e annual ou tp u t of 
the U nited S tates has n early  doubled, from  253,741,192 short 
tons to 501,596,378 tons, w hereas th a t o f G reat B rita in  has in
creased on ly 20 per cent., from 246,506,155 short tons to  296,- 
007,699 tons.

T he follow ing table show s the coal production of the principal
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countries of the world in 1910, exce p t those for w hich on ly  the 
1909 figures arc availab le:

U nited  S ta te s  (1910).....................................  501 ,596 ,378
G rea t n r i ta in  (1910)......................................  296 ,007 ,699
G erm any (1910)............................................... 245 ,043 ,120
A ustria -H ungary  (1909)............................... 54 ,573 ,788
F rance  (1910)...................................................  42 ,516 ,232
Belgium  (1910)................................................  26 ,374 ,986
R ussia  an d  F in land  (1910)..........................  24 ,967 ,095
J a p a n  (1909).....................................................  16,505,41S
C anada (1910)..................................................  12 ,796,512
China (1909).....................................................  13 ,227,600
In d ia  (1909)......................................................  13 ,294,528
New S o u th  W ales (1909).............................  7 ,862 ,264
Spain  (1909).....................................................  4 ,5 4 6 ,7 1 3
T ransvaal (1910).............................................  4 ,4 4 6 ,4 7 7
N ata l (1910)...................................................... 2 ,5 7 2 ,0 1 2
New Zealand (1909)......................................  2 ,140 ,597
Mexico (1909)...................................................  1 ,432 ,990
H olland (1909)................................................. 1 ,235,515
Q ueensland and  V ic to ria .............................  1 ,119, 708
I ta ly  (1909).......................................................  611,857
Sweden (1909)..................................................  272,056
Cape Colony (1909)  .....................................  103,519
T asm ania  (1909).............................................. 93,845
O ther co u n trie s ............. .................................. 5 ,2 3 6 ,903

T o ta l ...........................................................  1 ,278 ,577 ,812

T H E  M IN E R A L PROD U CTIO N IN N O RTH  C A R O L IN A  
D U RIN G  1908-10.

T he North Carolina G eological and Econom ic S u rv e y  has ju st 
sent to  the Public Printer a report on the m ining in du stry  in 
N orth Carolina for the past three years.

O f the m etallic minerals, iron holds first place in the table 
of production and gold and silver next.

O f the lion-m etallic m inerals, c lay  products, building stones, 
m ica, and talc arc prom inent in their production in the order 
nam ed. There lias been a  considerable decrease in the pro
duction of m onazite, ow ing to  the fact th a t thorium  salts arc 
im ported cheaper than th ey  can lie produced in this country.

T he tab le  below gives the production of each mineral during 
1908, 1909, and 1910:

M ineral. 1908. 1909. 1910.

G o ld .......................................... $  43 ,075 $ 68 ,586
S ilv er........................................ 668 324 4 ,888
C opper..................................... 2 ,560 29.186 17,845
I r o n ........................................... 76,877 107,013 114,237
G a rn e t......................................
M illstone.................................

4 ,052 9,188 7,981

>r. f S h e e t........................M ica < r. ̂S c ra p .......................
114,540 122,246 193,223

26,178 37 ,237
Prccious sto n es ..................... 570 479 700
M onazite ................................. 37 ,224 46,928

250
10,104

T alc  and  P y ro p h y llite . . . . 31 ,443 77,983 69,805
M ineral w a te rs ...................... 27 ,163 20,558 21,389
S to n e ........................................ 824,927 850,807 920,027
Sand  and  g rav e l................... 2 ,070 13,358 13,406
Clay p ro d u c ts ........................ 1,302,611 1,223 ,704
M iscellaneous1....................... 109,880 133,642 145,314

T o ta ls ................................. . .  $ 2 ,307 ,116 $ 2 ,7 8 3 ,8 2 6 $2 ,8 4 8 ,4 4 6

C H IE F  G EO LO GIST, G E O LO G IC A L S U R V E Y .

T he G eological(S u rv e y  announces the appoin tm en t of W aldc- 
m ar Lindgren as chief geologist, to  succccd C. W illard H ayes, 
w ho recen tly  resigned from the .S u rv ey . Mr. Lindgren has 
been a m em ber of the Federal S u rv e y  since 1884 and has been 
in charge of its in vestigation s in m etalliferous deposits since 

1 Includes bary tes, sand-lim e brick , and  kaolin  productions.

’1907. H e is the auth or of some fifty  reports published b y  the 
S u rv e y  an d  in addition  has con tributed  betw een fifty  and 
s ix ty  articles to  technical and scientific jou rn als. Mr. L in d 
gren is a trained m ining engineer and has a  world-wide rep u ta
tion as an au th o rity  on the geology of ore deposits.

N ATIO N ’S C O A L P R O D U C T IO N .

T h e G eological S u rv e y  has issued its  annual coal chart, 
show ing the production of coal b y  S tates  from the year 18 14 -
1910. T he figures relate  a  w onderful h istory of grow th. In 
1814 a to ta l of 22 tons of coal w as produced in Pen nsylvan ia. 
In 1815 the percentage o f increase w as good b u t still on ly  50 
tons were taken out. B y  1825 100,000 tons w ere mined in the 
tw o S tates producing. In 1850 th e  figure had reached 7,018,- 
181 tons. In 1876 it was 53,280,000 tons. A t  the end of the 
cen tu ry  it w-as 269,684,027 tons. In 1905 it  w as 392,722,635 
tons. In 1907, w hich it was supposed would rem ain the record 
year for some tim e, the production w as 480,363,424 tons, bu t 
in 1910 the enorm ous total w as reached of 501,596,378 short 
tons, a production larger b y  far than th a t of a n y  other cou n try  
in the world. T he to ta l production since 1814 lias been a p 
p roxim ately  e igh t and a quarter billion tons.

C U B A  IR O N -O RE PR O D U CT IO N .

T h e shipm ents of Cuban iron ores, according to statistics 
collected b y  the G eological S u rvey , show  the ou tp u t for 1910 
of 1,417,914  long tons, as again st 930,446 tons for 1909, the 
greatest previous production. In 1900 the production w as 
446,872 tons. The ores are obtained from deposits near Santiago. 
C uba is now the fifth largest producer o f iron ore in the world, 
being exceeded on ly  b y  the U nited S tates, G erm any, the U nited 
K ingdom , and Francc.

G R E A T E S T  IRON PR O D U CIN G  RE G IO N  IN T H E  W O R LD .

T he M esabi Iron R ange in M innesota produced in 1910, 
according to  th e.G eological S u rvey , 53V1 per cent, of th e  entire 
iron-ore production of the U nited S tates. T he L a k e  Superior 
district, including M innesota, M ichigan, and W isconsin, pro
duced 8 1 ‘/  ̂ per cent, of our to ta l iron-ore production. F igures 
from other countries are n ot y e t ava ilab le  for 1910, b u t this is 
p robably  a greater production than the entire  ye ar's  ou tp u t 
for a n y  foreign country:

ILLIN O IS CO AL PR O D U CTIO N .

Illinois lias produced more coal than a n y  other S tate  exce p t 
Pen nsylvan ia, th e to ta l ton nage since 1833, when coal m ining 
first began in the S tate, being 790,333,235 sh ort tons, according 
to  th e G eological S u rvey . L a st year the production w as 45,- 
900,246 tons and the S tate  stood third, Pen nsylvan ia  producing 
235,006,762 and W est V irgin ia 61,671,0 19 tons.

C O A L  E X P O R T S  IN 1910.

T h e exp o rts o f coal from  the U nited S tates during 1910, 
accordin g to  the U nited  S tates G eological S u rvey , were 13,- 
805,866 long tons, valued a t  $41,470,792. O f th is q u a n tity  
3,021,627 long tons, valued a t  $14,785,387, w as anthracite, 
and 10,784,239 long tons, valued a t  $26,685,405, w as bitum inous 
coal.
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T h e im ports of anthracite  am ounted in 1910 to only 8,195 
long tons, valued a t  $42,244, and those of bitum inous coal to 
1.497.709 long tons, valued a t  $3,975,561.

OIL IN A L A S K A .

Petroleum  has been found in Alaska, and while there has been 
p ra ctica lly  no production, it  is not impossible, according to the 
U nited S tates G eological Survey, th at com m ercial pools m ay be 
found. Oil seepages occur on the w est shore of Cook Inlet, 
on the cast side of the Alaska Peninsula, and 011 Controller B ay, 
all close to  tidew ater, and hence capable of cheap developm ent.

P U R E  FOOD AND D RU G  L A W  IN M ONTANA.

T h e Pure F ood and D rug Law  enacted b y  the T w elfth  Legisla
ture of M ontana w as p u t into force on Jan uary 1, 1912. T he 
adm inistration of the law is made a d u ty  of the S tate  Board of 
H ealth. A  food and drug laboratory has been provided for in 
connection with the D epartm ent of Chem istry of the M ontana 
S ta te  College a t  Bozem an. T he organization of the laboratory 
Staff is as follows:

\V. M. Cobleigh, S tate  Chem ist; C. Ii. Mollet, D irector of Drug 
A nalyses; D ru ry L. W eatherhead, Food A n alyst; D. B. Swingle, 
Bacteriologist.

B U R E A U  OF MINES APPRO PR IATIO N S.

In the general estim ates for appropriations for the fiscal year 
1912, which begins Ju ly  1, 19x2, Secretary of the Interior, W alter 
L . Fisher, has recom m ended the following item s for the Bureau 
.of Mines:

F or the in vestigation  as to  the causes of mine explosions, 
m ethods of mining, especially in relation to  the sa fety  of miners, 
the appliances best; adapted to prevent accidents, the possible 
im provem ent o f conditions under which mining operations are 
carried on, th e use of explosives and electricity, the prevention 
of accidents, and other inquiries and technologic investigations 
pertinent to the m ining industry, $360,000.

F or the investigation, analyzin g and testin g of the coals, 
lignites, and other mineral fuel substances belonging to or for 
the use of the U nited States, $135,000.

F or the in vestigation s into the treatm ent of ores and other 
mineral substances, with special reference to the prevention of 
w aste in the m ining and utilization of im portant mineral re
sources, $100,000.

For the investigations of th e coals of A laska, w ith  reference 
to their mining, transportation, and utilization, $50,000.

CIV IL S E R V IC E  E X A M IN A TIO N .

T he U nited S ta tes  C ivil Service Com mission announces an 
exam ination on Jan uary 17-18 , 1912, to  secure eligiblcs for 
assistant chem ist in the Bureau of C hem istry, D epartm ent of 
Agriculture, a t  salaries ranging from $1,200 to $1,600 per annum .

The usual entrance salary is $1,200, and on ly in exception al 
cases of unusual qualifications, including considerable valuable 
experience, will a higher entrance sa lary  than $1,200 be paid. 
No assurance regarding prom otion is given, bu t during recent 
years industrious men of average a b ility  have received during 
th e first five or six years of service prom otions aggregatin g a t 
the rate of abou t $100 a year.

Qualified |)ersons arc urged to  enter this exam ination as the 
opportunities for appointm ent are excellent. O f the th irty- 
e ight persons who passed the assistant chem ist exam ination  
held in April, 1911, the three highest on the list w ere appointed 
a t  $1,440 per annum , and tw enty-seven others w ere tendered 
appointm ent a t  $1,200 per annum .

For detailed inform ation interested inquiries are referred to 
the U. S. C ivil Service Commission, W ashington, D. C.

T he International Petroleum  Com mission w ill hold its m eet
ing Jan uary 16-22, 1912, in Vienna, w ith  headquarters a t the 
Engineers and A rchitects Club.

