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EDITORIALS.

Vol. I. No. 10

THE MOISTURE DETERmNATION.

TaaT scientific training and thought do not
eliminate altogether the judgment based on senti-
ment, custom and tradition is true, yet nevertheless
the man of scientific habits is probably on the
whole freer from unreasoned and snap judgment
than the average man. The remains of these
things in him link him to the past and the con-
servation of heredity and custom prevent his too-
rapid evolution.

The necessity for standard methods of analysis
worked out and followed in greater or lesser detail
by chemists is everywhere recognized. Their
greatest drawback is that they tend to make the
analyst more of a machine and less of a reasoning
being. A method once adopted and generally
recognized attains with use and age a peculiar

prestige. Results obtained by it, not infrequently

go unquestioned and unchallenged by the analyst.
Such a method is the moisture determination “at
the boiling point of water.” This, the least accurate
of methods, as ordinarily performed, is considered
by the majority of chemists to yield all but perfect
results. It is a strange commentary on analytical
chemistry that of the two commonest substances
on the earth, water and oxygen, the ot,vi‘e is ordinarily
determined with a very low degree of accuracy’
and the other not determined at all.

The Association of Official Agricultural Chemists
directs that the moisture in fertilizers be deter-
mined by heating 2—5 grams of the sample for five
hours at the temperature of boiling water. The
loss of weight is reported as moisture. The
National Fertilizer Association sent out, some time
ago, four check samples of phosphate rock which
were analyzed by some thirty-two chemists. On
sample No. 1 the returns for moisture showed:
average I1.10 per cent., maximum 1.50, minimum
0.69, difference 0.81; sample No. 2 average 0.48,
maximum 0.73, minimum o0.25, difference 0.48;
sample No. 3 average 0.56, maximum 0.87,
minimum 0.27, difference 0.60; sample No. 4
average 0.3I, maximum 0.60, minimum 0.06,
difference 0.54. These are enormous differences
for small percentages and of course would not be
tolerated in many kinds of analysis. :

Instances might be multiplied. Stranger figures
than those given above have been yielded in co-
operative work on coal, meat extracts, fertilizers,
stock foods and organic and inorganic materials
of the most varied sorts. The inaccuracies are
great enough to warrant attention and invite
correction. . They are of every-day occurrence in
industrial and commercial laboratories. They may
be positive or negative, resulting from loss of
volatile substances other than water, or from the
addition of oxygen by the oxidation of fats and
oils and other readily oxidized substances.

In spite of the known insufficiency of the moisture
determination by loss, even in the case of check
samples sealed with all precautions chemists are
accustomed to calculate results to the “dry basis,”
when differences in other determinations occur,
for purposes of comparison. This is worse than
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folly and addq errof to érror. It would seem thm
the inaccuracy of, the ordinary moisture deter-
mination shotld be recognized although sanctioned
officially. This is the least thing which could be
asked or done. If it is necessary to have and use
methods of a low order of accuracy, the fact ought
to be well understood, clearly recognized and the
methods used for what they are worth and no
more.

ORIGINAL PAPERS.

THE BAG HOUSE AND ITS RECENT APPLICA-
TIONS.

By W. C. EBAUGH.
Received August 20, 1909,

’l‘hc::recovery of dust and fume from metal-
lurgical’ operations is one of the most important
problems confronting the works’ manager. Escap-
ing fume means loss in efficiency of metal extraction
and becomes the cause of injury te surrounding
property, thereby resulting in suits for damages
or for injunctions. The literature relating to smoke
damage! is quite extensive, and the numbers of
lawsuits in California, Montana, Tennessee and
Utah growing out of the question need only to be
drawn to our attention in order to impress us with
the magnitude of the subject. An excellent ré-
sumé of the legal status of the smoke question is
given in a recent number of the Engineering and
Mining Journal?

In;‘hls testimony before the Federal Court for
the Dlslnct of Montana Mathewson gave: the follow-
ing summary of the methods that have been tried
to remove fume from smoke :*

A —Cooling processes.
1. Water spray.
Admission of air.
3. Radiation.
= 4. Rreezing.
B.—Filtering processes.
Bag house.
2. Friction.
3. Centrifugal gas cleaners.

1 See bibliographies in ‘‘Rauch-beschiidigung,”” Haselhoff und
Lindau (Borntriiger, Leipzig); pp. 395-400; Persifor: Frazer, Trans.
A. I. M. E., 38, 520-555 (1907); Haywood, Bulletins 89 and
118, Bureau of Chemistry, U. S. Dept. of Agric.; Haywood, Jour.
Amer. Chem. Soc., 29, 998-1009 (1907); Ebaugh, Jour. Amer. Chem.
Soc., 29, 951-970 (1907); Harkins and Swain, Jour. Amer. Chem.
Soc., 29, 970-998 (1907); 30, 915-946 (1908); Widtsoe, Bulletin 88,
Utah Agri. Expt. Sta.

2 Baskerville, Eng. Min. Jour., 87, 884-886 (1909).

3 Eng. Min. Jour., 8T, 87 (1909).
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C. E]ectrostatlc process
. Cottrell process.

" For reasons that need mnot be discussed here
the cooling processes enumerated above have not
been satisfactory when applied to lead and copper
smelter smoke. The Cottrell electrostatic process
is still in an experimental stage. .Greater success
has attended the various filtering processes. The
Theisen centrifugal purifiers' and the Osborn puri-
fiers combine the centrifugal action with water
spray, and are successful in  removing dust from
gases, but experiments made in the Salt Lake
Valley indicate that such processes do not remove
the fume from lead and copper smelter smoke.
The various friction devices, such as Cowper flues,
Freudenberg plates, Roesing screens, zigzag flues,
etc., also seem to aid in settling the dust, but not
in removing fume. It is said that by permitting
flue gases to enter expansion chambers® the solids
can be settled out if the velocity be reduced suffi-
ciently, but here too the fume escapes. In fact
when treated by any of the above mentioned
methods the minute particles that constitute the
fume seem to act more like insoluble gases than
like solids.® :

For lead and zinc furnaces the bag house has
long been recognized as a most efficient means for
removing solids from smoke. Beginning with
the work of Jones,* who used large bags (8x70 ft.)
for filtering zinc fume, Wetherill, and Hall® who
substituted screens in the side of a house for the
bags previously employed as filters, we find Percy®
suggesting that a fabric might be used for lead
fume. The inventions of Lewis and Bartlett
(1878, et seq.), Ward,” Batchman® and Bartlett®
led up to the modern bag house as perfected by

1 Eng. Min. Jour., 79, 607 (1900).

2 Ibid., 80, 695 (1905).

3 The difference in composition between the dust deposited in
a flue at a given point and the fume (probably mixed with dust) drawn
from the flue at the same point and collected by bag filtration is shown

" by the following analyses:

(a) Fume from copper blast furnaces.

(b) Dust from copper blast furnaces.

(c) Fume from copper converters. A
(d) Dust from copper converters.

Sample number............ a b c d
Density in tbs./cu. ft....... 12.75 77.0 not determined
Gold in 0zs./ton........ ... 0.16 '0.33 0.20 6.0
Silver in ozs./ton. ..., ..... 19.24 6.17 41.40 129.60
Copper in per cent......... 0.49 2.65 2.20 65.86
Lead in per cent........... 31.70 3.65 40.40 2.75

4 UU. S. Pat. 8,756 (1852).

5 U.S. Pat. 72,032 (1867).

6 Metallurgy,” p. 449 (1870).
7 U. S. Pat. 381,301 (1888).

8 U. S. Pat. 463,184 (1891).

9 . S. Pat. 470,970 (1892).

=
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Iles and his associates:! During the succeeding
sixteen years it was generally accepted that the
bag house had reached the limit of its development
and could be used only for lead and zinc furnace
products—not for copper furnaces or for roasters.?
Minor mechanical improvemernts were proposed
by Rourke,? Hannay,* Picher arid Boss® and others.

The construction of the modern bag house for
the Lewis and Bartlett process is so well, known
that no description of it need be given here.® The
lead smelter bag house is somewhat different.”
It consists essentially of two chambers, the lower
or dust chamber being twelve to sixteen feet from
floor to ceiling, and the upper or bag compartment
ranging from thirty to forty-five feet in height.
The walls and partitions are usually of brick,
properly buttressed or held together by tie rods.
The dust chamber or smoke cellar is divided by
brick partitions into as many compartments as
there are flues leading to the bag house, thus en-
abling a part of the bag house to be shut down
without interfering with the rest of it. The ceiling
of the smoke cellar is made of iron or steel plate
and is provided with a number of nipples or rings
projecting into the bag compartment. From sup-
ports near the top of the building bags of cotton
or wool are hung, and the lower ends of the bags
are tied on to the nipples by means of twine, wire,
or hoop bands provided with strap clamps. The
older bag houses, designed simply to recover the
solids because of their value to the smelter, were
built with ventilators along the walls and on the
roof; but the more recent ones, intended for the
protection of adjacent property as well as for the
recovery of values, are provided with stacks that
carry the filtered gases two or three hundred feet
into the air.

Fans capable of moving 150,000 to 250,000 cubic
feet of gas per minute force the flue gases, laden
with dust and fume, through a number of large
pipes or flues into the smoke cellar and through the
bags, and the solids are removed so perfectly that
the escaping gases are invisible. The ordinary
bag house is provided with 3,000 to 4,500 bags,

L U. S. Pats. 475,774, 480,834, 484,016, 484,017 (1892).

2 Eng. Min. Jour., 80, 55, et seq. (1905) Iles, “‘Lead Smelting"
(1902), pp. 2, 170, 203 and 204.

3 U. S. Pat. 530,553 (1894).

4 U. S. Pat. 729,492 (1903).

5 U. S. Pat. 735,904 (1903). :

8 U. S. Pat. 470,970 (1892); Collins, “Metallurgy of Lead’’ (1899),
pPp. 72-73; Hofman, “Metallurgy of Lead’’ (1906), pp. 131-148; Eng.
Min. Jour., 83, 937,1033 (1907).

7 U. S. Pat. 484,017 (1892); Eng. Min. Jour., 80, 55 (1905); 83,
1246 (1907); 84, 527,575 (1907).
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éach bag being about 18 inches in' diameter and
30 to 33 feet long. Whereas the earlier bag houses
had 750 to 1,100 square feet of filtering surface
per ton of charge, modern practice finds 300 to
500°square feet per ton of charge ample. (In zinc
filtration a ratio of 150 to 200 square feet of filtering
surface per square foot of hearth is customary.)

‘As a filtering medium cotton cloth having 42
to 50 threads to the linear inch and weighing 0.4
to 0.7 ounce per square foot was largely used.
The objection to this material was that when used
at a temperature approximating 200° I. it be-
came brittle and broke, and if used at temperatures
near 100° F. it became weakened by the acid sub-
stances in the filtered solids. It was soon learned
that bags made of woolen material, like flannel,
not only withstood the action of the corrosive
agents better than did cotton, but that the woolen
fabric retained its elasticity even when used at
temperatures of 250° to 270° F. Perhaps this is
due to the relatively non-volatile oil contained
in the wool, or to the nature of the nitrogenous
fiber itself. Modern practice, therefore, is to use
the expensive woolen bags rather than the cheaper
ones made of cotton. To obtain the benefits of
wool, but at a less cost, Iles! proposed that a fabric
be used in which the warp should be wool and the
weft cotton, or vice versa, and Sheedy? suggested
that the lower section of a bag should be made of
flannel (wool) and the upper portion of muslin
(cotton). The most recent experience has shown
that vegetable fibers should not be used at all,
Even linen thread for stitching is unsatisfactory.

When woolen bags are used a wide range of
temperature is permissible. Perhaps 150° to 175°
F. is safest, but a minimum of 70° F. and a maxi-
mum of 270° F. have been used. The best practice
is to so adjust dampers at the furnaces and in the
flues as to maintain the temperature as near 160° E.
as possible. Under these conditions the material
collected in the bag will be dry and filtration can go
on rapidly. Lead blast-furnace gases are usually
so cool that their treatment in a bag house can
take place directly, but the gases from copper
furnaces and most roasters ordinarily require
cooling. This is effected either by a suitable flue
system, which must be as elastic as possible, or by
the admission of cold air into the flues with the
gases.

Until the mvestwatlons of Rhoades and Sprague

17.S. Pat. 485,797 (1892).
2 . S. Pat. 480,834 (1892).
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(1907-1908" had shown the possibilities of filtering
neutralized gases, the bag house was looked upon
as not suited for copper furnace and roaster gases
(cf. p. 687 above). These experimenters, impressed
with the fact that the bag houses at zinc works
were sometimes managed in what seemed to them,
as lead and copper smeltermen, a very reckless
fashion, yet with little apparent ill effects, conducted
an extensive series of investigations with a minjature
bag house of the type illustrated by Iles,® but
devised independently by them. A variable speed
motor drove a fan that drew gases from a flue and
then forced them through a four-inch pipe into a
cylindrical dust chamber two by five feet. Upon
this cylinder were placed two nipples over
which bags were tied. Necessary thermometers,
manometers and other instruments were pro-
vided, and a house of corrugated iron enclosed
the whole apparatus.- This experimental bag house
was set up at various parts of the flue system of a
lead and copper smelter, and the effects of the flue
gases with their accompanying solids were deter-
mined. During this series of tests neutralizing
copper blast furnace and lead roaster gases by
means of zinc oxide were tried, and the results were
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Iles’ bag house,

so satisfactory that now the lead plant is operated
under conditions suggested by them for filtering
all the smoke from the blast-furnaces, hand roasters
working on matte and converter or pot roasters
charged with ore. Stacks, which' under ordinary
conditions emit large volumes of dense smoke, send
only colorless gases and no solids into the atmos-
phere when the bag-filtration plant is used. An

1 Eng. Min. Jour., 69, 647 (1900).
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observer would judge from the appearance of the
stacks that the smelter was not running.

Under this system of operation zinc roasting
furnaces for the treatment of zinciferous middlings
have been erected, and the flue from these furnaces
leads directly into the main roaster flue. The
middlings, mixed with fuel, are roasted on a grate
and the liberated sulphur dioxide and zinc oxide
pass into the roaster flue, where the latter oxide
neutralizes the corrosive sulphur trioxide that
comes from the roasters. Provision is made at
the bag house fan for adding ordinary zinc oxide
constantly, if need be, by an automatic feeding
device.

It would not be economical to use this method,
under ordinary conditions, with roasters of the
hand or McDougal types, because of the large
quantities of sulphur trioxide produced by them;
but the treatment of the gases coming from pot
or converter roasters presents no difficulties. In
these the amount of sulphur trioxide is relatively
much less than in the hand or McDougal roaster
gases, and zinc oxide neutralization is commercially
possible. Were this small amount of sulphur
trioxide not to be neutralized, however, the filtering
bags would soon be destroyed.! Gases from
copper blast-furnaces, reverberatories and con-
verters are amenable to treatment under the con-
ditions herein given. :

An item of importance in bag house operation
is the means adopted for shaking the bags. Origi-
nally the method used was to shut off the gas from
a set of bags, open the doors in the bag room, and
after the noxious gases had escaped shake the bags
by hand. This was at best a disagreeable—even
dangerous—task and consumed much time. At
East Helena a device was provided whereby an
attendant could move a lever on the outside of
the bag house and have a set of beaters strike
against the rows of bags within. The scheme
was abandoned, both because the shaking was
ineffectual and the wear and tear on bags was great.
Rourke? attached ropes or wires to rings placed
around the centers of bags so that a whole row
could be shaken by jerking the end of the rope
extending outside the building. The most satis-
factory device is one designed by Benedict,® in

1 Hand roasters present a double difficulty. Not only is the pro-
duction of sulphur trioxide large, but the products from coal firing
seem to make the bags and their contents liable to spontaneous com-
bustion—a combustion that is not accompanied by flame, but is more
like that which one observes in the burning of punk.

2 U. S. Pat. 530,553 (1894).

2 Patent pending.
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which the bags are suspended from short levers
attached to a central shaft. The outer end of this
shaft projects beyond the wall and is provided
with a larger lever, so that when this lever is moved
to and fro the tops of the bags are given a similar
motion, and a wavy motion is imparted to the bags
as a whole. ;

The bag house product, collected in the dust
chambers or smoke cellar, usually has a black or
dark gray color, is quite light (density less than
water) and can be handled with difficulty when in
its original state. Therefore it is burned.  Some
oily waste is lighted and thrown upon it, the doors
to the dust chambers are opened, and a fan draws
the fumes through a flue situated at the back of
the chamber and discharges them into the main
flue leading to the bag house. Here the fume
evolved during the burning is caught in a part of
the house that is operating as usual. The material
on the floor of the dust chamber burns slowly like
punk, gradually sinters to a product resembling
soft layva, and loses some of its arsenic and sulphur.
The burning continues a number of days, and then
the sintered product goes to an arsenic refinery.
The white arsenic is volatilized and used as such,
and the residual cinder is charged again into the
lead blast-furnace. Thus the arsenic, lead, copper
and precious metals are recovered.

The labor question has been a serious one in bag
house management, and the expenditure of thought
and care upon the welfare of the men is imperative.
It will not do to put any kind of a laborer in charge
of a bag house. The foreman should be at least as
able as the charge floor foreman or the head furnace-
man, and his helpers should be capable of under-
standing orders and executing them implicitly.
A wash room divided into three parts should be
provided. The laborer enters the ‘“clean room,”
disrobes and places his clothing in sanitary lockers,
passes through the “wash room” into the third
‘room and there dresses in heavy underwear, socks,
overalls, jumper, cap, gloves and shoes provided
by the company. His shift completed he leaves
his working clothes where he got them originally,
bathes thoroughly from head to foot, using plenty
of soap and hot water, and then passes from the
wash room to the locker room he entered at first,
and there clothes himself. Constant watchfulness
on the part of the management is necessary to make
sure that the washing is done regularly and thor-
oughly. Careful attention must be given to the
health of the men, and at the first appearance of
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arsenical or lead poisoning proper antidotes should
be administered and the men ought then to be
transferred to some other kind of work until re-
covery is complete. When regulated as here in-
dicated, the same crew of men can work at a bag
house for months at a stretch without discomfort
or danger.!

The objections to the use of a bag house are (1)
cost of installation;® (2) cost of maintenance; (3)
artificial draft must be substituted for natural
draft; (4) danger to operatives; and (5) the arsenic
saved as a by-product is sometimes disposed of with
difficulty.

To offset these disadvantages we must consider
(1) the greater recovery of metals; (2) regularity
in draft and ventilation; (3) greater safety and
less discomfort to the inhabitants of the region
surrounding the smelter, and consequently less
expense for lawsuits.

UNIVERSITY OF UTAH,
SALT LAKE CiTy, UTAH.

A COMPARISON OF METHODS FOR THE DE-
TERMINATION OF SULPHUR IN COAL.
By S. W. PARR, W. F. WHEELER AND RUTH BEROLZHEIMER.
Received July 10, 1909.

Advantage has been taken of a comparative
series of tests on thirty-five coals for the determina-
tion of calorific values,® to make a further com-
parison of methods for the determination of sulphur.
These methods involve the use of the residues from
the bomb calorimeter of the Mahler Atwater type
and from the Parr calorimeter, using sodium
peroxide as the fusion medium. To these two
methods were added the usual Eschka method for
the determination of sulphur in coals and the
photometric -method recently described in the
Journal of the American Chemical Society.*

While this work was in progress, the article by
Holliger® on the estimation of sulphur in coal ap-
peared, in which the same comparison of methods
was made, excepting the photometric process.
In that article the fusion method by the use of.
sodium peroxide is discredited as being subjected
to too great personal errors. The result of the work
described in this paper goes to show the method

1 Some idea as to the dangerous nature of the bag house dust may
be gained from the fact that it contains from ten to thirty per cent.
of arsenic, and from fifteen to fifty per cent. of lead.

2 A bag house of 4000 bags will cost approximately $150,000.

3 ““A Series of Parallel Determinations with the Mahlér and Parr
Calorimeters,” THiS JOURNAL, 1, 673.

4 Jour. Am. Chem. Soc., 26, 1139-43.

3 Zeit. angew. Chem., 22, 436-49, 493-7.



to be exceedingly reliable. It is en-
tirely possible that the method of
carrying on the fusion may have much
to do with this difference of opinion.
In the method as practced by us
the grade of sodium peroxide as
especially prepared for the deter-
mination of heat values was used
ALt and a uniform amount of one gram
of potassium chlorate was added to
the charge, one-half gram being the
/ amount of coal used: The fusion was
ARV carried on in the calorimetric bomb
/ as illustrated in Fig. 1, and was ex-
/ ceedingly uniform and complete so far
as the combustion of the material
was concerned. The fusion was dis-
solved and acidified in such a manner
as to give approximately 5 cc. of free
A acid in a volume of 250 or 300 cc.
of liquid. Under these conditions the

S

é'gl interference of salt or iron was not

33 appreciable. This method has been

g g 1n constant use and has been sub-

5 jected to very many tests in this lab-
\\é& oratory during the last five or six
LI

st years and has given at all times evi-
dence of thorough reliability.

In the table presented herewith
the gravimetric results obtained by the method of

fusion with Na,O, are given in column (1). In

Fig. 1.

[10

Fig. 2.
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column (2), comparison is made with the results
obtained by the usual Eschka method modified,
however, in that the residue, after burning and dis-
solving out the soluble sulphates, was found almost
without exception to contain sulphur which was not
soluble by the usual method of washing with water.
This residue, therefore, was treated with acid and a
precipitation of the sulphate obtained which was
added to the main precipitation from the water
solution. Only by this means could a duplication
of results be obtained and, when so modified, the
results are seen to be in good agreement with the
fusion values as obtained under column (1). The
differences between the values in columns (1) and
(2), using the values in column (1) as a basis, are
shown in column (5).

COMPARISON OF METHODS FOR THE DETERMINATION OF SULPHUR.

=g o Omx < = =1 =

g8 7§ Zzds g5 3 5 3

JEE ol e o & %

R o2 owoa BQL U ¥ U

B M =EET =52 3 ) o

SE AR St o I 2 2

4 o & ) - < < 3

é A Gravimetric. Photo- - = =

Y ————————— .metric,

o () (2) (3) ) ) (6) (7)
S =~ PerictiPer.ctitPerictiaPer cti PeractoinPerict Per ct.
2111 1 1.82 1.72 1.65 1.71 —0.10 —0.17 —0:11
2112 2 1.26 1.21 0.90 1.08 —0.05 —0.36 —0.18
2113 3 0.92 0.81 0.82 0.63 —0.11 —0.10 —0.29
2114 4 4.41 4.29 4.05 4.48 -—0.12 —0.36 +0.07
2115 5 1579 1.81 1.77 1.75 +0.02 —0.02 —0.04
2116 6 3.83 3.78 3.60 3.68 —0.05 —0.23 —0.15
2117 7 3.48 3.421 3.21 3.32 —0.06 —0.27 —0.16
2118 8 3.76 3.841 3.62 3.68 +0.08 —0.14 —0.08
2119 9 4 .80 4.811 4 .31 4.80 +0.01 —0.49 +0.00
2120 10 3.20 3.13 2.89 3.00 —0.07 —0.31 —0.20
2121 11 5.57 5.811 5.25 5.60 +0.24 —0.32 +0.03
2122 12 2.68 2.621 2.48 2.54 —0.06 —0.20 —0.14
2123 13 3.44 3.311 3.20 3.34 —0.13 —0.24 —0.10
2124 14 3.09 3.22 2.85 3.14 +0.13 —0.24 +0.05
2125515 0.93 0.89 0.76 0.66 —0.04 —0.17 —0,27
2126 16 0.82 0.81 0.72 0.62 —0.01 —0.10 —0.20
2127 17 0.97 1.02 0.94 _0.72 +0.05 —0.03 —0.25
2128 18 1.12 1.14 1.09 0.82 +0.02 —0.03 —0.30
2129 19 0.96 0.95 0.93 0.85 —0.01 —0.03 —0.11
2130 20 1.00 0.92 1.01 0.76 —0.08 +0.01 —0.24
2131 21 0.72 0.62 0.70 0.51 —0.10 —0.02 —0.21
2132322 0.70 0.63 0.64 0.53 —0.07 —0 .06 0,16
2133 23 1.41 1.39 1.36 1.32 —0.02 —0.05 —0.09
2134 24 1.26 1.16 1.20 1.16 —0.10 —0.06 —0.10
2135 25 1.63 1.53 1.50 1573 i =0 310 =013 +0.10
2136 26 0.52 0.50 0.54 0.31 —0.02 +0.02 —0.21
21375527. 1.31 1123 1.21 1415 —0.08 —0.10 —0.16
2138 28 2.64 2.64 2.50 2.50 +0.00 —0.14 —0.14
2139 29 0.80 0.77 0.64 0.70 —0.03 —0.16 —0.10
2140 30 1.20 1.23 0.95 1.16 +0.03 —0.25 —0.04
2141 31 0.64 0.67 0.61 0.52 +0.03 —0.03 —0.12
2142 32 1.25 1.29 1.22 1.18 +0.04 —0.03 —0.07
2180 33 5.07 4.97 4.62 4.95 —0.10 —0.45 —0.12
2193 34 2.54 2.58 2.40 2.58 +0.04 —0.14 +0.04
2194 35 3.01 2.99 2.80 3.16 —0.02 —0.21 +0.15
Average 12,13 2511 1.97 2.02 —0.02 —0.16 —0.11

In column (3) are listed the values obtained in

1 The magnesium oxide and carbonates and residue insoluble in
water were not dissolved in hydrochloric acid as they were in all other
determinations by the Eschka method.
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SULPHUR PHOTOMETER CURVE
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the washings from the Mahler-Atwater bomb.
These values are not in such close agreement to
the values in column (1) and it may be argued in
explanation that the sulphur thus obtained repre-
sents the combustible sulphur. The values are
almost without exception lower. The differences
between the values in columns (1) and (3) are shown
in column (6). :

In column (4) the values have been obtained
by means of the photometer as illustrated in Fig. 2.

The standard light (L) is made to read through
the precipitated material in the graduated tube
(A), the lower end of which is submerged in the
cup (B). By this means a lens effect is secured
and the end point is made very sharp and distinct.
Aside from the improved form of apparatus shown
in Fig. 2, the chief modification of the process
made use of in the present series was the use of a
small amount of oxalic acid in conjunction with
barium chloride, which precipitates the barium
sulphate in a very nearly colloidal condition, at

least it does not settle readily and is uniform in its.

action towards the transmission of light. The
curve as shown in Fig. 3 affords a ready means for
determining the weight of sulphur in milligrams
to correspond with the depth of the solution in
millimeters.

It cannot be expected that such a method will
have the same degree of accuracy that should
accompany a gravimetric method, but for technical
purposes it is admirably adapted as a quick and
ready process for determining the sulphur in the
fusion residues from calorimetric determinations
by the use of sodium peroxide. Comparison as
between this method and the gravimetric fusion
method of column (1) is shown in column (7).

* It may be well to call attention to one advantage
in this series over the tests made by Holliger, in
that three times the number of coals are tested,
sufficient to bring out any variations that inhere
in the various processes. It should be borne in
mind that the fusion method No. 1 yields the total
sulphur, while the tendency of method No. 3 is
to yield the burnable sulphur rather than the total
sulphur. If this latter distinction were sharply
drawn, that method would have an advantage.
On the other hand, method No. 1 has the advantage
of certainty of oxidation when conducted as herein
described, and there can be no question about the
completeness of the process. It is, therefore,
given preference in the table and the others are
arranged in the order of what seems to be their
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respective merits. The coals are widely distributed;
their source, as may be seen by reference to the
article on calorimetric values above referred to,
is from Pennsylvania, West Virginia, Kentucky,
Alabama, Maryland, Kansas, Indiana and Illinois.

UNIVERSITY OF ILLINOIS,
URBANA, ILLINOIS.

STUDIES IN THE USES OF FINELY DIVIDED
SILICA.!

By S. W. PARR, T. R. ERNEST AND W. S. WILLIAMS.
Received August 7, 1909.

The extensive deposits of finely divided silica
found in Southern Illinois have furnished, in very
large measure, the incentive for some work in the
Department of Applied Chemistry of the University
of Illinois during the last two years. This work
has consisted mostly of experiments on compounds
such as are formed at steam temperatures between
this material and lime.

It was found that bricks made in this way pos-
sessed, after steaming, good texture and strength.
This suggested a series of experiments to determine
the best ratio of lime to silica. Then the idea of
making briquettes by moulding without pressure
suggested itself, and with it came the question as
to the best conditions for maximum strength. In
the first case the briquettes were made by com-
pression and tested for crushing strength while in
the second a cement briquette mould was used
and briquettes were tested for tensile strength.
In the first case the best lime silica ratio was found
to be one mol. of lime to one of silica, while in the
latter the best results were attained when 20 per
cent. of lime was used with 8o per cent. of amorphous
silica as is shown by the following tables:

TABLE I.
Datasais s Steam pressure 105 ibs. per sq. in.
Time exposed to steam, 10 hrs.
Per cent. Per cent. ‘T'ensile strength,

lime. silica. Ibs. per sq. in.
10 90 135
20 80 265
30 70 202
40 60 189
50 50 150

TaBLE II.
Datassiticins Steam pressure 150 Ibs. per sq. in.
‘Time exposed, 10 hrs.
Per cent. Per cent. Tensile strength,

lime. silica. Ibs. per sq. in.
10 90 134
20 80 278

. 30 ‘ 70 . 204

40 60 169
‘50 50 148

1 An examination of this material made some years ago showed it
It consists of
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TABLE III.
Datariiniin e Steam pressure 50 Ibs. per sq. in.
Time exposed, 10 hrs,
Per cent. Per cent. Tensile strength,
lime. silica. 1bs. per sq. in.

10 90 102
20 80 182
30 70 116
40 60 94
50 50 71

An attempt was made to ascertain whether or
not pressure was needed to bring about this reaction,
or whether it was caused by the heat of saturated
steam together with the moisture. To do this,
briquettes were made in the usual way and placed
in a chamber that could be heated from without
to a temperature corresponding to that of saturated
steam at 150 pounds pressure. Steam was then
generated in a flask and superheated to the tempera-
ture of the chamber after which it was passed over
the briquettes. The time of exposure varied
from ten to forty-eight hours, but in no case was
there any noticeable reaction. Irom this it was
concluded that pressure as well as heat and moisture
is required to bring about the reaction.

The effect of heat on these briquettes is rather
interesting, as is shown by the following table:

TABLE IV.

Drawn at tem- ‘Tensile strength,

Test number. perature, ° C. 1bs. per sq. in.
0 20 278
1 300 45
2 400 0
3 500 101
4 600 131
5 700 124
6 750 27
7, 800 71
8 850 186
9 1190 260

10 1390 263

As this behavior is not what one would expect,
the work was repeated several times with sub-
stantially the same results.

After finding the best proportion in which to
mix the lime and silica to give the best tensile
strength, experiments were made in which other
substances were introduced into the briquette.

Magnesia was found to work about the same as .

lime. It was found that the introduction of about
four parts of sharp sand into a mixture of equal
parts of lime and silica (one part) gave a product
with much higher tensile strength than when no
sand was used.

minute particles of silica, from 50 mm. to 0.2 mm. in diameter, of crys-
talline structure, transparent and irregular in shape, loosely cemented
together by a small amount of clay. An analysis showed: Moisture,
0.15%; silica, 98.004, magnesium oxide, 0.20%; aluminium oxide, 1.21%;
undetermined, 0.44%.—ED.
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The effect of the addition of fibrous material
was next studied, and the first to be tried was
slag wool. The addition of varying per cents. of
this material did not materially affect the strength
until enough was added to dilute the original mate-
rial so much that it resulted in a weakening of the
bond. There appeared to be no union between the
fiber and lime. A cheap grade of asbestos was

tried next. The results of the tests are shown
in the following table:

TABLE V.
Data e Steam pressure, 150 Ibs. per sq. in.

Time of exposure, 10 hrs.

Per cent.  Tensile strength, Increase in tensile
asbestos. Ibs. per sq. in. strength.
3 285 7
4 297 19
5 300 22
10 343 65
12 377 100
14 302 24
20 242 =36
40 8173 —105

From the table it will be observed that the tensile
strength rises with the addition of asbestos until
12 per cent. is added, when the drop is sudden.
It will be noticed, too, that the strength of the
material may be increased very materially by the
addition of this fiber.

The effect of the addition of colloids was next
studied. To the regular mixture of lime and silica
(20 per cent. CaO to 8o per cent. SiO,), varying
per cents. of sodium silicate and of Portland cement
were added and the briquettes made and tested
in the usual way. The results showed a decrease
in the strength in every case, which in the case of
the sodium silicate was about 66 per cent. of the
original strength when only 5 per cent. was added.

