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(The Institute is not responsible for statements of facts or
opinions expressed in advance papers. - This paper is
subject to revision by the Board of Directors.)
(Copyright, 1916, by American Gas Institute.)

REPORT OF COMMITTEE ON CHEMICAL TESTS.

WRIIM'EN FOR THE ELEVENTH ANNUAIL MEETING OF THE AMER-
ICAN GAS INSTITUTE, OCTOBER, 1916, BY C. C. TUTWILER,
CHAIRMAN. 2

Since the last meeting of the Institute, the Committee on
Chemical Tests has directed its activities chiefly toward the
revision of the Gas Chemists’ Handbook, complled in 1914 by
Mr. W. H. Fulweiler.

Mr. Fulweiler, in presenting his report at the Ninth Annual
Meeting of the Institute, stated as follows:

The magnitude and delicacy of this work is fully realized

and this is presented primarily as'a progress report. In time,

_ the Institute would be well repaid for the expense incurred in

the publication of such a handbook by the uniformity of practice

that would result from the adoption of these methods and by the

convenience to the gas chemist of having recognized standard

methods pertaining to the industry collected in one convenient
publication.

While this first issue of the Handbook was a very decided
step in the right direction, it was recognized that much was
still to be accomplished and the continuance of the work de-
volved upon the 1915 Committee on Chemical Tests. This
Committee was unable to do more than report satisfactory
progress at the 1915 meeting of the Institute and the same
Committee was re-appointed to continue the revision over
1916.

It was felt from the start that it was of first importance that
the work should be carried out by a committee whose activi-
ties covered as wide a field as possible, not only in the gas
industry but in collaterial lines as well, especially in the coke
oven and coal tar by-product industries which are becoming

- 432052
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yearly more closely identified with the gas business. For this
reason, special effort was made to enlist the co-operation of
chemists skilled in these various lines and I have felt myself
and the Institute most fortunate in having secured the assist-
ance of the gentlemen who served with me on the Committee

in 1915 and 1916. 4

Mr. Fulweiler, in concluding his report, states:

It is urged that special attention be given to the question of
standard methods and to the peculiar conditions under which
samples must be taken in the gas industry.

The Committee has felt with Mr. Fulweiler that the stand-
ardization of methods of testing and sampling was the chief
consideration to which it should devote its attention, and in
the Handbook which we now offer for your consideration, we
have endeavored to round out as far as possible the work of
the first committee and to standardize and bring up-to-date
methods which have been developed or improved since the
work was inaugurated in 1914. It is hoped that owing to
the wide connections of the members of the Committee and
the various sources from which these methods have been
drawn that progress has been made toward the accomplish-
ment of this much desired result. :

The Committee has devoted a considerable amount of time
to the consideration of proper methods of sampling, recog-
nizing the fact that unless the sample is properly taken, the
analysis might not only be worthless, but absolutely mislead-
ing. We have endeavored to have the directions for sampling
as well as for testing so clear that little difficulty will be en-
countered even by chemists of limited experience.

The Committee, recognizing the great progress being made
in the application of chemistry to the gas industry and feeling
that even companies of moderate size can well afford to have
on their staff chemists or men of some chemical training, has
kept in mind primarily the assistance of these men rather than
the engineer, although it has endeavored to present the subject
matter in a manner which may be easily understood by all.
It will be noted that no attempts have been made to interpret
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the results of the analyses, nor have theoretical considerations
been touched upon to any great extent, it being felt that this
phase of the subject might better be left to succeeding com-
mittees, possibly to be covered in a separate publication.

We have included in the Handbook such of the most useful
tables of constants and data as are most frequently required.
But in view of the fact that there are now so many reference
books readily available, matter of this kind has been kept to a
minimum,.

While the Committee feels that distinct progress has been
made in the Handbook, it is not prepared to recommend that
all of the methods contained therein be stamped with the
official approval of the Institute without further revision by
succeeding chemical test committees or by a special com-
mittee appointed for the purpose, except possibly the methods
covering the analyses of coal and coke, cement, and iron and
steel. All of these may safely be adopted, it is thought, since
the method for analyses of coal and coke is based on the work
of the Bureau of Mines and those for cement, iron and steel
are the official methods of the American Society for Testing
Materials. The desirability, however, of having the whole
work officially approved by the Institute seems apparent and
since its value would be so much increased by such action of
the Institute, the Committee feels that no unnecessary time
should be lost in taking the necessary steps to further stand-
ardize and enlarge the work.

In conclusion, I wish to express to the various members of
the Committee, mny appreciation of their efforts in behalf of
the success of the Handbook and especially of the efforts of
those gentlemen not directly engaged in the gas business, who
have given their assistance. It seems proper in this connection
to make special mention of the work of Mr. S. R. Church,
Manager, Research Department, The Barrett Company.