T his comm ission will be divided into three parts, w hich will 
discuss the general and special phases of the petroleum  in
du stry. T he first division w ill take up the general m ethods of 
analysis of crude oil, benzine, petroleum  lubricating oils, paraffins 
and other products. The second division w ill discuss the 
scientific nom enclature, and the third w ill give its atten tion  
to the su bject of storage, sa fe ty  and transportation.

T he entertainm ent com m ittee has m ade arrangem ents for 
receptions, excursions to refineries and oil wells, etc.

Dr. F. W. Freriehs, President of the Am erican Institute  of 
Chem ical Engineers, has been elected an honorary m em ber 
of the Chem ical M etallurgical and M ining S ociety  of South 
A frica.

BOOK REVIEWS.
H andboek ten Dienste van de Suikerriet-Cultur en de R eit- 

suikerfabricage op Java. Derde Deel. D e F a b r ic a t i e  

v a n  S riK E R  u i t  S u i k e r r i e t  o p  J a v a . Tw ecde druk. door H. 
C. Prinsen Geerligs. D irector der Filíale Nederland von 
h et Proefstation  voor de Java Suiker Industrie, 1911, 5 12 
pages. Price, bound f. 7.50. Edited b y  the U nited Sugar 
E xperim ent Station  of Java. Am sterdam . J. H. de Bussy. 
The first edition of this work b y  Mr. G eerligs w as review ed in 

T h is  J o u r n a l , i , 380. The im portance of the volum e to  the 
cane sugar in dustry w as recognized in all parts of the w orld; 
an English translation, published b y  the International Sugar 
Journal, appeared in 1909 and a Spanish translation in 1910. 
Those who have become fam iliar with this volum e of the hand-

boek series will welcom e the appcarance of a new edition o f the 
D utch original.

T he scope of the present volum e is best stated  b y  Mr. G eer
ligs in his preface: "W h ile  the purpose of this second edition
is the same as th a t of the previous one, certain  sections of the 
book, such as clarification of juice, boiling, and w orking up of 
m assccuite, have been en tire ly  revised in order to bring the 
su bject m atter fu lly  up to  date w ith  the growing practice of 
m aking on ly first sugar and of a vo id in g  after-products. The 
section of the book relatin g to  calculation and interpretation 
of factory  results has also been rew ritten in order to  include 
the latest observations of sugar house experien ce.”

Com paring the second w ith  the first edition of Vol. 3 of the
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handbook the addition  of some 10 new pages is n oted in the 
part re la tin g  to  th e chem ical com position and distribution  of 
th e constituents of th e sugar cane. T he second division of the 
book re la tin g  to  processes of extraction , u tilization  of bagasse, 
defecation, filtration, evaporation, boiling, etc., has been en 
tire ly  rew ritten . T he recen t developm ent in processes of 
sugar m anufacture is shown b y  the fa c t th a t th is p a rt of the 
volum e has been increased from  304-365' pages. T his section 
of th e book has also been im proved b y  th e introduction  of over 
40 cuts and photographs illu stratin g  th e la test im provem ents 
in  sugar house equipm ent. A  p articu larly  valu able  feature 
of the n ew  edition is th e com prehensive tables and charts 
which give the results of 130 Ja v a  sugar factories for the 1910 
cam paign.

T h e ty p o gra p h y  of th e book conform s to  th a t o f the other 
volum es of the handbook and is excellen t in e ve ry  respect.

I t  is hoped th a t the English translation  o f Mr. G eerligs’ 
book m ay also soon appear in a  new  edition and include the 
num erous im provem ents w hich have been n oted in the original.

C . A . B r o w n e .

The M anufacture of Sulphuric Acid and A lkali. B y  G e o r g e

L u n g e , V olum e III , T hird  E dition, 764 pages. D . V a n  N os
trand C om pany, N ew  Y o rk . Price, £10.00.

Professor L u n ge’s books are too w id ely  and fav o ra b ly  known 
to require detailed discussion. T his third edition  of Volum e 
III  is d evoted  to  a lk ali m aking, and the chlorine in d u stry  in 
so far as th ey  are s tr ic tly  chem ical processes. T he electro- 
chem ical processes w hich have developed to such great pro
portions since th e last edition (1896) arc not included in this 
book, b u t arc  being treated in a  separate volum e, IV , b y  P ro 
fessors A sken asy an d  H aber.

T h e third edition is m ore com plete in its details and in tro
duces m uch new  m atter. I t  is necessarily more b u lk y  than the 
form er editions and still includes m an y descriptions of processes 
o f doubtful com m ercial value. I t  has been the consistent 
aim  of the author, in this as in a ll volum es, to  present as com 
plete a  record as possible of developm ent of the industry. S tu 
dents m ust kn ow  a b o u t the failures as w ell as the successes in an 
industrial developm ent and w ill therefore find Professor L u n ge’s 
plan o f selecting m aterial v ery  helpful.

T h e volum e is divided in to three general sections: (1st), A m m o
nia Soda Process; (2nd), Various Processes of th e A lk a li M anu
factu rin g; (3rd), T h e  Chlorine Ind ustry. These su bjects are 
treated  under chapters including full references an d  illustrations 
of ap p aratu s an d  p lant arrangem ent.

A  statistica l ap p en dix  is a  featu re of th e volum e which is of 
value in establish ing the re la tive  im portance o f the bran dies 
of this in du stry. I t  is to be regretted, how ever, th a t the data  
here given is from  six  to fifteen years old. T h e exp ortation  of 
chem icals from  G reat B rita in  (1738) in 1895 m ay fall far short 
o f representing conditions to-day and the prices of soda crystals 
in 1889 have little  value excep t to  show  th a t the am m onia soda 
w as dropping.

A  carefu lly  com piled index w ill be g rea tly  appreciated b y  us.

Analysis, Q ualitative— . B y  F . D l t r i ;. 51.50. Berlin, 1911. 
(G erm an.)

Casein, its Preparation and Technical U tilization. B y  R . 
S i i e r e r . ad Ed. 8vo. $2.00. T h e Oil and Colour T rades 
Journal, London.

Chem ical, Some—  Problems- of T o-day. B y  R o b e r t  K e n n e d y

T h e volum e is w ell execu ted  aiid conform s to the sty le  and bind
ing of th e previous editions.

T h e techn ical chem ists have a lw ays received the publication 
of this author w ith  h ea rty  ap p roval, and w e should be doubly 
ap p reciative  for th is m ost recent addition  to  the w orks on this 
great chem ical industry. M. C. W h i t a k e r .

D ie M étallurgie des W olfram s m it besonderer B eruecksichtigung 
dcr E lektrom ctallurgie. D r . H a n s  M e n n i c k e . 416 pages, 
39 illustrations. Price, 17 M arks. B erlin: M. K rayn .

T o m an y it  w ill seem alm ost incredible th a t th e  m eta llu rgy 
of tungsten  requires so b u lk y  a  volum e, y e t  the developm ent 
of th is m etal lias been so rapid  w ithin  the last ten  or fifteen 
years th a t it can no longer be classed as “ rare.”  T h e book is. 
intended prim arily  as a  handbook and since it  is th e first of i ts  
kind it  will be w elcom ed n ot on ly  b y  th e stu d en t b u t also b y  
steel m etallurgists and incandescent lam p m anufacturers. 
A m ong the ch ap ter headings are: T un gsten  Ores; R eduction
M ethods; B y-P rod u cts, including M olybdenum , Copper, T in , 
Scandium , T itaniu m , T an talum  and N iobium ; M anufacture 
of Sodium  T un gstate , T u n gstic  Acid, A llo ys of T ungsten, 
T un gsten  Bronzes, T ungsten  F ilam en ts; M ethods for Fire- 
proofing C otton  and other fabrics; A n alytica l M ethods. A l
though the chapters on tungsten  steel and on tungsten  fila
m ent m anufacture arc com p aratively  brief an d  the inform ation  
based largely  on p aten t literature, the chapters on th e pro
duction  of tungsten, pow der are p articu larly  w ell treated, th e 
auth or h av in g  had considerable experience in th is line. A  
long list of references to  p atent and journal literature is a p 
pended. C. G. F i n k .

A nnual Tables of Constants and Num erical D ata  (Chem ical, 
P h ysical and T echn ological). V ol. I. Com piled and pu b
lished b y  an International Com m ission, ’ appointed b y  th e 
S even th  International Congress of A pplied C hem istry (see 
Jour. Am. Chon. Soc., A ugust, p. 105, of the Proceedings).

T he first volum e of th e annual tables w ill contain  a ll the con
stan ts and num erical data, collected b y  th e A bstractors of the 
International Com m ission from  more th an  300 periodicals 
belonging to  Chem istry, P h ysics and A llied Sciences, Pure and 
A pplied, w hich w-ere published during the year 1910. T h e  
tables w ill form a  volum e of a b o u t 400 pages, arranged in sec
tions. T h e wide range of scientific and techn ical literature 
w hich is covered b y  the annual tables can n ot fail to  be of value 
to the scientific men, and w ill be a valu able  addition  to  e v e ry  
library.

Subscriptions should be filed before Jan u ary 15, 19 11. S u b 
scription blanks, term s of subscription and descriptive leaflets 
m a y  be obtained from  a n y  one of th e three A m erican Com 
m issioners: Dr. G. N. Lewis, Mass. In stitu te  of T echn ology,
Boston, M ass.; Professor G. F . H ull, D artm outh  College, H a n 
over, N. H .; and Professor J. S tieglitz, U n ivers ity  of C hicago, 
Chicago, III,

D u n c a n . Cr. 8vo., 253 pp. $2.00. P h ilad elp hia  B ook  Co., 
Philadelphia.

Constants, Tables of Ph ysical and C hem ical—  and Some M athe
m atical Functions. B y  G . W . C. K a y e . 8vo., 147 pp. 

$1.25. Longm ans, G reen &  Co., N ew  Y o rk .
D ipping Fluids, The Spontaneous Oxidation of A rsenical— .

NEW PUBLICATIONS.
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B y  A. V . F u l l e r . U. S. Dept, of Agriculture, Bureau of 
A nim al Industry, Circular, 182.

Dyeing, Com pendium  of—  Chem istry from  the Scientific and 
P ractical Standpoint. B y  A. S a n s o n e . L. 8vo., 326 pp.
$3.50. A. H artleben, Vienna. (Germ an.)

Essential Oils: Sem i-A nnual Report of Schimmel &  Co., October,
19 11. (Translation.) Sm. 8vo., 154 pp. Schim m el &  Co., 
M iltitz.

Fertilizers. The M anufacture of Chemical Manures. (Trans
lation.) B y  J. F r it s c h . 8vo., 350 pp. $4.00. T h e A m er
ican F ertilizer, Philadelphia.

Gas, The Calorific Pow er of— . B y  J. H. C o s t e . L . 8vo.
$1.50. Clias. G riffin &  Co., London.

Gypsum , Report on the—  Deposits of the M aritime Provinces. 
B y  W il l i a m  F . J e n n is o n . 171 pp. Canada D epartm ent of 
Mines, O ttaw a.

Inorganic, A  Text-book of—  Chemistry. (Translation.) B y  
A. F . H o L L E M A N .  4th Ed. 8vo. $2.50. John W iley &  
Sons, N ew  Y o rk .

Inorganic, A Text-book of—  Chemistry. B y  G. S e n t e r . Svo.
567 pp. $1.50. M ethuen &  Co., London.

Meat, T ext-book of—  Hygiene. (Translation.) B y  R i c h a r d  

E d e l m a n n . 8vo., 392 pp. $4.50. Lea  &  Febiger, P h ila
delphia

M icrobiology. B y  C h a s . E. M a r s h a l l . 121110., 724 pp.
$2.50. P. B akiston ’s Son & Co., Philadelphia.