Mixtures of lime and silica in the proportions
for best tensile strength were found to possess
good plasticity, this property being possessed in
about the same degree as in the case of Georgia
kaolin. This discovery led to an attempt to make
a vase of this material. The regular mixture of
lime and silica was used, enough water being added
to give the best plasticity, and the vase moulded
by hand in a plaster of Paris mould. When dry,
the vase could be removed and the joints finished.
When hardened by steam it had, when struck
with a pencil, the true hard ring of vitrified clay
biscuit. The material easily took the form and
markings of the mould; there was no shrinkage that
was noticeable and the color was a good clear white.
No attempt was made to prepare a vase by making
the mixture up with enough water so that it could
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be poured into a mould in the form of a slip, but
there can be little doubt as to the possibility of
making ware in this way. Small trials were also
made by jiggering, which were very successful.
These experiments suggest the possibility of
using this process for making architectural building
material to be used in a way similar to terra cotta,
The manufacturer of terra cotta has many obstacles
to overcome in the process of burning. His ware
may warp or be of the wrong color; it may shrink
excessively or be .defective in some other way.
The manufacture of artificial stone that might be
used similarly to terra cotta might be made, it
seems, very advantageously by this process.

UNIVERSITY OF ILLINOIS,
URBANA, ILL.

CYANIDATION OF SILVER MINERALS.
By THrO P, HOLT.
Received July 17, 1900.

This paper embodies some results of an investiga-
tion carried out during the past year, under the
Wall Research Fellowship at the Utah State School
of Mines. From a mechanical standpoint, the
adaptation of the cyanide process from gold to
silver ores has been very satisfactorily worked out,
but chemically the development has been slow,
and to quote a well-known writer, “It is difficult
to differentiate between fact and fancy in dealing
with the available evidence on the subject.” It
was with the hope of clearing up some of these

mooted questions that this investigation was under-

taken.

The e\pcnments which are represented in
graphic form, were conducted in @ 8-0z. bottles.
Ten of these were clamped in a suitable frame
which was rotated by a small water motor. The
speed of the motor was so regulated that the
contents of the bottle would fall from one end
" to the other during each half revolution. The
bottles were only partly filled so ‘that an excess of
oxygen was assured. The conditions favoring
extraction are as good as obtained with air agitation,
while variations due to gases present in the air,
evaporation, etc., are largely eliminated. Thus
it is possxble to estimate closely the consumptmn
of cyanide due to the minerals present in the ore,
and determine the amount of any metal dissolved
from solutlon assays

The value of experimental tables showing varia-
tions in results, secured by changes in treatment,
is largely determined by. the accuracy, of our knowl—
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edge of the active agents at work in the test. In
case several unknown factors enter into an experi-
ment, we simply get a mass effect, and are unable
to judge with safety the action of each agént. For
this reason the significance of a set of tests on any
particular ore is limited. The results on another
ore of similar chemical composition may be quite
different, due to mineralogical and physical differ-
ences. . Thus it has been aptly.said ‘that each
ore is a problem in itself.”’: .

BOTTLE AGITATION TESTS
s
~ &
AP $ $ ]
r (IR 0 4 AR
T
URIGIIEL KL 198) 1ML S0 1S R e

In consideration of the above facts I have made
most of my experiments on chemical compounds
and artificial ores of known mineralogical composi-
tion.  Active agents, met with in cyanide practice,
have been added singly. One example will serve
to illustrate the general procedure. About 1.6
gms. of a crystallized spec1men of pyrarg yrite
(AgSSbS;,) were crushed with a few grams ‘of quartz'
sand in a porcelain mortar, to pass a 100-mesh
screen. This was then mixed with 550 grams
of quartz sand, which had been ground on a stone
buckmg board to avoid the introduction of iron.
After adding 1.6 gms. of lime the sample was' thor-
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oughly mixed and quartered.. The method of
preparation favors ' a large number of mineral
particles. approaching the maximum-sized: grain
that will pass the screen. This will in a measure
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of influencing  the amount . of silver dissolved,
may be appreciated when we inspect the graphic
results of a few tests. Take the line for argentite
for an example. A o.5 per cent. KCy solution

dissolves 38 per cent. in 17 hours. The addition
ki : of 0.3 per cent. lime brings this up to 58 per cent.
RATE  OF SOLUBILITY By making the solution strongly alkaline with
SIVER  MINERALS KOH almost 97 per cent. of the silver is dissolved
SOLUTION STRENGT Y in the same time. A small amount of litharge
- ' A\ is about equally effective.
$0g» Ore /0cc Solvtson Q3K Col /Sh Agitation. : : i3 :
e : 4 To explain this action requires reference to the
Lo {7 Ao Motie > Argentite primary equation for the solution of silver sulphide:
N N\
S o« Ag,S + 4KCy = 2KAgCy, + K,S
b I
4 This reaction proceeds only to a slight extent
N i Pyrlardyre before equilibrium is established between the
[ ST~ ions, the Ag™ ions and the undissociated Ag,S.
- Litharge (PbO), although it enters the solution
as a plumbite, still dissociates a sufficient number
| P of lead ions to effectively remove the S-- jons
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All solutions were titrated with a standard & T g
silver nitrate solution. In cases where the silver =] B
mineral is the only cyanicide present, it is possible o 5 g
to calculate quite closely the extraction secured = A% B
= » | 25§ : .
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cyanide, used to assist in the solution of silver,
are ‘termed ‘‘chemical salts”: by cyanide mill
men. In treating ores comtaining their silver
chiefly as argentite, these are of great practical
importance. The degree to which they are capable

as insoluble PbS. Thus the presence of the lead
salt' prevents the equilibrium indicated above
being established and the solution of silver sulphide
proceeds. = Any metal whose sulphide is but slightly
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soluble in cyanide solution will produce a similar
effect.

The increased extraction observed on adding
potassium hydroxide to the solution, is also in

ACT/0/Y OF KOH.
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accordance with the mass law. In this case we
have
(RoS)E — K5 X (Sih)-

Upon adding a highly dissociated base as KOH,
we greatly increase the number of K ions, and hence
the product on the right of the equation. To
establish ionic equilibrium some of the K ions
must unite with S ions to form undissociated
K,S and thus effectively removing S ions from
the solution. Theoretically any highly ionized
compound capable of forming a slightly dissociated
compound with sulphur, will increase the solubility
of silver sulphide.

From a practical standpoint the use of some
metal to precipitate the sulphur in an insoluble
form is much to be preferred, as any other method
results in the fouling of the solution by the ac-
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cumulation of sulphur compounds. ILead acetate
is the salt most extensively used in practice for the
precipitation of soluble sulphides. Litharge has
been substituted in one or two instances to ad-
vanfage. It is less expensive both on account of
the higher lead content, and less cost per pound.
Titharge has the further advantage that a slight
excess does not seriously affect the results, as is
the case with lead acetate.

Mercury compounds are also effective precipi-
tants for soluble sulphides, but are more expensive
than lead salts. Hobson' experienced very bene-
ficial results on a certain Mexican silver ore by the
addition of mercurous chloride to an alkaline
cyanide solution. He attributes his success to
the property of “mercurous potassic cyanide”
to dissolye argentite, pyrargyrite, stephanite and

VARIATIONS IN TREATMENT
SILYER MIITERALS.
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proustite. It has been pointed out later by both
Hunt? and Sharwood?® that the compound *mer-
curous potassic cyanide” does mnot exist. The

1 Min. and Sci. Press, Aug. 8, 1go8.
2 Jbid., Aug. 29, 1908.
3 7bid., Sept. 26, 1908,
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formation ‘and ‘action of mercury compounds
are discussed rather fully in these two! articles.
I have tested out the chemical combination given
by Hobson on' several of the silver minerals, and
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with the exception of argentite, have experienced
no beneficial results. ‘The general conclusion would
seem to be that the mercury is effective chiefly
by virtue of its ability to remove soluble sulphides.

Bromocyanide is an energetic oxidizer, and its
property of dissolving gold is well known. At
the present time it is being successfully applied to
gold ores which cannot be treated by plain cyanide.
Some statements have been made regarding the
adaptation of bromocyanide to silver ores. I
find that in the absence of free cyanide it is not a
solvent for the silver minerals. At any rate its
solvent power is so slight as to be of no value.
The addition of a limited quantity of bromo-
cyanide to a cyanide solution is quite effective in
increasing the extraction, in some cases, due to
its oxidizing power. et .

A chloridizing roast of silver sulphide ores is an
essential preliminary to successful treatment by
the old processes. - With cyanidation it has been
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found possible to treat successfully a great many
such ores without roasting, and hence one of the
strong points favoring the cyanide process. It is
likely, however, that many cases exist where roasting
could be employed to advantage. In fact in some
cases it seems the only means of securing a satis-
factory extraction.

A number of the “ore samples” were given a
one-hour roast in an open muffle at a dull red heat.
It is evident from the graphs that a chloridizing
roast is about equally effective in all cases, the
silver being converted into a chloride which is
readily dissolved. For an oxidizing roast one
hour is too brief a period to change materially
the state of the silver minerals.

There are many interesting points suggested
by the tabulations and graphs that are not mentioned
in this discussion. For instance in the “variations
in treatment,” it is remarkable how closely the
silver of ore “13” follows the line for argentite.
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It was proven by independent tests that the silver
present in this ore is practically all present in the
form of argentite. : -

In conclusion it may be well to summarize some
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of the more important -points regarding the chem-
istry of the cyanide process as applied to silver
ores. ;

FEach silver mineral presents its own peculiar
difficulties. The fundamental laws of chemistry
explain in a remarkable way many of the reactions
otherwise obscure. Results obtained from ex-
periments on ores are often misleading due to their
complex nature. It is therefore advisable to work
on artificial ores of known mineralogical composi-
tion, before making generalizations regarding the
several minerals.
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The halogen compounds of silver are the most
soluble form in which it occurs, and no oxygen
is required for their solution in potassium cyanide.
Native silver is next in order of solubility in an
aerated solution, and it dissolves in accordance
with Ellsner’s equation.

The silver sulphide, argentite, requires the re-
moval of soluble sulphides to insure good extrac-
tion. Lead salts are applied for this purpose,
and litharge, though less used, presents decided
advantages over lead acetate.

Mercury  compounds are effective by virtue
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of their ability to fcrm insoluble sulphides, and
not by their property to dissolve the “rebellious
minerals.”’

Oxygen or an oxidizer is essential to the continued
solution of silver sulphide in cyanide, even in the
presence of lead salts. :

The presence of lead or mercury compounds
decrease the solubility of the complex antimony
and arsenic silver minerals, in a cyanide solution.

Bromocyanide is not a solvent for the silver
minerals. In the presence of free cyanide it may
give beneficial results by virtue of its power as an
oxidizer.

A chloridizing roast is about equally effective
on all the silver minerals, and subsequent treatment
by cyanidation will give good extraction.

The problem of interfering minerals is more
serious in the cyanidation of silver than it is for
gold. This is due to the stronger solutions used,
and the greater chemical activity of silver.

STATE SCHOOL OF MINES, UNIVERSITY OF UTAH,
SALT LAKE CITY, UTAH.

THE ESTIMATION OF PYRIDINE IN AQUA
AMMONIA.
By A. C. HOUGHTON.
Received July 17, 1909.

Owing to the increasing use of anhydrous am-
monia for refrigerating purposes, the manufac-
turer of aqua ammonia has been called upon to
furnish a very pure product. The presence of
pyridine has proved especially troublesome to
the maker of anhydrous ammonia, as, being basic
in character, it escapes the purifying trains that
serve to hold back the impurities of acid charac-
ter, such as carbon dioxide and sulphuretted hy-
drogen, and goes over with the ammonia gas to
the compressor, where it separates out before the
ammonia is liquefied, and causes trouble by filling
up the traps that serve to catch any moisture
remaining in the gas, finally going over to the
anhydrous ammonia. Even an aqua ammonia
testing as low as o.2 gram per liter in pyridine
will cause considerable trouble, as in working off
a carload of 25 cubic meters, all the pyridine present,
amounting to 5,000 grams, eventually finds its way
to the compressors. ‘The elimination of pyridine
from aqua ammonia presents no particular diffi-
culty, but it is important to have an accurate and
reliable method of estimating small amounts of
pyridine in the presence of a large excess of am-
monia, in order that the liquors in the different



HOUGHTON ON ESTIMATION OF PYRIDINE IN AQUA AMMONIA.

stages of manufacture may be followed, and the
amount of pyridine present controlled. As none
of the methods given in the literature are suffi-
ciently accurate or reliable for this purpose, the
following work was undertaken in the hope of
finding a satisfactory means of estimation.

The property that pyridine has of forming a
double compound with mercuric chloride may be
made the basis of a very satisfactory determina-
tion. If an excess of mercuric chloride is added
to a mixture of pyridine and ammonia, the double
compound C,H.N.HgCl, is formed and the ammonia
reacts with mercuric chloride according to the
equation
2HgCl, + 4NH,0H = NHg,Cl + 3NH,Cl + 4H,0.
The precipitate consisting of NHg,Cl and C.H;N.
HgCl, is filtered off, and on thoroughly washing
with water at about 60° C., the pyridine com-
pound, which is soluble in hot water, is dissolved
out. The filtrate and washings then contain am-
monium chloride, the double compound of pyridine
with mercuric chloride, and excess of mercuric
chloride, and on long-continued boiling the pyridine
compound is completely dissociated into pyridine
and mercuric chloride, pyridine passes over as
the only free base, and may be titrated with stand-
ard acid.! The distillate, however, always shows
a test for ammonia with Nessler solution, owing,
no doubt, to the slight dissociation of ammonium
chloride, and further, the method requires con-
siderably more time and more careful work than
the one now to be described.

While working on this problem of the estimation
of pyridine, Mr. Carl Sundstrom, of our Detroit
laboratory, called my attention to the sodium
hypobromite reaction with ammonia. As is well
known, sodium hypobromite oxidizes ammonia
according to the equation

2oNH, + 3NaOBr = 3NaBr + N, + 3H,0.
It was found to have no action on pyridine, how-
ever, as would be expected from the fact that
there is no oxidizable hydrogen combined with
the nitrogen atom in pyridine, and as the follow-
ing experiment shows.

Varying amounts of a tenth-normal solution of
pyridine were added to 50 cc. of a tenth-normal
solution of ammonium chloride. An excess of
sodium hypobromite solution was then added,

1 Since the aboyé work was done, I have found that Kinzel in the
Pharmaceutische Centralhalle (1890), 31, 239, has already worked
out a method for the quantitative estimation of pysidine in ammonia
based on this same property of the easy dissociation of the double
Compound of pyridine with mercuric chloride.
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the flask shaken until no more gas was evolved,
and after adding a little caustic soda, the liquor
distilled for pyridine, and the distillate titrated
with tenth-normal acid. The following results
were obtained :

Grams pyridine Grams pyridine

taken. found.
0.000 0.0002
0.006 0.008
0.013 0.014
0.025 0.025
0.032 0.027
0.038 0.039
0.044 0.042
0.051 0.047
0.057 0.057
0.063 0.063

In testing aqua ammonia the method of procedure
is as follows:

100 cc. of aqua ammonia are put into a liter
flask with about 150-cc. of distilled water, a few
drops of methyl orange indicator added, and the
liquor carefully neutralized with dilute sulphuric
acid (1-3) until just acid, the flask being kept
cool under the tap to prevent escape of pyridine.
The liquor is now brought to the neutral point
with normal alkali, made alkaline with 5 cc. of
normal caustic soda, and distilled into 10 cc. of
normal acid with a little water in a quart flask,
twenty minutes’ boiling being sufficient. Pyridine
being a weaker base than ammonia is liberated
first by the caustic soda, and the distillate contains
all the pyridine present in the 100 cec. of aqua,
and some ammonia. With aquas containing large
amounts of pyridine, it would, of course, be neces-
sary to make the neutralized aqua alkaline with
miore than 5 cc. of normal caustic soda, but in this
case it would be better to start with a smaller
amount than 100 cc. The ammonia in the well-
cooled distillate is now destroyed by adding roo
cc. of sodium hypobromite solution (made by dis-
solving 100 grams caustic soda in 1000 cc. of dis-
tilled water, cooling, and adding 25 cc. of bromine),
the liquor is shaken for a few minutes until no
more gas is evolved, and the pyridine distilled
over into an excess of tenth-normal acid, a Kjel-
dahl distilling bulb being used to prevent any
mechanical carrying over of caustic soda. The
excess of acid in’ the distillate is titrated back with
tenth-normal caustic, using methyl orange indicator.
1 cc. tenth-normal acid is equivalent to 0.0079 gram
pyridine. When only small amounts of pyridine
are present, the end point with methyl orange
indicator is quite sharp, and the titration 'can
easily be made to within o.t' cc. of tenth-normal
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acid, but with larger amounts of pyridine the end
point is more or less indefinite, owing to the acid
character of pyridine salts. Even in this case,
however, it is possible to get the end point within
0.5 cc. of tenth-normal acid, and this does not
introduce an error of more than o.04 gram per
liter pyridine.

To check up the method finally, known amounts
of pyridine were added to aqua ammonia abso-
lutely free from pyridine. As ordinary chemically
pure ammonia always contains pyridine, it was
necessary to prepare an aqua ammonia entirely
pyridine-free, which was done by heating Merck’s
¢. p. ammonium chloride with calcium hydroxide,
neglecting the first portions. of ammonia given off,
and then absorbing the evolved gas in well-cooled
distilled water. The aqua thus prepared contained
24% NH,, and when carefully neutralized with
acid gave absolutely no odor. To this pure am-
monia was added weighed amounts of chemically
pure pyridine, which had been dried over ‘solid

caustic potash and carefully re-fractioned, and the -

estimation carried through exactly as described
above. The following results were obtained, which
leave nothing to be desired in the way of accuracy.

Grams per liter pyridine Grams per liter pyridine

present., found.
0.00 0.008
0.05 0.05
0.10 d 0.10
0.15 0.14
0.20 0.21
0.40 0.38
0.60 0.57
0.80 X 0.81
1.00 . 1.06

Duplicates of some of the above tests were also
run  through, but instead of adding methyl orange
and. titrating the final distillate, it was tested with
Nessler solution. In no case, however, was even a
slight coloration obtained, showing that the am-
monia had been completely destroyed, so that the
only alkaline body that passes over in the final
distillation is pyridine and its homologues.

Since the above method was worked out, it has
been slightly modified by Dr. D. A. Morton, of this
laboratory, who found that it was possible to carry
out the estimation with only one distillation, with
no loss in accuracy.
and the 5 cc. of normal caustic added, it is dis-
tilled through hypobromite solution. An ordinary
one-pint sample bottle is fitted with a two-hole
rubber stopper, through one hole of which passes
the delivery tube from the distillation flask, reach-
ing nearly to the bottom of the bottle, and through

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY.

After the aqua is neutralized.

Oct., 1909

the other a Kjeldahl bulb, connected, of course,
by rubber tubing with the flask containing ‘tenth-
normal acid to absorb' the pyridine. 100 cc. of
sodium hypobromite solution are placed in the bot-
tle, the stopper inserted tightly, and the distilla-
tion commenced. The bottle is not cooled, and
the steam from the distillation soon heats the
contents to boiling, the ammonia coniing over
being destroyed, and the pyridine passes over
to the receiver. With this modification a single
test may easily be made in half an hour.

The method * described above has been in use
in this laboratory for several years, and has proved
itself very satisfactory and reliable.

LABORATORY OF THE SOLVAY Process Co,,
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FLOUR BLEACHING, ITS RELATION TO BREAD
PRODUCTION AND NUTRITION.

. By JoHN A. WESENER AND GEORGE L. TELLER.
Received July 29, 1909.

lhls question has received much attention of
late, both in this country and in Europe, in its
relation to economics, bread production and nutri-
tion. It has also found a prominent place in the
courts, and recent rulings by the Department of
Agriculture indicate that it will receive still further
attention in this connection. The questions in-
volved are so imperfectly understood, not alone by
laymen but also by most scientists, that they should
be clearly outlined, and it is the province of this
paper to bring this data before the reader in an
accurate and concise manner. Not only is the
interest of the general public at stake, but there is
also involved the rights of the manufacturer, as re-
lating not only to the economics from his view
point, but also, as these,economics may have a
direct bearing upon the consumer.

From an early date in the production of wheat
flour the bleaching of the color has been practiced
by millers before putting their product upon 'the'
market. Up to within the last decade the method
employed was to store the flour for a period of
several months whereby the more or less marked
yellow color of the flour was removed.

Not many years ago, a Frenchman, Frichot,! dis-
covered that the gas produced by dlscharges of
electricity through air were capable of wlntemnor
the flour. He did not explain properly the cause
of this whitening, but attributed it to the produc-
tion of ozone (which it is now known does net
readily bleach flour).*> It temained for two Eng-
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lishmen by the name of Andrews?® to discover that
the bleaching was brought about by the action of
certain oxides of nitrogen which are produced
when nitric acid is brought in contact with a re-
ducing agent such as ferrous sulphate. Numerous
processes have been brought forth for applying
this principle to practical bleaching of flour in the
mill. The process, which has up to the present
time gained the greatest ascendency in this coun-
try, is what is known as the Alsop process, where
air is pumped through a chamber in which a flam-
ing electric arc is discharging. It can readily be
shown that the air discharged from the pump con-
tains small quantities of oxides of nitrogen. In
more recent times the use of nitrosyl chloride has
been introduced into the art of flour bleaching
and possesses advantages over the oxides of nitro-
gen in the character of the bleach which it produces
as well as in the simplicity of application to the
flour. This gas can readily be liquefied and bought
in small bulk for convenience of transportation
and storage. The pressure is ideal for the purpose,
being at normal temperature from 15 to 20 pounds
to the square inch, and is an important point, as
it materially aids in the methods of applying the
gas to the flour.

Color is probably one of the most important fac-
tors entering into foods, because it plays an im-
portant role in the mind of the consumer, bring-
ing in a physiological factor which not only affects
the palatableness of the food, but also the health
of the consumer. The United States government

took advantage of that factor in passing the Oleo- -

margarine Act, imposing a tax of 10 cents a pound
on this product when colored.

In the earlier milling process where the wheat
was ground between stones and the resulting meal
separated through a simple bolting device, the
flour was often improved by the method of storing
which was called ageing, and which ageing pro-
cess, while maturing the gluten to some extent, was
clargely used for the purpose of whitening the flour.
By the introduction of the roller process, which
became general only within the last half century
and only after considerable opposition, a flour was
produced which was much whiter in color than
was generally produced by the use of millstones.
Some consumers of this flour complained that while
it was whiter in color it would not make good bread,
- which was probably due largely to their prejudice
against the new flour, commonly known as patent
flour. In spite of this prejudice, the desire for the

70T

new flour became general and every mill was
eventually compelled either to go out of business
or adopt this system.

In the roller process of milling the wheat is first
run lightly through a pair of rolls so that it is broken
into” fragments, and care is taken that the frag-
ments be made as large as possible. The products
from the roll are put upon the bolting machine
and the coarser portion, including the bran and
many larger fragments of the interior of the grain,
is bolted off and carried to a second pair of rolls,
where the process is repeated. This is again re-
peated and so the bran finds its way through several
pairs of rolls. Fach time a considerable quan-
tity of the fragments of the interior portion of the
grain are broken off, and by successive bolting
and purification the fragments are obtained com-
paratively free from bran. These fragments are
divided into various grades according to their
purity, size, etc., and crushed to fragments be-
tween various pairs of smooth rolls. The frag-
ments are called middlings. They can be made
very pure, and when crushed to flour make an
article which is very free from the material which
commonly finds its way into the feed. It is to
flour produced in this way that the name patent
flour is given. Not all of the flour contained in
the grain can be obtained in the form of middlings
of such character that they can be sufficiently
purified to make a better grade of flour. The re-
maining portion is mixed with fine fragments of
bran and often of the germ which is the embryo
of the kernel. This portion of the flour is gener-
ally named clear grade flour. It is darker in color
than the patent flour, and when separated in this
way is inferior for bread-making purposes because
of the impurities which it contains. When the
clear flour and the patent are united in one, they
constitute a straight grade flour, which, while
superior to the flour made by the old stone mill
process, has more nearly its same general charac-
ter. The improved process of milling has enabled
the miller to produce a greater quantity of flour
from the wheat as well as flour of a superior quality,
for by the old stone method it was impossible to
remove all the flour from the bran without also
grinding up with the flour an excessively large
portion of the bran. From a food and economic
standpoint, the clear flour is superior to the patent
flour because it contairds more of the protein,
more of the fat and less of the starch. The same
is true of the straight grade flour, for it contains
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the excess of these ingredients found in the clear,
and at the same time the objectionable qualities
of the clear are largely removed, because the im-
purities thus more diluted are, except as to color,
more beneficial than injurious. The color of ‘the
flour which is removed by the bleaching process
is distributed throughout the entire flour-producing
portion of the wheat grain, but is more abundant
in the portion nearest to the bran, which is also
the most nutritious. . It is the purpose of the mod-
ern bleaching process to remove the yellow color
instantly, It should be clearly borne in mind, in
this connection, that the yellow color which is re-
moved by the bleaching process is entirely inde-
pendent of any dark or inferior color produced by
the presence of the bran which is ground up with
the lower grades of flour.. :

The writers were given the opportunity to ex-
amine the first samples of flour bleached by. the
Andrews process which were brought to this coun-
try. A careful comparison of the bleached and
unbleached flour was made by us and published in
milling journals.! Our examination of these flours
was very thorough, and although we set about the
analysis with somewhat prejudiced minds, we were
unable to find any objections whatever to the
sample of bleached flour, or any material differ-
ences between the two flours except that which
was apparent in the color. Our findings with re-
gard to this matter were put before the millers by
one of the writers at the Operative Millers Conven-
tion, at St. Louis, and by the other at the meeting
of the Federation of Millers at Buffalo. Shortly
after this time and since, other investigators have
made a careful study. of the subject of bleaching
flour and all, with the.exception of two, have ar-
rived at substantially the same conclusions that we
gave in our first article and public lectures.  Those

prominent in these investigations are Fleurent,® of.

France, Prof. Harry Snyder,® of - the Minnesota
Agricultural Experiment. Station, Prof. Ladd and
Mr. Stallings,” of North Dakota, Dr. Avery® and
later Prof. Alway,® both of the University of Ne-
braska, and lately Dr. Iud\ng Weil 12 Strassburg,
Germany,

It has already been stated that the active agents
in the bleaching of. flour are nitrogen oxides and
nitrosyl chlorid. Both of these substances re-
sult in decomposition products which give :the
usual test for nitrites.

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY.

The, test which is com-:
monly used for detecting small quantities of this.
substance is known as the,Griess-Ilosvay . test,
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which is among the most delicate tests for any.
substance which is known .to chemists. - So deli-
cate s this test that, according to Warrington,
it is capable of detecting one part of nitrous anhy-
dride in a billion parts of water. It was because of
this very delicate test that it was, possible to dis-
cover the residues of these gases in the flaur.

The chemistry involved in ‘the bleaching of flour
has - received much. attention by us. We have
isolated the coloring matter and: have identified it
or at least have established a very close relation-
ship for it with other natural vegetable colors.
It is not the province of this article to go into this
phase of the question. The chemistry of ‘this re-
action will be. taken up by us'in alater article.
The coloring matter of flour is the one material
which shows the great avidity for uniting with
the gases which are used in bleaching. The ac-
tion on the coloring matter is instantaneous, and
the amount required for the purpose of‘ bleach-
ing the flour is very minute. If an excess of the
gas is used, it will eventually combine with .other
substances, primarily the gluten and finally the
oil. It is only when the flour is overbleached and
ruined that the action on these constituents of the
flour is sufficient for it to be detected either by
chemical or by physical properties.’! It was con-
ceded in the flour bleaching case conducted in North
Dakota, as well as at the hearing in Washington,
D. C., that the average amount of nitrite-reacting
nitrogen in commercially  bleached flours is prac-
tically one part per million. In our own:experi-
ments we have often found much less than this
amount. It has been still further conceded!® on
the part of even those opposed to the bleaching
of flour that only a small proportion, -and in some
instances not any, of the nitrite-reacting nitrogen
is present in the bread. We have found this. dis-
appearance of nitrite-reacting nitrogen to be due
in a large measure to the action of the yeast which
is used in the bread.

The nitrite-reacting material of flours is also re-
moved by the action of heat. This may be clearly
shown by the tables given below. Quantities of
spring patent flour were dried over night, and in
the morning examination for nitrites was made

in the usual way
Part per million nitrite--

Temperature of oven. : 'reactirig nitrogen.

1058 CE s None.
755C.H 10.22% "
40°% 0l SR 037,

Not dried 0.37
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Four lots of spring patent flour or 20 grams
each were made into a sponge dough and put in
the proving case over night, In the morning it
was found the temperature had risen somewhat
above 100° F, The flours were tested in the morn-
ing for nitrites in the usual way.

Yeast in dough. Nitrite-reacting nitrogen

INOTe e s A s AT R T R None

13 Gram e R e A e None

Oy Ly s S T T AT e O P None -

1 Gram plus chloroform., ., ..... . u0en.y 0.37
0.37

In originpl flonr i rahl s s e e

Four lots of spring patent flour of 20 grams
each were made into dough as on the preceding day
and allowed to stand over night at room tempera-
ture. Determinations of nitrites were made in

the morning. ,
. Parts per million nitrite-

Amount of yeast. reacting nitrogen.

I e s s S R el b e G O B 0.37
L S o e i S B s O T o 0.031
2 Crams st S IO R s 0.018
1 Gram plus chloroform................ 0.37
Intoriginallflours st st 0.37

It will be noted that in the first experiment
where the flour is dried over night at a tempera-
ture of 105° C. that all of the nitrite-reacting nitro-
gen disappears. At a temperature of 75° C. it
is reduced from o0.37 to o.22. At a tempera-
ture of 40° C. no change takes place. In experi-
ment No. 2 it will be noticed that from flour made
into a dough with water and allowed to ferment
in a proving case all of the nitrite-reacting nitro-
gen disappears. The same is true when 1 gram
and 2 grams of yeast are added to the flour before
making a sponge. When, however, chloroform
was added to stop the action of yeast and bacteria,
the nitrites remained as in the original flour. In
the third experiment we notice that this change
does not take place in the sponge made directly
from flour without the addition of yeast when kept
at ordinary room temperature. Better action takes
place, however, when one and two grams of yeast
are added to the flour. There is a reduction then
from 0.37 to 0.018. In the third experiment the
nitrite-reacting nitrogen would have all disappeared
had the correct incubating temperature been used,
except when chloroform was added. From the
results of this experiment we see that drying at
sufficiently high temperature dispels all of the
nitrite-reacting nitrogen and that hwng bacteria
and yeast consume it.

That the presence of even con51derable amounts
of mtnte reaction nitrogen m flour acts favorably
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to the development of yeast in dough and not as
a preservative is apparent from the following:

TABLE SHOWING THE INFLUENCE Of SMALL QUANTITIES OF ADDED
Soprum NITRITE ON THE EXPANSION OF SOFT DOUGHS.

Total volume of dough. '
—————

Added nitrite nitrogen
in parts per million

of flour. H. S. L. S.
bt e e 0.0 800 860
1 cc. 1% nitrite of suda. 20.3 900 860
5cc 1 SRS 011 860 - 900
10/¢ci1 97 s di st s 6850300 840 900
207 ccl] Vota i & it st 406 0 300" 260
In making the abO\ e e\panslons 100 Gr'un; of

Pillsbury’s best flour were used in each dough in
connection with the following other ingredients;
water, 75 grams; yeast, 10 grams; sugar, 3 grams.
Total dough, 188. In those doughs in which the
solution of nitrite was used it was made to take
the place of the other water used so that all the
doughs contained the same amount of liquid.
Expansions marked L. S. were at slightly higher
temperature than those marked H. S., the tem-
perature of the two lots being about L. S, 95° I.
and H. S. 9go° F. ‘

It will be seen from the above that no effect in-
jurious to the expansion of the dough is apparent
when a quantity of nitrite-reacting nitrogen is
added to the flour in quantities 200 times as great
as is present in commercially bleached flour. On
the other hand, we find this larger amount’ to be
beneficial to such expansion. It was also found
that when bleaching gases are added to the flour
sufficient to produce nitrite-reacting nitrogen to
the extent of 60 parts per million, the flour was en-
tirely destroyed for commercial purposes because
of the well-known xanthoproteic reaction whereby
the flour was highly discolored, producing a red-
dish yellow shade, and because the character of
the gluten was changed by the action of this large
amount of the acid-producing gases upon the glu-
ten. Eyen in this aggravated condition the growth
of the yeast was not prevented and the bread-mak-
ing property of the flour was not destroyed, al-
though the bread was of inferior quality. Atten-
tion should be called to the fact that in the experi-
ment noted above sodium nitrite was used, while
in the gas-treated flour the sodium was not added,
the acid in this case being in part at least united
with the gluten, forming with it the well-known
cllasé of syntonin.bodies. | It is known?? that bodies
of thls character are contmually formed, during
the .process of bread- makmg by yeast, and are an
essential step in such process of bread-making.
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One of the contentions of those who are opposed
to the bleaching of flour is that it leaves a dele-
terious substance in the nature of a preservative
in the flour. The experiment cited above in which
we have shown that the bacteria and yeast con-
sume the nitrite-reacting material of the flour is
sufficient answer to this contention

We have been making daily examinations of
flour received from all parts of the United States
and from foreign countries, including Canada,
England and South America. This has naturally
brought us in contact with flours of all kinds,
from all classes of wheat, and representing all
methods of milling. This work has been done for
the purpose of ascertaining the bread-making and
commercial value of these flours. During the last
five years probably go per cent. of the flours which
we have received have been bleached, and we have
not in a single instance found any flour which ap-
peared to be in any way injured by the process of
bleaching. The analyses which we make of these
flours are very thorough, as the commercial value,
which depends on the quality of the bread, is based
on our reports. In addition to this general analyt-
ical work on flours, we have made a thorough and
exhaustive study of many flours, bleached and un-
bleached, to determine any effects which might
have been produced by the action of bleaching
gases upon the bread-making qualities of the flour.
We have found that in every instance the only es-
sential change in the character of the flour was in a
whitening of the color and in some instances an in-
crease of the water-absorbing capacity of the flour.
Where there has been any slight difference in the
volume of the bread, which could not be attribu-
ted to natural variation in the work, it has been, if
anything, slightly in favor of the bleached flour.
The same is true of the number of loaves of bread
which are produced from a barrel of flour. The
amount of yeast necessary for the production of
bread from bleached flour, which we always call
the fermenting period, was in no way increased
over that required for the unbleached flour. The
quality of the gluten, as shown by its capacity for
expanding into a good-sized loaf of bread, has not
been found to be in any manner injured. The
average value, which in our report is based upon
the color of the flour, the character of the bread,
the amount of bread and the size of the loaf, was a
little higher for the bleached flour than for the un-
bleached, because the color of the flour and the
color and quality of the bread were improved.
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The flavor of bread is subject to much variation,
due to the methods of bread-making, and is also
one of the most difficult points to determine in the
comparison of breads under examination. We
have made careful comparisons along this line and
have been unable to detect any deterioration of
flavor when both flours, bleached and unbleached,
were submitted to the same process of bread-mak-
ing. We have already called attention to the fact
that the patent flour, as compared with the clear,
is relatively deficient in protein, fat and mineral
matter, and for this reason possesses less nutritive
value than the clear flour. We have also pointed
out that when these two flours are combined they
constitute the straight grade flour which is inter-
mediate in character between the patent and the
clear. While an experienced eye can readily dis-
tinguish between the grades of flour used when a
straight grade flour from which the color has been
removed is baked into bread and compared with
bread from a patent flour from which the color has
not been removed, it is our experience that prefer-
ence will be given to bread made from the straight
grade flour.