I also wish to express my appreciation of the efforts of
Mr. A. F. Kunberger, who was appointed editor of the Hand-
book since the last meeting of the Institute and upon whose
shoulders has devolved most of the work in connection with
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getting into suitable form for publication the. data secured by

the Committee..

C. C. TurwiLgr, Chairman,
A. P. BEARDSLEY,

'S. R. CrURCH,

W. H. FULWEILER,
R.'G. GriswoLp,

- J. M. MOREHEAD,

E. C. Usntie,

C. R. RAMSBURG,
A. B. Way,

A. H. WHITE.



(The Institute is not responsible for statements of facts or
opinions expressed in advance papers. This paper is
subject to revision by the Board of Directors.)

(Copyright, 1916, by American Gas Institute.)

GAS CHEMISTS’ HANDBOOK.

CHAPTER I
COAL AND COKE.

The following determinations are covered in the analysis of
coal and coke:
Air-Drying Loss.
Moisture.
Volatile Matter.
Fixed Carbon.
Ash.
Sulphur,
Phosphorus.
Calorific Value.
Carbon.
Hydrogen.
Nitrogen.
Oxygen.
Shatter Test for Coke.
Apparent and Real Specific Gravity.
These determinations are based on reports of Committee

“E-4” of the American Society for Testing Materials, on Tech-
nical Papers No. 8 and No. 76 of the Bureau of Mines.
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CoA1, SAMPLING

The coal should be sampled at the time it is being unloaded
from railroad cars or other means of transportation.

To collect samples, a shovel or specially designed tool or
mechanical means should be used for taking increments of 10
to 30 pounds of coal. The size of the increments must depend
on the size and weight of the largest pieces of coal and im-
purities,

The increments must be regularly and systematically col-
lected, so that the entire delivery will be represented propor-
tionately in the gross sample. The frequency of collecting the
increments should be regulated so that a gross sample of not
less than 1,000 pounds will be collected.

If the coal contains an unusual amount of impurities, such
as slate, and if the pieces of such impurities are very large, a
gross sample of more than 1,000 pounds should be collected.

A gross sample of the above specified quantity should be
taken for delivery of 500 tons or less. When deliveries are
made in large quantities as in cargoes of from 2,000 to 12,000
tons, the size of the gross sample must be governed by the size
and amount of the free impurities. A gross sample of from
2,000 to 4,000 pounds is sufficient for reasonable accuracy un-
less the size and amount of the free impurities are unusually
large.

After the gross sample has been collected it must be system-
atically crushed, mixed and reduced in quantity to convenient
size for transmittal to the laboratory. The crushing should be
done by a mechanical crusher or by hand with a tamper or
hammer on a smooth and solid floor. In the absence of a
smooth, tight floor, the crushing may be done on a heavy
canvas, to prevent the accidental admixture of any foreign
matter. The mixing and reduction should be done by hand,
with a shovel, or mechanically, by means of riffles or sampling
machines. '

The sizes to which the coal and impurities should be crushed
are approximately as here given.



Size to which pieces

Weight of sample should be broken

to be divid before each division
17600 | DO S O L HIOTE Sl i 4 e s S8 =t2 s 1 inch
500 potnd s RSN eeE | SH e R TR, 34 inch
4o 1ot 11011100 (g it ik VUSSR e S e 14 inch
125 DOUNUS T g SSE= S e o 2 s 34 inch
60, POUIAS Fhn Pty Sa s i S v 580 0 14 inch

If the sample is prepared by hand, the mixing and reducing
should be done by the “long pile and alternate shovel” method
on amounts of 125 pounds or more, the procedure being as
follows:

The crushed coal is shoveled into a conical pile. A long
pile is formed by taking a shovelful at a time and spreading
it out in a straight line (8 to 10 feet long for a shovel holding
about 15 pounds). FEach new shovelful is spread over the top
of the preceding one, beginning at opposite ends, the pile being
occasionally flattened with the flat side of the shovel and so on
until all the coal has been formed into one long pile.

By walking around the long pile, advancing a distance equal
to the width of the shovel, and systematically taking shovel-
fuls, and shoveling the coal to one side, alternate shovelfuls
being discarded, the sample will be halved in quantity.

Whenever. the different increments of sample are collected
throughout some considerable period of time, each increment
or an accumulation of a number of increments, may be crushed
as soon as taken and the pieces of coal and impurities broken
sufficiently small to permit two or more reductions of total
accumulated sample before further crushing is necessary.