Molybdenum, Report on the—  Ores of Canada. B y  T . L.
W a l k e r . 64 pp. Canada D epartm ent o f Mines, O ttaw a. 

Oils, Chem istry of the D rying— . B y  W . F a ii r io n . 8 vo., 

298 pp. $ 2.50. Berlin, 19 11 .
Paint T echnology and Tests. B y  H e n r y  A. G a r d n e r . 8v o .

M cG raw H ill B ook Co., New Y ork.
Paint, The Use of—  on the Farm . B y  P e r c y  H. W a l k e r .

U. S. D ept, of A griculture, Farm ers’ Bulletin No. 474. 
Perfum ery, The M anufacture of— -. B y  G. W. A s k in s o n .

6th Ed. 8vo., 384 pp. S i .25. Vienna, 1911. 
Pharm aceutical, The British—  Codex, 1911. B y  P h a r m a c e u t 

i c a l  S o c i e t y  o r  G r e a t  B r i t a i n . 8vo., 1568’ pp. S3.00. 
T he Pharm aceutical Press, London.

Photography, Applied—  in Science and Technics. B y  K . W . 
W o l f -C z a p e k . V ol. II. 8vo., 295 pp. Union D eutsche 
Vcrlagsgesellscliaft, Berlin. (Germ an.)

Rubber, The M anufacture of—  Goods. (Translation.) B y
A . H e il  a n d  W . E s c h . $3.00. M aclarcn &  Sons, London. 

Silicates, T he—  from  the Chemical and Technical Standpoints. 
B y  W . A s c h  a n d  D. A s c ii. 8vo. $4-5°. Julius Springer, 
Berlin. (Germ an.)

Soaps, Chem istry, Analysis, Technology of the Fatty Acids, 
Glycerin, T urkey Red Oils and— . B y  L. U b b e l o iid e  a n d  
F . G o l d s c h m id t . S12.50. S. Hirzel, Leipzig. (Germ an.) 

Soils, The Effect of Soluble Salts on the Physical Properties of— . 
B y  R. O. E . D a v i s . 38 pp. U . S. D ept, of Agriculture, 
B ureau of Soils, B ulletin  82.

Spectrochem istry, Introduction to the Study of— . B y  G . U r b a i n .

$2.00. Paris, 1911. (French.)
Sugar, Analyses of—  Beets, 1905 to i 9 I0> together w ith Methods 

of Sugar D eterm ination. B y  A. H u g ii  B r y a n . 48 pp. 
U. S. D ept, o f A griculture, Bureau of Chem istry, Bulletin  146. 

Technical, A  Text-book of Practical Chemistry for—  Institutes. 
B y  A. E . D u n s t a n  a n d  F . B. T i io l e . 8vo., 335 pp. $1.00. 
M ethuen &  Co., London.

R E C E N T  JO U R N A L  A R TICLES OF IN TEREST TO TH E IN
D U ST R IA L CHEM IST.

Beer, Pasteurization of—  in Cask and Bottle. B y  C. R u e h l . 
Journal oj the Institute of Brewing, Vol. 17, 1911, No. 6, pp. 
596-612.

Coal Carbonization. B y  V . B . L e w e s . Progressive Age, 
V ol. 29, 1911, No. 24, pp. 1029-1035.

Combustion Surface. B y  Wm. A. B o n e . Progressive Age, 
V ol. 29, 1911, No. 24, pp. 1037-1043.

Concrete, E lectrolytic Corrosion in Reinforced— . B y  B u r t o n  
M c C o l l u m , et at. Proceedings of the American Institute of 
Electrical Engineers, V ol. 30, 1911, No. 11, pp. 2248-2269.

Cotton, A Study of—  Fibers. B y  H a n s  W r e d e . Paper, Vol. 
V , 1911, No 12, pp. 13-15.

Fertilizers: Inorganic Nitrogenous Plant Foods. B y  F . J. 
M a c h a l s k E. American Fertilizer, Vol. 35, 1911, No. 8, 
pp. 29-44.

Illum inating Gas, Unstable H ydrocarbons in— . B y  E. C. 

J o n e s . Progressive Age, V ol. 29, 1911, No. 20, pp. 865-868.
Leather, Report on—  Analysis. B y  F . P . V e it c h . Journal 

oj the American Leather Chemists’ Association, V ol. 6, 1911, 
No. 12, pp. 565-579.

Lignite, A Chem ical Study of— : The Volatil Constituents. B y  G .
B . F r a n k f o r t ij r  a n d  A . P . P e t e r s o n . Journal oj the /I merican 
Chemical Society, Vol. 33, 1911, No. 12, pp. 1954-1963.

Lithopone W hite. A n o n . Oil, Paint and Drug Reporter, 
Vol. 80, 1911, No. 21, pp. 281.

Nitrate, The A ccuracy of—  Determ inations. B y  S . S e y d e l  
a n d  L . W i c iiERS. Zeitschrijt juer aiigewandtc Chemie, V ol. 
24, 19 ” . No. 43, pp. 2046-2054.

Oils, The Arom atic Grass— . A n o n . Bulletin oj the 
Imperial Institute, Vol. 9, 1911, No. 3, pp. 240-253.

Oils, The Behavior of H igh-boiling M ineral— - on H eating in Air. 
B y  C. E. W a t e r s . Bulletin oj the Bureau oj Standards, 
V ol. 7, 1911, No. 3, pp. 365-376.

Oils, Progress in the D om ain of Ethereal—  and Perfum ery 
Bodies. B y  F. R o c h u s s e n . Zeitschrijt juer angewandte 
Chemie, Vol. 24, 1911, No. 46, pp. 2185-2195.

Papers, Testing Fastness to Ink in W riting— . B y  H a n s  W r e d e . 
Paper, V ol. V, 1911, No. 10, pp. 11 -12 , 32.

Plating, The Effect of Addition Substances in Lead—  B aths. 
B y  F . C. M a t h e r s  a n d  O . R . O v e r m a n . Advance Copy, 
Transactions American Electrochemical Society, V ol. 20, 1912.

Rubber, The Adsorption of Acids by the Colloids of D ialysed 
Hevea Latex. B y  W a t s o n  C r o s s l e y . India Rubber Journal, 
Vol. 42, 1911, No. 21, pp. 17-18 .

Rubber, Machines for M ining and Grinding— . B y  P . H o f f 
m a n n . Kunststojfe, Vol. 1, 1911, No. 21, pp. 405-408.

Sewage, The Different Conditions of—  and their Causes. B y  

G e o r g e  W . F u l l e r . Engineering Record, Vol. 64, 1911, 
No. 21, pp. 597-600.

Steel, Chem ical and Physical Reactions in—  Production, Espe
cially  in the Electric Furnace. B y  T . G e i l ENKIRc h EN. Zeit
schrijt juer angewandte Chemie, Vol. 24, 191,1, No. 41.

Steel, E lectrolytic—  and its Production. B y  W . R o d e n h a u s e r . 
Zeitschrijt juer angewandte Chemie, V ol. 24, 1911, No. 48, 
pp. 2289-2302.

Sucrose, D irect Determ ination of—  in all Products Containing 
More or Less Reducing Sugars. B y  H . P e l l e t  a n d  P . 
LEMELAND. International Sugar Journal, Vol. 13, 1911,
No. 155, pp. 616-618. •A\.

Sugar, Methods of Analysis ahd Chem ical Control for Use in 
Cane—  Factories. B y  G u il f o r d  L . S p e n c e r . International 
Sugar Journal, V ol. 13, 1811, No. 154, pp. 545-558.

Textiles, Effect of the B leaching Process on the W eight and 
Strength of— . B y  S. H . H i g g i n s . Journal oj the Society 
oj Chemical Industry, V ol. 30, 1911, No. 22, pp. 1295-1298.

Vanadium , The Determ ination of—  in Vanadium  and Chrom e- 
Vanadium  Steels. B y  J o h n  R . C a i n . Bulletin oj the Bureau 
oj Standards, Vol. 7, 1911, No. 3, pp. 377-392.

W aters, The Chem ical Exam ination of—  and Trade Effluents. 
B y  J. A. S. M o r r is o n . Journal oj the American leather 
Chemists’ Association, V o l. 6, 1911, No. 12, pp. 544-565.
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direction passing from  a late  stage o f evap oration  to w ard  and 
th rough the earlier stages w hereby the crystals  form ed in the: 
later stages are w ashed in the purer liquor of earlier stages w hile 
evaporation  is progressing therein.

T he accom p an ying illustration  shows a p p aratu s in w hich the 
process is carried out.

77777777/

PR O C E SS OF REFIN IN G  LE A D  AND LE A D  A LL O Y S.

U . S. Paten t No. 1,006,323, to Leland E . W em ple, St. Louis, M o.
Assignor one-half to H oyt M etal Com pany, of St. Louis.

T his invention is a  process for the rem oval of con tam in atin g 
m etals or foreign elem ents from p ig lead and from  a lloys of lead 
and antim on y, of lead and tin, and of lead a n tim on y and tin, 
and p articu larly  to  the rem oval of arsenic antim ony, or tin, 
from  lead, and to the rem oval of arsenic from antim onial lead 
or antim ony-lead alloys, and from  lead-tin-antim onv alloys 
w ith o u t the rem oval of either an tim on y or tin from  the alloys.

IMPlPflC 
1C AD

4  MOVTtX 
ALKALI

WVDfiOnCE.

T he process consists in bringing the lead, or lead a llo y  con
ta in in g  im purities, or foreign elem ents, w hile in a m olten state,

T h e process consists in im m ersing a  higli-m elting m etal body 
in a solution of a  sa lt of an unlike m etal and th ereb y  producing 
a  strik in g coatin g  o f the unlike m etal, and then  m akin g such 
m etal bo dy a  cathode in a bath  of fused e lectro lyte  containing 
a dissolved ductile high-m elting different m etal, such bath  
being m aintained a t  a tem perature above the m elting point of 
such high-m clcing m etal.

T he accom p an yin g illustration  show s ap p aratu s in w hich 
the process is carried out.

in intim ate con tact w ith  the hyd ro xid  o f an alkali, such a s  
h yd ro xid  of sodium , or h yd ro xid  o f potassium  w h ereb y th e 
foreign elem ents are a tta ck e d  b y  said hyd ro xid  while the m etallic  
lead itse lf is p ractica lly  u n attacked , and therefore rem ains in 
the m etallic state, the con tam in ating m etals undergoing a 
chem ical change w hich is regarded as oxid ation  or a t  least 
p artia l oxidation, com bining w ith  or becom ing held m echanically 
b y  the hydroxid .

T h e proccss m ay be carried out in the ap p aratu s shown in the 
accom p an yin g illustration.
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I .

p lyin g nitrogen as the reaction proceeds, thereby m aintaining 
the tem perature and continuing the reaction throughout the 

mass to  be converted.
The accom p an ying illustration shows apparatus in which the 

process m ay be carried out.

ance w ith this invention. T he new and auto m atic  feature of 
this devicc is shown in parts 19, 20, 21, 22, 23 and 24, and the 
opening and closing of the flushing va lv e  is accom plished b y  
means of a  float. T h e frequency w ith  w hich the reto rt is drained 
is regulated b y  the volum e of w ater discharged from  the cham ber 
into th e tan k  19 b y  drip cock 18.

M ETHOD OF PR OD U CIN G  NITROGEN COM POUNDS FROM  
C A R B ID S.

U . S. Paten t No. 1,006,927, to Albert R . Frank, of Halensee, near 
B erlin. Assignor to Societa Generale Per La Cianam ide, of 
R om e.