I'YPICAL ANALYSIS OF BLEACHED AND UNBLEACHED FLOUR.

= = o o5 g 5
e B S s 0
BE0 0 nos mND RS
o o
ettt s o
2Rl e R
@& 19 o G = =0
aevicss ki tel 2 s
(=% a z Eo )
Gluten, per cent... 11.0 11.0 11.5 11.5 10.5 10.5
Ash, per cent...... 0.42 0.42 0.40 0.40 0.60 0.60
Absorption, per centt 61.0 61.0 62.0 62.0 61.0 61.0
ColOrias s et s st 100.0 99.0 100.5 99.0 97.5 95.0
Loaves, per bbl.... 100.0 100.0 100.6 100.6 100.0 100.0
Size of loaf........ 100.0 100.0 100.0 100.0 98.0 98.0
Quality of loaf..... 100.0 99.7 100.3 99.7 99.0 98.0
Average value..... 100.0 99.7 100.4 99.8 98.6 97.7
Fermenting period 100.0 100.0 102.2 102.2 97.7 97.7
Quality of gluten.. 100.0 100.0 97.8 97.8 102 .4 102.4

NUTRITIONAL EXPERIMENTS.

Twenty-four white rats were purchased of a rat
dealer in Chicago during the month of July, 1908,
the lot including 1o females and 14 males. These
were put in several cages, weighed after dividing,
and arranged on shelves in a cool, well-ventilated
room, where all were given similar treatment as to
food, water and ventilation. Boxes suitable for
their protection and comfort were put in each
cage. On the 28th of July the rats were arranged
so that each of two cages should contain seven
males, and each of two others should contain five
females. An effort was made to have the weight
of males in the two cages about equal and also the



WESENER AND TELLER

weights of females of the two cages about equal.
The experiment in feeding was begun on the 28th
of July. Within two or three days one of the rats
died from causes common to rats and in no way
connected with the experiment. The weights of
the rats at the beginning and end of the experiment
are shown in the table given below:

WEIGHTS AND GAIN OF RATS.

Flour bleached. Flour not bleached.

5 6 11 S 7 12
Females. Males Total. Females. Males. Total.
July 28 325.0g. 482.0g. 807.0g. 329.0g. 553.0g. 882.0
Oct. 14 425.0g. 572.0g. 997.0g. 439.0g. 670.0g. 1102.0g.
Gain 100.0g. 90.0g. 190.0g. 110.0g. 117.0g. 227.0g.
Gain % 30.8% ,18.6% 23.5% 33.4% 21.1% 25.7%

Figures show weight in grams and also gain in
per cent. of the original weight.

A barrel of flour was procured from the Berger-
Crittenden Milling Company, of Milwaukee, which
was known at that time to have no bleacher, and
which was fully borne out by tests to be entirely
unbleached. Soon after receiving at the labora-
tories, the flour was put into four 50-pound tight
tin flour bins for preservation. The flour from one
of these bins was passed through the gases of the
Alsop bleaching machine in a manner identical with
that used in the flour mills. The time required
for the passing of the flour through the gases pro-
duced from a generator suitable for a 100-barrel
mill was two minutes. Tests were made for the
amount of nitrite in the flour bleached in this man-
ner, and the nitrite-reacting nitrcgen was found to
be three-tenths parts in a million. The flour was
again run through the bleaching machine in the
same manner as at first and the nitrites again de-
termined. The amount found after this second
bleaching was o0.56 part per million of nitrite-
reacting nitrogen. On the following day biscuit
was made from the bleached and unbleached flour.
No nitrites whatever were found in either the flour
or the biscuit unbleached. In the biscuit from the
bleached flour the amount of nitrites found was
equivalent ‘to 0.3 part per million of nitrite-re-
acting nitrogen. It was considered that the bleach-
ing of this flour had not been sufficient to meet
the objections which might be raised as to its hav-
ing been given sufficient treatment, and it was put
through the bleacher twice more in the same man-
ner as already described. After this last bleach-
ing the nitrite determination was again made
upon the flour on July 31, and was found to be, on
the flour four times bleached by the Alsop ma-
chine, equivalent to 0.79 part of nitrite-reacting
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nitrogen per million. The flour was now put aside
in the laboratory for use in the making of bread and
biscuit for the experiment. The composition of
these flours before and after bleaching was deter-
mined in the usual manner in which we determine
the characteristics of different flours in making
our commercial laboratory reports, and the results
are given herewith:

Spring 6796

patent. 6796 - bleached.
Glutenipericent s it iR s 10.5 11.0 10.9
AShiipericent i s a iR 0.42 0.49 0.49
Absorption s percent s i e 62.0 62.0 62.0
Coloreein s oo R A L SR 100.0 99.0 99.5
oY es  Der DaTTel et ek n 100.0 100.0 100.0
Size of loaf........ .. 100.0 100.0 100.0
Quality of loaf....... . 100.0 98.7 99.0
AVerage yalte e et s s sy 100.0 99.4 99.6
Fermenting period......veervenenann 100.0 102.5 102.0
Quality.of gluten s Nt it o sebca 100.0 97.5 98.0
1Y S i e e TS O LA 5L 12.85 12.0
Acidity, as'lactic acid. s ... oo L0 0.117% 0.117%

The bread used in these experiments was made
substantially as follows: 3500 grams of each flour
were mixed with 310 cc. of water, 12 grams of
compressed yeast, 15 grams of sugar, 7.5 grams
of salt and 15 grams of lard. The dough was al-
lowed to develop for two hours with one‘working,
which working was done at the end of the first
hour. At the end of the two hours the dough was
molded into a loaf and put in the pan, where it
was allowed to prove until it was ready for baking
in the oven. It was baked usually in the electric
oven until sufficiently done, requiring about 45
minutes. It was then taken out of the oven,
cooled, and subsequently put in suitable tin boxes
to preserve for the experiments. A portion of
the time biscuits were substituted for the bread,
so that the rats might have some variety of diet,
and so that the teeth of the rats might be kept
in somewhat better condition by their gnawing
the harder biscuit. The biscuits were made sub-
stantially as follows:

Two hundred and fifty grams of each flour, 115
grams of water, 2 grams of salt, and 5 grams of Dr.
Price’s cream baking powder were mixed together,
rolled to suitable thickness, cut with a tin biscuit
cutter, put in a pan and baked in the electric
oven, The amount of nitrites remaining in the
bread and biscuit was determined on many of the
samples, and the average amount found was 0.03
part per million of nitrite-reacting nitrogen for .
the bread and o.24 part for the biscuit from the
bleached flour. The average amount of nitrite-
reacting nitrogen in the bread from the unbleached
flour was none and in the biscuit from the un-
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bleached flour was 0.02 part per million. The
bread in these experiments was purposely made
by an unusually short process, which would tend
to leave in it much more nitrite-reacting nitrogen
than would remain when the bread is given the
usual amount of fermentation. Even in this
short process of bread-making the nitrites were in
many instances entirely removed. The rats were
fed night and morning of each day and were sup-
plied with sufficient water in a suitable tin vessel
placed in their cage. The amount of bread or bis-
cuit given at each feeding was equivalent to about
5 per cent. of the weight of the rats daily. This
amounted to about 50 grams for the rats fed bleached
flour and a trifle more for the rats fed unbleached
flour. :

The supply of bleached flour used in feeding these
rats was exhausted about the 3rd of October, and
another quantity of the same flour was run through
the bleaching apparatus three times, in the same
manner as on the previous occasion. The amount
of nitrite-reacting nitrogen in the flour thus bleached
was 1.56 parts per million, which was much in ex-
cess of what would possibly be introduced into the
flour by a single bleaching. The rats were fed on
bread and biscuit from this flour for about one
week. The amount of nitrite:reacting nitrogen
in the biscuit from this flour was 0.6 part per mil-
lion and from the bread was 0.3 part per million.

At the end of the feeding period a considerable
number of the rats were dissected by the Biological
Division of the Columbus Laboratories under the
direction of Dr. Adolph Gehrmann, and the data
obtained in this manner is given below:

Notes on individual rats as dissected: The
rats were killed with chloroform, stretched in a
proper manner, and opened by a ventral incision
extending the entire length of the body. Exam-
inations were made on the following points, and
where normal no mention is made of them in the
following notes:

Nutrition and blood supply of intestines; general
condition of intestines, stomach, liver, kidneys,
spleen, heart, lungs, and also of amount of fat in
mesentery and omentum. Portions of organs, as
follows, were removed and put into a seven per
cent. solution of formaldehyde for subsequent ex-
amination under microscope: Anterior portion
of right lobe of liver; one-half of left kidney; middle
portion of stomach including portions of the cardiac
and pyloric ends; one-half of spleen and such other
special portions as occasion required. The re-
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maining portions of each rat were also preserved
in formaldehyde for any future examinations
which might be desired.

NOTES ON SERIES FED BLEACHED FLOUR.
Cages . 1 and 2.

Rat No. 1.
food.

Rat No. 4. Tapeworm in intestines:

Rat No. 7. White nodule of fat within capsule
of left kidney. 1/2 right kidney taken for micro-
scopic examination.

Rat No. r1. Nothing abnormal found.

Rat No. 13. Much congestion of abdominal ves-
sels. Stomach distended with gas; small ulcer on in-
terior wall. Tapeworm .in intestines; hydatid cyst
in liver. Hardly any fat in mesentery. This was
the most unthrifty rat in the experiment.

Rat No. 16. Intestines somewhat congested;
hardly any fat in the mesenteries.

Rat No. 23. One of the most thrifty-looking rats
in the entire experiment. No defects of any kind
whatever found.

Stomach partially distended with

SERIES FED FLOUR NOT BLEACHED.
Cages 3 and 4.

Rat No. 2. Stomach fairly well distended with
food. = Examination showed nothing abnormal.

Rat No. 5. Tapeworms in small intestines.
Spleen appeared somewhat small. :

Rat No. 8. Normal appearance throughout.

Rat No. 10. Apparently abnormal contraction
between cardiac and pyloric ends of stomach caus-
ing hour-glass shaped organ.

Rat No. 14. Some congestion of abdominal
blood vessels. Small intestines contained three
very large tapeworms, Stomach somewhat dis-
tended with gas. Darkened spots on anterior
portion of anterior lobe of liver. Spleen presented
irregular mottled appearance. $Slight consolida-
tion in upper lobe of left lung.

Rat No. 17. Small tapeworm in small intes-
tine. :
Rat No. 18. Some gas in intestines. Some

tendency toward diarrhea. Small infiltration of
fat into capsule of left kidney.

Rat No. 19. Slight congestion of small intes-
tines. One very large tapeworm in small intestines.

IRREGULARITIES FOUND CLASSIFIED AS TO ORGANS
EXAMINED.

Nultrition and Blood Supply of Intestines.—Some
congestion of abdominal blood vessels found in
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rat No. 14, unbleached series, and much in rat No.
13 of bleached series,

Abnormal Condition of Inlestines—Tapeworms
found in rats Nos. 4 and 13 of bleached flour series;
in Nos. 5, 14, 17 and 19 of unbleached series. Some
inflammation in rats Nos. 13 and 16 of bleached
series; also in rats Nos. 14 and 19 of unbleached
series.  ‘Tendency to fermentation and diarrhea
were noticeable in rat No. 18 of unbleached series.

Stomach.—Stomachs were more or less distended
with gas in rats No. 13, of bleached series, and No.
14, of unbleached series. Rat No. 10 of the un-
bleached series showed marked hour-glass con-
traction between cardiac and pyloric ends. .

Liver—Hydatic cysts were found in' rat No. 13
of bleached, series. Darkened spots were found
on the anterior portion of the anterior lobe of No.
14 of the unbleached series.

Spleen.—That of No. 5 of unbleached series was
unusually small and that of No. 14 of the same
series, presented an irregular mottled appearance.

Kidneys and Renals.—Whitish nodules of fat
were found within the capsules of one of the kid-
neys of No. 18, of unbleached series, and No. 7, of
bleached series. :

Heart—No abnormalities were apparent.

Lungs.—Slight areas of consolidation in upper
lobe of left lung of No. 14 of unbleached flour series.

Fat in Mesenteries and Omentum.—Deficient in
mesenteries of No. 13 of bleached flour series,
and in No. 16 of same series. Also in No. 14 of
unbleached series.

SerIES FED ON FLOUR NOT BLEACHED.

No. of rat. Sex. Weight in grams. General appearance.

2 Male 132 thrifty
5 Female 82 fairly thriity
8 Male 92 fairly thrifty

10 Male 83 not thrifty

14 Male 71 not thrifty

17 Male 79 not thrifty

18. Female 84 fairly thrifty

19 Female 76 fairly thrifty

The remaining rats of this series were thrifty in
appearance except one female which did not ap-
pear thrifty.

SERIES FED ON BLEACHED FLOUR,

No. of rat. Sex. Weight in grams. General appearance.

1 Male 110 thrifty
4 Female 110 thrifty
7 Male 120 fair

11 Female 83 not thrifty

13 3 Male 47 not thrifty

16 Male e not thrifty

23 Female 129 very thrifty

The unkilled rats of this series were of thrifty
appearance.
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A series of feeding experiments was conducted
with rats covering a period of several months.
The bread which they received was made from
flour which had been bleached with nitrosyl chlorid
gas. The general findings were substantially the
same as in the experiment detailed above. There
were noticed no nutritional disturbances of any
kind, and the post-mortem examination showed
no lesions which in any way could be attributed
to the bread made from this flour. In addition
to the feeding experiments conducted with the
rats, we have fed the guinea pigs, which we have al-
ways on hand for experimental purposes, bread
from bleached flour covering a period of more
than six years. During this time we have never
once noticed any symptom or sign in the health
of the animals which could in any way be traced to
the bread made from bleached flour. Post-mortem
examinations never -revealed any lesion which
could in any way be associated with the food
which they had been receiying.

TLadd! has given results of experiments where
alcoholic extracts of bleached and unbleached
flours were evaporated under specified conditions
and the residue administered to rabbits. The
extracts from the bleached flour were reported by
him to have produced death in a short time, the
post-mortem findings being those of a corrosive poi-
son. These experiments have been carefully re-
peated by Prof. Haines and Prof. Snyder,'* who
were not able to obtain results showing any indica-
tion of poison in the rabbits.

In working in conjunction with Prof. Haines
at the Columbus Laboratories in November, 1908,
several lots of flour were taken for extraction with
9o per cent. alcohol following the same general
lines of investigation as laid down by Ladd. The
flours used in these experiments were Sunnyside,
marked 6796 unbleached, the same bleached by
passing through Alsop gases four times, and the
same bleached by very excessive freatment with
nitrosyl chlorid. The flour bleached by the Alsop
process contained 2.8 parts of nitrite-reacting
nitrogen per million; that excessively bleached by
the nitrosyl chlorid was entirely destroyed for
commercial purposes and contained 30 parts nitrite-
reacting nitrogen per million. Of the three samples
of 6796 each flour in lots of 750 grams each was
put in each of two bottles and 1750 ce. alcohol
added to each bottle, making a total of 1500 grams
of each flour and 3500 grams of alcohol for each.
These were agitated thoroughly during the after-
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noon of' the day, were allowed to settle over night,
and the clear supernatant fluid was poured from
eachH on the following morning. This liquid was
filtered to remove any starch which might be car-
ried over. The total amount of liquid obtained
for the flour treated with nitrosyl chlorid was
1280 cc.; that for the flour treated by the Alsop
process 1210 cc.; that for the flour not bleached
was substantially the same. FEach of these liquids
was introduced into a heavy glass globe of about
1500 cc. capacity. Those having the larger amounts
were divided in two portions and a part of the
liquid evaporated off before the remainder was
added. The globes were connected with Liebig
condensers at the lower end of which was an Erlen-
meyer flask with a wide neck and side tube such
as is used for vacuum filters. The whole was
then connected with the small vacuum pan in the
laboratories. Two of the glass globes were put
in a large dishpan filled with water and so arranged
that heat could be applied. Two others were
put in another pan in a similar manner. The
evaporation was then done by the assistance of
the heated water and the vacuum pan. The time
required for the evaporation was six hours. The
maximum temperature of the liquid in the several
flasks was 48° C. The average vacuum as shown
by the manometer connected with the vacuum
pan was from 23.5 to 25.5 inches. The removal
of the alcohol in this manner was quite complete,
but to still further remove small quantities which
were in the flask, each flask was closed with a
pledget of cotton and placed in the incubator
heated by one 16-candle power electric light so
that the temperature was about 37° C. and allowed
to remain at this temperature over night. In the
morning there was no odor of alcohol in any of
the flasks. The residue in the several flasks was
of an oily consistency with some sediment which
was not entirely soluble ‘in the clear oil. The oil
was carefully poured from the flasks containing
the Alsop process bleach and the nitrosyl chlorid
bleach on the samples of Sunnyside flour, and al-
lowed to drain into beakers until no more oil would
flow from the flasks. Theése two flasks were care-
fully broken and the material remaining in them
scraped from the glass. The weight of the total
residue obtained from the flask treated with nitrosyl

chlorid was 8.9 grams, and that from the flask

of which the flour was treated with the Alsop
process was 6.746 grams. 3.266 grams of that
taken from the nitrosyl chlorid flour were weighed
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and mixed with water and 2 cc. of 959%, alcohol
so that the total volume of the mixture was about
10 cc. This amount of fat corresponded to nearly
250 grams of flour. It was taken up by means
of a small glass syringe and fed to a rabbit weigh-
ing 2130 grams. No ill effects were apparent
in the rabbit. It went to eating vigorously in
the course of 15 minutes and showed no symp-
toms of distress of any kind. The oil from the
Alsop process bleached flour was divided into two
portions as nearly equal as possible. The first
of these was treated in the manner described
above and given to a rabbit, but unfortunately
the soft catheter at the end of the syringe was
introduced into the trachea which led to disturbance
in the breathing of the rabbit, so that it was con-
sidered advisable to kill it shortly after and find
the cause of the distress. This was done, and a
post-mortemm examination showed the Ilungs to
contain much foreign matter and naturally highly
congested. The other organs were found to be
perfectly normal. The remaining portion of the
Alsop process flour extract was fed to another
rabbit in the same manner as that fed from the
nitrosyl chlorid bleached flour, and no indications
of distress whatever were occasioned by this flour.
The weight of the rabbit which was fed was sub-
stantially that of the other, 2100 g. Both rabbits
were kept under observation for a considerable
time and no indication of distress or unusual symp-
toms were apparent. The acidity of the alcohol
extract was identical for the three samples of
Sunnyside flour, the unbleached, that bleached
by the Alsop process, and that strongly over-
bleached by nitrosyl chlorid.

In the flour bleaching trial® in England, Wilcox
and Luff, working independently, repeated ex-
periments with rabbits as outlined by Ladd using
unbleached, commercially bleached and strongly
commercially bleached flour, making all told more
than 50 experiments and report that in these ex-
periments they were in no instance ‘able to kill -
the rabbits because of any poisonous substance
in the extracts, or to produce any toxic symptoms
other than such as might come from the alcohol
which was administered in connection with the
extract. Judge Pollock, of North Dakota, and
Judge Warrington, of England, both having listened
to the testimony detailed by Ladd and the other
experimenters, as mentioned above, sum up in
their decision that bleached flour does not con-
tain a deleterious substance. '
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If we calculate that the total amount of nitrous
and nitric acid which might be present in one of
the flours which was used by Ladd* for his test,
based upon double the amount of nitrite-reacting
nitrogen found (3 parts per million) and all calcu-
lated to nitric acid, it would be equivalent to only
5.4 milligrams (1/10 drop) of nitric acid. This
amount of nitric acid is practically 1/100 the me-
dicinal dose of nitric acid as given in the U. S. Dis-
pensatory, and according to Iadd's testimony
the liquid administered to the rabbits was much
greater in amount than necessary to produce the
dilution specified in that work for internal doses
of nitric acid. Under the circumstances we could
not expect any corrosive action from this amount of
acid, even assuming that it could have been sepa-
rated out of the flour as free acid without in any
manner combining with the organic matter of the
flour and alcohol.

It has been asserted by Prof. Ladd and others
testifying against the bleaching of flour that proof
of the action of the bleaching gases upon the oil
of commercially bleached flours was apparent
from the altered iodin absorption of the oil. Care-
ful work upon this point had been done by the
United States Department of Agriculture, and the
results of the work submitted as testimony in the
North Dakota flour bleaching trial** in which it
was shown that in nine cases out of ten in which
the “‘unbleached’” sample did not show the presence
of nitrites the difference between the iodine ab-
sorption of the fat of the bleached and unbleached
flours was within the limit of experimental error,
and this, notwithstanding the limit of experimental
error on this test for iodine absorption, was con-
sidered to be not greater than the very close figure
of one-half of one per cent. The readiness with
which oil of wheat takes up oxygen of the air in
its preparation for analysis is a potent factor in
altering the iodine absorption of the oil.

The same table of analysis also gives detailed
results of a considerable number of the determina-
tions of the acidity of the bleached and unbleached
flours in which the difference between the con-
siderable number of samples examined was again
within the limit of experimental error. We our-
selves have never found such increased acidity
in our own experiments with commercially bleached
flours. Even assuming it to exist to a slight ex-
tent, it would not act injuriously on the bread-
making quality. of the flour, for as already stated,
the changes brought about by thé action of acids
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produced during fermentation are among the con-
stant and necessary steps in the preparation of
dough for baking.

As throwing some light on the influence of the
bleaching gases upon the digestive action of pepsin
on the proteids of flour, we will give the results of
the following digestion experiments: In each
case 10 grams of flour were used, one unbleached,
the other bleached, showing 2.8 parts of nitrite-
reacting nitrogen per million. FEach was treated
with 50 cc. of the official pepsin and hydrochloric
acid mixture and kept at animal temperature
for one hour with occasional agitation. Then
both were made up to 250 cc. with cold water
and 50 cc. were filtered from each. These were
examined by the Kjeldahl method in duplicate
and the unbleached gave 0.0369 g. nitrogen, the
bleached 0.038 g. in one set, and in the other set
0.0361 g. for unbleached, and 0.0375 g. for the
bleached. We thus sée that the peptonizing action
of this enzyme was in no way retarded because of
the presence of the nitrites.

Diazo Test—100 grams of unbleached flour
were introduced into a flask of about one liter
capacity, and carbon dioxide passed into it for
1 1/4 hours with frequent vigorous agitation.
Dilute hydrochloric acid which had been recently
boiled was added warm and the mixture agitated.
The evolved gas was then swept by a stream of
carbon dioxide into a Schiff azotometer contain-
ing the usual solution of caustic soda. A small
amount of gas passed to the top which could not
be absorbed by repeated agitation. The volume
of this gas was 1.4 cc. It was tested with a lighted
paper. It did not burn nor did it support com-
bustion when tested as indicated by Prof. Ladd.!4
The above experiment, carried on in codperation
with Prof. Haines, was carried out as detailed
by Ladd!* and used by him as testimony in North
Dakota to show the presence of diazo compounds
of the nature of tyrotoxicon resulting in bleached
flour from the action of the bleaching gases upon
the constituents of the same. The amount of
gas which he obtained from the bleached flour is
substantially the same as we obtained in the above
experiment from unbleached flour, and is un-
doubtedly air which adheres to the particles of
flour and which cannot be removed even by the
most careful and persistent treatment with carbon
dioxide. That the experiments tend to show the
presence of tyrotoxicon, or that such tyrotoxicon
would be formed by the action of bleaching gases
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on flour is not probable whén we remembeér that
this matetial, as found in cheese and other milk
products, is wholly the result of bacterial growth,
and that it is' of an exceedingly unstable nature.
Nitrites and nitrite-reacting substances, which
form the chief basis of the contentions of the op-
ponents of bleached flour against that material,
are very widely distributed throughout the mineral,
vegetable and animal kingdoms. We have en-
tered more into detail in the question of this dis-
tribution in a former paper,'® and will summarize
the facts only very briefly here. Nitrites are found
in many drinking waters.” They are objected to
in that connection because their presence is an
indication of the bacteriological or sanitary con-
dition of the water, and not because of poisonous
qualities of the nitrites themselves. Nitrites are
found in considerable quantities in soils and in
such comimon foodstuff as salt, baking soda, and
baking powder. They have been found in small
quantities in green vegetables including celery
and other articles of food. They have been found
in considerable quantities in preserved meats,
especially those in the preparation of which salt-
petre is used and the formation of nitrites is ap-
parently an essential step in the preservation of
meats by saltpetre. We have found in ham bought
in the open market as high as five parts per million
of nitrite-reacting nitrogen, or five times the average
maximum amount found in commercially bleached
flour. Nitrite-reacting nitrogen is found in all
parts of the animal body, and is nearly always
present in comparatively large quantities in the
human saliva, including the normal saliva of healthy
nursing infants. We have found in the saliva
of man as high as 13 parts per million of nitrite-
reacting nitrogen, which is 13 times that found in
bleached flour. While nitrite-reacting nitrogen can
nearly always be found in flours which have been
bleached with oxides of nitrogen, the presence
of nitrites in flour is not a proof that they have
been bleached, as shown by Weil'® who has ob-
tained reaction for this substance by the Griess-
Tlosvay test in samples of unbleached flour and
in wheat which he has examined.
I After having devoted much time during the past
several years to a careful study of the question of
flour bleaching in all its relations,'” we would sum
up our findings briefly as follows: The essential
action of the bleaching of flour is to remove from
it a small amount of yellow color which in itself
is in no wise a valuable constituent in the flour
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from a food standpoint, and'the presence of which
is objectionable because it detracts from the flour
in the eyes of the consumer by whom the demand
for flour is created. The best results are obtained
by its use only when thorough purification and

‘cleaning are adopted, and it in no way contributes

to the covering up of an unsound or damaged con-
dition in the wheat. Any imperfections in puri-
fication or cleaning are made more apparent by
the bleaching because these defects are in a manner
covered by the coloring matter when it is present.
Any improvement in quality brought about by
removing an unusually large amount of color present
in a flour which was inferior because of the presence
of 'such excess of color certainly cannot be looked
upon as in any way injuring or deceiving the con-
siimer, as has been contended by some, for the
cause which produced the. inferiority now no longer
exists. The purpose of the bleaching is to remove
and not to conceal the inferiority. The prohibition
of the bleaching of flour will curtail the use and
cut down the price of durum wheat and all wheats
which have an intense yellow color in' spite of
the fact that aside from this some of these wheats
produce flour of the very highest quality. The
effect of this is naturally 'felt more by the producer
of wheat and the consumer of flour than by the
miller whose prices are regulated by market values
and competition. The most searching investiga-
tions have failed to show the presence in the com-
mercially bleached flour of any substance that in
the minute quantities in which it is present is in
any way injurious to the bread-making qualities
of the flour, or is in any way poisonous or has any
toxicological or preservative action, or any action
which is prejudicial to digestion or nutrition.
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I was fortunate to be present when Dr. E. Wein-
traub succeeded in striking an arc between two
mercury terminals in wvacuo by his ionization
method at the Research Laboratory of the General
Electric Co., then just called into existence by the
sagacity of Mr. C. P. Steinmetz.

The mere fact that metallic vapors, even under
such artificial conditions as a high vacuum, could
give so much light was a revelation to me. T,
of course, noticed the undesirable color of the arc
and even at that time considered the mercury of
very limited importance as a source of illumina-
tion. However, I realized fully the immense
scientific interest of this arc. The idea occurred
to me that some metals, or combinations of metals,
might be found which would give satisfactory arc
light illumination in the free air.

Since that time the idea of a metallic arc in the
open air for lighting purposes turned info a fixed
idea with me. In the spring of 1902 I was occu-
pied in eliminating from a molten bath of copper
the occluded gases. The color of the copper vapors,
by a very natural association of ideas, recalled to
my mind the mercury arc. I then started to study
the voltaic arc, with the view of advancing my
scheme of a metallic source of illumination in the
open space.

It is a matter of common knowledge that carbon
possesses the highest point of electro-vaporization
among all-non-metallic elements known to chem-
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istry and that carbon was' therefore considered as
the only material so far available' or arc'lighting.
The connection between the point of vaporization
and intensity of the arc light could be easily ex-
plained by the following familiar analogy :

Water subjected to heating in a vessel absorbs
the heat supplied to it until it reaches the vaporiza-
tion point. From the time this temperature is
attained all the additional supply of the heat energy
is consumed in the work of evaporization. It is
obvious that the heating of a black body like car-
bon, whose vaporization point is very high, must
result in the manifestation of some other form of
energy expenditure than mere vaporization. This
form of energy is light. ' The higher the vaporization
point of the body heated—the more intensely lumi-
nous must be its arc.. In fact, its light must in-
crease with the temperature. This is known to
be strictly true of so-called black bodies, of which
carbon is the nearest approach to theory. This
line of reasoning compelled me to look for some
metallic compound or metal having an electro-
vaporization point nearest to that of carbon,

I ound that among all metals titanium pos-
sesses the highest point of vaporization,! and that
this point is the nearest to the point of vaporiza-
tion of carbon.

Another consideration in favor of using titanium
as a material for arc light illumination was, that
among all metals it furnishes the richest spectrum
as far as the number of lines is concerned. In-
deed, titanium excels all non-rare metals in the
nature and extent of the light-giving part of the
spectrum. Thalen counted 201 lines in the red
part of the spectrum out of 6,556; about 4,163 in
the violet. Leveyng and Dewar counted between
the same four new ones and Corner 25 in the ultra-
violet, together 230 lines, two in the red, 17 in the
orange, 32 in the yellow, 70 in the green, 35 in the
blue, 45 in the indigo and 4 violet lines. 118
Fraunhoffer lines were recognized in the photo-
sphere of the sun; 32 of these were artificially re-
stored by Leveyng and Dewar to their actual
state.

One drawback possessed by titanium as a source
of illumination is its comparatively low electric
conductivity.

With this conclusion in my mind, I made a
great effort to find out whether my purely
theoretical considerationls were corroborated by
facts. I ransacked my memory and tried to get

1 See Mendelejéfi’s tables.
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as many compounds of titanium as I could and
tried them in the arc. I recall especially a piece
of metal, or rather alloy of metals, containing
iron and titanium in unknown proportions. The
arc was very brilliant and white. Evidently
there was more than a mere fancy behind my
theoretical conclusions. Unfortunately, I was at
this time again prevented from following up this
line of investigation.

Titanium belongs to that class of rare metals
that are not rare. As a matter of fact, titanium
is probably as abounding in nature as copper.
The reason why titanium enjoyed the reputation
of being rare is most likely the fact that its tech-
nical application was rather limited. Titanium com-
pounds are used in coloring porcelain and artificial
teeth, leather, etc. There were attempts made by
English metallurgists, among others Mr. Mushet, to
use titaniferous iron ores for smelting. Moissan was
the first to prepare some impure metallic titanium.
Mr. Auguste J. Rossi was the first to use titanium
alloys for the purpose of improving steel.