If the sampling should extend over any considerable period,
what would otherwise be a gross sample may be worked down
in successive stages to samples of a size suitable for transmittal
to the laboratory, and these samples which should be approxi-
mately equal in quantity and as representing the several equal
parts of a delivery may be analyzed and the several analyses
averaged.

Preparation of Laboratory Samples.

“The quantity of sample sent to the chemist will be governed
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by the relative proportion of free impurities and the practical
limits of fineness to which these impurities can be crushed at
the point of sampling. Ordinarily 5 pounds crushed to pass a
4-mesh screen is a convenient sample to send to the labora-
tory.” In cases where it is not feasible to crush to 4 mesh
at the point of sampling, the weight of the sample sent to the
laboratory must conform to the following table:

Size of largest Minimum weight
impurities of sample
In. Lb.
Y IS T Bt 36 0560 LSBT O 0RO e it 3 o T D o 5 A 75
s W o N R S L SRR AR 30
i e ACRTE, S JE 508 ST EOUE 5 e AB8 10g 1 f SR dCo 9
3/ erorstaller™ . L RC R R e R A n o S TR 5

Samples of 125 pounds and less may be reduced to the 5-
pound quantity by a riffle sampler or on a canvas as follows:
The sample is placed on a canvas about 8 feet square and
mixed by raising first one end of the canvas and then the other,
thereby rolling the sample back and forth. After thoroughly
mixing in this manner, by gathering up the four corners of
the canvas, the sample will be formed into a conical pile and
is to be reduced in quantity by quartering. The cone is flat-
tened, its apex being pressed down with the flat side of the
shovel, or with a board, so that each quarter contains the ma-
terial originally in it. The flattened mass which should be of
uniform thickness and diameter is then marked off into quar-
ters with the board held edgewise or with a piecé of sheet iron,
along two lines that intersect at right angles directly under the
apex of the original cone. The diagonally opposite quarters
are shoveled away and discarded and the space which they
occupied brushed clean. The coal remaining is successively
mixed, coned and quartered on the canvas until two opposite
quarters are equal to the quantity required to fill two contain-
ers holding about 5 pounds each. The coal should be well
packed in the containers so as to exclude air as much as possi-
ble. / ] N T

 Special Moisture Sample.

In the reduction of the gross sample to the sample for trans-
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mittal to the laboratory, there will be -an unavoidable loss of
moisture.

To determine the moisture content in the coal, a separate
special moisture sample must be taken.

This special moisture sample should contain approximately
100 pounds and should be accumulated by placing in a water-
proof receptacle, with a tight fitting and waterproof. cover,
small parts of the freshly taken increments of the gross sample.
These parts should be broken to about 15 inch in size as
accumulated.

The accumulated moisture sample must be reduced mechan-
1ca11y or by hand as quickly as p0551b1e and 1mmedlately placed
in a container and sealed air-tight.

1

Samplmg from Loaded C'ars.

If it becomes necessary to sample coal from a loaded car,
the sample should be accumulated by digging ten or fifteen
holes, two or three feet deep, at systematically located points
over the car.

Sampling from a Storage Pile.

In sampling from a pile, first estimate the approximate sur-
face of the pile and then determine the relative distance be-
tween points for taking increments, sufficient in number to
insure the accumulation of the requisite amount of gross
sample.

Starting at three or four feet from the bottom of the pile,
take shovelfuls at the predetermined distance apart around or
along the pile on the same level. Then begin at a certain
distance up the pile and circle it again so on to the top.

Systematically alternate the depth of the holes, taking one
shovelful at the surface, the next one deeper, the next still
deeper, the fourth at the surface again and so on.

Sampling at the Mines.

~ 'The sample should be systematically accumulated through—
out at least one entire day’s loading. The total weight of



8

sample taken should be governed by the size and amount of
impurities contained in the coal.

Samples should not be taken from the tops of loaded mine
cars as they are likely to be trimmed with lumps and also
because pieces of roof or draw slate may have fallen onto the
car.

Samples of the coal being shipped should be taken while the
railroad cars are being loaded. If any attempt is being made
to throw out impurities while loading, shovelfuls should be
taken from the slanting surface just before a new mine car
is dumped and after the pickers have finished cleaning the one
previously dumped. The shovel should be pushed well into
the coal to avoid getting only that on the surface from which
impurities have been picked, and the shovelfuls should be taken
systematically from various parts of the surface.

SamMPLING COKE.

The amount of gross sample of coke that should be accumu-
lated depends on the size of the coal and the size and amount
of impurities in the coal from which the coke is made. :

In general coke is made from slack or crushed coal and in
the crushing and handling of the coal preparatory to charging
it into the ovens, it becomes so well mixed that errors due
to variations in its quality are minimized.