T h is invention  is a  m ethod of producing nitrogen compounds 
from carbids, such, for instance, as cyanatnids (carbodiim ids), 
cyanids, nitrids, and other like compounds, as applied to the 
production of which the process would be illustrated b y  the 
form ula

C aC j-2  N C a C N j-C ,
or

B  aC 2-2  N B aC 2N 2,
or

3M gC2-2 N M g3N a-6o.
T h e process consists in bringing a relatively  sm all part of the 

carbid mass in a  finely divided condition into contact w ith  heated 
nitrogen to heat said carbid to the reaction tem perature, sup-

+

HEATER

A SE LF-C LE A N IN G  S T IL L .

U . S. Patent No. 1,010,508, to W . H . M cCune, V andergrift, P a .

This invention relates to  an apparatu s more p articu larly  used 
for distilling water, w ith  a m echanical arrangem ent for cleaning 
a t  intervals w ithout substantial interruption of the process 
of distillation or the attention  of an operator. I t  is planned 
to  ob viate  the usual difficulties of interruption and loss o f 
efficiency in distillation b y  so designing the apparatu s as to 
clean  autom atically  a t  regulated intervals.

T h e accom panying illustration is a  sectional e levation , show 
ing the distilling apparatus constructed and arranged in accord-



M ARKET 
A V E R A G E  W H O L E SA L E  P R IC E S  O F S T A N D A R D

F u ll L i i t  o t W eekly  

O R G A N IC  C H E M IC A L S .

A ceta n ilid ................................................ . . . .  Lb. 20‘/ 2 © 23
A cetone (dru m s).................................. . . . .  Lb. i 33A  @ 15
Alcohol, grain (188 p ro o f)............... . . .  .G al. 2 .5 6 © 2 ■ 58
Alcohol, w ood (95 per c e n t.) .......... . . . .G a l. 50 @ 52
A lcohol, denatured (180 p ro of)---- . . .  .G al. 40 @ 42
A m y l A c e ta te ........................................ . . . . Gal. 3 0 0 @ 3 ■ 25
A cetic  A c id ............................................ . . . .C. 1-75 @ i .90

A niline O il.............................................. . . . .L b . 10V4 © 1 1 Va
Benzoic A c id .......................................... 11 y 4 © 12
Carbon T etrach loride (dru m s). . . . . . . .L b . 73A  @ 8 Vi
Carbon B isu lp h id e .............................. . . . .L b . 5 @ 7
Chloroform .............................................. . . . . Lb. 23 © 28
C arbolic A cid  (dru m s)....................... . . . .L b . 19 © 20
C itric A cid  (dom estic)....................... . . . .  Lb. 38V2 © 39
Cam phor (refined in b u lk )............... . . . . Lb. — © 44
D extrin e (im ported p o ta to ) ............ . . . . Lb. 6 © 7
D extrin e (co rn ).................................... . . .  .C. 3 0 8 © 3 ■25
E th er (U . S. P., 1900)....................... . . . . Lb. H @ 20 '
F o rm ald eh yd e....................................... . . . . Lb. 8 '/ , @ g 1/»
G lycerin e (d y n am ite)......................... . . . .L b . l 6 © i 6 ‘/ 2

Io d o fo rm ................................................. . . . . L b . 2 .9 5 3 .00
O xalic  A c id ............................................ . . .  .C. 7 %  © 7V2
P yrogallic  Acid (b u lk )....................... . . . . Lb. 1 -25 © i ..48
S alicy lic  A c id ......................................... . . . . Lb. 32 . © 34
Starch  (co rn )......................................... . . . .C. 2 .00 © 2 15
S tarch  (p o ta to )..................................... . . . . Lb. 5 ‘A © 5 -A
S tarch  (r ice ) ....................................., . . .  Lb. 7 © 8
S tarch  (w h e a t) ................................ , . . .L b . 4 7 8 © 5 'A
Tan n ic  A cid  (regular in b u lk ) .......... . . .  . Lb. 6 8 © 70
T artaric  A cid, c ry s ta ls ......................... . .  . Lb. 30’A  © 3° V

IN O R G A N IC  C H E M IC A L S .

A cetate  of L im e (g ra y ) ....................... . . .C . 2 .00 @ 2 •OS
A cetate  of Lead (brown, b ro k e n ). . . . . Lb. 7 y4 @ 8
A lum  (lu m p )............................................ . . .C. i •75 @ 2 .00
Am m onium  Carbonate, d o m e stic ... . . . Lb. 8 @ 83A
Am m onium  Chloride, g r a y ................ . . .L b . 6 '/ S @ 63A
Alum inum  S u lp h a te .............................. . . .L b . 90 @ • I •75 '
Am m onium  V a n a d ia te ........................ 41 @ 50
A qu a Am m onia (drum s) 16 0 ............ . . .L b . 21/.1 @ 2‘A
Arsenic, w h ite .......................................... . . . Lb. 2 7  !» @ ■ 2*/8
Brim stone (crude, dom estic) . . . Ton 22 • OO @ 22 •50
B arium  C h lo rate ..................................... . . .  Lb. >5 @ 17
Barium  C hlorid e..................................... . . .C . i .90 @ 2 •25
B arium  N itr a te . ..................................... . . . Lb. 5 ‘A ! @ 6*A
B orax, crystals  (b a g s).......................... . . . Lb. 3 ‘A : © 4
B oric Acid, c ry s ta ls ....................... .. . . .L b . 7 © 7 ‘A
Brom ine, b u lk ......................................... . . .L b . 25 @ 30
B leach in g Pow der (35 per c c n t .) . . . . . .C . i ■25 @ I ■30
B arvtes (prim e w hite, foreign )........ . . .T on 18 ■50 © 22 ■50
B lue V itr io l.............................................. . . . Lb. 4 ‘A © 43A
C alcium  C hlorid e............................. . . .C . 65 © 90
Calom el, A m erican ................................ . . . Lb. 9 ' @ 93
C halk (light p recip itated )................... . . . Lb. 4 ‘A © 6 -
C ob alt O x id e .............................................. . . . L b . 80 © I .00
China C lay  (im p orted )............................ . .T o n 1 1 . 50 © l8..00
F eld sp ar....................................................... 8..00 © 12 .00
F u ller’s E arth , pow dered...................... . .C . 80 © 85
Green V itrio l (b ag s)................................ . .C . 60 © 85
H ydrochloric A cid (18 0) ....................... . .C. I . 15 © I  . 55
H ydrochloric A cid  (2 2 °).....................”, . .C. I  . 45 @ I  . 75
Iodine (resu blim ed)................................. . . Lb. 2. 60 © 2 . 65
Lead N itra te .............................................. . .L b . 8 © 8 7 »
Lith iu m  C arb o n ate .................................. . . Lb. 60 @ 63
M agnesite (ra w )........................................ xo. 00 ©  1[ I  .00
M ercuric C hloride..................................... . .L b . 82 © 85
N itric Acid, 3 6 ° ........................................ . .I .b . 3 7  s © 4 ‘A
N itric Acid, 420........................................ . .  Lb. 4 7/  s @ 5 %

REPORT.
C H E M IC A L S , E T C ., F O R  M O N TH  O F D E C E M B E R .)

, «ee " O i l ,  P a in t  6c D rug  R e p o r te r ."

P h osp h oru s........ ...................................... 45 © i .00
Phosphoric Acid, s. g. 1 .7 5 ................ . . . Lb. 22 @ 26
Plaster of P a ris ....................................... . . .C . i . 50 © 1.7 0
Potassium  B ro m id e.............................. . . .L b . 31 ' © 34
Potassium  Perm anganate (bu lk ). . . . . . Lb. 93A @ I ° 3A
Potassium  C yanide (b u lk ) ................. . . . Lb. 20 © 24
Potassium  Iodide (b u lk ) ..................... . . .L b . 2 .10  @ 2-15
Potassium  Chlorate, c ry s ta ls ............ . . .L b . 8 '/ , @ 9 7 *
Potassium  N itra te  (cru d e)................. . . .L b 4 ‘A  © 5
Potassium  B ichrom ate, 5 0 ° ............... . . . Lb. 73/a © 73A
Pum ice S to n e ........................................... . . .L b . 2 @ 4
Q u ick silver................................................ . . .L b . 62 @ 64
S a lt C ake (glass-m akers).................... . . .C . 55 © 65
S ilver N itra te ........................................... . . .O z. 36 © 38
Soapstone in b a g s .................................... 10.00 @ 12 .00
Sodium  A c e ta te ........................................ . . . Lb. 4 %  ® 5
Sodium  C h lo ra te ....................................... . .  Lb. 8 7 , © 9 'A
Sodium  B icarbonate (E n glish )........... . .L b . 2 7 4 © 3
Sodium  B ich rom ate ................................ . .L b . 5 7 s © 6
Sodium  B isulfite (not incl. p k g.). . .  . . .C . 75 @ 1 -3 7 7 2
Sodium  H ydroxide, 60 per c e n t......... . .C . 1 .80 @ 1.8 5
Sodium  H y p osu lfite ................................. . .C . 1 .3 0  © 1 .60
Sodium  N itrate, 95 per cent., sp o t. . . .C . 2 .20  © 2 •221/ 2
Sodium  Silicate  (liq u id )........................ . .C. 65 © I.5 0
Sodium  S ta n n a te ...................................... . . Lb. 93A  © IO
S trontium  N itra te .................................... . . Lb. 7 'A  © 8
Sulphur, R o ll............................................. . .C . i .85 © 2 -15
Sulphur, F lo w ers...................................... 2.20 © 2 .60
Sulphuric Acid, 6o° B ............................ . ,C. 85 © 1.00
T alc  (A m erican )....................................... 15.OO @  :20.00
T erra A lba  (Am erican), No. 1 ............ . .C . 75 © 80
T in  Bichloride (50 ° ) ................................ . .L b . 13 © 13
Tin O x id e ..................................................... . .L b . 49 © 51
T in  Chloride (3 6 ° ) ................................... . . Lb. i i  @ 11 Vi
Zinc Chloride (gra n u la ted )................... . .  Lb. 4 7 , ® 4 ‘A
Zinc S u lp h a te ............................................. . .L b . 2 % © 2 7 ,

O IL S , W A X E S , E T C .

B eesw ax (pure w h ite ) ............................ . .L b . 40 @ 45
B lack  M ineral Oil, 29 G r a v ity ............ . .G a l. 12 @ 12 7 s
C astor Oil (No. 3 ) .................................... . .L b . 9 7 ,  © i i

Ccresin (ye llo w )......................................... . .L b . 9 © 20
Corn O il........................................................ 5-95  © 6.00
C ottonseed Oil (crude), f. 0. b. m il l . . . .G a l. 31 'A  © 33
C ylin der O il (light, f ilte re d )................. . .G a l . 19V2 © 20
Japan W a x ................................................. . . Lb. 8 7 s © 9
L ard Oil (prim e w in te r) ........................ . .G a l. 75 © 83
Linseed Oil '(double-boiled).................. . . Gal. 74 © 88
Paraffine Oil (high viscosity) '............. . . G al. 2 3 7 a © 24
Paraffine (crude 120 @  122 111. p .) .. . . . Lb. 3 @ 3 7 ,
Rosin Oil (first ru n )................................ . .G al. 36 © 50
Spindle Oil, No. 1 ........................................ .G a l. 14 r4 7 2
Sperm  O il (bleached winter) 3 8 ° ......... .G al. 76 @ 78
S tearic  A cid (double-pressed)............... . Lb. i o 7 < © i o 7 2
T allow  (acid less)......................................... .G a l. 63 @ 65
T a r Oil (d istilled )....................................... .G al. 30 © 31

M E T A L S .