In the spring of the year 19o3 I started to in-
vestigate the best methods of manufacturing solid
magnetite arc light pencils. The main defect of these
pencils consisted in their high resistance to electricity
at ordinary temperatures.

The pencils belonged to the second class of con-
ductors, 7. e., oxidic bodies conducting electricity
only at comparatively high temperatures. The first
step toward improving the solid magnetite pencils
consisted in reducing their electric resistance. The
encasing in metallic (iron) tubes was a classical
method. The iron tube served the same purpose
as the glower or heater in the Nernst lamp. How-
ever, the defects of this method were many and
varied. The resistance of the body of the pencil
remained unaffected and the arc had the tendency
to run from the body of the pencil, according to the
line of least resistance, on the iron tube, causing a
sudden drop of luminosity.

In the light of my investigations of the ferro-
‘titanium arc, it appeared to me clear that the only
way to perfect the magnetite pencils is to radically
change their physical and chemical properties by re-
ducing them to the metallic state. My first step in
that direction was the elimination of the hematite
from the composition of the body, which proved,
among other things, the mythological nature of the
“binding properties” of the red oxide of iron. The
experiment leading to that elimination was con-
ducted as follows:
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I made up three sets of pencils under identically
the same conditions and of the identical material
and composition with the difference that in one
case I put in the customary 20 per cent. of hema-
tite, in the second case I omitted this 20 per cent.
of hematite, and in the third case I made the body
of the pencil entirely of the red oxide of iron. All
pencils contained equal quantities of titanic acid.
The best photometric results were obtained from
the pencil principally composed of magnetite.
The ordinary mixture containing 20 per cent. red
oxide of iron in addition to magnetite furnished in-
termediary results.

I then followed up these experiments with a
series of similar tests, proving conclusively that the
deoxidation or metallization of the electrode must
lead to technical and commercial success. The tests
made proved that a reduced pencil gave twice the
luminous efficiency of a non-reduced one, both con-
taining equal quantities of titanic acid. Besides this
the reduced pencils had the advantage that they
could contain comparatively high quantities of
titanium without turning inoperative. ‘The metallic
pencils possessed greater strength, uniformity, and a
better appearance. Their resistance was reduced to
negligible values. The process of oxidation going on
in the arc liberated an immense quantity of heat,
and in this way relieved the electric field of the
necessity of generating it through the process of
overcoming useless resistance.

The magnetite pencil was oxidic from start to
finish. The metallic pencils presented three
phases: The first phase was presented by the elec-
trolytic or oxidic material used for the manufac-
ture of the pencils—the oxygen compounds of iron
and titanium; the second phase was covered by the
metallic ready-made pencil; the third phase and
final one consisted of' the electrolytic or oxidic ma-
terial resulting from the process of arcing.

The process of deoxidation or metallization is
practically a process of storing up energy in the
body of the electrode, the energy of combustion.

‘The positive coefficient of the metallic pencil, 7. e.,

its property of increasing in electric resistance with
rise in temperature was helpful in steadying the arc.
In short, the magnetite pencil was by the process
of metallization turned a technical and commercial
success equal to that of the ferro-titanium electrode
prepared from the alloy manufactured in the elec-
tric furnace.?

1 The color of the respective arcs was, however, different. The
ferro-titanium made in the furnace was bluish white, white in the arc
of the reduced pencil was rather yellowish white.
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In order to determine the difference in the be-
havior of the pencils according to their conduc-
tivity, a number of them were partially reduced
in carbon at 1,150° C. Their resistance varied
from 11 to 28.56 ohms. Pencils heated without car-
bon at the same temperature at the same time
showed a resistance varying from 3,400,000 to 9,830,-
ooo ohms. As the degree of reduction seemed to
me to play some role in the arc, I made a few ex-
periments to determine the influence of the process
of oxidation in the arc. Electrodes for these ex-
periments were prepared in the usual way and
manner. One batch contained the usual propor-
tion of hematite and magnetite, the second batch
did not contain any hematite at all, and the third
batch did not contain any magnetite at all. All
of these three batches contained an identical quan-
tity of titanium oxide (of 7.5 parts) and all were
treated at the same time under exactly the same
conditions, as far as practicable. The most lumi-
nous arc was produced by the pencils containing
only magnetite and titanium oxide; the least lumi-
nous arc was produced by pencils composed only of
hematite and titanium oxide. The mixture com-
posed of 8o parts of magnetite and 20 parts of
hematite produced an arc of medium luminosity.
As hematite represents the final product of oxida-
tion of iron, the conclusion was near at hand that
oxidation is a factor favorable for the luminosity
of the arc, 7. e., the more space there is left for the
oxidation of the material of the electrodes in the
arc, the higher must be the luminosity of the arc.

For the purpose of verifying this conclusion, ad-
ditional experiments were conducted. Electrodes
of the identical batch were subjected to various de-
grees of reduction and the luminosity of their arc
tested. In each case the more reduced pencils
gave a higher luminosity, and the luminosity of
the perfectly reduced pencils was about double
that of the luminosity of the non-reduced pencils
of the same batch. A batch containing 50 per
cent. magnetite and 50 per cent. titanium oxides
was subjected to various degrees of reduction with
the following results:

‘Well reduced pencils produced an arc of a lumi-
1n08ity equal t0. ...l it s eivisrconnrposnne
Partly reduced pencils produced an arc of a lumi-

1271 candle power

nosity equal t0. 1. i il il tie st ieianen 1000
Poorly reduced pencils produccd an arc of a lumi-
nosity equalito, ... . e aiiinaa s iveaasarenan 868 oy
Non-reduced pencils produced an arc of a luminosity
700 3 <

All these are horizontal measurements. The
current ‘used was a direct one of 3.4 amperes,
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with 75-80 volts drop across the arc. The
volts of the standard were 30.1 of 63 candle
power. The reduction not only about doubled

the efficiency of the arc, but allowed the use of
high percentages of titanium oxide in the mass of
the pencils. In the non-reduced or partially re-
duced pencils an addition of about ten parts of
titanium oxide was excluded, because it caused
the arc to flicker to such an extent that no photo-
metric reading could be taken with any degree of
accuracy, if at all. The arc of the reduced pencils
did not flicker very badly even when as high as
90 per cent. of titanium oxide was used in addition
to 10 per cent. of magnetite as the mass for the
pencils.

There appears, however, to be a limit beyond
which any further addition of titanium oxide is not
advantageous. The maximum efficiency of the
arc is obviously not the only thing to be considered
in our case. The best results obtained was with
pencils containing about 50 per cent. of titanium
oxide and 50 per cent. magnetite. The perfectly
reduced electrodes were metallic through and
through, harder than tool steel, and took an ex-
cellent polish. When ready for use they looked
like ordinary steel cylinders.

From Auguste J. Rossi I procured technically
important quantities of iron and titanium and also
copper and titanium alloys. A series of tests
convinced me of the high technical value of tita-
nium alloys for arc light illumination. A patent,
No. 840,634, was granted to me Jan. 8, 19o7. The
claims allowed are as follows:

1. An arc light pencil consisting for the most part
of an alloy of titanium with another metal, pos-
sessing greater conductivity than titanium,

2. An arc light pencil consisting for the mosl
part of an alloy: of titanium with iron.

. An arc light pencil comprising an alloy of
titanium with other metals possessing greater
electrical conductivity than titanium, said alloy
constituting more than ten per centum of said pencil,

4. An arc light pencil comprising an alloy of
titanium ‘with iron, said alloy constituting more
than ten per centum of said pencil.

5. An arc light pencil comprising an alloy of
titanium with iron, said titanium constituting
more than five per centum of said pencil.

6. An arc light pencil comprising an alloy of
titanium with other metal possessing greater elec-
trical conductivity than titanium, said titanium
constituting more than five per’centum of said alloy.
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7. An electrode for arc lighting consisting of an
alloy of titanium and other metals possessing greater
electrical conductivity than titanium.

8. An electrode for arc lighting consisting of an
alloy of titanium. : :

9. An electrode composed of ferro-titanium.

10. An electrode containing ferro-titanium.

11, An electrode containing considerable amounts
of iron and titanium in metallic state.

12, An electrode formed from any alloy of iron
and titanium containing about thirty-five parts
of titanium and sixty-five parts of iron.

13. An electrode formed from an alloy of iron
and titanium containing less than thirty-five parts
of titanium and more than sixty-five parts of iron.

In order to ascertain the technical value of my
invention I investigated a few samples of my arc
light pencils. ‘The samples were designated as
follows: !

B—2 pieces marked F. T.—80 per cent. ferro-
titanium. .

C—1 piece marked 41-I.—30 per cent. rutile,
70 per cent. magnetite.

3-'/, piece National plain carbon. :

The tests were conducted at the laboratory of
the Lamp Testing Bureau, now ‘Electrical Test-
ing Laboratory.” Tests were first made in a hand-
fed arc lamp on a direct current circuit from a
storage battery of 6o cells, giving 120 volts, ap-
proximately. Owing to the peculiar nature of
the arc it was found impossible to maintain an
arc in this style of lamp much above 3/8 inch in
length, and from 48 to 55 volts.

The results of the candle power measurements
and life tests of the ferro-titanium (B) and rutile
(C) pencils, as well as tests made on a plain open
arc domestic carbon, are summarized in Tables I, II
and III. These tests are principally valuable as
illustrating the nature of the pencils and relative
illumination and life, as compared to an ordinary
carbon when operated under the same conditions.
The results as tabulated are the averages obtained.

The average results given were mostly obtained
with a positive carbon pen'cil above. The results
with a positive copper pencil above were slightly
lower in candle power, but not materially so, and
were averaged with the other results obtained.

The positive copper pencil is evidently only slowly
consumed in the arc when used in connection with
the titanium pencils. There is a slight loss in weight

probably due to oxidation and scaling, at the sur-

face of -the copper owing to its high temperature.
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The rutile pencil was further tested in a con-
stant potential arc lamp operating on a current
of 4.5 amperes approximately. In this lamp the
rutile pencil (C) was placed below, ordinary carbon
above, and the test made first with the carbon
as a negative and then with it as a positive. As
the rutile pencil could not be placed in the upper
holder in the lamp for purposes of comparison, a
further test was made in the hand-fed lamp, using
rutile pencils both above and below, with the upper
pencil positive. Two sets of measurements were
made, one at 6o volts, approximately, and the
other at. 70 volts. The: results are tabulated in
Tables I, II and III:

TABLE I.—RESULTS OF TESTS IN. HAND-FED LAMP AT 3.5 AMPERES.

e 3L SR
Ferro e C2 Plain
titanium, Rutile, carbons.
Mean spherical candle power...... 510.0 283.0 84.0
‘Watts per candle power........... 0.579 0.701 225
AT D BT e T i hs T e s e 3.51 3.51 35S
AL T R S e S U i Sl 48.3 55.8 49.1
AR S AN B A A A Gt 169 .4 195.4 171.4
Length of arc, inches (estimated). . 0.375 0.350 0.125
Life of negative, hours per inches.. 3.85 11.1 2.8
Diameter of pencils, inches........ 0.57 0.52 0.50
Resistance per inch, ohms ........ 0.00164 0.00284 0.0846
TABLE II.—LAMP AT 6.6 AMPERES.
B ) )
Ferro- = C2 Plain
titanium.  Rutile. carbons.
Weight perinch,grams........... 9.64 14.33 4.83
Mean spherical candle power...... 968.0 737.0 243.0
‘Watts per candle power.......... 0.341 0.436 1.35
A TN DT eSS e e G i tainp e 6.6 6.6 6.6
A ) s R e e R s 49.5 48.7 50.1
AR 8 L s e B o S sl 326.7 321.4 330.3
Length of arc, inches (estimated). . 0.400 0.375 0.180
Life of negative, hours per inch.... 1.1 1.96 1.7
TABLE III.—LAMP AT 9.6 AMPERES.
gLl e
Ferro- A 03] Plain
titanium. Rutile. carbons
Mean spherical candle power...... 1135.0 Fused 485.0
‘Watts per candle power.. 0.330 excessive- 0.986
Amperes s ity eSS T 9.6 ly with 9.6
VOl e e s il s B 39.0 9.6 amp. 5.0
AR 5 e B Gore et SRR L 374 4 e T 480.0
Length of arc, inches (estimated). . Q7375 e e 0.190
’ABLE IV.—RESULTS OF TESTS WITH RUTILE PENCILS.
Carbon  Carbon Rutile
upper—, upper+, upper-.
rutile rutile rutile
At 6o Volis. lower+. lower—. lower—.
Mean sperical candle power.......... 544.0 448.0 624.0
‘Watts per candle power.............. 0.521 0.61 0.41
AT DeTes S R e L St i th s va el 4.52 4.18 4.25
AT s e T e G g s 62.8 64.8 61.2
N A A e e e P A gl 283.9 270.9 260.1
Length of arc, inches (estimated)..... 0.75 0.75 0.70

The light distribution in the tests of the ferro-
titanium, rutile and carbon pencils at 3.5 am-
peres and from 50 to 55 volts are shown in Fig. 1
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(left side). The light distribution of the test of the
rutile pencil in a constant potential lamp at 4.2
amperes and 70 volts is shown in Fig. 1 (right side).

TABLE V.—AT 70 VoOLTS.

Carbon Carbon  Rutile
upper —, upper+, upper -+,
rutile rutile rutile
lower+. lower —. lower —.
Mean spherical candle power........... 469.0 590.0 1015.0
Watts per candle power................ 0.663 0.56 0.30
A T D BT 8 T s ey A L et s s et 4.35 4.35 4.30
VOIS e R A e e R ety 71.5 72.0 70.0
W R LS S G St e S e ey 311.0 314.0 301.0
Length of arc, inches (estimated)....... 0.875 0.875 0.75

All candle power measurements were made
on the arc photometer designed by Prof. Matthews.
The life of the results is computed from a burning
test of from one and one-half hours to two hours,
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the pencils being first burned to shape and then
weighed on a chemical balance before and after
the test.
For the purpose of comparison, was plotted
on Ifig. 2 a curve “F” taken from the report of
Prof. C. P. Matthews, included in the report of
the Committee on the Photometric Measurements
of Arc Lights to the National Electric Light As-
sociation, May 20, 1902. This curve is the re-
sult of many measurements and represents series
enclosed lamps in common use in this country for
street and interior illumination. The measure-
ments were made on a constant current of 6.8
amperes with 70 volts at the arc, with an opalescent
inner and a clear outer globe. In interior illumina-

Fig. 1.
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tion an opal or opalescent outer is usually sub-
stituted for a clear outer. The constant potential
enclosed arc lamp is also used for inside illumina-
tion, but its light distribution curve for the same
energy consumption does not materially differ from
that shown.

The series enclosed arc lamp gives 303 mean
spherical candle power at 476 watts or 1.57 watts
per mean sphetical candle power. They burn ap-
proximately 100 hours for one trimming.

The light produced by ferro-titanium and rutile
(oxide of titanium and magnetite) pencils is a
yellowish white as judged by the eye. The spectro-
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hand-fed lamp without globe. At from 50 to 55
volts the familiar sound of a “ hissing’’ carbon is
produced. As the voltage and the length of the
arc is increased this sound is diminished and the
only sound produced is the one of escaping steam,
but this is not of an objectionable character.

Under both the above conditions of operation
the point of contact of the arc with the upper and
lower pencils is constantly shifting, which causes
a flutter in the light emitted. The objectionable
features of this are largely eliminated with a long
arc, and when protected by a globe.

The life tests were made from 50 to 55 volts, a
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scope shows the entire spectrum with special bril-
liancy in the bright yellow portion and the neigh-
boring light green and orange. The size and length
of the arc, which produces most of the light, soft-
ens the sharpness characteristic of the open car-
bon arc. The arc itself presents many peculiar
characteristics. The normal arc with a positive
copper or carbon pencil above and the ferro-tita-
nium or rutile pencil below is approximately 1/2
inch in length at from 50 to 55 volts, and increases
to 3/4 or 7/8 inch at 70 volts. It is from 3/32
to 1/8 inch in diameter and seems to emanate
from the titanium pencil. At the higher voltage
the arc is very unstable and is easily broken in a

much lower voltage than that at which the pen-
cils are designed to operate. Therefore, while
these tests are indicative of the results to be ex-
pected at 75-80 volts, the life at 75-60 volts cannot
be predicted upon them. Xrom these results, how-
ever, and from actual tests made with the neces-
sary special apparatus by the writer and certified
to by others engaged in the tests, it seems safe to
estimate the life of a rutile pencil 1/2 inch in diam-
eter to be from 10 to 12 hours per inch—perhaps
higher, later tests showed 25 hours to one inch.
There should be no difficulty, therefore, in pro-
portionating the size and length of the pencil to
attain a life of 200 hours, the normal life of the en-

o



LADOFFE.ON THE TITANIUM ARC.

closed carbon lamp with one trimming. As the
arc under proper conditions can be maintained
at from 3/4 to 1 inch in length by increasing the
diameter of the titanium pencil, the burning hours
for one trimming could be very materially increased.
This has actually been done and a very much
higher life obtained.?

As already mentioned, when the titanium pen-
cil is made the negative and placed below, at 70
volts, the arc is from 3/4 to 7/8 inch long and about
1/8 inch in diameter, and of an unusually white
color, slightly more light being produced at or near
the surface of the electrodes, owing to the concen-
tration of the arc and the incandescence of the sur-
faces. The arc itself is clean cut and well defined,
and is a true arc and not a flaming arc, as is gener-
ally understood by that term.

The same results were obtained with either a
copper or carbon positive. As already mentioned,
the arc fluttered and shifted constantly. The ap-
parent trend of the arc and the gases and material
carried by it was, under normal operation, from
the negative to the upper positive pencils. Un-

~der the same current reversed, that is, the lower

titanium pencil made the positive, an arc of entirely
different character was obtained. The diameter
of the arc was increased from 1/8 to 1/4 inch or
5/16 inch. At the same voltage the length was
also slightly increased, approximately to an inch.
The “flutter” as mentioned was absent, although
the arc lazily shifted from one point to another.
The direction of the arc still seemed to be from
the lower positive to the carbon or copper nega-
tive above, but possessed very little illuminating
power, and had a decidedly reddish tinge. Fre-
quently, for short intervals, the arc became suf-
fused with the white light characteristic of tita-
nium. On account of its steadiness, lack of “flut-
tering” and very large diameter and length, the
arc presents many attractive features.

By placing the titanium pencils on both sides
of the arc and making the upper electrode positive,
a third arc of a distinctly different character was
obtained; though differing from either, it seemed
to be practically a combination of the two above
mentioned. The arc resembled an inverted cone
in shape with an apex on the lower rutile negative
pencil, and the base on the upper pencil. Through
the center ran a core fairly representing the arc
obtained in the first case above mentioned. Around
it was a zone representing the second arc described

1 30-35 hours per one inch.
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but increased in diameter to possibly 5/16 or 3/8
inch and suffused with the white titanium incan-
descent gases. The arc thus obtained was abso-
lutely steady with no fluttering or shifting. Both
upper and lower pencils were fused at their sur-
faces,- but contrary to expectations, the molten
material upon the upper pencil did not drop. The
light is softened somewhat by the presence of what
might be called the negative arc, but possesses
all the color characteristics of the titanium arc.
The measurements made of these three arcs have
been given in Tables IV and V, from which it is seen
that the candle power efficiency is nearly doubled
at 70 volts by placing the titanium pencil above as
well as below.

An efficiency of 0.3 watt per mean spherical
candle power was obtained in this test, and it
seems entirely probable that this can be improved.

In Fig. 2 I have plotted the watts for mean
spherical candle power obtained at 50 volts approx-
imately, with 1/2 inch pencils, and at various
current values. It is apparent from the curves
there shown that there is very little increase in
efficiency resulting from an increase of current
above 6 amperes, under the conditions observed
in the test, vz, with 1/2 inch pencils and about
50 volts at the arc.

In Ilig. 3 there were plotted the results obtained
at 60 and 70 volts with a rutile lower negative, and
a positive electrode of carbon and rutile, respec-

tively. Unfortunately, the number of observa-
tions was not sufficient to construct a reliable
90
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WRTTS PER MEAN SPHERICALCHNDLE PowER,
Fig. 3.

curve, but the cut indicates graphically the great
increase in efficiency due to using a titanium posi-
tive as well as negative, and from the direction of
the curves it indicates that an increased efficiency
would be obtained at a higher voltage, especially
in the case where the titanium is used for both
positive and negative electrodes.

A very interesting phase of the investigation
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of the titanium pencils was opened up by the
chemical analysis to which the raw material and
the ready-made pencils were subjected. The
general opinion is, that titanium oxides can be re-
duced to the metallic state only at the high tem-
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oxide homogeneously intermixed with them to
metallic titanium at a temperature of about 1200°
C., in the presence of a reducing agent, like car-
bon, hydrogen, etc. For the purpose of ascer-
taining whether or not this hypothesis was correct,

perature of the electric furnace. However, the
behavior of the reduced magnetite-rutile pencils
was such as to suggest that at least a part of the
titanic oxide was actually reduced to the metallic
state. :

The author thought that the oxygen compounds
of iron may facilitate the reduction of the titanic

the analyses of the following bodies were carefully
executed:

A. Ilmenite ore. B. Arc light pencil prepared
as described above. C. Magnetite rutile pencil
made of rutile and magnetic oxide of iron prepared
as above described. D. Another sample of il-
menite in the shape of pellets. E. Pencils pre-
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LADOFFE ON THE TITANIUM ARC.

pared from the above pellets. E. Reduced il-
menite pellets. G. Pencils made from these very
reduced pellets. H. Finally slag taken from the
upper surface of the arc light pencils, after they
were arced for a considerable time. '

The analyses of these materials were as follows:

ANALYSIS A—ILMENITE.

Per cent.

SilicaGiiERas e s E o 102 3.40
Titanic oxide i 41.70
Ferrous oxide Y 44 .24
Alumina 3.64
Oxide of manganese......... (MnO) 0.74
Oxide of chromium.......... (Cr203) 0.16
Lime s e AR (CaO) 1.20
Magnesin s aeats (MgO) 3.96
Oxide of copper...ii. v (CuO) 0.40
Phosphorus anhydride....... (P20g) 0.22
Sulphuric anhydride......... (SO3) 0.20
Alkalies e e s (Naz0.K20) 1.07
100.93
ANALYSIS B.—ORE PENCIL FROM ILMENITE.
Per cent,
Silicawintt el N (8i02) 3.87
ATuminad e RiEitT it (Al203) 2:35
Manganese...... ... .. (Mn) 0.50
Oxide of chromium. . .o« (Cro03) 0.24
Lime R e 2. (Ca0) 1.32
Magnesial s ee e in e (MgO) 3.93
Coppersiisinimum oo (Cu) 0.32
PhoSphorils: s it v cac oo s ®) 0.10
Sulphuc @ BRvS Sessa g e (S) 0.05
‘Allcalies E ol anmanmi s (Na0.K20) 1.12
Carbon ST e e s () 0.50
Metallichiron it onnsnna v (Fe) 46.28
Metallic titanium........... (Ti) 3.54
Oxides of titanium.......... (Ti0,.19203) 35.88 by diff.
100.00
Total titanium calculated to .
higher cxide, TiOz........ 46.52

ANALYSIS C—RUTILE PENCIL MADE FROM MIXTURE OF THE MINERAL
RUTILE WITH MAGNETIC OXIDE OF IRON.

Per cent.
SHHC o oo e (Si02) 3.25
Alnmiing STl oy 1.77
Manganese 0.40
Oxide of chromium 0.12
Lire P E S Tt 1.25
Magnesia SRl i, 1.04
COPpert ol sl s ity 0.08
Phosphors, se ittt in (P) 0.10
.................... (S) 0.05
S (Na,0.K;0) 1.80
.................... ©) 0535
............... (Fe) 48.93
SN 3.24

... (Ti02.Ti203) 37.62 by diff.

100.00

@y 0y it I SRR 48.45%
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ANALYSIS D.~SLAG MATERIAL FROM THE TOPS OF PENCILS THAT HAVE

BEEN ACTED UPON BY THE ELECTRIC ARC.

Silica R me S iR e (Si02)
Alumina s SosuimEe et (AlLO3)
Manganous oxide.. .. (AMnO)
Oxide of chromium.......... (C203)
BB bot (St s e SR i (Ca0)
Magnesia =iy cie e (MgO)
Copper oxide. ... (CuO)
Phosphoric anhydride....... (P20s)
Ferrous oxideisveiitia i oe (FeO)

Titanium oxides, plus alkalies by difference

Total titanium calculated to
higher oxide, TiOs i tiis s in o vilyy 5

ANALYSIS E-—ILMENITE PELLETS.

Silica Su o o e (S10s)
Aluming fet Tara e (Al;03)
Herrous :oxide s cviins o (FeO)
Titanicoxide. i iia e (Ti0g)
TN O e e o au s e (Ca0)
MAPNesIQ Ll i i .. (MgO)
ANV s i e I s i (Nag0.X:0)
Chromic-oxidetiia e in (Cra03)

(Cu0)
.o (SO3)

Oxide of copper
Suphuric anhydride. ..

Manganous oxide.. ... (MnO)
Phosphoric anhydride....... (P20Oy)
Toss in ignition......... SR

Per cent.

2.60
2.45
0.50
0.20
1.60
4.17
0.30
0.03
0.08
8.07 by diff.

100.00

40.90%

B O OOCOOCC LN
=
9

100.00

ANALYSIS Fi—ILMENITE PENCIL FROM PELLETS.

Manganese.... . ...

Oxide of chromium. .

Per cent,
4.05
2.40
0.40
0.35
0.91
3.09
0.12
0.03
0.06
1.30
1533

45.00
5.22

35.10

99.36

43.80%

ANALYSIS G—REDUCED ILMENITE PELLBTS.

Manganese. il s i sh ea wein (Mn)
Oxide of chromium.......... (Crz03)
Llme et sl

. (T502.Tig0s)

Total titanium calculated to
higher oxide, 222t it . (Ti0,)

Per cent.
.88

'S
NWOoONme OO O OO O L
» o - »
@w

s

.08 by diff,

100.00

40.40%
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ANALYSIS H—ILMENITE PENCILS FROM REDUCED PELLETS.

Per cent.
ST Ca R SO NG Sl s (Si02) 3.95
Alumhing s St eveta e e e (A1,03) 1.80
MANQATeSC S, tisy s a noiias shsia (Mn) 0.14
Oxide of chromium.......... (Cr203) 0.22
Lime Fivaie: sonie Span ooy (Ca0O) 0.65
M agnesias o s R e (MgO) 3511
Coppersity Sl i e (Cu) 0.16
PhoSphOrIIg & e e (P) 0.02
AN AT Ch o S (S) 0.10
Alkcalies T R (Nas0.K0) 1.28
Carbon e e ey ©) 0.82
Metallic iron i v e ais (Fe) 50.60
Metallic titanium........... (T4) 5.64
Oxides of titanium.......... (Ti05.T1:03) 31.51 by diff.

100.00
Total titanium calculated to

higher oxide..........vu's (Ti0g) 43.05

The mineral ilmenite is a ferrous titanate pres-
ent in the sample under examination to the amount
of 85.94 per cent., the remaining 14.05 per cent.
represents the total percentage of the other min-
erals present in the chemical combinations shown
in the report.

The ilmenite pencil consists of 46.28 per cent. of
metallic iron, 3.54 per cent. metallic titanium
and 35.88 per cent. of the lower and higher oxides
of titanium, respectively Ti,0, and TiO,. The
sum of the percentages of metallic iron, metallic
titanium, and the oxides of titanium comprises
85.70 per cent. of the compounds reported in the
analysis. The method of arriving at these figures
is as follows:

The metallic iron was determined by treating
the powdered pencil with a 20 per cent. solution of
sulphuric acid with exclusion of air, namely, in a
flask through which a current of carbonic acid gas
was continually flowing. The ferrous sulphate
solution thus obtained was titrated for iron with
a solution of permanganate of potash by the well-
known method. The presence of metallic iron
was corroborated by the occurrence of small par-
ticles of metal which were found while powdering
the pencil, these particles flattening out under
the pestle and resisting reduction to the powdered
state. These particles were also magnetic.

Another proof of the presence of a metal was
the evolution of gas when the powdered pencil was
treated with hydrochloric acid. Further evi-
dence of the presence of metallic iron in the ilmenite
pencil was the precipitation of metallic copper on
treating the powdered pencil with a solution of
copper sulphate.

The metallic titanium was found by treating the
powdered pencil with strong hydrochloric acid,
filtering the liquid and determining the titanium
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in the clear solution. That this was metallic
titanium that was dissolved, and not the oxide, is
borne out by the investigations of Henry Moissan,
who, in his “Treatise on the Chemistry of Miner-
als,” Paris, 1905, states that ignited oxides of
titanium Ti,0, and TiO, are not soluble in hydro-
chloric or nitric acids. The same facts are re-
ported in published results of the investigations of
Ebelman (see Roscoe and Schorlemmer’s ¢ Chemis-
try,” Volume II), where it is stated that the ignited
oxides of titanium Ti,0, and TiO, are not solu-
ble in hydrochloric acid. Again, in Watts’ *‘ Dic-
tionary of Chemistry,”” 1878, Volume III, page 419,
the same authority, 1894, Volume IV, page 774,
the fact is stated that ignited titanium oxide
T1,0, and TiO, are insoluble in hydrochloric acid.

Fresenius, in his “Treatise on Qualitative Analy-
sis,” states that ignited TiO, is insoluble in hydro-
chloric acid.

Prescott and Johnson, in their “Qualitative
Analysis,” state that metallic titanium is soluble
in hydrochloric acid.

As shown by the results of the analysis, there
was formed in the pencil made from ilmenite
3.54 per cent. of metallic titanium, this percentage
being obtained from the hydrochloric acid solu-
tion of the metal. By adding together the per-
centages of the metallic iron, metallic titanium
and the foreign minerals found in the ilmenite pen-
cil, we obtain 74.12 per cent.; the difference be-
tween this figure and 100 per cent. is 35.88 per
cent, which shows the percentage of the mixed
oxides of titanium Ti,0, and TiO, present. The
percentage of the respective oxides when mixed
cannot be determined as there is no method known
by which it can be done.

The total titanium found in the ilmenite pencil
if calculated as TiO, gives 46.53 per cent.; the
metallic iron plus the other compounds in the
pencil gives 60.58 per cent.; the total of these two
percentages is 107.10 per cent. The excess over
100 per cent. shows that the titanium cannot all
be present as the higher oxide TiO,, but must oc-
cur in the pencil as part metal and part oxide. If
titanium found in the ilmenite pencil were all cal-
culated as the lower oxide Ti,0,, this oxide would
be present in the amount of 41.87 per cent., which
added to 60.58 per cent., the sum of the percent-
ages of iron and the other compounds, would give
102.45 per cent., which still shows an excess of
oxygen, indicating that the titanium is present in
the ilmenite partly as metal and in part as oxide.
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Corroborating this theoretical deduction 1is the
fact that 3.54 per cent. of metallic titanium was
found by direct determination.

3 40
Fig. 5.—Rousseau curve of improved titanium electrode at 5 amp. and
75 volts across the arc.

o (-] 20 0 50

In the rutile pencil by the same method of cal-
culation, I find that the sum of the percentages
of metallic iron and compounds, other than tita-
nium, is 59.14 per cent.; in adding to this the tita-
nium found calculated as higher oxide TiO,, namely,
48.45 per cent., the sum 107.59 per cent. is ob-
tained, indicating again an excess of oxygen. If
the titanium is all calculated as lower oxide Ti,0O,,
we get 43.60 per cent. of Ti,0, which, added to
59.14 per cent., gives 102.74 per cent., a result
which still shows an excess of oxygen. As stated
above, this indicated excess of oxygen shows that
the titanium cannot all be present in the form of
oxides. Corroborating this theoretical conclusion
is the fact that 3.24 per cent. metallic titanium
was found by direct determination.

The metallic iron present in the pencil was de-
termined directly by solution in dilute sulphuric
acid with exclusion of air subsequent titration
with permanganate of potash, the result showing
45.00 per cent. of metallic iron. '

The metallic titanium was determined directly by
solution in hydrochloric acid. The result showed
5.22 per cent.

The sum of the metallic iron percentages, namely,
45.00, and the gangue constituents is 59.04 per
cent.; if to this is added the titanium found, all
calculated as higher oxide TiO, we get 102.84
per cent., the excess of oxygen indicating again

TITANIUM ARC. 721

the reduction of the titanium which is corroborated
by the metal found on direct determination.

The metallic iron and metallic titanium were
each determined as previously described, the iron
showing 45.40 per cent. and the metallic titanium
5.00 per cent.

The sum of the percentages of metallic iron and
gangue matter is 60.92 per cent.; upon adding to
this figure the percentage of titanium found, all
calculated as higher oxide TiO, we get 102.32.
The excess of oxygen again indicates the presence
of metallic titanium, which is corroborated by the
metallic titanium found on direct test, namely,
3.00 per cent.