A 100-pound sample of coke is usually sufficient, to obtain
accuracy for a single car, but where larger lots are to be
sampled especially when the entire output of a plant is to be
sampled, four or five separate samples of 50 pounds or more
should be taken and the results averaged.

Physical appearance as regards color and porosity is no in-
dication of the chemical analysis.

In general, the moisture content increases as the size of the
pieces of coke diminishes and to some extent this graduation
is true in the ash content as well. It is necessary, therefore,
especially in sampling run of oven coke that due care should
be exercised to obtain the proper proportions of lump and
fines. A great many small pieces from many different parts of
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the lot should be taken by breaking off long slender fingers
from the lumps, and there should also be included pieces of
all sizes and shapes. ‘

A special moisture sample should be taken as in the case of
coal, except that the time should not be spent in crushing finer
than 1 inch for the reason that in the crushing and mixing of
coke, the moisture loss is much more rapid than with coal.

Preparatioh of Laboratory Sample. ‘

APPARATUS.

Air-Drying Oven—The oven is to be used for air-drying
wet samples. It is not necessary but is economical where many
wet samples are received.!

Galvanized Iron Pans 18 x 18 x 1Y% Inches Deep—For air-
drying wet samples.

Balance on Solution Scale—For weighing the galvanized
pans with samples. It should have a capacity of 5 kilograms
and be sensitive to 0.5 kilogram.

Chipmunk Jaw Crusher—For crushing coarse samples to
pass a 4-mesh sieve.

Roll Crusher or Coffee Mill Type of Grinder.—For reducing
the 4-mesh product to 20-mesh. The coffee-mill type of
grinder should be entirely enclosed and have an enclosed
hopper and a receptacle capable of holding 5 pounds of coal.
This is to reduce the moisture losses while crushing.

Abbe Ball Mill, Planetary Disk Crusher, Chrome Steel Buck-
ing Board, or any Satisfactory Form of Pulverizer—For re-
ducing the 20-mesh product to 60-mesh. The porcelain jars
for the ball mill should be approximately g inches in diameter
and 10 inches high. The flint pebbles should be smooth, hard
and well rounded. “The reduction in size of coke for the
laboratory should not be done by grinding in an apparatus
which will give up fine particles of iron to the sample. A

1 For details of air-drying oven, see Bownocker, Lord and Somermeier, ‘‘Coal’’
Bulletin No. g, 4th series, Ohio Geological Survey, P. 312 (1908); or F. M. Stanton
and A. C. Fieldner, “Methods of Analyzing Coal and Coke,” Technical Paper No. 8,
Bureau of Mines, P. 4 (1912); or K. E. Somermeier, ‘“Coal, Its Composition, Analysis,
Utilization and Valuation,” P. 71, McGraw-Hill Book Co., (1912).
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jaw crusher which will reduce to 8-mesh and an Abbe:Ball
Mill for further reduction is recommended.”

A Large Riffle Sampler with Y5 or 34 inch Divisions—For
reducing the 4-mesh sample to 5 pounds.?

A Swmall Riffle Sampler with 14 or 34 inch Divisions—For
dividing- down the 20 and 6o-mesh material to a laboratory
sample. ‘ : ' -

An 8 inch 60-mesh Sieve with Cover and Receiver.

Containers for Shipment to Laboratory—A galvanized iron
or tin can with a screw top, which is sealed with a rubber gas-
ket and adhesive tape is best adapted to this purpose. Glass
fruit jars sealed with rubber gaskets may be used if packed
carefully to avoid breakage in transit.

Upon receipt of the sample at the laboratory, it is to be pre-
pared for analysis by one of two methods, as follows:

(A) WaEN Coar APPEARS DRy.

Tf the sample is coarser than 4-mesh (0.20 inch) and larger
in amount than 1o pounds, quickly crush it with the jaw
crusher to pass a 4-mesh sieve and reduce it on the larger riffle
sampler to 10 pounds, or to 5 pounds if it is crushed to pass a
6-mesh sieve; then crush it at once to 20-mesh by passing
through rolls or an enclosed grinder, and take, without sieving,
a 60 gram total moisture sample, immediately after the ma-
terial has passed through the crushing apparatus. This sample
should be taken with a spoon from various parts of the 20-
mesh product, and should be placed directly in a rubber-
stoppered bottle.

Thoroughly mix the main portion of the sample, reduce on
the small riffle sampler to about 120 grams and pulverize to
60-mesh by any suitable apparatus without regard to loss of
moisture. _

After all the material has been passed through the 60-mesh
sieve, mix and divide it on the small riffle sampler to 60 grams.