Alum inum  [No. 1 in g o ts] ........................ ,I.b . 18 7 s © ' 19
A n tim o n y (H alle t’s ) ...... ........................... . Lb. 7 Vs © 7 7 »
B ism u th  (L o n d o n )..................................... .L b . —  © 1.8 0
Copper (e le c tro ly tic )................................. .L b . 13.0 8 ©  1 3 .1 5 c
Copper ( la k e )................................................ .L b . 13-2 © 13 .3 5 c
Lead, N. Y ................................................................. .L b . —  ©  •4 -45C
N ick e l............................................................... .L b . 40 @ 50
Platin um  (refin ed )..................................... .O z . 48 .50  @ 4 9 .0 0
S ilv e r ............................................................... .O z. 54 © 56
T in .................................................................... .L b . -  © 4 4 7 s
Z i n c ................................................................. . Lb. 6 .22  @  6 -3 7 7 2c



Laboratory
Vacuum
Drying

Apparatus

Fully Descriptive Catalogue upon request.

NORMAN HUBBARD’S SONS.
2 6 3 - 5 - 7  W a t e r  S t r e e t ,

Brooklyn, N. Y.

Improved Packard 

Vacuum Pumps lor 

Vacuum Pans, lor 

rapid and economi

cal evaporation and 

concentration, for  

total drying, lor im 

pregnating and pre

serving, or disin- 

feeling, for reclaim-  

i n g  ot  v a l u a b l e  

solvents, etc.

E. B. Badger 4 Sons Co.
■BOSTON, JU yiS S . 4 - 1 2

EVAPORATING APPAR ATUS

Vacuum Pans
y

for the production of 
dyes, extracts, con
densed m ilk, confec
tionery and chem ical 
products.

To quote one customer:
"W e  h o v e  b e e n  u s in g  y o u r  p a n  io r  

t w e lv e  y e a r s ,  n ig h t a n d  d a y , w it h o a t  

sp e n d in g  one d o lla r  tor r e p a ir s .”

W e also m ake a 
specialty  of d istil
ling and extracting 
apparatus.

I f  you are interested, write us

Pans m ay be con 
structed of copper 
or iron, lined w ith  
silver or lead, if  de
sired.

S t o k e s  
A u t o m a t i c  W a t e r  S t i l l s

A r t h u r  H .  T h o m a s  C o .
I M P O R T E R S  A N D  D E A L E R S

M I C R O S C O P E S ,  LA B O R A T O R Y  A P P A R A T U S  
A N D  C H E M I C A L S  

1 2 0 0  W A L N U T  S T . ,  P H IL A D E L P H IA

FO R H E A T IN G  BY S T E A M

Producc more w ater and purer w ater 
at a lower cost than any o ther still on the 
m arket.

T he  distinctive feature of these stills 
is that, by a patented  construction, they 

| utilize the steam Renerated for heatingr 
the feed w ater to the boiling point, so 

I th a t a minimum of heat is required to 
to operate them , and by this preliminary 
heatiner of the feed water the am monia 
and o ther ¿rases are released and driven 
off. thus producing a w ater free from all 
im purities.

S ize  1 , c a p a c ity  5  gallon*
p e r  h o u r ..........................$ 1 0 0 .0 0 , n e t

) S iz e  2 , c a p a c ity  10  gallon*
p e r  h o u r - ......................  1 5 0 .0 0 , n e t

S ize  3 , c a p a c ity  2 5  gallon*
p e r  h o u r .. ......................  2 5 0 .0 0 , n e t

S iz e  4 , c a p a c ity  6 0  gallon*
p e r  h o u r .. . . .................... 4 5 0 .0 0 , n e t

C o m p le te  d e s c r ip tiv e  c i r c u la r  u p o n  r e 
q u e s t,  a lso  c ir c u la r  d e sc r ib in g  S toke*  

A u to m a tic  G a* S till w ith  a  c a 
p a c ity  o f  ^2 ga llo n  p e r  h o u r  

a t  $ 1 8 .0 0 , n e t

Hoffman & Kropff 
Chemical Company

M anufac tu re rs  of

S yn th etic Organic and 
A n a ly ze d  Inorganic

CHEMICALS
of exceptional p u r ity , for use in

Commercial, Scientific and 
U n iversity  Laboratories

P rice  L ist on request

6 1 3 - 6 1 9  K e n t  Ave. ,

BROOKLYN, N. Y.



DE LAVAL CENTRIFUGÄLC larif ie r and F il te r

CHEMICAL APPARATUS AND

CHEMICALS
Supplies for Chemists, Assayers, Sm elters ,  Iron and 
Steel Works, Copper and Zinc Works, M ines,  Etc.

Our C atalogue of C hcm ical A pparatus, w hich is the m ost com plete and conven ient catalogue  
issued, covering 521 pages, w ill be sen t gratis and prepaid on application

TRY OUR BOHEMIAN NORMAL WARE
W HI CH  I S  S U P E R I O R  T O A N Y  O T H E R

Sole A gents for the celebrated Max Dreverhoff Filtering-Paper and H. L. Becker 
Fils & Co’s fine B alances and W eights.

Headquarters for Borax Glass 
High-Grade Goods at Reasonable Prices

Agents of Battersea Works 
Satisfaction Guaranteed

MOLYBDIC ACID OUR SPECIALTY
H E A D Q U A R T E R S  FOR F I L T E R I N G  P A P E R

HENRY HEIL CHEMICAL CO.
2 1 0 - 2 1 4  S o u th  4 t h  S t r e e t ST.  LOUIS, MO.

T h e  B o w l — T h e  H e a r t  o f  t h e  M a c h i n e

P e r f o r m s  e c o n o m i e s  t h a t  h a v e  n e v e r  b e fo r e  
been a p p r o a c h e d  by an y  o t h e r  s y s t e m

T he i g n  im provem ents place th e D eLaval Clarifier and F ilte r  in a 
class by  its e lf.

The im proved machine embodies a ll the good points of other clari- 
fiers and filters, and, in addition, advan tages not offered b y  any other sy s
tem  of filtration.

It removes the finest flock and a ll sus
pended d irt, as w e ll as the coarsest sedim ent 
from  varnishes, patent medicines, spirits, 
e tc ., and m akes a sav in g  of at least go per 
cent, in filter paper and cloths, and m any 
other big savings im possible b y  any other pro
cess.

Note bowl illustration  on the le ft—  
it has tw o d istin ct com partm ents— one clari
fies, the other filters, a ll a t one continuous, 
and p ra ctica lly  instantaneous, operation.
E a sily  and quickly adjusted for any and a ll 
products. S im ple and inexpensive to operate 
and a lw ay s ready. E xcep tion ally  durable 
and saves its cost m any tim es over each year 
of use.

Made in four sizes for the sm allest as 
w e ll as the largest use.

Our Bulletin  No. 125 te lls  more about this 
labor and m oney-saving m achine, and is free 
for the asking.

TheQeLaval S e p a ra to r  Co.
S o l e  M a n u f a c t u r e r s

165 B roadw ay, N ew  Y o rk  29 E . M adison S t .,  Ghicago T h e  M a c h i n e



Copyright, 1904, b y  A bbé E ng i
neering Co.

C opyrigh t, 190$, b y  A bbé E ngineering  Co.

S w i s s  S i lk  Bo l t in g  Cloth

PULVERIZING, GRINDING AND SIFTING ^
MACHINERY

C opyright, 1907. b y  A bbé Engineering Co. C opyright, 1908, b y  A bbé Engineering  Co.

ABBÉ ENGINEERING COMPANY 222M! Ä £  c . t v



WANTED

W ANTED.—A chem ist, one experienced in 

Oils. Address “ W. X. Y .,” care Journal Indus

trial and Engineering Chemistry.
12-1*12

•FOR SALE AT A BARGAIN
16 V ols. Journal Am erican C hem ical Society, 1895 to 

1910 inclusive. 4 Vols. C hem ical Abstract, 1907 to 1910 
inclusive. 2 Vols. Journal of Industrial and E ngineer
ing C hem istry, 1909 and 19 10. 13 Vols. Journal of the
Society of Chem ical Industry (E n glish ), 1898 to 1910 in
clusive. Address J . H. M allory, Chem ist, Drawer No. 69, 
Colum bia, South Carolina. 1-12

SITUATIONS WANTED
T h e  C o m m ittee  on  E m p lo y m en t o f th e  C h em ists ’ C lub h a s  now  on 

file a n u m b e r o f  a p p lic a tio n s  from  ch em ists  se e k in g  em p lo y m e n t in 
la b o ra to rie s  a n d  w o rk s . E m p lo y e rs  w ish in g  th e  serv ices  o f  such  
m en  shou ld  com m unicate  w ith  th e  C h a irm a n , P rof. H e rb e r t R . 
M oody, C ollege o f th e  C ity of N ew  Y ork, C on v en t Ave. a n d  140th  S t.

U nem ployed  c h em ists  sh o u ld  file c a rd s , w h ich  m ay  be had  upon 
ap p lic a tio n  10 th e  C h a irm an .

T h e  c o m m itte e  e x te n d s  its  a id  to  u n e m p lo y e d  c h em ists  th e  
co u n try  o v e r a n d  h o p es  th a t  em p lo y ers  w ill use th is  m e an s  to com e 
in  co n tac t w ith  good m en .

No fees a re  ch a rg ed .

Free advertisem ents for m em bers in good standing  who arc 
seeking em ploym ent are lim ited to  a space of one and one-quarter 
inches *70 words) and to two consecutive insertions. E x tra  in
sertions and  extra  space at regu lar rates.

Replies to  advertisem ents sent “care  The Jou rna l of Industrial 
and Engineering Chem istry” should be directed to the  publication 
office, Easton, Pa.

W ANTED, graduate in analytic chem istry  
desires position, preferably, other than iron and 
steel analysis. Address “ V. G.,” care Journal of 
Industrial and Engineering Chemistry. n -2 -12

CHEM IST.—Open for engagem ent, man of long ex
perience; w ants situation either as m anager or as 
assistan t; i. e., as his know ledge of the particular branch 
of chem istry affording the position happens to qualify  
him . Place in or near N. Y. City. Salary m oderate. 
Address “ C hem ist,” care Journal o f Industrial and 
Engineering C hem istry. 1-12

G R A D U A T E  C H E M IS T , age 24, w ith  tw o years’ thorough 
experience a t  inorganic, a n alytica l and research w ork, de
sires position where m erit and energy are appreciated. W ill 
accep t sm all sa lary  if advan cem en t depends on ab ility . Oil, 
rubber, or agricu ltural field preferred. L ocation  no object. 
H igh  recom m endations. A ddress ‘ ‘ L. G . C .,”  care Journal 
of Ind ustria l and Engineering C hem istry. 9-2-12

G R A D U A T E  C H E M IS T , three years’ experience in gen
eral an a ly tica l and facto ry  control w ork, wishes position in 
som e branch of the nitrocellulose in du stry— explosives pre
ferred— cith er as a salesm an or in a  lab o rato ry  position 
which w ill lead to factory  responsibilities. References. A d 
dress “ N -C  B oston ,”  care Journal of Industrial and E n g i
neering Chem istry. 10-2-12

Y O U N G  m arried man of 36, w ith  15 y e a rs 'p ra c tic a l e x 
perience in chem ical research, analyses and investigation, 
w ants to  connect w ith  live  concern. W ill accep t m odest 
sa lary  to start and dem onstrate value. Address “ J- S .,”  
3975 E llis 'A v e ., Chicago, 111. 8-2-12

C H E M IS T  A N D  M E T A L L U R G IS T , B .S ., age 25. A t 
present Chief C hem ist large oil works. Experienced in Iron, 
Steel, A lloys, Feeds, F ertilizers, Oils, F ats, and Soaps. 
Speaks four languages. S tro n g personality, creative  power, 
and execu tive  ab ility . W ishes to connect w ith  Am erican 
C om pan y operating alon g chem ical lines in South A m erica, 
Asia, or Africa. Can furnish excellen t references. Address 
“ R . A. P .,”  care Journal of Industrial and Engineering 
Chem istry, E aston, P a. 1-2-12

C H E M IC A L  E N G IN E E R , B.S., 19 11, age 23, desires a 
position as a n a lytical or industrial chem ist in a  progressive 
com pany. Conscientious w ork, w ith in tegrity , broad tra in 
ing in best m iddle w est u n iversity ; m oderate sa la ry ; 
best references. W est or m iddle w est preferred. Address 
“ J. K . H .,”  care Journal of Industrial and Engineering 
C hem istry, E aston, Pa. 2-2-12

C H E M IS T  (25), B .S . ’09. T w o  years’ experience in the 
Cem ent Laboratories of a  reliable com pany. E xperienced in 
handling laboratory and all analyses connected therew ith: 
lubricants, coal, flue gas, w ater, etc. K n ow led ge of as
saying, blow pipe analysis and general organic chem istry. 
W ill consider position in a n y  line of w ork offering ad va n ce
ment. E xcellen t reference. Address "C . R . B .,’ ’ care Jour
nal of Industrial and Engineering C hem istry, E aston , Pa.