The pencil made from the reduced ilmenite pel-
lets shows metallic iron 50.60 per cent. and metallic
titanium 5.64 per cent. The sum of the metallic
iron and gangue matter percentages is 62.85;
when to this is added the titanium found calculated
to higher oxide TiO,, the figure 105.90 is obtained.
The excess of oxygen again indicated the presence
of metallic titanium, which is corroborated by the
metallic titanium found on direct determination.
The conclusion was forced upon the author:

First—That there was actually a reduction of
titanic acid into metallic titanium along with the
reduction of the oxygen compounds of iron taking
place under the conditions of the manufacture
of arc light pencils as above described.

0 0 40
Fig. 6.—Rousseau curve of improved titanium electrode at 5 amp. and
75 volts across the arc.

Second.—That the process of reduction to which
the raw material, out of which the arc light pencils
were manufactured, led to a storing up of energy
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in ‘the arc light pencils. The oxides reduced by
the above-described process to the metallic state
were then again oxidized in the arc to their previous
condition. These processes of oxidation supplied
the pencils with the heat necessary for the ioniza-
tion that caused the selective radiation and lumi-
nosity of the arc.

This storing up of energy is the principal dis-
tinctive feature differentiating the metallic rutile
pencil from the mere conglomeration of the oxy-
gen compounds of iron with oxygen compounds of
titanium known under the name of magnetite arc
light pencils now on the market. Consequently
the author considers himself justified in claiming
that his arc light pencil prepared of a mixture of
oxygen compounds of iron and titanium, sub-
jected to a process of reduction, are actually ferro-
titanium pencils, inasmuch as they contain the
metallic titanium and metallic iron, conglomera-
ted and intermingled with each other in one solid
cylindrical body.

‘In order to verify the above formulated conclu-
sion, another electrode, made as above described,
was analyzed with the following results:

Per cent.

M et C I On S e e S oia e hs 520 64.89

Oxides of titanium............... 26.69 (by diff.)
1399
1.82
1.08
1.08

Phosphorus........ ey B LG ‘Trace

Chromitti e o eSSy None

Metallic titanium soluble in hydro-
chlorictacid iR P st 1.86

This pencil contains 3.60 per cent. of a 30 per
cent. ferro-titanium, assuming that the alloy of
iron and titanium exists here in the proportion of
one part of metallic titanium to one part of metal-
lic iron. :

The reason for a lower percentage of metallic
titanium in this pencil than that found in the pencil
reported a year ago, is that in the former pencils
there was present a total of about 45 per cent. of
titanium calculated as titanic acid, whereas in this
pencil there is present a total of only 29 per cent.
of titanium calculated as titanic acid. The pres-
ence of iron in metallic state is demonstrated be-
yond doubt and the fact that titanium was ob-
tained in solution by treatment with hydrochloric
acid shows, according to recognized authorities
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in chemistry, that metallic titanium is also
present. ;

REPORT OF LIFE TESTS OF IMPROVED TITANIUM ELECTRODES.
TION OF EAcH TEST 100 HOURS.

Pencil Eg—5/8” diam. X 8” long:

DURA-

b R A e R LSO O 57.14

R R R A S O SRS 43.23

A S B I s e i 6 43 .96

Average hours perinch,........... 48.11
Pencil Dz—9/16” diam. X 8” long.

s e G G e O 53.33

e S e R et g S IR0 44 .44

RS S e Rare <Tatpteta aivtate gl elake 44 .83

Average hours perinch............ 47.53
Pencil Ez—9/32” diam. X 8” long.

I S o s e TatoTare, B aTet I s ra O bEOmeT oo o mis 50.00

A S AR e S S S S NS 30.76

e e e R s e e 37.18

Average hours perinch........... Voot 39,31

Pencil Ez—5/8” diam. X 8” long.

7 T s A AT B S S R 57.14

S S e A G O A A B B . 43.23

A T A S s D e R taee#43.96

Average hours perinch........... . 48.11

Comparative data as to the life of the improved
titanium arc light electrodes and carbon electrodes
(at their respective normal current density per
square mim.):

Cm. per one hour.

Life of the D titanium pencil 9/16ind.......... 0.075
Life of the averaged cored carbon...... A 1.300
Lifeof:the’solid: carbon veieu it i g oo 1.450
Life of the enclosed carbon..................... 0,152
Life of the flaming carbon............i . iaeas. 3.00
Life of the Bremer type carbon.:...........c.... 4.00
Life of the Blondel type carbon................. 2.00

The increased life of the titanium pencil in hours
per inch in comparison with the following carbons,

1S2 .
Cored carbons sE ittt  seies . 17.35 times.
Solid-carbons @R RN 19333758
Enclosed carbons. ................ 2503 0
Flaming carbons. ..........vovunns 40.00 *“
Bremer type carbons.............. 5373300
Blondel type carbons...... 26.67

Comparative specific resistivity of the titanium
arc light electrode and various carbon electrodes
(r m. long, 1 mm.? in diameter):

Ohms.

1 Solid carbons. Brand Conradty C............. 69.0
Solid carbons. Brand Henrion (Naney)........ 69.0
Solid carbons. Brand Plania................0. 79.0
Average.....i... A D b e 2 W S N A T 250
Cored carbons. Brand Siemence A............ 72.0
Cored carbons. Brand Plania,..........c..... 81.0
AV L A € S R e T bt et e is Ak i e 4ok e 76.5
Enclosed lamp carbons. Brand PlAnia, solid.... 81.0
Enclosed lamp carbons. Brand Eos, solid...... 89.0
Averagesiiii.. R R S o T O . 85.0
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Ohms,
Bremer type carbons. Brand Plania, white..... 84.0
Bremer type carbons. Brand Plania, with
nickel plating ¥ R R e s e i 58.0
Bremer type carbons. Brand Plania Rosa...... 88.0
Bremer type carbons. Brand, Plania, yellow.... 87.0
Bremer type carbons. Brand Siemence, white. . 93.0
Bremer type carbons. Brand Siemence, yellow.. 106.0
Bremer type carbons. Brand Siemence, yellow,
with copper-plating i e as s ke 29.3
Bremer type carbons. Brand Siemence Con-
radty Noris, yellow, with copper-plating.... 60.5
Same, with wire'in the core:i ool oo it o0 81.0
Siemence, yellow, with metallic wire in the core, . 39.0
AVErages sricr ottt LI LR Ve O TS 72.58

The resistivity of the titanium pencil is 2.02 ohms.

Consequently: )

The resistivity of the average solid carbon pencil
is 36 times.

The resistivity of the average cored carbon pencil
is 38.25 times.

The resistivity of the average enclosed carbon
pencil is 42. 5 times.

The resistivity of the average Bremer type car-
bon is 36.2 times that of the titanium pencil.

[FroM THE RUDOLPH SPRECKELS PHYSIOLOGICAL LABORATORY OF THE
UNIVERSITY OF CALIFORNIA.]

A RAPID METHOD OF DETERMINING THE
PERCENTAGE OF CASEIN IN MILK.

By T. BRAILSFORD ROBERTSON.
Received May 10, 1909.

In a recent paper! I have shown that the differ-
ence between the refractive indices of two solu-
tions of a caseinate, which differ only in their
casein-content, is proportional to the difference be-
tween the percentages of casein which they con-
tain; in other words, that

n—n, = a X ¢,
where n is the observed refractive index of the solu-
tion, ¢ is the percentage of casein which it contains,
n, is a constant, the value of which depends upon
the concentration and nature of the alkaline (or
acid) solution employed as solvent, and a is a con-
stant numerically equal to the change in the re-
fractive index of the solvent which is brought
about by the addition to 100 cc. of 1 gram of casein.
I have also shown that by means of the above
formula the concentration of casein in a solution
can be very accurately determined, the deviations
from accuracy rarely exceeding 2 per cent. of the
quantity of casein contained in 100 cc. of the solu-
tion (provided that quantity exceeds o.5 gram)
and that the change in the refractive index of a
given volume of a solution of a base which is brought

1 7. Brailsford Robertson: Journ. of Physical Chem., 13, 469

(1909).
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about by the introduction of a given weight of
casein is independent of the concentration of the
base and of the nature of the base; if the volume be
100 cc. and the weight of casein 1 gram, the change
in the refractive index is 0.00152.

It occurred to me that these facts might be ap-
plied to the determination of the percentage of
casein contained in fluids such as milk.! The pro-
cedure of the determination was as follows:

Fifty cc. of fresh, unskimmed milk were diluted
to 250 cc. and 75 ce. of N/ 10 acetic acid (made up
by diluting 10 cc. of glacial acetic acid to 1750 cc.)
were slowly added, the mixture being continuously
and rapidly stirred during the addition. The pre-
cipitate was then allowed to settle and the super-
natant fluid was poured through a 15 cm. S. & S.
No. 589 “white band"” paper. The precipitate
was then washed by decantation with distilled
water several times, the washings, and, subsequently,
the precipitate being transferred to the same fil-
ter. The filter and precipitate were then allowed
to drain for about r hour and were then trans-
ferred to a dry beaker and 100 ce. (accurately
measured) of N/1o NaOH were added and the fil-
ter and precipitate were macerated (by the aid of
a stirring rod protected at the tip by rubber) until
the filter paper was transformed into a fine pulp
and the casein was completely dissolved. As the
casein particles are of a different color to the parti-
cles of paper, the point of complete solution can be
readily determined; complete solution of the
amounts dealt with in this determination is usually
attained within ten minutes. The mixture was
then filtered? and the refractive index of the fil-
trate determined, by means of a Pulfrich refrac-
tometer reading accurately to within 1’/ of the
angle of total reflection, if possible at 20° C. Since
n for N/1o NaOH is 1.33444 (at 20° C.),? the re-
sults are calculated as follows:

Grams casein in 50 cc. milk = 2w 1105444,
0.00152
where 7 is the refractive index of the final solution,
obtained as described above.

An obvious source of error is the water associa-
ted with the precipitate and filter paper when they
are transferred to the N/1o NaOH. As the suc-
ceeding determinations show, however, with the

1 Since writing the above, I have found that Reiss (Arch. f. Exper.
Pathol. und Pharm., 51, 18 (1903) ; Beilr. z. chem. Physiol. und Pathol.,
4, 150 (1904)) has previously employed the refractive indices of body-
fluids as a measure of their protein-content.

2 This filtration can be omitted provided the solution be allowed
to stand for a sufficient time so that the particles of paper settle to the
bottom of the beaker.

3 Cf. the paper cited above,
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amounts of casein likely to be obtained from 50
cc. of milk; and provided the precipitate is allowed
to drain for a sufficient time this error is, for all
practxcal purposes, negligible. It could, of course,
be ehmmated if desired by diluting the final solu-
tion, before ﬁltrahon, to an accurately measured
volume with N/10 NaOH; in that case it would be
advisable to start with 100 cc. of milk instead of
50 cc., completely dissolve the precipitate in 100
cc. of N/1o NaOH and then make up the volume
of the mixture to 200 cc. by the addition of N/10
NaOH. The slight dilution of the sodiwm hydroxide
caused by this procedure does not affect the ac-
curacy of the determination, since the refractive
index of a dilute sodium hydrate solution varies
very much less with its concentration than that
of a solution of casein of the concentrations em-
ployed above.

For comparison, determinations
out by the official method! as follows:

Twenty cc. of fresh unskimmed milk were dilu-
ted to 100 cc. and 30 cc. of N/10 acetic acid were
siowly added, the mixture being continuously and
_ rapidly stirred during the addition. The pre-
cipitate was then allowed to settle and the super-
natant fluid was poured through a 15 cm. S. & S.
No. 589 “white band’” paper. The precipitate
was then washed by decantation with distilled
water several times, the washings, and, subse-
quently, the precipifate being transferred to the
same paper. The filter and precipitate were then
digested with 20 cc. of H,SO,, to which a trace of
metallic mercury had been added, as in the ordinary
Kjeldahl method for the determination of nitrogen,
and the process of determining the nitrogen was
completed by the official Kjeldahl method. The
number of grams of casein in the 20 cc. of milk
was estimated by multiplying the number of grams
of nitrogen thus determined by 6.25.

Four determinations by the new method yielded
the following results:

were carried

Grams casein in
100 cc. milk.

Four determinations by the official method,

1 U. S, Department of Agriculture, Division of Chemistry, Bulletin
46, Revised Edition (1899), p. 55. The details of the precipitation were
slightly modified and the quantity of milk employed in the determina-
tion was double that recommended by the Association of Official Agri-
cultural Chemists.
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using ' the same milk, yielded the following re-
sults: :

Grams casein in
100 cc. milk.

N O S RS 1 A A

The agreement is sufficiently satisfactory. The
factor 6.25 by which the nitrogen is multiplied
to obtain the equivalent in casein is calculated on
the assumption that the percentage of nitrogen in
casein is 16. If, however, we take 15.65 as the
true percentage of nitrogen in casein, which, ac-
cording to the results of Hammersten,' Lehmann
and Hempel,*> and Ellenberger,® would appear to
be the more accurate figure, then the factor by
which nitrogen is multiplied becomes 6.4 and the
agreement between the official and the new methods
is even more satisfactory, the above four deter-
minations by the official method yielding the re-
sults:

Grams casein in
100 cc. milk.

S S R T R SO A SN VAL 2.75
e A e S R S s e 2.88
L R A ORI SR 2.85
R e S S e G r b A Y & 2.75

AV e A S L T oretatelatalols saTe'aln o'e 2.81

In order to further test the accuracy of the
method, weighed amounts of casein were dissolved
each in 100 cc. of N/50 NaOH and were precipi-
tated, with constant stirring, by the addition of
30 cc. of N/1o acetic acid. The casein employed
in these experiments was the c. p. product manu-
factured by Eimer & Amend and further purified
by trituration with large volumes of distilled water
alcohol (absolute) and ether (ueber natrium dist.);
it was dried for 24 hours at 36°. The properties
of the product thus obtained have been fully de-
scribed by me in a previous paper;* it gives every
indication of being a pure product, being insolu-
ble in distilled water (save in traces which adhere
to the undissolved particles) and completely pre-
cipitated by acetic acid. It neutralizes to phenol-
phthalein exactly the quantity of base determined
by Laqueur and Sackur and by Van Slyke and
Hart it is free from appreciable water. The first

1 0. Hammersten, Zeu:chr f. Physiol. Chem., T, 227 (1883); 9, 273
(1885).

2 W. Hempel, Arch. f. d. ges. Phystol., 56, 558 (1894).

3 Ellenberger, Arch. f. Anat. und Physiol., Phy:wl Abt. Suppl., p.
313 (1902).

4 1. Brailsford Robertson, ]oum of Bial. Chem 2, 317 (1907).

5 Laqueur and Sackur, Beitr. z. Chem. Physiol. u. Path., 3, 193
(1902). Van Slyke and Hart, Amer. Chem. Journ., 33, 461 (1905).
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two determinations ‘were carried out in exactly the
same manner as those of the casein in milk, de-
scribed above. The last three, in which larger
quantities of casein were determined, were deter-
mined in the same manner save that the final
solution, before filtration, was diluted to 250 cc.
(accurately measured) so as to eliminate the error
due to water associated with the prec1p1tate and
paper. The results follow:

Grams casein in 100 cc. solution.

Weighed. Determined.
1.0 1,02
2.0 1.88
3.0 2.90
4.0 3.88
5.0 5.03

The agreement is as close as could be desired.

If the refractive index of the final solution be
determined at temperatures above 20° and below
30°, 0.0001 must be subtracted from the value of
the constant n, (= 1.33444 at 20°
vent is N/10 NaOH) for every degree by which
the . temperature exceeds 20°% If it be deter-
mined at temperatures below 2o° and above 10°
0.00007 must be added to the value of the con-
stant n, for every degree by which the tempera-
ture is less than 20°.%

The advantages of the method herein described
over the official method for ‘the determination of
casein are manifest. Not only is the time consumed
in the determination much reduced, the time actually
occupied in manipulation, exclusive of that allowed
for drainage of the precipitate, being not much
over 1/2 hour, but the whole procedure is much
simplified and the accuracy of the detcrmmatlon
is unimpaired. .

For further details concerning the dependence of
the refractive index of casein solutions upon their
concentration, the nature of the solvent, the tem-
_perature, etc., I must refer the reader to my pre-
vious paper, cited above.

[CONTRIBUTION FROM THE DEPARTMENT OF AGRICULTURAL CHEMISTRY,
UNIVERSITY OF MISSOURI.]

CHANGES IN THE COMPOSITION OF THE
SKELETON OF BEEF ANIMALS.
(FIRST PAPER.)

By P. F. TROWBRIDGE AND F. W. WOODMAN.
Received July 1, 1909,

The study of the composition of the skeletons
of beef animals reported in this paper constitutes
a portion of the general study of the *“ Uses to which

1 Cf. my previous paper, referred to above,

when the sol- -
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the Animal Puts Its Food,” now in progress in the
Experiment Station of the University of Missouri.
In the work during the past two years, fifteen
animals have been slaughtered and analyzed.
Of ‘these the six mentioned in this paper were used
chiefly  to study the resorption of fat which takes
place when an animal in good condition of nour-
ishment is unable to obtain a usual food supply.
Only the skeleton is considered in this paper.
The housekeeper regards the skeleton as merely
so much waste material. To the animal husband-
man it is of very great importance, determining, to
a large extent, the size and value of the animal.
To him an exact knowledge of the conditions of

growth of the skeleton and to what extent it is

affected by adverse conditions is very important.

Lawes and Gilbert, in their classic researches at
Rothamsted, made a special study of the ash con-
tent of the carcasses of beeves and other animals.
They pointed out especially the variation of the
proportion of mineral matter in the bones to that
in all other parts of the body, dependent upon the
degree of fatness of the animal.

Wildt,! working with rabbits, made a special
study of the effect of age on the chemical compo-
sition of the skeleton of young and of full-grown
animals. He concluded that age had little effect
after the animal had reached full growth, the com-
position of the skeleton varying with the condi-
tion of the animal. Mann? drew the same conclu-
sions, though from rather indefinite data.

Diiring® gives tables showing the difference in
composition of the bones of various parts of birds.
He showed that the composition of the air-dry
bone varies in different parts of the skeleton.

Brookman! made comparative analyses of the
skeletons of cow, sheep, horse and swine.

Gabriel® studied especially the methods of analy-
sis of bones. His investigation of the composition
of the bone ash was very thorough and he gives
a probable composition of bone ash.

The phosphorus in the marrow is largely in or-
ganic form, according to Otolsky.® He found o.13
per cent. to o.15 per cent. lecithin in the marrow
of the leg bones of the horse. W. Gliken’ obtained
similar results with both human and animal skele-

1 Landw. Versuchsst., 15, 404 (1872).

2 Chem. News, 51, 132 (1887).

3 Zeit. physiol. Chem., T, 446 (1883).

4 Ber., 388 (1882).

8 Zeit. physiol. Chem., 19, 257 (1894).

8 Abs. in Jahresh. w. Tier. Chem., 37 (1908).
7 Biochem Ztschr., 4,235 (1908).
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tons. He also found that the per cent. of lecithin
in the marrow decreases with age.

The effect of nourishment upon the skeleton has
been studied extensively, the investigations fol-
lowing three general lines: (1) cne effect of feeding
rations normal in other respects, but poor in one
or more necessary mineral constituents; (2) the
_comparative effect of organic and inorganic com-
pounds as sources of phosphorus; (3) the effect of
starvation upon the composition and weight of the
skeleton. ‘The results of the various investigators
seems to show: TFoods poor in calcium have little
effect upon the skeleton. Ifoods low in phosphorus
have a pronounced effect, producing weakness,
brittleness and actual loss in weight of the skele-
ton. !
Whether the form of combination of the phos-
phorus has any effect is still disputed.

Inanition decreases the fat and increases the
moisture in the skeleton but does not appear to ef-
fect the mineral composition to any noticeable
extent.

EXPERIMENTAL PART.
Objects of this Investigation.

In the investigations noted above the varia-
tions in the kind and conditions of the animals
used, the object and methods of the work, and the
varying manner of reporting make it hard to com-
pare the results. In the course of the series of
experiments upon the effect of breed, feed and
age upon the composition of animal flesh, and the
distribution of the food materials in the various
parts of the animal body, which investigations are
being carried on at the Missouri Agricultural Ex-
periment Station, it became desirable to know
the composition of the skeleton of the animals
under consideration. With this object in view,
the following work was undertaken, having special
reference to the distribution of phosphorus in the
different parts of the skeleton.

Condition and Age of Steers at Time of Slaugh-
tering.

The six steers reported in this paper were all
from the group kmown as ‘‘special maintenance
steers.”” They were from the same sire and herd
of cattle, grade Herefords; of about the same age,

1 Weiske, Zeit. physiol. Chem., 20, 595 (1895). Lehman, Jahresb.
u. Agr. Chem., 20, 382 (1877). Sedlmair, Zewt. f. Biol., 37, 25 (1898).
Gusmitta, Jahresb. u. Thier. Chem., 1884,401. Forbes, Bull. 201 (1909).
Ohio Agr. Expt. Station. Wiley, “"Composition of Carcass of Pigs,”
U. S. Dept. Agr., Division of Chemistry, Bull. 63, page 70 (1898).
Hart, McCullum and Fuller, Am. Jour. Physiol., 23, 246 (1909). Hart,
McCullum and Humphrey, Ibid., 24, 86 (1909).
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spring calves of 19o7, and had run on grass until
purchased for the experiment in fall of 1907. At
the outset all were put upon full feed, consisting
of 2.5 parts grain (composed of 8 parts corn to
1 linseed meal) to one part alfalfa hay, until in nearly
prime condition.

In February, 1908, steer 504. was killed as a
check animal. He was a fat yearling, showing
Shorthorn blood, and was in a nearly finished con-
dition. His carcass graded as ““ baby beef.”

Steers 591, 593 and 597 were killed in September,
1908, after having been kept on ‘special main-
tenance’ for six months.

Steer 591 was eighteen months old when killed,
and had been kept on ‘‘submaintenance’’ for six
months, being made to lose one-half pound daily.
He was very thin, his carcass being graded as a
‘‘canner.”

Steer 597 was eighteen months old when slaugh-
tered. He had been kept on ‘‘maintenance,”
being kept at the same weight, neither gaining or
losing. His carcass graded as No. 3 beef, being
too thin for No. 2.

Steer 593 had been kept on. “supermaintenance’’
for six months, being made to gain one-half pound
per day. He was eighteen months old when slaugh-
tered and graded as No. 2 beef.

Steer 592 was killed in January, 1909, being
about 22 months old when killed. He had been
kept on ‘submaintenance’” for eleven months,
was exceedingly thin and graded as a ‘“‘poor
canner.” The appearance of the skeleton of
this steer was remarkable, the marrow having
nearly all disappeared, and in its place was a watery,
ill-smelling liquid, having none of the ordinary
properties of normal marrow, and no greasy or
fatty appearance whatever.

Steer 595 was slaughtered in February, 1909,
after having been kept on ‘“maintenance’’ for a
year. He was graded as a “ canner.”

The feed of all these animals was exactly the
same in quality, differing only in quantity from
the beginning, so that whatever differences appear
in the skeleton are due to amount of food and in-
dividuality of the animals.

Method of Obtaining Samples.
The samples were obtained at the time of slaugh-
tering and when the carcass was cut up, forty-

eight hours later. The carcass of each animal was
cut into the regular wholesale cuts, and the right
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half taken for all chemical analyses, being hand-
separated into lean, fat and bone.

The bone samples were made up for analysis
as follows: (1) head and tail; (2) feet minus
hoofs; (3) shin and shank; (4) chuck and neck;
(5) flank and plate; (6) ribs; (7) rump; (8) loin;
and (9) round. The reasons for combining the
samples in pairs in some cases was to reduce the
number of samples.

The whole bone was taken for analysis, including
such adhering fat, lean and tendon as could not be
removed with a knife. The bones were not boiled
nor heated to remove the adhering flesh in any
case. The marrow was thus included in the sam-
ple.

In the case of 594, the bones of the various cuts
were not analyzed separately, but a composite of
the whole was made and analyzed as one sample.
The analysis of this animal will therefore be com-
parable only with the averages of the others.

METHODS OF ANALYSIS.
Preparation of Sample for Analysis.
* As the samples of bone were removed from the
carcass they were weighed quickly to avoid loss of
moisture, then broken up, and ground in a Mann’s
bone grinder. The ground sample was mixed
thoroughly and quartered down to the desired
size of sample. This portion: was put into closed
jars and sent at once to the laboratory or kept in
the cooler until it could be weighed out for analysis.
Moisture.

Samples for moisture and fat were weighed out
rapidly, in triplicate, in tared porcelain evapora-
ting dishes, the size of the sample varying accord-
ing to the fat content, as judged by the appear-
ance of the bone. For fat, greasy samples, 25-40
grams were considered sufficient while for those
with little fat 100 grams or even more were some-
times taken.

The dishes containing the weighed samples were
at once placed in vacuum desiccators and dried
over sulphuric acid, at room temperature, by means
of the Benedict vacuum method, as modified for
use in this laboratory.?

This method  has proved very satisfactory,
agreeing very closely with the older methods, and
leaving the sample in perfect conditions for further
analyses.

1 P. F. Trowbridge (Nov., 1908), Proceedings of the Association
of Official Agricultural Chemists (U. S. Dept. of Agriculture, Bureaw
of Chemistry, Bull. 122). L. F. Shackell, Am. Jour. Physiol., 24, 325
(June, 1909,

N
~I

Fat.

The determination of fat was made upon the
same samples as for moisture. The dry substance
was transferred carefully to Soxhlet extractors
prepated by placitig a pad of absorbent cotton
in the bottom to filter the ether extract.

Redistilled anhydrous ether was used for the ex-
traction, the fat being collected in tared flasks and
weighed after drying for 24 hours in vacuum

After drying and extraction the triplicate sam-
ples were combined in one and ground in a steel
mill until fine enough to pass through a millimeter
mesh sieve. This ground, air-dry sample was used
for the determination of ash and phosphorus.

Ash.

Two gram samples were weighed out in tared
porcelain  crucibles dried at 100-110°, and the
moisture determined. The samples were ashed by
igniting over bunsen burners until practically free
from carbon, the ignition being completed in the
muffle at dull red heat. A clear, white ash could
be readily obtained by this means in a short time.

Phosphorus.

The ash from the above determination was dis
solved by digestion in hot, dilute nitric acid and the
solution made up to 250 cc. Aliquots of 25 cc.
were taken and the phosphorus determined gravi-
metrically as in fertilizers by the official methods
of the Association of Official Agricultural Chemists
(U. S. Dept. Agr., Bureau of Chem., Bull. 107
(revised).

' DISCUSSION OF THE RESULTS.

In an investigation conducted, as this one was,
with animals which must of necessity differ in many
characteristics, much depends upon selecting ani-
mals which are as nearly alike in all respects as it
is possible to obtain them. The steers in the
“special maintenance’’ group, of which these six
steers were a part, were all selected with the greatest
care to obtain animals of the same age, size, breed,
and general condition. However, even after this
careful selection there were individual character-
istics which influenced the results, especially the
weight and proportion of the skeleton.

The weights of the skeleton as shown in Tables
I and II are almost solely a matter of the individual
characteristics of the animals. No. 504, killed at
the outset, was the smallest of all the steers and the
total weight of his skeleton is also the smallest.
Measurements made during the feeding period
show that the special maintenance steers all con-
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tinued to grow in height, those on maintenance and
submaintenance, as well as the supermaintenance
animals, indicating that the animal continues to
build up the skeleton even when insufficient food
is supplied for maintenance. The total weight of
the skeleton is higher in all of the older steers than
in 504, the young animal killed as a check. The
difference is only slight in the case of s91. Steers
593 and 597 were very much alike in empty weight
and weight of skeleton, though in physical condi-
tion, before slaughtering 593, was considerably
superior to 597.

Steer 597 was, in some respects, unlike the other
two animals killed in September, being not only
larger but also coarser boned. The skeleton of
this an'mal shows a higher fat content and a corre-
spondingly lower moisture content than does that
of 593, the former having been on maintenance
for six months and the latter on supermaintenance
for the same length of time (Tables III and IV).

The ratio of weight of skeleton to the empty
weight of the animal varied with the condition of
the animal at slaughtering (Table I). The term
“empty weight” meaning the live weight of the
animal minus the contents of the digestive and
excretory system.

Moisture and Fat.

The moisture and fat content of the skeleton
of each animal is shown in Tables IIT and IV.
The check steer, 504, was low in fat and high in
moisture content, as compared with the other four
animals, 591, 593. 595 and 597. This can be ac-
counted for by the age of the animal, Wildt! and
others having shown that the fat content of the
skeleton in growing animals increases with age.
The four steers named above were, apparently,
so fat as moisture and at content of the skeleton is
concerned, normal animals. The variations be-
tween the different steers was in no case greater
than could be explained by individuality.

The extreme effect of poor nutrition was shown
in 592. The condition of this animal was ap-
proaching that of starvation. Practically all the
fatty tissue had disappeared from his muscles, and
even the marrow had gone. This is proved by
the extremely low per cent. of fat in the skeleton,
3.09 per cent., as contrasted to that of the others,
which averaged 17.09 per cent. The moisture con-
tent of the skeleton of 592, 52.46 per cent., con-
trasts as sharply with the average for the other five
steers, 36. 54 per cent.

1 Landwirts, Versuchs Stationen, 15, 404 (1872},
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Steer 595, after being on maintenance for a year,
illustrated an important point:sought in this in-
vestigation. This animal had continued to grow
in size while remaining constant in weight. The
growth had been at the expense of the fat in the
muscles and tissues of the body, and when slaugh-
tered almost no fat could be separated by hand
from the muscles. At the same time the fat con-
tent of the bones was only very little, if at all, be-
low that of normally fed animals. It is thus seen
that the poorly nourished animal resorbed prac-
tically all of the fat from the muscles and tissues
of his body before drawing upon the fat contained
in the skeleton.

The distribution of the fat and water in the in-
dividual animals is shown also in Plates 1a and 1b.
In the plates the cuts are so arranged as to give
an -ascending curve for one animal, steer 591 being
taken as the basal animal. The arrangement of
the cuts of this steer to give an ascending curve
for the moisture content of the separate cuts gives
a similar curve for the other steers, with the ex-
ception of 592. The variation in the moisture
tent is not uniform in all cases, single cuts of each
animal deviating from the general curve, but in
general the order is the same for all of the four
steers. ;

The fat curve is almost an exact reverse of that
for moisture, the only general exception being in
the case of the flank and plate cut. This cut con-
taining more cartilage is highest of all in moisture,
but also contains a fairly high per cent. of fat.

Steer 592 shows a striking exception in the dis-
tribution of moisture in the different cuts of the
skeleton. ‘The moisture curve for this animal
instead of being a rapidly ascending curve is an
irregular line having no semblance to the curve
of the other animals. The curve representing
the fat content of this animal is a comparatively
horizontal line, with an extreme variation of less
than two per cent. This shows that in the strug-
gle to maintain life this steer had resorbed nearly
all the marrow, until he had reached the extreme,
where all portions of his skeleton contained prac-
tically the same amount of fat, averaging 3.09
per cent. of the whole weight of the skeleton.

The figures obtained by adding the per cent. of
moisture to that of fat vary widely in the different
parts of the skeleton of each animal, according to
the nature of the bone in the cut. The variation
is not constant in the different animals, and could
not be plotted to show any similarity in curves.

-
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The sum of the per cents. of moisture and. fat is,
however, nearly the same for the composite of the
whole skeleton in all of the animals as shown in
Table I. The fact that in steer 592 the sum of the
moisture and fat in the skeleton is a little higher
than in the other steers indicates that when fat is
resorbed water is deposited in its place, and the re-
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same for the different animals, the per cent. of ash
in the original sample will be of little value, since
it will be entirely dependent upon the sum of fat
and moisture.

The per cent. of ash in the original sample varied
with no regularity in the separate cuts of the in-
dividual animals. The only cuts in which all the .

TABLE 1.
SUMMARY OF COMPOSITION OF SKELETON OF SIX SPECIAL MAINTENANCE STEERS.
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Steer No. 594 39,270 247.52 15.86 39.89 14.68 54.57 23.81
Steer No. 593 51.104 317.92 16.07 35.36 17.63 52.99 25.29
Steer No. 597  51.012 302.56 16.86 34.32 19.53 53.85 24.72
Steer No. 595 44,912 230.24 19.51 36.11 16.47 52.58 26.42
Steer No. 591  40.396 190.31 21-.22 37.02 17.32 54.34 23.81
Steer No. 592 48.430 190.20 25.46 52.46 = 3.09 55,55 22.76

verse may very probably be true during the fatten-
ing of animals and may explain why a steer may
be getting fat but not gaining weight.

Organic Mallter not Fal.

The organic matter other than fat was calcula-
ted for the individual cuts of each animal, and it
seems to be practically constant for all animals,
varying in the cuts calculated between the limits
20.5 per cent. and 22.5 per cent. in the different
parts of the same steers. IKor the composite of
each of the six animals this content of organic
matter, not fat, varied between the limits of 21.00
per cent. and 21.95 per cent., or is practically con-
stant. This was calculated by difference, being
the loss on ignition of the dry and fat-free sub-
stance. The constant proportion of this organic
matter which forms the framework of the skeleton
shows that in none of the animals was the ratio of
the organic portion other than fat changed by
feeding during the period. The slight differences
in the per cent. of this organic substance are no
greater than can be attributed to the varlatxons
in sampling or other causes.