Transfer the final sample to a 4-ounce rubber-stoppered bottle.

2 For details of rifle sampler see Bulletin No. 9, 4th Series, Ohio Geological
Survey, P. 313 (1908), ot E. K. Somermeier, ‘‘Coal, Its Composition, Analysis, Utiliza-
tion and Valuation,” P. 73, McGraw-Hill Book Co., (1912).
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Determine moisture in both the 60 and the 2o-mesh samples
by the method given under moisture.

Computation—Compute the analysis of the 60-mesh coal,
which has become partly air-dried during sampling, to the dry
coal basis, by dividing each result by 1 minus its content of
moisture. Compute the analysis of coal “as received” from
the dry coal analyses by multiplying by I minus the total
moisture found in the 20-mesh sample.

(B) WHEN Coar ArPEARS WET.

Spread the sample on tared pans, weigh, and air-dry at room
temperature, or in a special drying oven, at 10 to 15° C. above
room temperature, and weigh again. The drying should be
continued until the loss in weight is not more than 0.1 per cent.
per hour. Complete the sampling as under dry coal.

Computation—Correct the moisture in the 20-mesh, air-
dried sample to total moisture “‘as received” as follows:

100 —percentage of air-drying loss

X percentage of moist-
100

ure in 20-mesh coal -} percentage of air-drying loss = total
moisture “as received.”

Compute the analysis to “dry coal” and “as received” bases
as under dry coal, using for the “as received” computation the
total moisture as found by the formula in place of the moisture
found in the 20-mesh coal.

Notes—Freshly mined or wet coal loses moisture rapidly on
exposure to the air of the laboratory, hence the sampling oper-
ations between opening the container and taking the 20-mesh
total moisture sample must be conducted with the utmost dis-
patch and with minimum exposure to air.

The accuracy of the method of preparing laboratory samples
should be checked frequently by resampling the rejected por-
tions and preparing a duplicate sample. The ash in the two
samples should not differ more than the following limits:

Noy catbonatesHpresent s w s ee Bus o o gt 0.4 per cent.
Considerable carbonate and pyrite present... 0.7 per cent.

Coals with more than 12 per cent. ash, con-
taining considerable carbonate and pyrite 1.0 per cent.
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Determination of Moisture.®
APPARATUS.

Moisture Oven—This must be so constructed as to have a
uniform temperature in all parts and a minimum of air space.
It may be of the form shown here. Technical Paper No. 76,
Bureau of Mines.

NS

o

Provision must be made for renewing the air in the oven
at the rate of two to four times a minute, with the air dried
by passing it through concentrated sulphuric acid.

3 This method can not be applied to Lignites. which have to be dried at a much
higher temperature.

FIG. 1.
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Capsules with Covers—A convenient form, which allows
the ash determination to be made on the same sample, is the
Royal Meissen Porcelain capsule No. 2, 74 inch deep and 134
inches in diameter; or a fused silica capsule of similar shape.
This is to be used with a well-fitting flat aluminum cover.
Glass capsules with ground glass caps may also be used. They
should be as shallow as possible, consistent with convenient
handling.

METHOD.
(A) SixTy-MESH SAMPLE.

Heat the empty capsules under the conditions at which the
coal is to be dried. Stopper and cover, cool over concentrated
sulphuric acid, specific gravity 184, for 30 minutes and weigh.

Dip out with a spoon or spatula from the sample bottle ap-
proximately 1 gram of coal; put this quickly into the capsule,
close and weigh at once.

An alternate procedure (more open to error) after trans-
ferring an amount slightly in excess of 1 gram is to bring to
exactly I gram in weight (0.5 milligram) by quickly removing
the excess weight of coal with a spatula. The utmost dispatch
must be used in order to minimize the exposure of the coal
until the weight is found.

After removing the covers, quickly place the capsules in a
pre-heated oven (at 104 to 110° C.) through which passes a
current of air dried by concentrated sulphuric acid. Close
the oven at once and heat for 1 hour. - Then open the oven,
~ cover the capsules quickly and place them in a desiccator over
concentrated sulphuric acid. When cool, weigh,

(B) TweNty-MESH SAMPLE.

Use 5 gram samples, weigh with an accuracy of 2 milli-
grams, and heat for 124 hours; the procedure is otherwise as
with the 60-mesh sample. Methods of greater accuracy may
be found in the “Proceedings of the American Society for
Testing Materials,” Vol. XIV, 1914, p. 421I.

The allowable variations are as follows:

2
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Same analyst Different analyst
5 per cent, per cent.
Moisture under 5 per cent. ...... 0.2 0.3
Moisture over 5 percent....... .. 0.3 S=lols
Determination of Volatile Matter.
APPARATUS.