3-2-12

T E C H N I C A L  G R A D U A T E , Mass. Inst. T ech., age 27, 
possessing decided orig in ality  and w ith  research and execu 
tiv e  experience, desires position. A t present em ployed. V ery  
highest references. Address “ X . L .,”  care Journal of Ind us
trial and Engineering Chem istry, E aston, Pa.

4-2-12

G R A D U A T E  of Eastern T echnical School, w ith  research 
and execu tive  experience, desires position. Can solve prob
lems of operation or w ork in to som e adm in istrative position. 
W O U L D  B E  W IL L IN G  T O  S T A R T  R IG H T  IN  T H E  F A C 
T O R Y  A N D  D O  A N Y  K I N D  O F  W O R K  N E C E S S A R Y  
T O  A C C O M P L IS H  A  D E S IR E D  R E S U L T . A t  present em 
ployed. V ery  highest references. A ddress “ G . V . S .,”  care 
Journal o f Industrial and Engineering C hem istry, E aston , Pa.

5-2-12

C H E M IC A L  E N G I N E E R  (24), 2 years’ experience as an 
engineer and research chem ist on food products, desires posi
tion in som e line o f w ork (in  the w est) a fter J an u ary  1st. 
Salary, $1100. References A - i .  A ddress “ J. O. L .,”  care 
Journal of In d ustria l and Engineering C h em istry, E aston , Pa.

6-2-12

C H E M IS T , P h .D ., G erm an, w ith  tw o  years’ experien ce in 
a n a ly tica l and research w ork, desires to  change position. 
W ould prefer w ork alon g organic or electrochem ical lines. 
Good know ledge of F rench. Can furnish excellen t references. 
Address “ A. Z .,”  care Journal of In d u stria l- and E n gin eer
in g C hem istry. 7-1-12



SITUATIONS WANTED—(Continued.)

WESTONWESTON

T h e  P l a t in u m  H e t a l s  C o .
ASSAYERS OF PLATINUM

A N D  A L L  M E T A L S  O F T H E  P L A T I N U M  G R O U P
L a b o r a t o r i e s :

17 a n d  19 N in th  S treet, B R O O K L Y N , N. Y . 6-.2

T E X A S :  G rad u ate  Chem ist, reputable N ew  England C ol
lege, desires position in T exas, G u lf coast preferred. E x 
perience in iron and steel analysis and m anufacture of in 
secticides, a t  present superintendent. Good reasons for 
ch an gin g and A i  references. A ge 27. Address “ New E n g
lan d ,”  care Journ al of Industrial and Engineering Chem is
try . 1-12

C H E M IS T , 1911 graduate of an E astern  U niversity, with 
special train in g in food and w ater analysis and bacteriology, 
desires position. Com pensation m oderate. Address Miss 
“ E .B .M .,”  care Journal of Industrial and Engineering Chem 
istry , E aston , P a. 1-12

B .S . Eastern  College, Ph.D . Germ any, 26 years old, 
experienced in analytical, organic, and industrial research, in 
the running o f p lant and laboratory, desires position as 
industrial chem ist, near New Y o rk . Address “ R . M-,”  care 
Journal of In d ustria l and Engineering C hem istry. 1-12

1911 G R A D U A T E  IN  C H E M IS T R Y  from leading 
eastern techn ical college desires position offering opportunity 
for advan cem en t. A t present em ployed as chief chem ist for 
large power house bu t desires change, Philadelphia or 
v ic in ity  preferred. E xcellen t references. Address “ K . B .,”  
care Journal of Industrial and Engineering Chem istry. 1-12

C H E M IC A L  E N G IN E E R , P h .B ., age 31, over four years’ 
experience in laboratory  of large Die C asting and M otor Car 
Co. E x p e rt in an alysis of w hite metals, bearing m etals 
and steels. E x cellen t references. Address “ C. G. A .,"  care 
Journal of Ind ustria l and Engineering C hem istry. 1-12

T E C H N I C A L  G R A D U A T E  wishes to secure a  position 
w ith  an oil refining or jobbin g house. Several years’ com 
m ercial experience in lines using both vegetable and anim al 
oils and their specialties. P ractical rather than entirely 
an a ly tica l w ork preferred. Address “ G. C .,”  cr Journal of 
In d u stria l and Engineering Chem istry. 1-12

CHARLES L. PARSONS, 

Secretary American Chemical Society.

PREPARED COTTONS.
FOR NITRATINQ AND OTHER MANUFACTURING PURPOSES

MASSASOIT MANUFACTURING CO.,
F A L L  R I V E R , M A S S . 6- '2

C H E M IS T , w ho during p ast fou r years superintended 
successfu lly dyn am ite  p lant, is open for engagem ent in high 
exp losive or a n y  other in du strial line. P osition  where execu 
tiv e  a b ility  counts, preferred to purely lab o rato ry  one. _ “ E .
S . E .,”  cr Journal of Ind ustria l and E n gin eerin g C hem istry.

1 - 1 2

Members should w ear  

the  

A m erican Chem ical Society

P I N
C ost of P in  in  So lid  G old, $3.75
M em bers in good standing m ay obtain an order 

on th e  m an u fac tu re r by  addressing th e  S ec re ta ry . 
P ay m en t should be made to  m anu fac tu re r d irec t. Do 
n o t r e m it  to  th e  S ec re ta ry .

C H A S. L. P A R S O N S . Sec’y  
D urham , N . H.

N O T I C E .

The advertising m anagem ent of the Publi

cations of the American Chemical Society has 

been placed in the hands of Mr. L. R. Hudson, 

42 West 39th St., New York City.

All communications referring to advertising 

matter should be addressed to Mr. Hudson; and 

all bills and collections for advertising space 

should be referred to him.

A L T E R N A T I N G  
C U R R E N T  S W I T C H B O A R D

Am m e t e r s  and V o l t m e t e r s
w ill be found  v a s tly  su p e r io r  in  a ccu 
racy ,d u rab ility , w o rk m a n sh ip  an d  fin ish  
to  an y  o th e r  in s tru m e n t in te n d e d  for 
th e  sam e  serv ice .
T h ey  a re  A B S O L U T E L Y  DEAD B E A T  a n d  

E X T K E M E L Y  S E N S I T I V E .
T h e ir  in d ica tio n ^  a re

P RAC TICAL LY IN D E P E N D E N T  
O F  FRE QUEN CY a n d  also  o f 
WAVE FORM .

T h ey  a re  P R A C TIC A L LY  F R E E  FROM 
T E M P E R A T U R E  ERROR.

T h ey  requ ire
E X T R E M E L Y  L I T T L E  P O W E R  
TO O P E R A T E .  AND T H E Y  ARE 

H E S T O N  VE RY LOW IN P R I C E .

P O R T A B L E  A L T E R N A T I N G -  
C U R R E N T

A m m e t e r s ,  M i l l i -Amme- 
t e r s  and V o l t m e t e r s

possess th e  sam e ex ce llen t c h a rac te r is tic s
T h e  p e rfo rm an c e  o f a ll th e se  in s t r u  

m e n ts  w ill be a rev e la tio n  to  u s e rs  o 
a l te rn a tin g -c u rre n t a p p a ra tu s .

Weston
E C L I P S E  D I R E C T  C U R R E N T  

S W I T C H B O A R D

A m m e t e r s ,  IVIilli - Am
m e t e r s  and V o l t m e t e r s
a re  o f th e  “ So ft I ro n ”  o r  E le c tro 
m a g n e tic  ty p e ; b u t th e y  possess so 
m an y  novel a n d  v a lu ab le  c h a ra c te r 
is tic s  a s  to  p ra c tic a lly  c o n s ti tu te  a 
new  ty p e  o f in s tru m e n t.

T h ey  a re  exceedingly cheap, b iit a re  
r e m a rk a b ly  accu ra te  an d  w ell m ade  an d  n ice ly  fin ished  in s tru m e n ts ,  
and  a re  ad m ira b ly  a d ap ted  for g e n e ra l u se  in sm a ll p la n ts ,  w here  
cost is freq u e n tly  a n  im p o r ta n t co n sid e ra tio n .

Correspondence concerning these Weston instrum ents is  solicited by

WESTON EL EC TRICAL INSTRUWENT CO.
N ew  Y ork  Office, 114 L ib e r ty  S t. W av er l y  Park .  N ew ar k ,  N . J .

J 2 - I I



The Columbus Laboratories
C h icago , Illin o is

D epartm en ts

M ed ica l Food C om m ercia l 

M illin g  and B ak in g

E x p e r t  S ta f f  o f  C o u r t  a n d  M e d ic o - L e tf a l
C o m u l ta n t a  W o r k

3-12

3. 3. Kessler, C b .6 .
Consulting and Industrial Chemist

C om pletely Equipped Laboratories for A nalytical 
and Research W ork.

SAINT LOUIS. «-I*

K ,  P .  M c E l r o y . r . F .  S t e w a r d ,

k . p. M c e l r o y
Chem ical G b e m is t

and
Metallurgical 9 1 8  F S T R E E T ,

Patents 2-12 W A S H I N G T O N ,  D. C.

Charles C. Kawin Co.
C h e m i s t s  îîp  M e t a l l u r g i s t s

L a b o r a t o r i e s  :

C h i c a g o , I I I . ;  D a y t o n , O h i o

T o r o n t o ,  C a n .  l2-

C. C. Parker, Itt.S .

S O L I C I T O R  o r  C H E M I C A L  P A T E N T S

S u i t e  6 M c G i l l  B u i l d i n g

W A SH IN G TO N , D . C.

EDW ARD T H O M A S
SOLICITOR OF 9-12

C hemical & P rocess P atents
3 0  V E S E Y  ST. ,  NEW YORK CITY

Sa m u e l P . Sadtler §  Son
C o n s u l t i n g  a n d  A n a l y t i c a l  C h e m i s t

A n aly ses  a n d  re p o rts  m ade  in  a ll  b ra n c h es  o f In d u s tr ia l 
C hem istry .

E x p e r t  assistan ce  in th e  D evelo p m en t o f  C h em ica l P ro 
cesses and P aten ts, an d  P rep aration  o f T e s ti

m o n y in  C h em ica l P a te n t Suits.
2- i2 Philadelphia, Pa.