Ash.

The ash represents the mineral portion of the
skeleton and is a large part of the total weight
(Tables I and V). Since, as has been shown, the
organic matter other than fat is practically the
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18.48 4.40 52.40 9.11 21.63 Slaughtered as check animal,
Feb., 1908

18.15 4,59 53.81 9.77 21.72 Six months supermaintenance,
slaughtered, Sept., 1908

18.65 4.61 53.57 9.99 21.43 Six months maintenance,
slaughtered, Sept., 1908

18.89 4.99 55.72 10.53 21.00 One year maintenance,
slaughtered, Feb., 1909

18.45 4.39 52.15 9.62 21,85 Six months submaintenance,
slaughtered, Sept., 1908

18.29 4.16 51.19 9.37 21.68 Eleven months submaintenance,

slaughtered, Jan., 1909

animals were similar were the flank and plate,
which was lowest in ash in all cases, and the head
and tail which analyzed very close to 25.00 per
cent. of ash in all animals.

TABLE II.
WEIGHT OF SKELETON OF THE SEPARATE Cuts, GRAMS.

No. of steer........ 593 597 595 591 592 594
Headioiiivasaniss 6302 6357 5620 « 4888 4454 4740
Ay b e 222 270 280 146 342 146
Hee b R 5574 5378 4584 4570 5112 4576
Shins e aetdre et 4132 4114 3344 3572 4014 2974
Shanksiaietsl Suatn 4650 4503 4032 3668 4316 3362
Chitcks it et 9259 9820 8006 7248 8906 6890
756 932 952 796 1112 720
63 32 92 80 76 78
Plates iz z sl ay 4187 4240 3650 3324 4432 2998
Ribs i G istrioaRetiion 4325 4382 4290 3378 5050 3696
Loing iiisedaens ity 5001 5172 4690 3905 4446 4654
RUINDI & SiRl e 2164 1644 1582 1335 1788 1120
RotndsiEsele s iG o 4470 4168 3790 3516 4380 3312
JotalSiiNa gl 51105 51012 44912 40396 48430 39266
TaBLE III.
PR CENT, MOISTURE IN SKELETONS OF SPECIAL MAINTENANCE STEERS.
No. of steer...... 52 593 597 595 591 592
Head and tail...... 43.70 43.83 45.12 45.58 50.77 e
3 0T B A S 38.58 38.66 39.34 40.55 47.29
Shins and shanks ... 33.31 28.69 29.74 31.94 50.37
Chucksand neck.... 34.24 34.00 34.90 37.33 53.81 S
Flanks and plates.. 48.19 46.99 46.43 47.46 57.21 SER
Ribszrinnn g 30.86 35742 33.01.°35.12" 55.95
Loing fsaancta vy 31.20 29.92 35.14 32.87 51.67
RUmMpS. st 34.86 31.01 34.93 32.84 53.28
Roundsiicorotats 22371802393 8286962 28710555513 = e
Total skeleton...... 35.36 34.32 36.11 37.02 52.46 39.86

The per cent. of ash in the dry and fat-free sub-
stance (Table VI) is a better indication of the ash
content than the per cent. in the fresh sample.
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Stéer 595, the oldest of the lot ‘whgﬁ killed, was
highest in ash content, this being not true of all
parts of the skeleton, but of the skeleton as a

whole.
TABLE IV.

Per CENT. FAT IN SKELETONS OF SPECIAL MAINTENANCE STEERS.

No. of steer:...i vy 593 597 595 591 592 594

Head and tail....... 8.68° 9.05° 9.14 7.18
Reet et il enas s e 12,23 14.82 14.03 14.42
Shins and shanks.... 21.92 21.56 20.36 22.03
Chucks and neck,... 14.53 18.91 14.13 15.26

WLUNNNNGN WK
o
0o

Flanks and plates ..., 11.87 15.85 11.95 11.68 25

RibS P et oa e 18:79° 19.31  16.59 15.56

OIS e o v 22.92 23.57 18.74 23.10 87

RUMPSII T s sssvans 21.30 24.76 20.68 20.09 15

ROUNASIEEsme ey 30.48 35.29 28.62 30.39 81 S5

Total skeleton....... 17.63 19.53 16.47 17.32 .09 14,68
TABLE V.

DISTRIBUTION OF ASH IN SKELETONS OF SPECIAL MAINTENANCE STEERS;
EXPRESSED IN PER CENT. OF FRESH WT,

Novof steer i i oiiiry 593 597 595 591 592
Head and tail... . .0 000, 25.00 25.00 25.61 25.29 25.08
Heet i tinaG SaTe 4Vta Wk atate 25.32 23.73 25.78 22.14 24.42

24.41 27.81 28.76 24.91 26.28
27.42 25.83 28.05 24.23 21.45
17.24 15.36 19.63 17.71 17,62
27.86 23.69 27.44 26.17  22.36
24.75 25.81 26.83 23.59 20.66
Rumps........ F R i i 25.94 23.66 24.13 26.20 23,57
28.12° 24.01 26.03 23.60 22.30
25.29 24.72 26.42 23.81 22.76

TasLe VI.
Per CENT, OF ASH. REFERRED TO SKELETON FREED FROM MOISTURE
AND FAT.
No. of steer....... . 593 597 595 591 592 594
Head and tail...... 52.51 53.07 356.00 53.54 54.36
Feet il R e 51.48 51.00 55.29 49.19 49.56

Shins and shanks... 54.54 55.91 57.62 54.11 55.47
Chucks and neck,,. 53.52 54.85 55.03 51.10 49.83
Flanks and plates .. 43.17 41.35 46.92 43.34 43.47

RiD g o 55.34 52.33 54.46 53.07 49.20

T oINS Ve nites 53.95°55.58 5581715 53,595 4995

RUMDE SR i 58.67 53.50 54.37 55.07 52.90

Roundsssisiseent 59.95 58.87 60.98 56.85 54.31 sty

Total skeleton...... 53.81 53.57 35.72° 52.15 51.19 52.40
TABLE VII.

DISTRIBUTION OF PHOSPHORUS IN SKELETONS OF SPECIAL MAINTE-
NANCE STEERS; IN PErR CENT. OF FRESH WEIGHT,

N T S R e e 593 15975 25955 25917592
Head:and:tail v suraehanCe iz 4.59 4.63 4.99 4.48 4.42
3 S B R S e 4.59 4.38 4.72 3.89 4.34
Shins and shanks.. 4.44 5.21 5.56 4.54 4.90
Chucks and neck.,. 4.89 4.71 5.18 4.75 3.99
Flanks and plates. . 312535008537 63:8 33523 217
RibSTStuless 5.06 4.47 5.22 4.75 4.11
T O e S e 4.61 4.84 5.18 4.25 3.82
R DS e aa R it 4.32 4.55 4.49 4.68 4.34
TR OIS s o T Ugi g 5.28 4.49 4.83 4.45 4.05
Total skeleton il s os Wi RGeS 4.40 4.61 4.99 4.41 4.16

Although steer 592 was the second oldest of the
six, the ash content of his skeleton was lowest, in
the skeleton as a whole. This may be a mere
coincidence or it may point to a resorption of
mineral matter from the bones during a long period
of insufficient nutrition. No conclusion can be

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY. Oct., 1909

drawn from only one animal. Compare the recent
work of Hart' and others at the Wisconsin Agri-
cultural Experiment Station.

Phosphorus.

The percentages of phosphorus, reported in
Tables I and VII, are those obtained by deter-
mination of the phosphorus in the ash.

" In order to show that very little phosphorus is
dissolved by the ether, determinations of phos-
phorus were made upon each sample of fat ex-
tracted from the skeletons of steers 591, 593 and
597. 'The results show that the amount of phos-
phorus lost in this way is entirely negligible. The
amount of phosphorus in the fat was less than
0.06 per cent. in all cases, averaging about 0.02
per cent. of the weight of the fat, or calculated to
the fresh skeleton was less than o.003 per cent.

The phosphorus content reckoned upon the
original substance gives about the same indica-
tion as does the ash. Those steers having the
highest total moisture and fat content, or, in other
words, those having the least solid matter are
lowest in phosphorus. Calculated to the dry and
fat-free basis, the phosphorus content also corre-
sponds to that of the ash.

The composition of the ash, as indicated by the
per cent. of phosphorus, varies in the different
parts of the skeleton. The per cent. of phosphorus
in the ash of the single cuts varies differently in
the several steers and no conclusion will be at-
tempted from the present data.

CONCLUSIONS.

(1) Young, growing steers continue to grow in
height and build up skeleton even when losing in
weight. :

(2) The skeleton is unaffected by poor nutri-
tion until practically all of the fat has been re-
moved from the muscles and other organs.

(3) The principal effect of poor nutrition upon
the skeleton is the removal of the fat or marrow
and the replacement of this with water.

(4) The per cent. of organic matter other than
fat is practically constant for the whole skeleton,
under different conditions of nourishment.

‘(5) No evidence was obtained to warrant the
conclusion that the mineral matter is resorbed or
affected in amount due to lack of proper nourish-
ment, although in steer 592 there is some indica-
tion that this may have taken place.

1 Hart, McCullum and Fuller, Am. Jour. Physiol., 23, 246 (1909).
Hart, McCullum and Humphrey, I5id., 23, 86 (1909).
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(6) The proportion of fat and moisture in the
corresponding parts of the skeleton is fairly con-
stant for normally fed steers. In steers which have
suffered from insufficient nutrition for a long
period the fat may be nearly all resorbed from the
skeleton, and this resorption .takes place from all
parts of the skeleton.

(7) The proportion of organic and mineral
matter in the skeleton varies with the age. This
proportion varies in the different parts of the skele-
ton, according to the nature of the bone.

(8) The per cent. of phosphorus in the ash of
the skeleton of steers is nearly constant. The
per cent. of phosphorus in the ash of different
parts of the skeleton of the same steer varies, but
the average for the corresponding cuts of the five
steers is fairly constant, showing a wvariation of
not more than o.7 per cent.

UNIVERSITY OF MISSOURT,
June, 1909.

;
EMIL CHR. HANSEN.
May 8, 1842—AUGUST 27, 1909.

Last year, on the 12th of November, an anni-
versary of ng little importance was celebrated by
the Carlsberg breweries in Copenhagen. On that
day it was 25 years since the first pure culture
yeast was introduced in the brewery of “Gamle
Carlsberg.” And to Emil Chr. Hansen justly
went all the honors of the day.

Before Hansen made his epoch-making discov-
eries the brewing industry had been in the dark in
regard to the causes of the very disturbing and
often fatal troubles which occurred in the beer
during fermentation and storage. Pasteur ascribed
the diseases to the influence of bacteria and pre-
scribed methods for the purification of the yeast,
methods which in many cases not alone did not
improve the conditions but even made them
worse. Pasteur’s methods were to cultivate the
yeast in a sugar solution to which had been added
tartaric acid or in beer-wort containing a small
percentage of carbolic acid in order to destroy the
bacteria. In many, and perhaps the most cases,
however, the diseases of the beer were not due to
bacteria but, as Hansen showed, to certain species

of yeast, wild yeasts, and as the addition of tar-

taric acid and carbolic acid to the fermenting
liquid did more damage to the good yeast than to
the wild yeast, the result was the opposite of what
was expected. The only solution wlnch might
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prove satisfactory seemed to be the elimination
of the wild yeast as well as the bacteria. But
how? This Hansen accomplished by introducing
his pure culture method. Hansen devised meth-
ods by which it was possible to distinguish between
the different species of wild and culture yeast.
Hansen, and not Robert Koch, was the first to
introduce nutrient, transparent gelatine as a highly
suitable medium in which to grow cultures. Han-
sen proved that by using pure cultures in the fer-
mentation of the beer-wort, it was always possible
to obtain the same result. If the starting yeast
was kept pure and precautions were taken that no
infection was introduced during the different stages
of manufacture, the brewer would always be sure
that he would obtain the same good and stable
product. In connection with Kiihle, the late
director of “Gamle Carlsberg,” he constructed a
pure culture apparatus by means of which it was
possible to work the pure cultures on a scale
large enough for practical purposes.

From the time the pure culture yeast was first
introduced in “Gamle Carlsberg” brewery, it has
been a great success. With the generosity which
always has characterized the Jacobsens (J. C. Jacob-
sen the founder of “Gamle Carlsberg,” and his son,
Carl Jacobsen), the discoveries of Hansen were given
to the world, and every brewery in the old as well
as in the new world has benefitted more from these
than from any other discovery of modern times.

Not the breweries alone, but also the other
branches of the fermentation industry: the dis-
tilleries, the compressed yeast factories, the wine
factories have benefitted more or less from these
same discoveries of Hansen. Also other indus-
tries have taken advantage of the pure cultures.
Thus it was due to the introduction of the pure
culture of lactic acid bacteria in the dairies that
the Danish butter has reached the highest grade of
perfection and won the reputation of being the
best in the world.

Hansen limited his research work to the yeasts
and to the bacteria which occur in the fermenta-
tion of beer, but these fungi he also pursued wherever
and whenever he found them, not alone in the
beer but also in the air, in the water, in the earth
until they revealed their last life-secret to him.
Itis a fact that his results are final, at least, nobody
has ever yet succeeded in disproving any of his
printed statements.

Emil Chr, Hansen came from a poor family.
His highly eccentric father was a painter by trade,
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and the son learned the same trade before he came
to Copenhagen. Here he first started to study
with the intention of becoming an artist, but soon
he changed and took up scientific studies. Dur-
ing his years of study he had to provide for his
own living by teaching school and drawing pic-
tures and writing stories for the magazines. In
1876 he won the University’s gold medal for a
treatise on certain fungi found in manure, and a
few years later he took his degree as Phil. Dr. At
this time he also participated in the translation
of Darwin’s books.

He was first connected with the “ Ny Carlsberg”
brewery, but as soon as the “Carlsberg Labora-
tory’’ (a research laboratory, founded by J. C.
Jacobsen and maintained by “Gamle Carlsberg”’
brewery) was instituted, he was made director of
one of its two departments, the physiological de-
partment, and here he worked until his death.

In the first years after his revolutionizing dis-
coveries he met much opposition from both inside
and outside Denmark, and the adversity seemed
to weigh heavily on his shoulders, but even the
faintest mumbling has stopped long ago and Emil
Chr. Hansen has received the highest honors and
recognition which it is possible to bestow on a man
both from European governments and from the
most important scientific bodies in the world.

His discoveries brought great fortunes to others.
Hansen himself got nothing but his far from royal
salary, but he was satisfied with a modest living
and with small trips to the great art galleries of
Europe; during his whole life he was a passionate
lover of art.

At his death be did not leave much worldly goods,
but he left a name for himself which will go down
in history side by side by the names of Louis Pas-
teur and Robert Koch. NieLs C. ORTVED.

NOTES AND CORRESPONDENCE.

ELECTROTITRIMETER.

The *‘Electrotitrimeter” is. an apparatus devised for
testing the concentration of an electrolyte. It is based
upon the fact that for many acids, alkalies and salt solutions
the electrical conductivity varies with the concentration
sufficiently to make the electrical test a method of accurate
quantitative measurement. Temperature is such an im-
portant factor in conductivity work that a thermostat is
usually used and_ the solution to be tested is brought to a
given temperature before making the reading. According
to Kohlrausch’s method the results thus obtained are ex-
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pressed in electrical units, the readings being made with a
carefully calibrated rheostat. In the application of con-
ductivity measurements for technical purposes, such ap-
paratus is undesirable and by the use of the ‘ Electro-
titrimeter” it is unnecessary.

The difficulty of controlling the temperature has been
overcome by -the use of a compensating tube filled with a
solution similar to the one to be tested, and when the ap-
paratus is used for one purpose, such as for testing sulphuric
acid of a certain strength, the tube is permanently sealed
to prevent changes in concentration. This tube and the
test tube are kept at the same temperature by immersing
in a bath consisting of the solution which is being tested,
or in another form of the apparatus the bath may be water.

The compensating tube and the test tube are each provided
with two platinum electrodes and these are connected in
such a way that each tube represents one arm of a Wheat-
stone bridge, and a high resistance calibrated wire represents

¥
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the other two arms. By means of a telephone and induction
coil, a point is found on the bridge wire which shows the solu-
tions in the two tubes to be in electrical equilibrium and any
change in the concentration of the solution in the test tube
causes this point to move. The wire is calibrated so as to
read directly in percentage content of the solution to be
tested.

The apparatus shown in Fig. 1 represents one form in
which the electrolyte to be tested flows continuously through
the test tube and then around both tubes forming the-tem-
perature equalizing bath. ‘

In another form as shown in Fig. 2, the solution to be
tested is poured into the test tube, the temperature equalizing
bath being water in this case.

These tubes are each provided with glass stopcocks
so that the solution in the compensating tube as well as in
the test tube may be changed when different kinds of solu-
tions are to be tested with the same apparatus.

When it is desired to control the strength of a product
which flows continuously, a portion of the product is made
to pass through the test tube, and with long connections
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the reading part of the apparatus may be a considerable dis-
tance from the point to be tested. Any number of points
may thus be connected with one reading apparatus. All

that is necessary to ==
make a determination at
any point is to throw a
switch making the con-
nection, start the induc-
tion coil and with the
telephone receiver at the
ear, the pointer is moved
along the bridge wire
until the point ofﬁmini-
mum sound is reached.
The strength is  then
read off direct, the wire
having been previously
so calibrated when
standardized.

With this simple ap-
paratus, an unskilled
laborer secures in a few
seconds time results
generally closer to the
truth than those ob-
tained by refined volu-

1
T
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metric methods in the
hands of a skilled ana-
lyst. This method is applicable for testing acids, water,
solutions of various salts and alkalies. The sensitiveness in
a few cases has been found to be approximately as follows:

Kig. 2.

Per cent. Per cent.
Oleum 30 Free SOz 0.01  Total SO
Sulphuric acid 100 0.01  H.S0;
&£ ok 99 0.03 B
o & 98 0.05 &
o H 97 0.15 £
Nitric acid 96-98 0.04 HNOy
Salt solution  1-3 NaCl 0.02 NaCl
2 o 3-5 NaCl 0.05 1
Sea water (Atlantic) 0.0004 sp. gr.
Free HCI in bichloride of tin 0.04 HCl

This last is only slightly affected by a change of 1° Bé&
in the strength of the solution.

Patent rights have been secured in Canada and France,
and applications are pending in other European countries
and United States. H. B. BISHOP.

THE TECHNICAL DETERMINATION OF CAOUTCHOUC
IN GUAYULE.

The rubber chemist is frequently required to determine
the amount of caoutchouc in rubber-producing plants.
As a rule the assay offers but little difficulty. Woody plants
like guayule and pingué often give trouble Guayule is
especially troublesome.

Where only small quantities are available an extractor,
usually of the Soxhlet type, is used. A rapid economical way,
suitable for technical work, is to make a double extraction;
firstly, with acetone to dehydrate and to remove resin and,
secondly, with some rubber solvent (carbon bisulfid, carbon
tetrachlorid, chloroform, naphtha, etc.). The acetone ex-
traction offers no difficulties excepting a possible carrying
through of a little of the finely ground material. This can
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be remedied by efficient packing, and by returning the first
portions of the percolate. Trouble begins after the addition
of the rubber solvent when the thick rubber solution clogs
the apparatus. The clogging can be remedied by the proper
packing of the material in the barrel of the extractor. Use
a large extractor. Pack firmly into the bottom a thick
layer of clean, short-cut cotton waste. Take a metal rod
of the required length, wrap it with several layers of flannel,
securing the cloth with fine wire. Place one end of the
prepared rod in the layer of waste, fill in the substance to
be extracted—distributing it evenly around the core. Cover
with a layer of waste. Place a small glass rod in the reser-
voir to prevent superheating and start the extractor slowly.
The action of the syphon is a rough indicator of the richness
of the sample and also of the progress of the extraction.

Operating the extractor by direct heat usually results
in a broken flask. - Single extractors are best heated with a
water-bath, using either gas or electricity.

Extractors in battery formation give best results with
steam. ;

Where a large number of determinations are to be made,
and where it is desirable to control factory methods, small
(r pint or 1 quart size) ice-cream freezers in battery ar-
rangement and operated by a small motor are desirable.
One hundred grams are used as a charge. “Benzol is used
as the solvent; the resulting solution allowed to settle until
clear and then alcohol added to complete precipitation.
After settling of the precipitate decant the alcohol-benzol
liquors, wash the precipitate, first, with a mixture of benzol
and alcohol (precipitant in action), then with strong alcohol.

If quantity only is desired, the precipitated rubber is
dried (vacuum preferred) on watch glasses or metal pans
and weighed. Metal pans (copper) are preferred as they
can be readily cleaned by burning. Scoring for quality
requires that the precipitate be boiled with water to drive
off solvents, then sheeted on the washing rolls and finally
allowed to dry in a dark cool place. Clear, bright solutions
give fine light rubber when dry. Cloudy, muddy solutions
give black rubber.

Using finely cut material, duplicates give very' uniform
yields. Results are slightly low, owing to slight solubility
of the caoutchouc in the benzol-alcohol mixture.

The most important part of the performance is the prep-
aration of the sample. The guayule is a shrub, 10 to 30
inches high, and varying from 1 to 2 inches in diameter.
The wood is very hard and bark thick. About go per cent.
of the rubber is in the bark. With such conditions, to get
a uniform sample for analytical purposes is a problem.

Usually, in a rubber factory the only available machine
for pulverizing, is the common washing rolls with corrugated
rolls.

The following experiments with thiS mode of grinding
were made to determine the best stage of grinding. From
the same shipment of shrub, five samplés were prepared.

A. Coarsely ground. Many large pieces.

B. Ground medium fine. Obtained by re-grinding.
uct more uniform than A.

C. Finely (?) ground. B reground until a sheet was
obtained. Product not a uniform mass.

D. Medium fine. Sifted through a 1/4-inch mesh screen.
Tendency towards separation between woody and barky
portions. %

Prod-



736
E. Coarsely ground, ball-milled for two hours. Wood
reduced to powder; bark reduced to small scales.
These samples were extracted in a Soxhlet with acetone,
and then by carbon bisulfid, the extracts dried at 100° C.
and weighed. The table shows the results.

Carbon bisulfid

Acetone extract, resin. extract, rubber.

R
Preparation. (1) (2)  Av. Var. (1) (2) Av. Var,
A. Coarsely ground.. 9.91 9.84 9.88 0.07 9.77 10.95 10.41 1.18
B. Medium fine...... é9.16 8.84 9.00 0.32 9.34 9.44 9.39 0.10
C. Finely (?) ground 9.90 9.74 9.82 0.16 7.33 8.71 8.02 1.38

D. Medium ground,
sifted it orasaet 9.97 10.77 10.42 0.88 8.68 9.88 9.28 1.20

E. Coarsely ground,
ball-milled..... 9.63 9.54 9.74 0.21 7.88 9.29 8.58 1.41

An examination of these results reveals:

1st. That none of the methods of preparation are perfect.

2nd. That the regrinding system, (B) when carefully
carried out, gives best results. ;

ard. That the rubber content seems inversely proportional
to the degree of fineness.

This is probably due to a more even distribution of the
rubbery (barky) portion throughout the entire mass. In
coarsely ground sample the barky portions, due to gravity,
are usually on top and an undue proportion gets into the
assay charge.

4th. That the tendency of the bark particles on account
of their rubber content, as determined by the initial grinding
or crushing, is to amalgamate in opposition to heavy milling
or ball-milling and sifting combined, and that a cutting system
is demanded. Caas. P. Fox.

RECENT INVESTIGATIONS OF FATS AND OILS.

In the first number of THIS JOoURNAL! I contributed a
brief account of some work, carried out by Professor Paal, of
Erlangen, on the catalytic reduction of fats and oils. The
number of letters on the subject which I have received
suggests that a further report on some subsequent investiga-
tions may prove to be of interest. The method of experiment
consisted in emulsifying the fat or oil with an aqueous solu-
tion of gum arabic adding a little colloidal palladium, also
dissolved in water. The remainder of the vessel was filled
with hydrogen and it was shaken at the ordinary temperature,
until the volume of gas remained constant. The relative
quantities of fat and palladium which were employed differed
within rather wide limits, in one case, which may be taken
as fairly typical, the ratio of metal: fat was 1:500. In
their most recent communication Paal and Roth? describe
experiments with castor, croton, olive, sesame, cottonseed
and linseed oils and with butter fat, lard and oleomargarin
(from beef suet). In some cases complete reduction was only
attained by a second or even a third treatment with hydrogen
and colloidal palladium. The reduced fats and oils are in
general, colorless solids, which melt at definite temperatures,
ranging from about 45-70° The compounds from croton
and castor oils fail to exhibit any physiological activity.
As a rule these reduction products are without taste or
odor, but that from butter has a pleasant nutty flavor and
a faint odor of the mother substance is noticeable in the
castor oil derivative.

1Vol. 1, 47,
2 Ber., 42, 1541,
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One of the most interesting points brought out in the
course of the work is the lack of connection between the
quantity of iodine and that of hydrogen with which a given
fat or oil can combine. :

It has been generally supposed that the additive power
of a fat for hydrogen, iodine, or iodine chloride was dependent
on the double (ethylene) linkages which were present.
This, however, is by no means the only factor to be considered
and it is necessary to recognize clearly that the addition of
hydrogen and of iodine are quite independent reactions
which proceed on parallel, but by no means on identical lines.

All the fats and oils mentioned above absorbed more
hydrogen than the quantity calculated from their iodine
numbers and the excess was quite considerable, amounting
to over 25% in the case of linseed oil, to more than 509%, in
that of lard and, with the cottonseed oil, to almost 100%,.

The reduced fats, although containing this ‘‘excess” of
hydrogen are, in some cases, still capable of combining with
iodine. The product from sesame oil and also that from
oleomargarin, for example, have iodine numbers of 2 and 1.2,
respectively.

This compound from sesame oil (iodine number 2) ex-
hibits Baudouin’s test only very feebly. After remaining
during eight months the fat gives the Baudouin color quite
strongly, although its iodine number is not changed. It is
evident that the particular substance which is present in
sesame oil, and on which the Baudouin test depends, 1s
reduced by the hydrogen but is regenerated, to some extent
at least, on exposure to air. The reduced fat from cotton-
seed oil fails to show either the Becchi or the Halphen tests.
In general, these reduced fats are quite stable in air and
exhibit no sign of rancidity.

In another paper,! Paal and Hartmann show that a minute
quantity of colloidal palladium solution is able to bring about
the combination of ethylene and hydrogen. The liquid
was shaken in a closed vessel, containing the two gases, at
the ordinary temperature. The union of the gases was
quantitative. This result is of considerable interest in
connection with the reactions involved in the reduction of
fats and oils.

The problem of the fats has been attacked in another
manner by Quensell,? who has synthesized a number of the
glyceryl esters of stearolic acid and also those of behenolic
acid. From some of these esters he has prepared a number
of halogen addition compounds. The first molecule of
halogen is added by the acid radicle without difficulty,
but combination with a second molecule takes place only
slowly and in presence of light. In these respects the glyceryl
esters resemble the free acids. In dealing with the diacylated
glycerols, Quensell unfortunately fails to state which of
the isomers, HOCH,CHOXCH.OX or XOCH,CH(OH)CH,0X
(X = C,;H,,0 or C,,H,,0), he employed in his experiments
with halogens, so that the value of his results is lessened.

J. Bisaop TINGLE.
MCMASTER UNIVERSITY, TORONTO, CANADA,
Aug., 1909,

CORRECTED QUALITY FIGURES.

In the July number of THIS JOURNAL, the writer criti-
cizes Turner's rule for getting quality figures as being

1 Ber., 42, 2239,
2 Ibid., 42, 2440.
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wrong in principle and giving, therefore, misleading results,
and proposed a rule of his own which, however, upon fur-
ther study, is seen to be also wrong (although to a lesser
degree) when any factor happens to be abnormally low, and he
therefore begs to substitute the following:

Find what per cent. the elastic limit of the steel under
consideration is of the very best elastic limit that could be
possible (always thereafter adhering to this best elastic
limit as a standard, and so also of the other factors), what
per cent. the shock or alternation figure is of the best, what
per cent. the hardness is of the best. Add them together
and divide by three. f

According to this rule the quality figures given in the
above-mentioned paper come as follows: Standard, elastic
limit, 200. Shock, 20. Hardness, 600.

QUENCHED VANADIUM NICKEL STEELS.

Composition. Quality figure.
C0520 4 Nil6va 50 i ) T 075570
Ci0:20 ' Nif6 i Va 70 i e sl i s w.. 0.4433

QUENCHED CHROMIUM, ETC. NICKEL STEELS.

C0.20 Nié6
C0.20 Nis
C0.20 Ni6
C0.20 Ni$
C0.20 Nié6
C0.20 Nié6
C0.20 Nis
C0.20 Nié6
C0.20 Nié6
C0.20 Nié6
C0.20 Nié6
C0.20 Ni6~ Si
QUENCHED VANADIUM NICKEL STEELS.

C:0520 ENT28EVa 305040 et e s Loy 0.5600
Cl02208 NiZitvia 1704l S8 TR ininn s s ... 0.4636
QUENCHED SILICON NICKEL STEELS.

G020 N2 S L S e et e s alswiato s essss 0.4603
Ci0220 38 N1i23=Siz 18 0 R0 ssot et SO SR 0.5252
C 0202 Ni2:5S1:0.505005 05 o0 orvieee e S S 0.6131
NORMAL VANADIUM NICKEL STEELS.

G020 NI 6 Va3 O s e e r o des 103693
C020 0 N1:6 75 Vas0: 0ot o tol roneennsaeeut 053609
CiO205N1'6 =V a 70055 cotooons ebidate bl ear 70,3897
NORMAL CHROMIUM NICKEL STEELS.

C:0520 N1 S Cr 18 0 o s el 0.5628
C 032030 Ni:6= Cra15 0530 R ... 0.4639
C 0 20 N1 6 R Cri2 0 s ttats A . 0.5467
NORMAL TUNGSTEN NICKEL STEELS.

C 0220 = Ni'6 - Wrl 0 ot e S viimies 0.4517
C0.20 Ni6 W2.0....... SR e .. 0.4100
C.0:20 5 NI 6 W26 00 it Nr sy s de vewe e weeit 04319,
NORMAL MOLYBDENUM NICKEL STEELS.

C.0:20 = Ni'63 Mo 0250 Triss i edes 0.5203
C.0:20 N1 678 Mo 1: 07 IS T eUmio e, s iv2 05064
C0:20 N1 6 M0 2.0 8 i3S s s cesirvsonnsnse 0.4561
C0.20 Ni6 Mo5.0...... R e e S S 0.4311

NORMAL SILICON NICKEL STEELS.
C0.20 Nié6 ! Veeess  0.5094
C0.20 " N1 65 S10:80. 0 uie. ti i aideiaiicn. 0.3144
C.0:205EN16 0 S1:15 00 n e i v iau e v s stuie oves 0.2822
Ci0320 5 NI S 0 S1 21 0 s o el SO S s e 0.2722
Cl0208EN16 581200 s i SP e SRR TSI ST NS 0.3511
Mr., Turner's Tests—Standard, ' 200,000 elastic limit.

2000 alternations. Not comparable with preceding.

Vanadium Chrome Steels—No. 15, 0.5568; No. 17,
0.5203; No. 23, 0.6083; No. 24, 0.5333; No. 27, 0.6170.

Nickel Chrome Steels—No. 9, 0.3858; No. 21, 0.3907;
No. 28, 0.4810. GEORGE AUCHY.

*A MODIFIED KJELDAHL CONNECTING BULB.

A modification of the Kjeldahl connecting bulb, which is
not only useful but also tends toward greater accuracy in
ammonia determination, is represented in the drawing.
This was designed primarily for ammonia determinations
in water but will, no doubt, find favor in other ammonia
determinations as well.

The drawing speaks for itself, so there is little need for
an explanation of the modified apparatus. Chemists mak-
ing an ammonia determination in water with a Kjeldahl
flask connected to a condenser by a Kjeldahl bulb pursue

a method which is capable of greater experimental error
than it should be. In an effort to lessen this experimental
error, the above modification was made. With the old
style of bulb it was necessary, after freeing the apparatus
of ammonia, to remove the rubber stopper containing the
connecting bulb and pour it through the neck of the flask,
the sample of water to be analyzed. The stopper had to be
removed again when introducing the alkaline permanganate
for the determination of the albuminoid ammonia. This
makes possible the introduction of ammonia into the appa-
ratus which has previously been carefully freed of ammonia.
With the modified connecting bulb, the opening in the bulb
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is much smaller and is far removed from the body of the
flask, and the danger of contamination with ammonia when
the stopper is out of this opening while introducing the
water sample and the alkaline permanganate solution is re-
duced to a minimum.