Platinum Crucible with Tightly Fitting Cover—The crucible
should be of not less than 10 nor more than 20 cubic centi-
meters capacity: of not less than 25 nor more than 35 milli-
meters in diameter; of not less than 30 nor more than 35 milli-
meters in height.

Vertical Electric Tube Furnace; or a Gas or Elecirically
Heated Muffle Furnace—The furnace may be of the form as
shown here (p. 21, Technical Paper No. 76, Bureau of Mines).

It is to be regulated to maintain a temperature of 950° C.
(+ 20° C.) in the crucible, as shown by a thermo-couple in
the furnace.

METHOD.

Weigh 1 gram of the coal in a weighed 10 to 20 cubic centi-
meter platinum crucible, close with a capsule cover, and place
on platinum or nichrome-wire supports in the furnace chamber,
which must be at a temperature of 9g50° C. (4 20° C.). After
the more rapid discharge of volatile matter has subsided, as
shown by the disappearance of the luminous flame, tap the
cover lightly to more perfectly seal the crucible and thus guard
against the admission of air. After heating exactly 7 minutes,
remove the crucible from the furnace and, without disturbing
the cover, allow to cool. Weigh as soon as cold. The loss
of weight minus moisture equals volatile matter.

ALTERNATE METHOD.

One gram of coal is placed in a platinum crucible of 20
cubic centimeters capacity. The crucible should have a tightly
fitting cover as above. The crucible is placed in the flame of
a Méker burner, size No. 4, having approximately an outside
diameter at the top of 25 millimeters and giving a flame not
less than 15 centimeters high. The temperature should be
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from goo to 950° C., determined by placing a thermo-couple
through the perforated cover, which for this purpose may be
of nickel. The junction of the couple should be placed in
contact with the center of the bottom of the crucible; or the
temperature may be indicated by the fusion of pure potassium
chromate in the covered crucible (fusion of K,CrO,, 940° C.).

;

A ©

FIG. 3.

The crucible is placed in the flame about 1 centimeter above
the top of the burner and the heating is continued for 7 min-
utes. After the main part of the gases have been discharged
the cover should be tapped into place as above described.
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When the gas pressure is variable it is well to use a U-tube
attachment to the burner to show the pressure.

Mechanical losses are incurred on suddenly heating peat,
sub-bituminous coal, and lignite; therefore they must be sub-
jected to a preliminary gradual heating for 5 minutes; this is
best done by playing the flame of a burner upon the bottom of
the crucible in such a manner as to bring about the discharge
of volatile matter at a rate not sufficient to cause sparking.
After the preliminary heating, transfer the crucible to the vol-
atile matter furnace or place in the full flame of the Méker
burner and heat for 6 minutes at 950° C., as in the regular
method.

The allowable variations are as follows:

Same analyst Different analyst
per cent. per cent.
Bituminous coalseseeesceennnn.. 0.5 1.0
B pnitesierimar 9o St e Ss 1.0 2.0

Notes.—The cover should fit closely enough so that the car-
bon deposit from bituminous and lignite coals does not burn
away from the under side.

Regulation of temperature to within prescribed limits is im-
portant. :

Determination of Fixed Carbon and Ash.

APPARATUS.

Gas or Electric Muffle Furnace.—The muffle should have a
good air circulation and be capable of having its temperature
regulated between 700° and 750° C.

Porcelain Capsules.—Royal Meissen Porcelain Capsules No.
2, 7% inch deep and 134 inches in diameter, or similar shallow
dishes.

MgerHOD.

Place the porcelain capsules containing the dried coal from
the moisture determination in a cold muffle furnace, or on
the hearth at a low temperature, and gradually heat to redness
at such a rate as to avoid mechanical loss from too rapid ex-
pulsion of volatile matter.
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Finish the ignition to constant weight (—o0.001 gram) at a
temperature between 700° and 750° C. Cool in air and weigh
as soon as cold. Coals containing carbonate are best cooled
in a desiccator.

The results as determined by this method represent the
ignited mineral matter in the coal. The actual mineral matters
in the original coal are usually very different in weight and
composition. The application of corrections for sulphur pres-
ent in the iron pyrites and for the volatile ash constituent due
to hydration of clayey material, may be omitted for technical
purposes. For “corrected” ash see Jour. Ind. and Eng. Chem.,
Vol. 5, June, 1913, p. 5§23, and Technical Paper No. 76, Bureau
of Mines.

The allowable variations are as follows:

Same analyst Different analyst
per cent. per cent.
No carbonates present ...... Mgt 0.2 0.3
Carbonates present «cooeevesee. . 0.3 0.5

Coals with more than 12% of ash
containing carbonates and py-
S A RO T S DI 5t 0 a3 0.5 1.0

FIXED CARBON.