W IL L IA M  M IL L E R  BO O TH
Gbemist anö Engineer

S p e c ia l i s t  in  p o w e r  p la n t  e c o n o m ie s — a n d  th e  w a te r  p ro b le m s  
o f  m a n u f a c tu r e r s — in c lu d in g  s o f te n in g ,  f i l t r a t io n ,  d is t i l la t io n  
a n d  th e  d is p o s a l  o f  w a s te  l i q u o r s .

299 Broadway, N. Y, 7-» Dillaye Bldg., Syracuse, N, Y.

R. L. EM ERSON
C O N S U L T I N G  AND A N  A L Y T I C A L  CH  E M  1ST

F O O D  A N D  T O  XI  C O  L O G I C A L  E X A M I N A T I O N S  
I N V E S T I G A T I O N  R E S E A R C H

7 3 9  B O Y L S T O N  S T R E E T ,  B O S T O N ,  M A S S .

LIQUID C H L O R I N E
IS  T H E  M O S T  A D V A N T A G E O U S  F O R M  OF T H I S  E L E M E N T  FOR A L L  US E S .

O U R  P R O D U C T  IS  P R A C T I C A L L Y  100% P U R E  C H L O R I N E .
W E  A R E  R E A D Y  T O  S U P P L Y  IN  Q U A N T I T I E S  FOR I M M E D I A T E  D E L I V E R Y .

ELEC TR O  BLEACHING GAS CO.
M A N U F A C T U R E R S  O F  L I Q U I D  C H L O R I N E .  O F F I C E :  2 4  A N D  2 6  E A S T  2 1 S T  S T R E E T ,  N E W  Y O R K  ^-2



A  FULL LIN E OF Dearborn Drug and 
Chemical WorksCHEMICALS

Makers of 
Treatment for 
Boiler W aters

AS PER ANALYSIS

OF S T A N D A R D  P U R I T Y  AND E X C E L LE N C E

P o w e r s - e i g h t m a n  

R osengarten  C o .
F O U N D E D  1 81 8

Operators of Analytical Laboratories

Physical Testing and Analysis 
of Lubricating Oils

Main Offices and L a b o r a t o r i e s
M c C o r m i c k  B u i l d i n g

CHICAGO
W . A . C O N V E R S E , 

Chemical Director.
R O B E R T  F . C A R R  

President.P H IL A D E L P H IA  N E W  Y O R K  ST. LOU IS

McKENNA. PITTSBURGH

The McKenna 
Laboratory

Ore Grinder
Chemists having temporary business in 

New York, as well as recent graduates 
desiring to pursue work of their own, 
while awaiting an academic appointment 
or industrial employment, should be 
interested in the smali laboratories of the 
Chemists' Club. Each of these is 
similarly equipped as are private re
search rooms in modern college labora
tories, the tenant merely bringing in his 
own chemicals and apparatus. They 
can be rented at $15.00 per week or 
$50.00 per month, including gas, electric 
light, vacuum and blast, and are open to 
any reputable scientific worker. Chem
ical stock and apparatus kept in build
ing. For further information apply to 
the House Committee, 50 East 41st St., 
New York City.

A  M a c h in e  design ed  for th e  

p rep aration  of O re s  for A n a ly 

sis.

W ith  this little  m ach in e, 
ores, argols, san d , in d igo , 
cem ent, an d  oth er m inerals 
m a y  q u ic k ly  b e  red u ced  to 
an im p a lp a b le  c o n d i t i o n ,  
im possible to o b ta in  b y  h an d  
grin d in g.

M c K e n n a  L a b o ra to r y  O r e  
G rin d ers  are  used b y  th e  
U n ite d  S ta te s  G o v e rn m e n t in 
th e  d ep artm en t o f G e o lo g i
ca l S u rv e y .Eitrcm«

W r i t e  f o r  C a t a l o g

McKenna Bros. Brass Co
Pittsburgh, Pa. 5.,



New Chemical Books
A M ERICA N  IN ST IT U T E  O F C H EM IC A L E N G IN E E R S . T ran sac tio n s . 

Vol. I l l ,  1910. Two fold ing p lates, 111., 6x9, 414 pp. $6.00.
ANNUAL R E P O R T S  ON T H E  PR O G R ESS O F C H E M IST R Y . Vol. V II, 

1910. S K 'xS ^ , 303 pp. $2.oo. 
d ’A LB E , E. E . F . C o n tem p o ra ry  C hem istry . A survey o f th e  presen t 

state, m ethods and tendencies of chem ical science. 5 .^ x 8 ^ , 188 pp. 
B EE K M A N , J .  M. P rincip les o f C hem ical C a lcu la tions. In  Press. 
B E V E R ID G E , JA M E S. P a p e rm a k e r’s P ocke tbook . Second and Enlarged  

Edition. Illu s ., 4 ^ x 6 ^ ,  211 pp. {4.00.
B L U C H E R , H . M odern  In d u s tria l C hem istry . T ransla ted  by T. P.

M illington. Illu s., 6x9, 795 pp. $7.50.
BO U R RY , E . A T rea tise  on  th e  C eram ic  In d u s trie s . A revised translation  

from th e  F rench  by A. B. Searle. 308 111., 5 ^ x 8 ^ ,  488 pp. {5.00. 
CROSS, C. F ., BEVAN, E . J . ,  an d  SIN D A LL, R. W . W ood P u lp  an d  Its 

U ses. 35 111., 5 ^ x 8 ^ ,  281 pp. $2.00.
FAY, I. W . C hem istry  of th e  Coal T a r  Dyes. 6 ^ x 9 , 473 pp. $400. 
FR IT S C H , J .  T he  M an u fac tu re  o f C hem ical M anures. 69 111., 108 tables, 

5 ^ x 8 ^ ,  340 pp. $4.00.
H IL D IT C H , T . P . C oncise H isto ry  of C hem istry . 16 diagram s, 5 x 7 ^ , 273 

p p . $1.25.
H U R ST , G E O R G E  H . L u b rica tin g  Oils, F a ts  an d  G reases, T h e ir  O rig in , 

P re p a ra tio n , P ro p e rtie s , Uses an d  A nalysis. Third Revised and E n 
larged Edition. 65 111., 5 ^ x 8 ^ ,  400 pp. {4.00.

LU N G E, G E O R G E . T he  M an u fac tu re  of S u lp h u ric  Acid an d  A lkali. Vol.
II I . A m m onia-Soda, V arious Processes of A lkali M aking and  th e  
C hlorine Industry . Third Edition , Much Enlarged. Illu s., 784 pp. 
$10.00.
VOL. IV . E lec tro ly tica l M ethods. In  Press.

M IT C H E L L , C. A., an d  PR ID E A U X , R . M. F ibres U sed in  T ex tile  an d  
A llied In d u s trie s . 66 111., 5 ^ x 8 ^ ,  203 pp. $3.00.

PO LLEY N , F. D ressings an d  F in ish ings fo r T ex tile  F ab ric s  a n d  T h e ir 
A pp lica tion . T ransla ted  by C. Salter. 60 111., 5 ^ x 8 ^ ,  279 pp. $3.00. 

R O G ER S, ALLEN  a n d  A U B E R T , A. B. In d u s tria l C hem istry . W ritten  
by a staff of specialists. In  Press.

S C H E R E R , R. C asein , Its  P rep a ra tio n  an d  T echn ica l U tiliza tio n . T ran s
lated by Charles S alter. Second Edition , Revised and Enlarged. U lus., 
57<x 8’/,, 196 pp. $3.00.

SCOTT, W . W . Q ualita tiv e  C hem ical A nalysis. A laboratory  m anual.
111., 6 ^ x 9 , 176 pp. $1.50.

S E ID E L L , A TH E R T O N . Solubilities o f In o rg a n ic  an d  O rg an ic  Sub
s tan ces . Second Printing with Corrections. 6 x 9 ^ , 375 pp. $3.00. 

SE N T E R , G. O u tline  of P hysica l C hem istry . Revised. 42 111. ,5x7*/,, 401
p p . $ 1 .75.

SIM M ONS, W . H . an d  M IT C H E L L , C. A. E dible F a ts  an d  O ils ; T h e ir 
C om position , M an u fac tu re  an d  A nalysis. U lus., 5 ^ x 8 ^ ,  164 pp. $3.00. 

TO C H , M A X IM ILIA N . M ateria ls  fo r P e rm a n e n t P a in tin g . 8 plates, 5 x 7 # , 
208 p p . $2.00.

W O R D E N , E . C. N itrocellu lose  In d u s try . 324 111., 6>£x9.K> I239 PP- ^ w0 
Volume*. $10.00.
ALL PRICES ARE NET. ALL BINDINGS ARE CLOTH.

Nitrocellulose
Industry

A COMPENDIUM OF TH E HISTORY, 
CHEMISTRY, ¿MANUFACTURE, COM- 
A1ERCIAL APPLICATION AND ANAL
YSIS OF NITRATES. ACETATES AND 
XANTHATES OF CELLULO SE AS AP
PL IED  TO TH E PEA C EFU L ARTS

With a chapter on

G un C otton , Sm okeless Pow der 
and Explosive C ellulose 

N itra te s

BY

ED W ARD CHAUNCEY WORDEN, 
Ph.C., M.A., F.C.S.

Member Society of Chemical Jndustry, 
Member American Chemical Society.

C O N T E N T S
Cellulose. The Cellulose Nitrates 

(Theory). Nitration of Cellulose (Prac
tice). Cellulose Nitrate Solvents and 
Non-solvents. Fusel Oil, Natural and 
Synthetic. Amyl Alcohols. Manufacture 
and Properties of Amyl Acetate. Natural. 
Artificial, Synthetic Camphor. Camphor 
Substitutes. Paint Removers. Turpentine 
Substitutes. Pyroxylin Solutions. Pyrox\- 
lin Lacquers. Bronzing Liquids. Water
proofing Compositions. Artificial Leather, 
Fur, Skin, Feathers, Rubber. Pyroxylin- 
Coated Leather and Splits. Patent and 
Enameled Leather. Celluloid, Pyralin, 
Xylonite, Viscoloid. Pyroxylin Plastics. 
Celloidin and Cellulose Nitrates in Micros
copy. Collodion and Celluloid Nitrates 
in Pharmacy, Medicine. Film Manufacture 
and Photography. Artificial Silk, Whale
bone, Gorse, Horsehair. The Cellulose 
Acetates. Gun Cotton and the Explosive 
Cellulose Nitrates. Viscose, Viscoid, and 
the Cellulose Xanthates. Denatured 
Ethyl Alcohol. Patent, Author, and Sub
ject Index.

Over 8,000 P a ten t and Literature 
R eferences to the Work 

of 2,900 Different 
Investigators.

This is the most complete and com
prehensive work on the general tech
nology of nitrocellulose ever issued in 
in any language.

C l o t h  6 ‘/ 2x 9 ' / j

TWO VOLUMES 
PRICE $10.00 NET 

1 2 3 9  3 2 4  

P a g e s  I l l u s t r a t i o n s

D. V an N ostrand Company, Publishers
2 3  M u rray and 2 7  W arren Streets, N E W  Y O R K



The Automatic Water Still
shown will distil 1.6 liters o f  w a te r  per 

hour ,  with a gas co n su m p t io n  of ab o u t  

10 cubic  feet. T h e  w o rk in g  parts  are

substantially made o f brass and copper. 
All o f  the in te r io r  is tin-lined.

T h e  price is

$l6.00
f. o. b. S y r a c u s e ,  N. Y.

B o o t h  A p p a r a t u s  C o .
299 Broadway,  N e w  Y o r k  S y r a c u s e ,  N .  Y .