The writer has used this form of the Kjeldahl connecting
bulb for more than a year and has found it very satisfactory.
They were made for the writer by E. H. Sargent & Co., of

Chicago. C. A. JENNINGS.
CHIEF CHEMIST AND SUPERINTENDENT
OF FILTRATION, UNION STOCK YARD

AND TrRANSIT CO., CHICAGO.

A SIMPLIFIED COMBUSTION CRUCIBLE.

In 18¢g the writer published a paper! describing an ordi-
nary platinum crucible which, for combustion purposes,
could be closed by means of a water-cooled brass stopper
fitted with a rubber band and provided with inlet and out-
let tubes. In 1g9or he described a special water-jacketed
crucible? to be used in connection with the water-cooled
stopper. This latter form has come into rather extensive
use. A disadvantage, however, is its rather high cost,
the 6o cc. size weighing about 92 grams; it is also rather diffi-
cult to manufacture and repair.

In the latest form of the apparatus? the crucible is a simple
one, without the water jacket. It is 60 cc. capacity, rather
deep in form, and weighs only so grams. When provided
with an ordinary cover, to be used when making fusions,
the weight is 57 grams. The crucible is accurately fitted
with a rigid knurled ring around its upper part, easily re-
movable. The water-cooled German silver stopper, instead
of having a rubber band to secure a tight joint, is ground
into the crucible. This joint may easily be kept tight by
an occasional grinding in, using for this purpose a little glass,
finely ground in the agate mortar with oil.

A very good way to secure absolute tightness and, at the
same time, a certain lubrication, is to melt the rubber at
the extreme end of a “‘policeman’ in the flame and apply
the minutest amount possible at intervals around the upper
edge of the crucible. Now insert the stopper tightly with a
turning motion. One milligram of rubber is enough for
the purpose and the water circulation prevents this from
being affected by the heat.

The advantages of this form of apparatus over the older
form are:

1. The 60 cc. crucible weighs about 40 grams less and, on
account of its simple form, it is less expensive to make.

2. When provided with an ordinary platinum cover it
is a fusion crucible, on removal of the ring. Its deep form
is desirable for fusions. This ready adaptability for both
combustions and fusions is an advantage in any laboratory,
especially the small one in which platinum is limited.

3. By doing away with the rubber band there is no risk
of losing a determination in case the water supply fails
temporarily.

4. The knurled ring protects the mouth of the crucible
from injury and stretching, supports the crucible at the
proper height in the asbestos board, and helps to secure a
tight joint

1 Jour. Am.Chem. Soc., 21, 1899.—"Carbon Combustions in a}Plat-
inum Crucible.”

2:Ibid:, 23.—"'A Spiral Crucible for Carbon Combustions.”
¢ 3 Patented 1909.
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5. It is more convenient than the older form because it
may be removed easily from its support for charging; this
is especially advantageous in direct combustions of steel.

6. Smaller cost of repairs and renewals.

The writer, nearly ten years ago, tried nickel in place of
platinum, but found it more expensive in the long run and
otherwise less desirable. It is estimated that one carbon

FIG: I

2]

combustion in a 6o cc. platinum crucible costs about 1/3
of one cent for platinum, counting interest on the in-
vestment, repairs and final scrapping. The short life of a
nickel crucible makes each combustion cost about 3 cents in
nickel, with risks of faulty results toward the end of the
life of the crucible.

The train for carbon determination is as follows: 1. The
oxygen tank 2. KOH bulbs. 3. A small guard bulb. i 4. The
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crucible. 5. The burner. 6. A water-jacketed brass CuO tube.
7. The zinc tube according to Johnson. 8. Calcium chloride
tube. 9. Soda-lime U-tubeorotherabsorbent. 10. A small
guard tube of CeCl,. 11. An empty bottle provided with
inlet and outlet tubes, the latter dipping under the surface
of water contained in a small beaker for the purpose of noting
the rate of flow of oxygen in direct combustions. The CuO
tube is used only when making carbon determinations by
the solution method and for organic combustions; for di-
rect combustion of steel it is not needed. As a source of
heat, a good Bunsen burner with a hot ‘“‘roaring” flame is
sufficient for most purposes. In many combustions, how-
ever, the upright blast lamp is necessary. For absorbent,
a soda lime U-tube weighing, when filled, anywhere from
50 to 100 grams, is used. The soda lime should be about
20-mesh in size and free from powder.

Drillings of steel for direct combustion should be thin
and should be between 20- and 6o-mesh in size. As a base
for the drillings a great many substances have been proposed
and the writer has tried most of them, among them sesqui-
oxide of iron both in the form of rich hemetite ore and chem-
ically pure sesquioxide. With the latter good results may
be obtained, but it is rather hard to get it reliably free from
“blank.” Very satisfactory results may be obtained by
using sea sand previously washed and well ignited. The
grains are rounded; it holds the fused oxide well and leaves
the crucible clean.

In charging the crucible, put in not less than 1/4 inch
deep of the sand, hollow out a little depression and pour
the drillings into the middle of it through a funnel with
wide and short stem. Cover the drillings with a mixture of
finely divided ignited asbestos and powdered CuO. One-
half the factor weight—1.3635 gram—is the usual weight
of steel used. Combustion should be active in from 1 to 3
minutes and should be complete in 20 minutes or less.

Carbon in pig-iron may be determined by direct combus-
tion on the sand, without admixture, but it is best to use
the blast lamp. When red lead is used it is, of course, neces-
sary to use a porcelain crucible, with sand, inside the plat-
inum crucible. :

In determining carbon in ferro-chrome, very good results
were attained by burning on the sand a very intimate mix-
ture (mixed on glazed paper with spatula) of 0.6818 gram
of the finely ground ferro-chrome with four times its weight
of powdered CuQ.

A little experience and observation will soon indicate the
best way to make direct combustions in the various steels
and alloys, but it is always best to avoid coarse or thick
drillings and brittle alloys should be finely pulverized. It
is always well, when in any doubt as to the completeness of
the combustion, to examine the fused mass for metallic
particles by grinding in a mortar.

A few results follow:

By solution By direct
" and combustion. combustion.
[0.137 0.137
0.240 0.239
l 0.424 0.420
Straight steels........... 0.600 0.603
0.829 0.823
. 1 1.036 1.035
0.627 0.628
| 0.452 0.456
PIFITON TS ofes b as 2L e R et 3.62 3.64
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By direct cpmbustion.

Ferro-chrome. it 000 7.09 7.10 7.12

Alloy steel—W, Cr, V.... 0.450 0.444
= o NiECra Vi 0.920 0.916
2 18 N1 CriaVarie 0.660 0.666
o ke WG =V 0.542 0.5350
% 8 NijCe e in 0.194 0.196
& b Crre Vi sar Siatary 0.998 1.000

PORTER W. SHIMER.
EASTON, PA.

NOTE ON A RAPID COOLING ELECTRICALLY HEATED
COMBUSTION TUBE.

The object aimed at in designing the furnace described
below was to devise a combustion tube which would com-
bine the advantage of rapid and equal heating of an elec-
trically heated combustion tube with the rapid cooling of a
gas-heated combustion furnace. Most electrically heated
furnaces are so carefully insulated against loss of heat by
radiation that when the heating current is cut off the cooling
of the furnace is very slow. Fused silica combustion tubes
have been used so that a cold combustion boat could be
pushed into a hot tube without danger of cracking the lat-
ter. Experience in this laboratory has gone to show that
if the combustion boat, containing the sample, particularly
iron or steel, can be put into a cold or nearly cold furnace,
and the temperature raised to about goo®, that complete
combustion of the carbon can be readily effected without
danger of the residual oxides spattering, thus endangering
the tube. Porcelain combustion boats, provided with a
thin sheet platinum lining, are usually preferred by the
author.

The combustion furnace, which has given very satisfac-
tory results in this laboratory, is made from a porcelain
combustion tube, 78 cm. long, 24 mm. inside, and 30 mm.
outside diameter, provided with a side arm about 5 cm.
from one end. A tube of fused silica might easily be sub-
stituted for the porcelain tube, but the silica tubes are not
made with sidearms, and are usually not made true enough to
be easily stopped gas-tight with a rubber stopper. With the
system of winding used in the furnace to be described, there
is not much danger of cracking a porcelain tube by too
rapid heating.

For electric heating, the tube is wound with a ‘‘ Nichrome"’
ribbon, 4.7 mm. (3/16 inch) wide and o.1 mm. (0.004 inch)
in thickness. The general construction of the furnace is
shown in the accompanying sketch. The wound portion
in the central part of the tube is about 38 cm. in length.
Before winding with the nichrome ribbon, this portion of
the tube was wrapped with two thicknesses of thin, pure as-
bestos paper, laid on wet with water only. The nichrome
ribbon was bent at right angles and at the bent portion was
wired to the asbestos with a piece of nichrome or nickel
wire. The tube was then wound spirally, the space between
adjoining spirals being about two mm. When this first
winding was complete, the end was again wired, the ribbon
bent at right angles, and carried along the top of the tube
for connection with the binding posts, B. When the inner
winding had been put on, this was wrapped with four thick-
nesses of thin pure asbestos paper, extending about one
cm. beyond the beginning of the spiral wind. The four
outer layers of asbestos were put on wet with water only,
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and outside of this a second winding of nichrome ribbon
was wound. This outer layer of nichrome ribbon is
wound with the edges close together, thus forming a prac-
tically continuous thin metal jacket, insulated from the
inner nichrome winding, but serving to prevent the asbestos
from crumbling and falling off after heating. At each end
of the nichrome jacket, which was prevented from unwind-
ing by wiring with nichrome or nickel wire, a collar, A,
about 3o mm. wide and 8 mm. thick, was made by winding
that portion with a strip of thin asbestos wet with a dilute
solution of sodium silicate. The binding posts, B, were
first soldered to a strip of copper, the width of the binding
post, and about 30 mm. long. The second strip of copper,
of the same size, could be fastened to the under side of the
binding post by means of a screw. Connection with the
nichrome ribbon is made by inserting it between these
two copper strips before tightening the screw. FEach bind-
ing post was attached to the porcelain tube by first wrapping
the latter with a strip of asbestos, wet with dilute sodium
silicate, thus making a collar about 40 mm. wide and 3 or
4 mm. thick, The binding post was then placed on this
collar and firmly fastened by means of a ceuple of wires.
After the nichrome windings were complete, and connection
made to the binding posts, the tube was thoroughly dried
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to the porcelain tube by packing the space, J, with a stiff
mixture of talc and diluted sodium silicate. When this
latter mixture has been thoroughly dried in the drying oven,
the tube was evacuated and the joint at J made perina-
nently gas-tight by applying hot rubber cement. When
in use, the portion of the porcelain tube from' the nichrome
jacket to the outlet end is filled with pieces of porous ware,
and the heated portion of the tube, for a distance of about
10 cm., is filled with similar pieces which have been platin-
ized by first saturating with a dilute solution of platinic
chloride, and subsequently drying and igniting at a bright
red heat. After the boat containing the sample has been
pushed into the furnace, a porcelain plug, K, about 12 cm.
long is put in in order to prevent radiated heat from affecting
the rubber stopper, I.. The plug, K, consists of a piece of
porcelain tubing 12 mm. inside diameter, provided with a
nickel wire loop at one end and. silicated asbestos collars
at both ends, these collars increasing the diameter almost
to that of the inside diameter of the combustion tube. The
rubber stopper, L, used for closing the open end of the com-
bustion tube, contains a piece of clear glass rod, M, cut the
length of the stopper and polished at both ends. Through

this glass, and the hollow plug K, the color of the interior
of the combustion tube may be readily observed.

in a drying oven, in order to harden the asbestos collars at
the ends of the nichrome jacket, and under the binding
posts. In order to prevent loss of heat, the removable
mantle, C, was made, by thoroughly wetting with sodium
silicate three or four thicknesses of heavy sheet asbestos,
and shaping it over a piece of tubing a little larger in diam-
eter than the collars, A. Asbestos soaked in a solution of
sodium silicate, diluted with twice its volume of water,
after drying, became quite hard and strong, and has been
found very useful in this laboratory for a good many years.
The mantle, C, is provided with a loosely fitting bottom, D,
made from a strip of heavy asbestos board hardened with
sodium silicate, The mantle bottom, D, when the furnace
is in use, rests upon three heavy wire pins, E, passing through
the mantle. If these pins are pulled out, the bottom and
mantle can be easily removed, thus permitting the furnace
to cool quickly; at the same time the asbestos and nichrome
jacket are sufficiently thick to prevent the tube from crack-
ing. When in use, the combustion tube is supported by
means of two adjustable supports, F. :

Oxygen for combustion is admitted through the side arm,
G, and the products of combustion pass out through the
thick-walled glass tube, H. This glass tube is cemented

The heating current is controlled and measured by means
of a rheostat and ammeter, kept in the circuit during the
working. When testing the rate of heating and cooling, a
standardized platinum rhodium thermocouple was in-
serted into the furnace in place of the combustion boat. With
the heating current maintained at 8.3 amperes the thermo-
couple showed a temperature of 500° in five minutes and
thirty seconds, 600° in seven minutes and fifteen seconds,
700° in nine minutes and fifteen seconds, 8o0° in
twelve minutes, 9oo° in fifteen minutes and fifteen
seconds, 950° in nineteen minutes and thirty seconds. Nine
hundred degrees is hot enough for direct carbon combus-
tions in iron and steel, and 7.9 amperes was the current re-
quired to maintain the furnace at this temperature.

Starting with a temperature of 934° the rate of cooling
is shown in the following table, which gives the temperature
at intervals of two minutes:

Time in Temperature in
minutes. degrees centigrade.
0 935.0
2 800 [0
4 650.0
6 329.0
8 435.0
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* Time in Temperature in
minutes. degrees centigrade,
10 368.0
12 314.0
14 271.0
16 238.0
18 206.0
20 180.0
22 158.0
24 140.0
26 125.0
28 112.0
30 100.0

EpwARD DEMILLE CAMPBELL,
EDGAR NATHANIEL GOTT.
CHEMICAL LABORATORY,
UNIVERSITY OF MICHIGAN;
ANN ARBOR.

HOME-MADE ELECTRIC FURNACE.,

In view of the fact that the writer has received a great
many inquiries as to the method of making the electric fur-
nace referred to in the article entitled ‘‘ Economy in the Use
of Oxygen, Etc.,”” * he believes that a note describing the
same may be of interest to others.F
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project far enough for a connection and wind the strip of
platinum tightly around the tube, leaving about 1/4” or
more between turns and fasten with the clamp at the other
end, allowing it to project in a similar manner for connec-
tion with the current. The length of the tube wound with
resistance should be about g” and not more than 10”. Cover
this avith a plaster about 1/8” to 1/4” thick made of broken
up pipe covering mixed with water and enough fire clay to
act as a binder, putting it on in much the same way as frost-
ing is put on a cake, thus enclosing the resistance in an in-
fusible casing which proves very efficient in preventing a
short circuit. Next cut off a piece of magnesia pipe cover-
ing (1 3/4” inside diam.) ¢” long and put it around the tube,
replacing the cloth cover with asbestos and fasten it on with
a few turns of iron wire, Prepare a stand similar to that in
the illustration (scale: 1/2” = 1) in THIS JOURNAL and
place on the iron brackets of the stand two pieces of
pipe covering, one inside the other, the outside one having
an inside diameter of 77, and the inside one an outside diam-
eter of 7”.

Slip the tube into its position and strap it down with
pieces of leather thong to the two uprights—these should
be of such a height above the brackets as to support the
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FURNACE Lamps SWITCH

The furnace is strictly ‘home-made” and gives excellent
service. As before brefly explained, it is a porcelain tube
wound with a platinum resistance and jacketed with pipe
coverings. A porcelain tube is to be preferred to one of
quartz on account of the repeated annealing it has to undergo
in cooling off every night. The condition of the former is
improved by such treatment, but the latter assumes a crys-
talline structure and becomes very brittle. The tube should
be about two feet long and one inch in diameter. The re-
sistance is a strip of platinum foil, 8 feet long, 4 mm. wide,
and about 10 mm. thick, with the last four inches of each
end left about 10 mm. wide in order to have metal enough
to make a good cool connection with the circuit.

To make up the furnace, moisten a piece of sheet asbestos
16” long by 1/16” thick, and wide enough to encircle the
tube, and wrap it once around the tube, having first covered
the latter with a little water glass solution. Make a couple
of clamps of sheet nickel. These are bands about 1/2"
wide and 1/32” thick clamped together with small bolts
and nuts and are intended to hold the two ends of the foil.
Put them on about six inches from each end of the tube
and clamp one end of the foil under one of them, letting it

! Tais JOURNAL. 1, 375.

GENERATER

tube independently of the outside jacket—then plaster up
each end of the jacket with a paste of pulverized pipe cov-
ering or of asbestos cement and the furnace is ready for use.

Sometimes the heat fuses the inside of the tube a little,
but when this is the case, magnesium oxide spread out on
the inner surface will soon prevent any further trouble. It
is necessary to use a nickel rod or wire to push the boat
into the tube, as an iron rod becomes magnetized and will
pull the drillings from the boat on being withdrawn.

We are at present using this furnace on a 220 volt direct
current circuit in series with a lamp back of twelve to four-
teen one ampere (100 c. p.) lamps. This gives a current of
about 12 amperes with a drop across the furnace of 3o to
35 volts and a temperature of 1100° to 1200° C. This, of
course, can be regulated to almost any degree by changing
the number of lamps. It is possible to attain a tempera-
ture of 1500° C., but it is not advisable to run it as high as
that, both on account of the liability of a burn-out and the
loss of platinum by volatilization. In case a burn-out oc-
curs it is a simple matter to weld the foil electrically, thus
making quick repairs possible. In fact it is possible to en-
tirely dismantle and rebuild this, furnace in less than an
hour. The cost of the furnace need not exceed $30, and it
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may be made for much less and operated with much less
power if a thinner foil is used as a resistance. The dimen-
sions given, however, are preferable for furnaces in ‘contin-
uous operation. The ideal method of using such a furnace
1S in conjunction with a motor-generator set, but the fol-
lowing sketch will show the method of wiring above de-
scribed. Wn. HERBERT KEEN.

LABORATORY OF THE FILTH
STERLING STEEL Co.,
WasHINGTON, D. C.
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The Lead and Zinc Pigments. By CLiFForRD DYER HOLLEY,
M.S., Pu.D., Chief Chemist, Acme White Lead and Color
Works. 12mo. Xv -+ 340 pp., 85 figures.  Cloth, $3.00
net. New York: John Wiley & Sons.

The thirty-one chapters of this book contain much that
is of interest and value. Much of the matter is of a his-
torical and descriptive nature. The analytical methods
are in the main adequate. Among the defects of the work
are selection of illustrations of superficial rather than in-
trinsic merit (notably the frontispiece), and the addition of
an appendix containing tables which are already in the
possession of all chemists in books of more convenient form.

The Scientific and Industrial Bulletin of Roure, Bertrand
Fils, of Grasse, for April, 1909 (Series 2, No. g), while appear-
ing rather late contains much matter of interest in connec-
tion with essential oils. Among other articles are these:
“The Resin Industry of the Landes;” ‘“Contribution to the
Study of Perfume-Yielding Plants;’ ‘“The Suppression of
Fraud So Far as Essential Qils Are Concerned;’ ‘‘Review
of Recent Work on the Perfumes and Essential Oils.” 8vo.
pDp. 160.

The Mineral Content of Illinois Waters. Bulletin No. 4
Illinois State Water Survey. Prepared in Codperation
with the State Geological Survey. By EDWARD BAR-
TOoW, J. A. UppEN, S. W. PARR, and GEORGE T. PALMER,
Urbana, 1909.

This volume contains an introduction by Edward Bartow;
Geological Classification of the Waters of Illinois, by J. A.
Udden; Classification of Mineral Waters, According to
Physical and Chemical Properties, by Edward Bartow;
Methods and Interpretations, by Edward Bartow; Boiler
Waters, by S. W. Parr; Mineral Springs of Illinois, by George
T. Palmer, M.D.

NEW BOOKS.

‘This list was prepared by Mr. Paul Escher, 1319 Pearl Street,
Alameda, California.

Agricultural Chemistry.
Moisture Content and Shrinkage in Grain.
DUVEL. pp. 13.
try.)

ByoJos Wikl
(Circular 32, Bureau of Plant Indus-

Agriculture for Southern Schools. By JouN FREDERICK
DuGGaRr, Louisiana edition. MacMillan Co., New York,
1L, 12, $.6ox. Cloth, xi. 340 pp. xli pp., index.
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Fertilizers.

Artificial Manures: Their Chemical Selection and Scientific
Application to Agriculture. By M, GEORGE VILLE, trans-
lated and edited by Sk WiLLiam CrookEs, New edition
revised by SR WiLLiam Crooxes, D.Sc, E.R.S., and
JouN PERCIVAL, M.A. 6 plates. 8vo. pp. xI, 348.
Longmans, Green & Co., London and New York. Price,
$3.00 net,

Chemical Conversion Tables. For use in the analysis of
fertilizers, fertilizing materials, iron and its products,
etc. By H. B. BATTLE, PH.D., and W. J. GASCOYNE,
Pr.D. Pocket size, indented reference index, Williams
& Wilkins Pub. Co., Baltimore, Md. Price, $2.50.

Mining and Metallurgy.

Antimony. By WAaNG ChnunG Yu.
Philadelphia. 1909. Price, $4.00.
The Nature of Ore Deposits.

H. WEED, R. BECK.
York., $6.00.

J. B. Lippincott Co.,

Translated and revised by W.
1909. Hill Publishing Co., New

Fuel.

On the Rate of Formation of Carbon Monoxide in Gas Pro-
ducers. By J. K. CLEMENT, University of Illinois, Urbana,
1009,

Das Erdol, Seine Physik, Chemie, Geologie, Technologie, Etc.
By C. ENGLER and H. HorEr. 5 binde. Band 2. Geologie,
Gewinnung und Transport. Mk, 46, geb. 50.

Paints.

Lead and Zinc Pigments. By C. D. HOLLEY.
& Sons, New York. Price, $3.00.

John Wiley

Industrial Chemistry.

Chemistry for Engineers and Manufacturers.
and A, G. Broxam. Vol. II,
facturing Processes, = 8vo., cloth,
Lippincott Co., Philadelphia.

By B. BLOUNT

The Chemistry of Manu-

IS Taspps s B

Price, $4.00.

By H, C. PRINSEN GEER-
12s. Norman Rodger,

Cane Sugar and Its Manufacture.
L1GS. Large 8vo., pp. 350.
Altrincham, Manchester.

Tables and Diagrams of the Thermal Properties of Saturated
and Supersaturated Steam. By LIONEL S. MARKS, M.M.E.,
and HarveEy N. Davis, Pu.D. Large 8vo., pp. 106.
Longmans, Green & Co,, London and New York. $1.,00
net; by mail $1.10.

Die Fabrikation der Lacke, Firnisse und des Siegellacks. By
EricH DETTMERS. (116 Band. Bibliothek der gesamten
Technik,) 8 dbb, Mk, 2.60. M. Janecke, Hannover.

Chemisches Auskunftsbuch fiir Fabrikanten,
bende und Landwirke. By HuGo KRAUSE.
ben, Leipzig und Wien. Mk, 4.80.

Gewerbetrei-
A. Hartle-

SCIENTIFIC AND INDUSTRIAL SOCIETIES.

ASSOCIATION OF STATE AND NATIONAL FOOD AND
DAIRY DEPARTMENTS.

The thirteenth annual convention of the Association of
State and National Food and Dairy Departments was held
at the Brown Palace Hotel, Denver, Colo., August 24-27,
1909. On the opening day, August 24, addresses of wel-
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come were made by the Governor of Colorado, the Mayor of
Denver, and the Secretary of the State Board of Health,
followed by a response by Food Commissioner A. C. Bird,
of Michigan. President J. Q. Emery, of Wisconsin, then
delivered his address in which he noted the progress made
by the association during the year. He discussed at length
the question of benzoate of soda and criticized the findings
of the Referce Board appointed to investigate its effect on
health when present in food products. By general request
Hon. James Wilson, Secretary of Agriculture, then addressed
the Association, defending the Referee Board and calling
for its fair treatment at the hands of the Association.

During the afternoon session five minute speeches were
made in the most salient features in the food, dairy and
drug control work of the respective states, by the various
commissioners, executive officers and visiting chemists
representing the states that follow: California, Colorado,
District of Columbia, Georgia, Illinois, Idaho, Indiana,
Towa, Kansas, Kentucky, Louisiana, Maine, Maryland,
Massachusetts, Michigan, Minnesota, Missouri, Nebraska,
New Jersey, New York, North Carolina, North Dakota,
Ohio, Oklahoma, Oregon, Pennsylvania, South Dakota,
Tennessee, Texas, Utah, Wyoming and Wisconsin. A food
chemist’s conference was listed for Tuesday afternoon, but
was not held.

On Wednesday the delegates and guests enjoyed a com-
plimentary, all-day mountain trip through Clear Creek
Canyon over the Georgetown Loop and to the summit of
Mt. McClellan, over 14,000 feet above the sea.

On Wednesday evening a meeting was held at which
Commissioner E. E. Ladd, of North Dakota, addressed the
Association on a Model State Food Law, and Commissioner
H. E. Barnard, of Indiana, spoke on Sanitary Inspection of
Food Products and Distribution.

Thursday’s program opened with a discussion of the report
of the Referee Board on sodium benzoate, beginning with
short addresses by Doctors Ira Remsen, R. H. Chittenden,
John H. Long and C. H. Herter, members of the Board.
This was followed.by a brief report of a committee of State
Food Chemists, appointed by the executive committee to
review the experiments and conclusions of the Referee Board,
the members of that committee being Messrs. M. A. Sco-
vell, Chairman, Lexington, Ky., W. M. Allen, Raleigh, N.
C., E. H. S. Bailey, Lawrence, Kansas, H. E. Barnard, In-
dianapolis, Ind., Richard Fischer, Madison, Wis., J. Hort-
vet, St. Paul, Minn., M. E. Jaffa, Berkeley, Cal., E. F. Ladd,
Agricultural College, N. D., Floyd W. Robinson, Lansing,
Mich., Jas. H. Shepard, Brookings, S. D., and Chas. D.
Woods, Orono, Me. Dr. Chas. A. L. Reed, of Cincinnati,
Chairman of the Legislative Committee of the American
Medical Association, then read a paper on “Some Queries
Suggested by the Referee Board on Benzoate of Soda,” in
which he criticized the methods employed by the Board,
claiming that dietaries were selected of a nature specially
adapted to add weight to the subjects experimented on,
and suggested that the experiments were conducted by
subordinates not under the immediate supervision of the
‘members of the Board. Doctors Remsen, Chittenden and
Long made further remarks in reply to Dr. Reed and ended
the discussion, A paper was read by Dr. D. R. Lucas, of
Columbia University, on ‘‘Some Effects of Sodium Benzoate.”
A resolution was then introduced to place the Association
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on record as endorsing the findings of the Referee Board.
The discussion that followed developed the fact that two
sides were sharply drawn on this issue, the resolution barely
passing by the preponderance of one state, the vote being
57 to 42.

On Thursday afternoon the following papers were read:

The Chemistry of Bleached Flour, by Dr. H. W. Wiley,
Chief Bureau of Chemistry, Chairman Food and Drug In-
spection Board, U. S. Department of Agriculture, Wash-
ington, D. C.

The Need of State Laws to Protect the Consumers’ Meat
Supply, by Miss Alice Lakey, Chairman Food Committee,
National Consumers’ League, Cranford, N. J., read by Mrs.
Florence Kelley, Executive Secretary, National Consumers’
League, New York.

Organization and Work of the U. S. Branch Food Labora-
tories, by Dr. W. D. Bigelow, Chief of Division of Foods,
Bureau of Chemistry, Department of Agriculture, Washing-
ton, D. C.

An address was also made by Wm. Hudson, of Michigan,
representative of the National Wholesale Grocers of the
U. S.

On Friday morning papers were presented as follows:

Soda Fountain Syrups and Crushed Fruits without Pre-
servatives, by W. P. Anderson, Secretary, J. Hungerform
Smith Co., Rochester, N. Y.

The Preparation of Condiments without Preservatives,
by Chas. EF. Louden, President, the Louden Packing Co.,
Terre Haute, Ind.

The Advance toward Higher Food Standards, Some
Helps and Some Hindrances, by L. S. Dow, of H. J. Heinz
Co., Pittsburg, Pa.

Some Important Facts Worthy of Consideration, by A.
F. Merrell, President the Oyster Growers and Dealers’ Asso-
ciation of North America, New York.

By resolution adopted on a previous day, the discussion
on the controversial whiskey question, due for Friday's
session, was omitted.

Friday afternoon was devoted almost entirely to the
election of the following officers: ;

George L. Flanders, N. Y., President.

L. P. Brown, Tenn., 1st Vice-president.

D. Harvey Dillon, La., 2nd Vice-president.

Andrew French, Minn., 3rd Vice-president.

W. M. Allen, N. C., Secretary.

James Foust, Penn., Treasurer.
EXECUTIVE COMMITTEE.

C. D. Woods, Me,

S. H. Crumbine, Kas.

A. N. Cook, S. D.

New Orleans was selected as the place of the next meet-
ing.

The social features of the convention were most enjoyable.
Besides the all-day complimentary mountain trip to Mt.
McClellan already spoken of, at which, by the way, eatables,
drinkables and smokables were liberally provided during
the day, a sunset banquet was tendered delegates and
guests on Thursday evening, at Lakeside, and an automobile

-trip arotnd the city on Friday morning.

ALBERT E. LEACH.
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ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS.

The twenty-sixth annual convention of the Association
of Official Agricultural Chemists met at the Brown Palace
Hotel, Denver, August 26-28, 1909. Seventy-five members
and guests registered during the convention, which met at
virtually the same time as the Association of State and
National Food and Dairy Departments and in adjacent
rooms of the same hotel. The main order of business was
as:f ollows:

THURSDAY, AUGUST 26.
MORNING SESSION.

Phosphoric Acid, W. F. Hand, Mississippi.

Nitrogen, C. H. Jones, Vermont.

Potash, B. B. Ross, Alabama,

Soils, S. D. Averitt, Kentucky.

Inorganic Plant Constituents, . W. Robison, Mich.

Additional papers prepared by Messrts. Trescot, Eraps,
Stevens and Withers were presented.

AFTERNOON SESSION.

Appointment of committees (constitution,
etc.).

Insecticides, C. C. McDonnell, Washington, D. C.

Water, J. K. Haywood, Washington, D. C.

Committee A on Recommendations of Referees, J. K.
* Haywood, Washington, D. C.

Reports of committees:

On Unification of Terms, R. J. Davidson, Blacksburg, Va.

On Fertilizer Legislation, H. W. Wiley, Washington, D. C.
- On Testing Chemical Reagents, L. F. Kebler, Washing-
ton, D. C.

On Revision of Methods, ]J. K. Haywood, Washington,
DEC:

resolutions,

FRIDAY, AUGUST 27.
MORNING SESSION.

Food Adulteration, H.' E. Barnard, Indiana.

Colors, H. M. Loomis, Washington.

Saccharine Products, C. D. Howard, New Hampshire.

Fruit Products, C. B. Cochran, Pennsylvania.

Wine, Julius Hortvet, Minnesota.

Beer, H. E. Barnard, Indiana.

Distilled Liquors, I.. M. Tolman, Washington, D. C.

Vinegar, R. W. Balcom, Tennessee.

Flavoring Extracts, E. M. Chace, Washington, D. C.

Spices, A. F. Seeker, New York.

Baking Powders and Baking Chemicals, E. C. Clark,
Massachusetts.

Meat and Fish, F. C. Weber, Washington, D. C.

Fats and Qils, T. J. Bryan, Illinois.

Dairy Products, H. C. Lythgoe, Massachusetts.

President’s Address (special order for 12 o’clock), W. D.
Bigelow, Washington, D, C.

In addition to the regular program an address was pre-
sented by Hon. James Wilson, Secretary of Agriculture, and
papers were read by Messrs. Barnard, Ross, Horne and
Smith.

AFTERNOON SESSION.

Cereal Products, E. F. Ladd, North Dakota.

Vegetables, W. L. Dubois, New York.

Condiments Other Than Spices, H. E. Bishop, Indiana.

Cocoa and Cocoa Products; Tea and Coffee, A, G. Wood-
man, Massachusetts.
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Preservatives, P. B. Dunbar, Washington, D. C,

Water in Foods, P. F. Trowbridge, Missouri.

Separatlon of Nitrogenous Bodies: Meat Proteids, P. F.
Trowbridge, Missouri.

Milk and Cheese Proteids, G. E. Patrick, Washington, D. C.

Vegetable Proteids, R. Harcourt, Canada.

Committee C on Recommendations of Referees,
Winton, Illinois.

Committee on Unification of Methods of Analysis of Fats
and Oils, L. M. Tolman, Washington, D. C.

Committee on Standardization of Alcohol Tables, L. M,
Tolman, Washington, D. C.

Papers were presented at this session by Messrs. Smith
and Hiltner.