Compute as follows :
100 = (moisture - ash -} volatile matter) — percentage of
fixed carbon.

SULPHUR.
Escuxa METHOD.
Apparatus.

Gas or Electric Mufile Furnace, or Burners—For igniting
coal with Eschka mixture and for igniting the barium sulphate.

Porcelain, Silica, or Platinum Crucibles or Capsules—For
igniting coal with the Eschka mixture.

No. 1.—Royal Meissen porcelain capsule, 1 inch deep and 2
inches in diameter. This capsule because of its shallow form,
presents more surface for oxidation and is more convenient
to handle than the ordinary form of crucible.
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No. 1.—Royal Berlin porcelain crucibles, shallow form, and
platinum crucibles of similar size may be used. Somewhat
more time is required to burn out the coal owing to the deeper
form, than with the shallow capsules described above.

No. 0 or 00 porcelain crucibles, or platinum, alundum or
silica crucibles of similar size are to be used for igniting the
barium sulphate.

SOLUTIONS AND REAGENTS.

Barium Chloride.—Dissolve 100 grams of barium chloride
in 1,000 cubic centimeters of distilled water.

Saturated Bromine Water—Add an excess of bromine to
1,000 cubic centimeters of distilled water.

Eschka Mixture—Thoroughly mix two parts (by weight)
of light calcined magnesium oxide and one part of anhydrous
sodium carbonate. Both materials should be as free as possi-
ble from sulphur.

Methyl Orange.—Dissolve 0.02 gram in 100 cubic centi-
meters of hot distilled water and filter.
~ Hydrochloric Acid.—Mix 500 cubic centimeters of hydro-
chloric acid, specific gravity 1.20 and 500 cubic centimeters of
distilled water.

Normal Hydrochloric Acid.—Dilute 80 cubic centimeters of
hydrochloric acid, specific gravity 1.20 to 1 liter with distilled
water.

Sodium Carbonate—A saturated solution, approximately 60
grams of crystallized or 22 grams of anhydrous sodium car-
bonate in 100 cubic centimeters of distilled water.

Sodium Hydroxide Solution.—Dissolve 100 grams in 1 liter
of distilled water. This solution may be used in place of the
sodium carbonate solution.

MerHOD.

Preparation of Sample and Mixture—Thoroughly mix on
glazed paper 1 gram of coal and 3 grams of Eschka mixture.
Transfer to the crucible or capsule and cover with about 1
‘gram of Eschka mixture.
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Ignition.—On account of the amount of sulphur contained
in artificial gas, it is preferable to heat the crucible over an
alcohol flame or in an electrically heated muffle, as in (a) fol-
lowing. The use of artificial gas is permissible only when
crucibles are heated in a muffle as in () following.

(a) Heat the crucible, placed in a slanting position on a
triangle, over a very low flame to avoid rapid expulsion of
the volatile matter, which tends to prevent complete absorp-
tion of the products of combustion of the sulphur. Heat the
crucible slowly for 30 minutes, gradually increasing the tem-
perature and stirring after all black particles have disappeared,
which is an indication of the completeness of the procedure.

(b) Place the crucible in a cold gas muffle and gradually
raise the temperature to 870°-925° C. (cherry-red heat) in
about 1 hour. Maintain the maximum temperature for about
1% hours and then allow the crucible to cool in the muffle.

Subsequent Treatment.—Remove and empty the contents
into a 200 cubic centimeter beaker and digest with 100 cubic
centimeters of hot water for 14 to 34 hour, with occasional
stirring. Filter and wash the insoluble matter by decantation.
After several washings in this manner, transfer the insoluble
matter to the filter and wash five times, keeping the mixture
well agitated. Treat the filtrate amounting to about 250 cubic
centimeters, with 10 to 20 cubic centimeters of saturated
bromine water, make slightly acid with hydrochloric acid and
boil to expel liberated bromine. Make just neutral to methyl
orange with sodium hydroxide or sodium carbonate solution.
Then add 1 cubic centimeter of normal hydrochloric acid.
Boil again and add slowly from a pipette, with constant
stirring, 10 cubic centimeters of a 10 per cent. solution of
barium chloride. Continue boiling for 15 minutes and allow
to stand for at least 2 hours, or preferably over night at a
temperature just below boiling. Filter through an ashless filter
paper and wash with hot distilled water until a silver nitrate
solution shows no precipitate with a drop of the filtrate. Place
the wet filter containing the precipitate of barium sulphate in
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a weighed platinum, porcelain, silica or alundum crucible,
allow a free access of air by folding the paper over the precip-
itate loosely to prevent spattering. Smoke the paper off grad-
ually and at no time allow it to burn with a flame. After the
paper is practically consumed, raise the temperature to approx-
imately 925° C., and heat to constant weight. The residue
of magnesia, etc., after bleaching, should be dissolved in hydro-
chloric acid and tested with great care for sulphur. When an
appreciable amount is found it should be determined quanti-
tatively.*