The Committee on Employment of the Chemists’ Club, 50 East 41st St., 
New York, has continually on file many applications from chem ists seeking em» 
ployment in laboratories and works. Employers wishing the services of such men 
should com municate with the Chairman, Prof. Herbert R.. Moody, College of the 
City of New York, Convent Ave. and 140th Street; or with Dr. J. A. Mathews, 
Halcombe Steel Co., Syracuse, N. Y.; Dr. W illiam H. W alker, Massachusetts In
stitute of Technology, Boston, Mass.; Prof. R. K. Duncan, University of Pitts
burgh, Pa.; or W. A. Converse, 226 Postal Telegraph Building, Chicago, 111.

U n e m p l o y e d  chemists should file, with the Chairman, cards which m ay be

had upon application to him.
T h e  Committee extends its aid to unemployed chem ists the country over 

and hopes that employers will use this means to com e in contact with good men.
No fees are charged.



BausdT|omb H. S. BALANCE
SENSIBILITY, 1/10 mgr. CAPACITY, 200 grams.

This balance possesses the follow ing advantages:

A djustab le  M iddle Axis H older 

A d justab le  T erm in a l Axes 

Im proved  C o m p en sa tin g  H an g ers  

C o n cen tric  A rreste r 

Scale  A rreste rs

A lechanical R ider D isp lacem en t w hich  c a n n o t be 
in ju red  by fric tion  a n d  w hich  a llow s p e rp en d icu la r 
re lease  an d  re p la c e m e n t o f th e  rider. T h is rider 
d isp lacem en t is m ovable  a lo n g  th e  w hole leng th  of 
th e  case  of th e  ba lan ce , so th a t  th e  r id e r w eigh ts, 
w hich  a re  suspended  on  a su p p o rt read y  for use, 
can  be easily  reached .

Special C ircu la r on  req u es t.

PRICE $48.00
Our name, backed by over half a century of 
experience, is on (ill our products— lenses, 
microscopes, field glasses, projection ap
paratus, engineering and other scientific in
struments.

Bausch &  lomb Optical (o.
N E W  Y O R K  W A S H I N G T O N  C H I C A G O  S A N  F R A N C IS C O

London ROCHESTER, NY. rRANKroRT



P L A T I N U M
BISHOP LABORATORY APPARATUS

is made from

SPECIALLY REFINED PLATINUM
conform ing fully with specifications of the American Chemical Society which  
require that they show no marked uneven discoloration on heating and give 
no test for iron after prolonged ignition and a m inimum rate of loss

P L A T I N U M  IN A NY  D E S I R E D  F O R M

Scrap pu rchased  o r ta k e n  in ex ch an g e  fo r new  w are  

Catalogue upon request

J. BISHOP ANB COMPANY PLATINUM WORKS
REFINERS & MANUFACTURERS MALVERN, PA., U .S .A .

For Y o u r Laboratory,—the E L E C T R IC  F U R N A C E
HOSKINS

w ith Heating- Units Removable by the Operator

Write to-day for our “ Bulletin 8”

T h is  is the H oskins "T y p e  F B  N o. 2 0 4 ” Electric Furnace w ith  
inside dim ensions of ?*/% in . wide x  5  in . high x  J2l/a  long, for temper
atures u p  to 2 0 0 0 ° Fahr. N ote the extreme sim plic ity  of construction 
and the heavy cross-section of the removable “ h a i r - p i n T e n  of  these 
comprise the healing system  and in c a se  of a “burn-out” i t  is  a very 
simple m atter for the operator to replace the damaged u n it  w ith  a new 
"h a ir-p in .”

H o s k i n s  M a n u f a c t u r i n g  C o m p a n y
Electric— Furnaces, Pyrometers and Healing Appliances  

♦ 4 9  L i w t o n  A v e n u e .  D E T R O I T .

439 So Dearborn St., J0 Church Street,
C H I C A G O . N E W  Y O R K .

----------------------------------------     22i

This means that you can have electric heat, 
and its manifold advantages for laboratory 
work—with an assurance of practically con
tinuous service.

The heating-units in this Electric Furnace 
are made of the “ Hoskins” patented Nickel- 
Chromium, in large cross-section. They are de
signed for, and give long “ heavy-duty” service. 
— And they are removable by the operator.

When, indeed, oneof these units should fail, 
another can be substituted easily and quickly 
with >ut removing the Fu nace from its position. 
Thus you have a clenn absolutely quiet and 
accurately cont ollable Furnnce. which requires 
the minimum maintenance expense and gives 
maximum service.

You want to know this Hoskins “ Type FB” 
renewable-unit Electric Furnace.



F . S A R T O R I U S
C O M B IN E D  F A C T O R IE S FO R  S C IE N T IF IC  IN S T R U M E N T S  OF
F. S A R T O R IU S , A . B EC K ER  and L U D W IG  T E S D O R P F

G Ö T T I N G E N , T . (Hannover).

S U P P L IE S

Analytical Balances and W eights
of international fame, and constructed on a basis of forty  

years’ scientific and practical experience.

W H E N  P U R C H A S IN G  B A L A N C E S  O F O U R  R E P R E S E N T A T IV E S . PL E A SE  SEE  

T H A T  T H E Y  B E A R  O U R  T R A D E -M A R K .

A W A R D S  a t all exposition!, P A R IS : Gold M edal. ST . L O U IS : G rand  P riz e  and Gold M edal 
B RU SSELS ( 1 8 9 7 ): H o n o ra ry  diplom a and  p rize  of 500  francs fo r best-co n stru c ted  sm all balances.
BRU SSELS ( 1 9 1 0 ): \  G rand  P rizes  and Gold M edal.

S e n d  fo r  Catalog.

NEW ALLOY STEEL STANDARDS
The use of alloys In steel making is becoming more extensive each year, especially chrome, vanadium , and 

nickel, and  m any chemists are now being called upon to  determ ine these elem ents, whose experience in alloy steel 
work has been lim ited. Chemists doing this kind of work have been working independently according to different 
methods, and have often w anted standards which they could rely upon as being positively correct. To m eet this re
quirem ent, we have p u t on the m arket four different alloy S tandards, which have been checked by seven of the best 
known alloy steel chemists in the P ittsburgh  district.

The analyses checked very closely, especially when the same m ethod was used; for example, on the Chrome 
V anadium  S tandard , four different chemists using the m ethod of oxidation w ith Potassium  Perm anganate  in a 
sulphuric acid solution, report Chrome as follows:

1.055 %-1.07%—1.05 fo-l .07%
T h e  f o l l o w i n g ;  s t a n d a r d s  c a n  b e  s u p p l i e d  a t  o n c e :

C H R O M E  V A N A D I U M ,  V A N A D I U M ,  N I C K E L ,  a n d  T U N G S T E N .

Circular zlvlnz analyses and methods used, free on request.

SCIENTIFIC MATERIALS COMPANY
PITTSBURGH, PA.

L aboratory su p p lies  is n o t s im p ly  a branch  o f our b u sin ess  b u t our so le  b u sin ess  
and w e  m an u factu re  and im p ort e v e r y th in g  for th e  In d u str ia l L ab oratory .

( Com plete catalogue on request.) u.u



C A B L E  A D D R E S S ,  L Y C U R G I S ,  N E W  Y O R K

GENERAL CHEMICAL CO.
M A K E R S  OF

STANDARD CHEMICALS
P H I L A D E L P H I A  NEW Y ORK  CHICACO S A N  F R A N CI S C O

ST.  LOUI S,  C LE V EL AN D,  P I T T S B U R G ,  BUFFALO,  S Y R A C U S E ,  P A S S A I C ,  B R I D G E P O R T ,  P R O V I D E N C E

A CID S: Su lphu ric, Fuming: Su lphu ric, M uriatic, N itric ,
M ixed, A cetic , H ydrofluoric, B attery  and Phos
phoric A cids, and B attery  S o lu tio n !

SO D A S : S u lp h ate, Calcined S u lphate, B isu lp h ate, Liquid
B isu lp h ite , S u lp h ite , S u I p h I d  e C rysta l« , Con
cen trated  S u lph id e, A cetate , S ilicate, C austic, and 
Sal S od as; and T risodium  P hosphate, Q lassm ak- 
e r s ’ Salt Cake, G lauber’s S a lt , and N itre Cake

A L U n r  Lum p, Oround and F ilter  A lum s

A L U fllN  A : S u lp h ate  and Chloride of A lum ina

AMMONIA : Aqua and A n h yd rou s A m m onia

IRON : Perchlorlde, S u lp h id e, Trua N itra te , Copperas
N ltrata  of Iron and Copperas

5 ULPHUR : R«n B rlm stona, F lour and F low ers of Sulphur

L E A D  : A cetate of Lead C rysta ls  and S o lu tion s

ZINC : Z lncC hlorlde S o lu tion  and Fused Chloride of Z inc

M A G N E S IA : Epsom  Salt

C O PPE R  : Su lphata  of Copper or B lue V itriol

T IN  : M uriate of Tin C rystals and M uriate of Tin S o lu 
t io n , B ichloride and Oxy M uriate of Tin

D I S T R I B U T O R S  OF

BAKER & ADAMSON C H E M IC A L CO.’S
STANDARD CHEM ICALLY PURE 

ACIDS AND SALTS

ALUNDUM 
EXTRACTION 
THIMBLES

6 4 0 6
3 4 x 1 0 0

m/m
Round
bottom

Great Time Savers—Can Be used Repeatedly—Easily 
cleaned by ignition—Filtering Crucibles and Dishes.

NORTON ALUNDUM R EF R A C TO R IE S
Crucibles, Combustion Boats, Gas and Electric Furnace Parts, Tubes, Cores, Tiles, Muffles.
Other Refractories for special purposes.

W E SO L IC IT  Y O U R  D IF F IC U L T  P R O B L E M S .
S E N D  F O R  C A T A L O G .

N O R T O N  C O M P A N Y , W orcester, Mass.
A l u n d u m  P l a n t .  N i a g a r a  F a l l « ,  N .  Y. C r y a l a l o n  P l a n t ,  C h i p p e w a ,  C a n a d a .  N e w  Y o r k  S t o r e ,  151 C h a - b e r a  S t .  C h i c a g o  S t o r a ,  I I  N o r t h  J e l f e r i o n  S t .

A ful l  l i n e  o f  A l u n d u m  R e f r a c t o r i e s  will  be on exhib it ion  d u r in g  t h e  month of  
jR. F e b r u a r y  a t  151 C h a m b e rs  S t . ,  New York .  7.,a

6 4 8 6
3 2 x 1 2 7

m/m
O v a l

bottom

6 3 8 9  5811 5163 6 6 9 !  6 2 2 9  5 9 1 6
* 9x 9 0  3 0 x 8 0  2 5 x 7 0  2 6 x 6 0  m/m 35x55  m /m 32x51  m/m

m/m m/m m/m R ou nd  Semi
bottom c i rcu la r A N Y  S I Z E  

A N Y  S N A P S
F O R  A L L  M A K E S  O F  A P P A R A T U S  
F O R  A L L  C L A S S E S  O F  W O R K



Let MERCK 
Make the 

“ Blank”  Test 
For You

To that e n d ,  buy

MERCK’S BLUE LABEL REAGENTS

M E R C K  &  C O .
NEW YORK

RAHWAY, N. J.

For Accurate Results
in analytical work it is necessary first of 
all that your reagents are as pure as can 
be had and, even then, that you KNOW 
the am ounts of the slight impurities 
present.

“Baker’s Analyzed Chemicals” show 
on the label of each bottle a carefully 
made analysis of the slight impurities pre
sent which, besides being a guarantee of 
quality to you, is invaluable to us in de
termining, during the process of manufac
ture, where in som e cases the slight 
impurities can be lessened and in other 
cases entirely removed.

Insist on

“Baker's Analyzed Chemicals”
Send tor Catalogue 

J. T. BAKER CHEMICAL CO., PHILLIPSBURG, N. J.