A T,

SATURDAY, AUGUST 28.
MORNING SESSION.

Dairy Products, J. M. Bartlett, Maine.

Foods and Feeding Stuffs, J. P. Street, Connecticut.

Sugar, Chemical Methods, A. H. Bryan, Washington, D. C.

Molasses Methods, A. P. Agee, Louisiana.

Committee B on Recommendations of Referees, E, W.
Woll, Wisconsin.

» Special Committees (resolutions, constitution, etc.).

Tannin, F. P. Veitch, Washington, D. C.

AFTERNOON SESSION.

Drugs and Medicinal Plants, I.. F. Kebler, Washington,
D. C.

Medicinal Plants, C. H. LaWall,
Rusby, New York.

The officers for the coming year are as follows:

EXECUTIVE COMMITTEE, 1909—IQIO.

W. A. Withers, Raleigh, N. C., President.

F. W. Woll, Madison, Wis., Vice-President.

- H. W. Wiley, Washington, D. C., Secretary.
ADDITIONAL MEMBERS.

James M. Bartlett, Orono, Me.

J. T. Willard, Manhattan, Kans.

The members of the Association enjoyed the same social
features that were tendered to the Association of State and
National Food and Dairy Departments, ‘and in addition a
complimentary smoke talk was held by the Western Asso-
ciation of Technical Chemists and Metallurgists in their
honor.

Pennsylvania; H. H.

The second International Congress for the Suppression
of Fraud will be held under the auspices of the White Cross
Society of Geneva, at Paris, during October, 19og. An
elaborate program has been prepared which covers the fol-
lowing subjects: Food Stuffs, Chemical Products, Pharm-
aceuticals, Essential Oils and Aromatics, and Mineral Waters.

The Second International Road Congress will be held
at Brussels, July 31 to August 6, 1910. The first congress
was held in Paris during 1908. ALBERT E. LEACH.

RECENT PATENTS.

The following patents relating to industrial engineering
chemistry are reported by C. L, Parker, solicitor of chemical
patents, McGill Building, go8 G Street, N, W,, Washington,
DECE
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926,352. Method of Purifying Coal-Gas and Collecting By-
Products. TroMAS McWarrTers, Hawkins Station, Pa,
June 29, 1909,

The process consists in purifying coal gas and collecting
in the by-products thereof, passing the gas at a temperature
of 300° Fahrenheit or thereabout, through a washer and
thereby reducing the temperature of the gas to a tempera-
ture sufficient to eliminate substantially all the tar from the
gas, then lowering to and maintaining the gas at a tempera-
ture sufficient to prevent the ammonia present assuming
gaseous form, and finally by a further reduction in tempera-
ture eliminate the lighter tar and the liquor containing the
remaining ammonia, g

026,413. Process for Oxidizing Atmospheric Nitrogen by
Electricity. DEMETRIO HELBRIG, Rome, Italy, June 29,
1909,

This is a process of oxidizing atmospheric nitrogen by
electricity in which compressed air is projected by two
opposite nozzles arranged in line, against an arc produced
between suitable electrodes, whereby two sheaves of flame
are produced which spread out along the electrodes in a
plane normal to the direction of the nozzles.

025,088. Process of Hardening Tantalum. WERNER VON
BorroN, Charlottenburg, Germany, a corporation of
Germany, June 22, 1909, y
The process consists in adding to tantalum 3 per cent. of

silicon.

026,729. Manufacture of Producer Gas. WiLLiam J.
CrosSLEY, Openshaw, Manchester, and THOMAS RIGBY,
Fairfield, Manchester, England, July 6, 1909.

This is a process of manufacturing producer gas by sub-
jecting the fuel to a primary combustion while being mechan-
ically agitated, continuously and automatically passing the
resultant coke to the gas producer proper and passing the
primary products of combustion through the coke in the
gas producer,

926,820. Refractory Material and Process for Producing
the Same. CHARLES L. NorroN, Manchester, Mass.,
July 6, 1909,

The process consists in roasting a mixture of magnesium
carbonate and a silicious sand until the carbonate is thor-
oughly calcined, mixing the calcined magnesium and sand
with asbestiform fiber and hydraulic cement, adding water
to the aforesaid mixture of solids in quantities sufficient to
form a wet pulp, and then subjecting the pulp to pressure
while hydration of the cementitious materials is in progress,
expressing the surplus water and compacting the entire
mass.

926,080. Process of Making Alloys.. Jomn T, H. DEMPS-

TER, Schenectady, N, Y. July 6, 1909.

The process consists in melting a quantity of nickel with
a decarbonizing agent in a clay lined crucible to reduce the
carbon, adding iron and chromium in suitable proportions,
then adding manganese and pouring the mixture before the
manganese attacks the clay lining.

926,009. Process of Producing Digestible Substances from
Keratin. CArL - NEUBERG, Charlottenburg, Germany.
July 6, 1909.

This is a process for converting keratin or keratin sub-
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stances into digestible albumoses and peptones by sub-
jecting keratin substances to the action of mineral acids
for a time and at a temperature to transform the keratin
until a diluted sample of the reaction liquid to which a pre-
cipitant for albumoses has been added after filtration shows
no amino-acid nitrogen, whereupon the formed albumoses
and peptones are isolated,

927,021. Process of Treating Arsenical Ores and Speiss.
Anson G. Berrs, Troy, N. Y. July 6, 1909.

This is a process of treating speiss by dissolving it as anode
in a solution of a salt of a metal depositable more readily
than hydrogen, while depositing said metal on' the cathode
and utilizing the full cathode effect of the current in metal
deposition, and recovering metal of the speiss from the
solution,

027,046. Method of Treating Ores.
New York, N. Y, July 6, 1909.
This process is designed for the treatment of refractory

sulfid ores, more especially those containing sulfids of iron,

lead, silver, and gold. The process depends upon the action
of heat, sulfur, oxygen and salt, The process consists in -
subjecting the ores to the action of heat in the presence of
air, mixing sulfur therewith (unless there is enough sulfur
in the ore), mixing salt therewith, heating the mixture in
the presence of air to a degree sufficient to volatilize the
metals or other compounds which it is desired to recover
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passing the volatilized products into a condenser containing
a liquid, intimately mixing said volatile products with said
liquid and with air, causing the liquid to repeatedly pass
through the condenser, allowing the excess of air to escape
from said liquid during its passage, cooling the liquid at one
period of its passage through a part of said condenser, col-
lecting the solid products deposited in said liquid, and
treating the liquid and solid products to obtain the metals,
lead, copper, silver, and gold in the usual way.

927,135. Process of Making Acetate of Lime. ROBERT

W; ErwiN, St, Louis, Mo. July 6, 1909,

This is a process of making acetate of lime by evaporating
a solution thereof in vacuum until the liquid reaches a specific
gravity of substantially 1,08, continuing said evaporation
in another vessel until the specific gravity of the liquid
reaches substantially 1,12, further evaporating the liquid
in an independent vessel until the specific gravity thereof
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reaches substantially 1.16 or at the point of crystallization,
and subsequently drying said crystals in vacuum.

927,108. Process for the Production of a Leather Substi-

tute. RUDOLF WEEBER, Vienna, Austria-Hungary. July
6, 1909,
This is a process for producing a leather substitute by

adding fibrous material to a solution of balata, caoutchouc
and gutta percha, precipitating the agglutinant on to the
fibrous material, separating the fibrous material from the
solution, adding an oil to make the fibrous material soft
and flexible, and forming said material into a sheet.

027,202, Method of Uniting or Welding Metals. WiL-
L1AM S, SimpsoN, London, England, July 6, 1909.
This is a method of welding metals fusible at different

temperatures, including iron or steel and copper, by sub-
jecting the metals to heat at least equal to the fusing tem-
perature of the metal that is fusible at the lower tempera-
ture and simultaneously subjecting the same to a carbon-
aceous material.

027,342. Process of Recovering Sulfur. WarLTHER FELD,
Zehlendorf, and AnxTON JaHL, Honningen-on-the-Rhine,
Germany. July 6, 1909.

This is a process for obtaining sulfur from sulphur dioxid
and sulfuretted hydrogen by passing these gases through
liquid having the power of dissolving the sulfur as it sepa-
rates.

027,374. Process of Manufacturing Incandescent Man-
tles. ARTHUR MULLER, Furstenwalde-on-the-Spree, Ger-
many. July 6, 1909.

The mantles are manufactured by impregnating the
fabric of the latter with a colloidal solution of an oxid-hy-
drate of a rare earth,

027,418. Process of Manufacturing Gas from Wood. BUR-

DETT Loomis, Hartford, Conn, July 6, 1909.

This is a process of making fixed producer gas from wood
by placing in the base of a cupola a regulated body of hard
carbon, then igniting and burning a body of wood on top
of the hard carbon, drawing the resulting flame down through
the hard carbon, and heating it to incandescence, feeding
wood as required and drawing air down into the body of
wood and drawing the resulting flame, ‘hot gas and vapors
down through said body of incandescent hard carbon,
thereby converting the vapors and carbonic acid into fixed
combustible gas.

027,457. Process of Bleaching. FraNz FUHRMANN, Berlin,
Germany. July 6, 1909.
The process consists in heating the goods to be bleached
with a liquor containing magnesium perborate in presence
of alkali salts of fatty acids.

027,495. Art of Producing from Foundry Iron a Product
Hayving Cutting and Other Properties of High-grade Tool
and High-speed Steel. Epcar A. Custer, Philadelphia,
Pa. July 13, 1909. ; . :

This is a process of producing tool and other metal from
foundry iron, by chilling molten foundry iron.in a permanent

metal mold swiftly to the point of setting in a solid structure-

and thereafter chilling quickly in a fluid bath,
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027,644. Process of Producing Oxids. HENRY L. DOHERTY,

New York, N. V. July 13, 1909.

The process consists in oxidizing moist finely divided
iron by a current of air until the observed temperature be-
gins to rise, replacing the air by a current of air diluted to
carry less than the normal amount of oxygen, the dilution
being directly as such observed tendency to rise in tem-
perature and finally finishing by a current of air as tempera-
tures begin to sink,

027,678. Preparation of Iron or Steel for Casting. PauL

Raxowicz, Griesheim, Germany. July 13, 1909.

This is a method of alloying iron or steel with magnesium
by first passing iron or steel from the solid into a semifluid
or thickly liquid state, then introducing magnesium into the
thick mass,

027,758. Process of Treating Silicates of Aluminium for
the Purpose of Obtaining Valuable Products. ALF SIND-
ING-LARSEN, Christiania, Norway. July 13, 1909.

The process consists in feeding material containing alumin-
ium silicate to one end of a long electric furnace and a mix-
ture of iron and a reducing agent to the other end thereof,
and passing an electric current between the electrodes ex-
tending into the furnace.

027,822. Manufacture of Lithographic Stone Artificially.
Tromas M. Trom, Woodlands, Cheshunt, England. July
13, 1909.

This is a process of manufacturing lithographic stone by
powdering slag, mixing it with lime, molding the mixture
into slabs and submitting the molded slabs to the action of
carbonic acid gas gradually admitted thereto until the en-
tire mass is hardened.

027,843. Process of Making Alloys of Zinc with Copper.

STERLING ELL1orT, Newton, Mass. July 13, 1909.

The process consists in producing an alloy of zinc with
copper by first melting the zinc, then adding the copper to
the molten zinc and raising the temperature to the melting
point of the alloy which is to be produced, or thereabout,
which is less than the melting point of the copper and also
less than the boiling point of the zinc,

027,016. Process of Recovering Volatile Metals and Metal-
loids from Lead and Copper Slags. WILHELM WITTER,
Hamburg, Germany. July 13, 1909.

The process consists in bringing the products or ores,
when in a molten liquid state, into close contact with incan-
descent carbonaceous matter in the presence of an air cur-
rent, consuming the carbonaceous matter for reducing the
metals and metalloids to be recovered, and for maintaining
the reduction and volatilization temperature, reoxidizing
the reduced volatile metals and metalloids, and causing the
so-formed oxids to escape with the current of combustion
gases.

027,050. Process of Manufacturing Wood Pulp. CHARLES

B. CLARK, Bangor, Me. July 13, 1909.

This is a process of digestively treating wood by the “sul-
fite process,’’ so called, in a bath of digesting liquor contained
in a digester to form wood pulp, by removing from the di-
gester during the period of digestion an appreciable quantity
of the bath containing resinous matters and extractives
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of the wood for the purpose of recovering an appreciable
portion of the bath after the passing of the resinous matters
and extractives into it upon a resolution of the wood, and
afterward continuing the process of digestion in the hquor
left in the digester.

028,103. Process of Manufacturing Gas. B. BRAZELLE,

St. Louis, Mo. July 13, 1909.

This is a process of manufacturing both fuel gas and il-
luminating gas by alternately admitting and cutting off a
supply of air to a bed of hot coal, passing the products of
combustion of such coal through a separate mass of mineral
carbonates and thence through a second mass of coal, and
thence through a mass of refractory material, and collecting

the fuel gas thus produced, and in passing the gas, which
distils from the hotcoal while the air supply is cut off through
the mass of mineral carbonates and the second mass of coal,
and then injecting volatile hydrocarbon into it and sepa-
rately collecting the illuminating gas thus produced. The
accompanying illustration shows apparatus in which the
process is carried out,

028,235. Process of Making Patent-Leather or Artificial
Patent-Leather. GEORGES R. DE MoONTLORD, Boston,
Mass. July 13, 1909.

The process consists in preparing a solution of nitro-
cellulose, a solvent, a vegetable oil, alcohol glycerin, spirits
of turpentine, and a suitable pigment or dyestuff, immersing
the leather or fabric into ethyl acetate, coating the surface
of a glass-plate with one or more layers of the solution,
uniting the leather or fabric with the coatings on the glass-
plate by pressure, then drying the leather or fabric while on
the glass-plate, and finally removing the coated leather or
fabric from the glass-plate.

028,412. Method of Treating Armor Plates.

WALES, Munhall, Pa. July 20, 1909.

The armor plate is produced by heating that face of the
plate which is to be hardened to a hardening temperature,
simultaneously artificially cooling the back of the plate,
periodically interrupting the cooling action or effect, and
controlling the length of each period of interruption.
028,476. Process of Manufacturing Silicon Nitrid. ALE

SINDING-LARSEN, Christiania, Norway. July 20, 1909.

The process consists in producing vapors of silicon and
causing the same to be acted upon by gaseous nitrogen in
heated condition.

SAMUEL S.
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028,512, Process of and Apparatus for Burning Cement
and Like Materials. Bvron E. ELDRED, Bronxville,
N. Y. July 20, 1909.

The process consists in mixing air with products of com-
bustion and combustible gas in controlled proportions and
causing the mixture to undergo combustion in proximity
to pulverulent calcareous materials contained in a hot
walled zone,

028,545. Process of Making Nitric Acid. Friegprica I,
Scamint, Charlottenburg, Germany. July 20, 1909.

The process consists by causing sulfuric acid in molecu-
lar proportions to react on nitrate of calcium and separating
the nitric acid thus obtained from the sulfate of calcium by
filtration and afterward washing the sulfate of calcium
with dilute nitric acid and water,

028,551. Method of Refining Iron.

Paris, France, July 20, 1909.

The process consists in cooling low-carbon steel from a
molten condition until it is at least in part solidified and the
carbon therein has been oxidized by the contained oxygen
and the oxid or oxids of carbon driven off, and remelting in
the absence of carburizing conditions,

PAUL SEJOURNET,

928,580. Process for Producing Incandescent Mantles.
GEORG BuHLMANN, Gross-Lichterfelde, near Berlin,

July 20, 1909.

This is a process for the impregnation of incandescent
mantles consisting in dissolving a salt of an illuminating
rare earth metal, adding to said solution a substance capable
of reducing the acidity of said solution, shaking said solu-
tion in order to redissolve the precipitate, repeating the ad-
dition of the substance for reducing the acidity and shaking
until the precipitate formed can no longer be dissolved and
dipping the mantle fabric in the impregnating bath so formed,

Process for the Electrolysis of Alkali Chlorids.
BiLLITzER, Vienna, Austria-Hungary, July 20,

208,734.
JEAN
1909.
This is a process for electrolysis of alkali chlorids, by

compelling a part of the cathode product to form a thin

layer of the electrolyte and the constant removal of said
layer as it is formed.

and Simultaneous
GastoN C. DE BRIAILLES,

028,844. Manufacture, Concentration,
Purification of Sulfuric Acid.
Paris, France, July 20, 1909.
This is a process of manufacturing sulphuric acid from

sulphurous acid by electrolysis of a solution of sulphurous

acid by keeping the solution at substantially the same specific
gravity as the solution of sulphurous acid by adding the
requisite quantity of sulphuric acid.

028,074. Process of Obtaining By-Products from Gases.
Gusrav HILGENSTOCK, Dahlhausen-on-the-Ruhr, Ger-
many, July 27, 1909.

This is a process for obtaining by-products from gases of
dry distillation of coal and other materials by dividing the
first quantities of gases from the retorts or coke ovens, con-
taining the greater part of the tar yield from the latter quan-
tities of the gas from the retorts or coke ovens, containing
relative little tar, removing the tar from the said first quan-
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tities of gas and then combining the substantially tar-free
gas so produced with the said latter quantities of the gas,

020,131, Prepared Carbid of Calcium. ZAVIER HERME,

Fruitvale, California. July 27, 1909."

This product is produced by mixing one part of sugar and
one hundred parts of carbid of calcium; then successively
mixing with said substances one-fourth of one part of petro-
leum, one part of sugar, four and one-half parts of glucose,
and two and one-half parts of sugar,

' 020,152, Method of Making Cement, Mortar, and Con-
crete Water-tight. Paur MEeckE, Stettin, Germany.
July 27, 1909.

The method consists in adding to the cement or lime mix-
ture a pulp produced by the transposition of basic oleate
of lime with sulfate of aluminium,

920,219. Method of Treating Aluminous Materials.
C. Hiccins, Worcester, Mass, July 27, 1909.

ALDUS

The method consists in fusing an aluminous material in
an electric furnace at a temperature substantially above
the state of quiet fusion and sufficient to prevent substantial
segregation of impurities, and recovering the resulting
product in solid form.

920,276. Electrolytic Diaphragm and Method of Making
the Same. AnsoN G. BErrs, Troy, N. Y. July 27,
1009,

This is a method of preparing asbestos board for use as a
diaphragm in aqueous electrolysis, by cementing together
the fibers of the board by means of an easily fusible sub-
stance insoluble in the solution in which the diaphragm is
to be used.

020,383. Process of the Manufacture of a Disinfectant.
ALEXANDER BRICK, Vienna, Austria-Hungary. July 27,
1909,

The process consists in mixing a soap solution containing
alcohol with ethereal oils, adding formaldehyde to this mix-
ture, heating this mixture combined with formaldehyde,
allowing this mixture to cool, and adding to the cooled mix-
ture incompletely saponified oils containing alcohol,

020,517. Method of Treating Aluminum Ores.
ToNE, Niagara Falls, N. Y. TJuly 27, 1909,

FRrRANK ]J.

The process consists of making a mixture of aluminum
silicate, emery and carbon, the amount of carbon being
sufficient to reduce the silica and all compounds in the mix-
ture except alumina, but insufficient to reduce the alumina,
interposing this mixture as a resistance conductor between
electrodes, passing current through the same sufficient to
fuse the alumina and reduce the other constituents to metal-
lic form and keeping the temperature of the charge below
the reduction temperature of alumina,

020,518. Process of Treating Aluminum-Silicate Ores.
FraNK J. TonE, Niagara Falls, N. ¥V, TJuly 27, 1909.
The process consists in forming a charge of aluminum

silicate, hase metalliferous material, and carbon, subjecting

such charge to electrically developed heat, partially re-
ducing the silica thereby, and alloying the reduced silicon
with the reduced metalliferous material, then increasing the
percentage of metalliferous material and subjecting the
charge to sufficient electrically developed heat to fuse the
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alumina, reduce the silica and alloy the silicon with the
reduced metalliferous material.

020,687. Clad Metal and Process of Producing the Same.
Joun F, MonnNoT, New York, N, Y, August 3, 1909.
This is a process of producing clad metal objects compris-

ing unlike metals weld-united, by casting molten bodies of
unlike metals into contact with opposite surfaces of a separa-
tor of material capable of weld-uniting with both the metals
so cast, and progressively cleaning one or both said sur-
faces by the action thereon of a deeper layer of cleansing
material progressively displaced by the molten metals so
cast,

020,726.
Ammonia Liquors.
August 3, 1909,
The method consists in forcing a current of air through

ammoniacal liquor, and gradually increasing the tempera-

ture of the same to a point at, or above, the boiling point of
water,

020,845. Art of Improving the Odor of Vegetable Oils.
Joun H. FILBERT, Baltimore, Md. August 3, 1909,

Method of Obtaining Purified Ammonia Gas from
CHARLES M. StIng, Chester, Pa.

* This is a process of improving the odor of cottonseed oil,
by mixing with the oil fresh animal crackling so as to imbue
the oil with the essence, odor or flavor residing in the crack-
ling, then separating the oil and crackling.

020,861. Process for Obtaining Starch and Gluten from
‘Wheat Flour. FrigpricH A, V. KLOPFER, Leubnitz,
near Dresden, Germany. August 3, 1909,

This is a process for separating large-grained and valuable
starch from the albumen pulp containing the small-grained
starch, the entire albumen, the soluble carbohydrates, and
the soluble salts, by adding to the water while stirring it,
together with the wheat flour to be centrifuged, chlorid of
sodium in such small quantities up to one per cent. so that
the gluten cellular texture is not dissolved, but only its
structure loosened, whereby, after the mixture is finally
treated in a separator, the gluten, the starch and a wheat
flour extract containing the extractive wheat flour sub-
stances soluble in water are obtained without destroying
the lecithin bound to the albumen and the ferments of the
flour.

020,025. Art of Improving the Odor of Lard Substitutes.
Jor~x H, FiLert, Baltimore, Md. August 3, 1909,
The process consists in improving lard substitutes con-

taining a stiffening fat and vegetable oil by imbuing the

same with the essence of heated animal tissue,

020,062. Manufacture of:;Lead Arsenate. ELLERSLIE E.
LurHER and WirLiam H, Vorck, Watsonville, California.
August 3, 1909, ;

The process consists in heating white arsenic in contact
with a suitable lead compound, and continuing the heating
and roasting the combined material in the presence of oxy-
gen, :
030,028. Method of Reducing Ores. FREDERICK M, BECKET,

Niagara Falls, N, Y, - August 3, 1909.

This is a method of reducing ores of refractory metals,
by smelting a charge containing such ore and a borid, while
maintaining therein a temperature sufficient to secure sub-
stantial elimination of the boron from the reduced product.
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030,057. Process for Making White Lead. JouN A, ERBs_—

Low, Los Angeles, Calif. August 3, 1909.

The process consists in causing lead in divided condition
to pass alternately into a body of water and of gas contain-
ing carbon dioxid and oxygen, to cause corrosion and at-
trition of the lead and to form a foam containing white lead,
drawing off said foam and drying the foam to obtain white
lead.

030,274. Method of Treating Wood during Distillation.
Howarp W. DoucHTY, Amherst, Mass. August 3, 1909.

The process consists in hydrolyzing the cellulose with sul-
furic acid and steam under pressure and driving off the vola-
tile oils by the same heat, treating the solid residue with
sodium hydroxid and after filtering bringing the acid and
alkali solutions together in equivalent proportions, whereby
the sulfuric acid is neutralized and the resinous acids are
precipitated, then filtering, fermenting the filtrate and dis-
tilling off the alcohol.

030,344. Process of Treating Titaniferous Iron Ores. WIL-
HELM BORCHERS, Aix-la-Chapelle, Germany. August
10, 1909,

The process of treating titaniferous iron ores, consisting
in initially smelting such iron ores in presence of carbon
directly, drawing off the crude iron, reducing the slag pro-
duced during the smelting operation by carbon to a reducing
agent, and utilizing said reducing agent for reducing subse-
quent charges of titaniferous iron ores.

030,376. Method of Treating Aluminous Materials. ALDUS

C. Hiceins, Worcester, Mass. August 10, 1909.

This is a method of treating artificially prepared aluminous
materials by subjecting such materials, suitably subdivided,
to heat under oxidizing conditions, and thereby oxidizing
impurities therein.

030,442. Method of Making Acids.
ton, Mass. August 10, 1909.

Joun L. Turrs, Bos-

This is a continuous method of producing volatile acids
by commingling a salt of such acid and an acid body capable
of decomposing the same, working the mixture under the
influence of heat until portions of the same become solid,
continuously displacing such solid portions from the remain-
ing pasty portions, continuing the working of said pasty
portions and subjecting the displaced solid portions to the
action of heat.

030,471. Process of Manufacturing Sulfuric Acid. WiL-
L1AM Harvrock, New York, N. Y. August 10, 1909.
The method consists in subjecting sulfurous oxid to the

influence of an ionizing agent in the presence of oxygen.

030,575. Process Relating to Refractory Substances. RoOB-
ERT TRIPMACHER, Schweidnitz, Germany, August 10,
1909. : x
This is a process of binding refractory substances by

treating the same in pulverized condition with a liquid

which consists in a saccharine solution, and a boron and a

chromium compound, in which naphtha is emulsified.

030,666. Process of Treating Ores. Paur L. T. HEROULT.
La Proz, France. August 10, 1909,
This is a method of treating copper ore containing sulfur
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which consists in feeding it into an electric furnace and pass-
ing it gradually through a zone of fusion in said furnace,
and simultaneously injecting oxygen into the ore:above
the zone of fusion to oxidize part of the sulfur,

930,697. Waterproof Cement and Method of Making the
Same. JAcoB F. ScHOELLKOPF, Buffalo, N, Y. August
10, 1909.

The cement comprises a mineral cement and an insoluble
resin salt of lime uncombined with material foreign to the
base of said salt.

030,723. Process of Forming Electric-incandescent Lamp
Filaments. WERNER vON Bovrron, Charlottenburg, and
FELIXx HARTMANN, Berlin, Germany. August 10, 1909,
The process consists in fitting into a tube of ductile metal

a tube of a different, very ductile metal, inserting tungsten

powder into the latter tube, subsequently working ‘the tubes

and the tungsten powder into filamentary form, removing
the outer tube, and subsequently removing the inner tube
from around the tungsten metal,

030,764. Method of Treating Iron Ore.
Iron Mountain, Mich, August 10, 1909.

Joun T, JONES,

. The method consists in mixing carbonaceous material
therewith, then advancing the mixture through a highly
heated non-oxidizing atmosphere, to consume the carbon-
aceous material and support its combustion with oxygen
from the ore, thus reducing the ore, then advancing the re-
duced mass through a still more highly heated non-oxidizing
atmosphere to fix the metal constituent without melting
the slag-making constituents,

930,801. Method of Manufacturin,, a Porous Material.
HERMANN SENN, Szczakowa, and Davip KLUGER, Trzeb-
inia, Austria-Hungary. August 10, 1909.

This is a method of manufacturing a porous material
which consists in calcining slate containing small quantities
of organic substances whereby the material swells and as-
sumes a cellular structure and becomes suitable for use as
an insulating and filtering medium.

030,815, Electrolyte. ABRAHAM
N. J. August 10, 1909.

VAN WINKLE, Newark,
This is a zinc electrolyte containing fluosilicate of zinc,
and a salt of aluminum,

030,874. Cellulose Substitute.
Germany. August 10, 1909.
The material consists of cottonseed shells from which the

binding materials, dye substances and cotton fibers have

been eliminated,

030,000. Process of Making Extracts.
AND, Mersburg, Germany.

OscArR MuULLER, Cologne,

WILHELM
August 10, 1909,

WIEG-

This is a process for drawing extractive matter from differ-
ent materials such as tannic material, dye-wood, beet and
like by advancing the solid material in a horizontal direction
from one end of a horizontal elongated receptacle and the
liquor from the other end, permitting the liquor to enter
said receptacle in such a manner that the solid material
will always stand at a higher level than the liquor, and
stirring the material in a vertical direction while feeding it
in a horizontal direction, whereby those parts which first
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lie beyond the level of the liquor are dipped into it, and
other parts are raised out, no mixing of the strata of liquor
of different degrees of concentration being effected thereby.

030,068. Process of Obtaining Pure Metallic Copper from
a Solution of a Salt of Copper. ILUCIEN Jumau, Paris,
France., August 10, 1909.

The process consists in obtaining pure copper from a solu-
tion containing salts of copper by subjecting said solution
to heat and pressure in the presence of a suitable quantity
of wood used in any form, such as sawdust, shavings, waste
wood and the like.

030,076. Composition of Matter. SAMUEL A. LEAVITT,

Gorham, N, H. August 10, 1909.

This is an expansile acid-proof cement for lining digesters
or the like, consisting of litharge, quartz, calcined plaster
and lampblack, all brought to a plastic condition by the ad-
mixture of glycerin,

Insulating Composition. MINDELIN
August 10, 1909,

031,015. McGERRY,

Kalamazoo, Mich.

The composition consists of asbestos pulp, slippery elm,
a vegetable acid, glue and starch dissolved in water and
cooked to a paste,

OFFICIAL REGULATIONS AND RULINGS.

FOOD INSPECTION DECISION 109.
THE LABELING OF WINES.

On June 30, 1909, a hearing was held before the Secretary
of Agriculture and the Board of Food and Drug Inspection
on the labeling of Ohio and Missouri wines. After giving
full consideration to the data submitted, the board is of the
opinion that the term “wine” without modification is an
appropriate name solely for the product made from the
normal alcoholic fermentation of the juice of sound ripe
grapes, without addition or abstraction, either prior or sub-
sequent to fermentation, except as such may occur in the
usual cellar treatment for clarifying and aging. The addi-
tion of water or sugar, or both, to the must prior to fermen-
tation is considered improper, and a product so treated
should not be called ‘“‘wine' without further characterizing
it, A fermented beverage prepared from grape must by
addition of sugar would properly be called a ‘““sugar wine,”
or the product may be labeled in such a fashion as to clearly
indicate that it is not made from the untreated grape must,
but with the addition of sugar. The consumer is, under the
Food and Drugs Act, entitled to know the character of the
product he buys.

Evidence was offered on the preparation of “wine” from
the marc. In these cases it appeared customary to add
both water and sugar to the marc and: sometimes to use
saccharin, coloring matter, preservatives, etc., to make a
salable article.

In the opinion of the Board no beverage can be made
from the marc of grapes which is entitled to be called ‘‘wine”
however further characterized, unless it be by the word
*‘imitation.” The words ‘‘Pomace Wine” are not satis-

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY. Oct.,

1909

factory, since the product is not a wine in any sense, but
only an ‘‘imitation wine” and should be so labeled.
H. W. WiLEY,
F. L. DUNLAP,
GEo. P. McCABE,
Board of Food and Drug Inspection.
Approved:
W. M. Hays,
Acting Secretary of Agriculture.
WasHINGTON, D. C., August 21, 1909.

JUDGMENT NOS. 83-91 FOOD AND DRUGS ACT.

83. Misbranding of wine (fermented solution of commercial
dextrose, artificially colored and preserved with benzoic acid).

84. Misbranding of baked beans and tomato sauce (un-
derweight).

85. Misbranding of canned tomatoes (under“elght)

86. Misbranding of a drug product (saltpetre).

87. Misbranding of evaporated apples (as to quality).

88. Adulteration of milk (added water).

89. Misbranding of evaporated apples (underweight).
* 9o. Misbranding of canned peas (underweight).

91, Misbranding of lemon, raspberry and strawberry
extracts.

(L. D. 29941.) Drawback on Aluminium Ingots.
TREASURY DEPARTMENT, August 6, 1909.

Sir: The Department’s regulations of November 10,
1906 (T. D. 27697), providing for the allowance of draw-
back on aluminium sheets, bars, plates, and tubing manu-
factured by the Pittsburg Reduction Company, of Pitts-
burg, Pa., wholly from imported aluminum in the pig, are
hereby extended, so far as applicable, to cover aluminum
ingots manufactured by the Northern Aluminum Company
(Limited), of New Kensington, Pa., from imported crude
aluminum, in accordance with the sworn statement dated
April 3, 1909, transmitted herewith for filing in your office.

In liquidation, the quantity of imported crude aluminum
which may be taken as the basis for the allowance of draw-
back may equal the quantity used as declared in the draw-
back entry, after official verification of exported quantities,
provided it shall not exceed the net weight of the exported
material with an addition thereto for worthless waste not
to exceed 1 per cent. of such waste.

Respectiully,
JamEs B. REYNOLDS,
(63567.) Assistant Secretary.
COLLECTOR OF CUSTOMS, Plnladelplm Pa.

ERRATA.

July number, page 476, second column:

In the heading read: “The Determination of ch in-
stead of “The Determination on Zinc.”

Line o, from bottom, page 476, read:
redness,”’ instead of ‘‘heated to redness.”

Line 8 from bottom, page 476, read: ‘““cooled,” instead of
“‘colored.”

Footnote 1, page 456, read: See Waring on precipitation
from formic acid solution, instead of See Waring, “On Pre-
cipitation from Formic Acid Solution.”

‘“‘heated to faint