Blanks and Corrections—In all cases a correction must be
applied either (1) by running a blank exactly as described
above, using the same amount of all reagents that were em-
ployed in the regular determination or (2) by determining a
known amount of sulphate added to a solution of the reagents
after these have been put through the prescribed series of
operation. If this latter procedure is adopted and carried
out, say, once a week or whenever a new supply of a reagent
must be used, and for a series of solutions covering the range
of sulphur content likely to be met with in coals, it is only
necessary to add to or subtract from the weight of barium
sulphate obtained from a coal. Whatever deficiency or excess
may have been found in the appropriate “check” in order to
obtain a result, that is more certain to be correct than if a
“blank” correction as determined by the former procedure is
applied. This is due to the fact that the solubility error for
barium sulphate, for the amounts of sulphur in question and
the conditions of precipitation prescribed, is probably the
largest one to be considered. Barium sulphate is soluble in
acids® and even in pure water, and the solubility limit is reached
almost immediately on contact with the solvent. Hence, in the
-event of using reagents of very superior quality or of exercis-
ing more than ordinary precautions, there may be no apparent
“blank” because the solubility limit of the solution for barium
sulphate has not been reached or at any rate not exceeded.

4 Journal American Chemical Society, Volume 21, page 1125 (1899).
6 Jour. Am. Chem. Soc. Vol. 32, p. 588 (1910); Vol. 33, p. 829, (1911).
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ATRINSON METTIOD.

Thoroughly mix on glazed paper 1 gram of the laboratory
sample of coal with 7 grams of dry sodium carbonate and
spread evenly over the bottom of a shallow platinum or por-
celain dish. Place on a triangle slightly elevated above the
bottom of a cold muffle. Heat the muffle gradually until a tem-
perature of 650° to 700° C. (dull red heat) has been obtained
in half an hour and maintain this temperature for 10 or 15§
minutes.

The sodium carbonate should not sinter or fuse. The mix-
ture should not be stirred during the heating process. When
the dish has cooled sufficiently to handle, the matter should be
examined for black particles of unburned carbon and in case
such indications of incompleteness of the process should ap-
pear the dish should be replaced and heated for a short time.
When all the carbon is burned, remove the dish and digest the
contents with 100 to 125 cubic centimeters of warm water and
5 cubic centimeters of concentrated hydrochloric acid. Allow
the insoluble matter to settle, decant through a filter and wash
several times by decantation. Transfer to the filter adding a
few drops of a solution of pure sodium chloride if the insoluble
matter tends to pass through the filter. The washings should
be continued until the filtrate shows no alkaline reaction.
Make the filtrate just acid to methyl orange, add 1 cubic
centimeter of normal hydrochloric acid and proceed as de-
scribed under Eschka method.

Tug Prroxipk FusioN METHOD.

This method is most conveniently carried out in the Parr
Calorimeter. The charge consists of 0.5 gram of the air-dry
laboratory sample of coal, 1 gram of potassium chlorate pul-
verized to about 20-mesh, and 10 grams of sodium peroxide
of the grade regularly prescribed for calorimetric purposes.
The coal and potassium chlorate are first added to the bomb
or fusion cup and thoroughly mixed, being careful to break
down any lumps that may form. The sodium peroxide is then
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added, the container closed and the ingredients thoroughly
mixed by shaking.

After igniting and cooling the charge, dissolve the fusion
in a covered beaker, using 150 cubic centimeters of water.
Add concentrated hydrochloric acid just past the neutral
point (25 to 30 cubic centimeters). Add 1 cubic centimeter
of concentrated hydrochloric acid (specific gravity 1.19) in ex-
cess. Filter and wash with hot water, making the final bulk of
the solution approximately 250 cubic centimeters. Heat to boil-
ing and precipitate the sulphate by adding 10 cubic centi- -
meters of a 10 per cent. solution of barium chloride. Proceed
as described under Eschka method.

Particular care should be taken in washing the precipitate
obtained by this method in order to remove all of the soluble
salts which are formed in the fusion process.

Determination of Sulphur in the Bomb Washings.

Where the precise content of sulphur is not required it may
be approximated from the washings from an oxygen bomb
calorimeter as follows:

After the combustion, the bomb is washed out thoroughly
with distilled water, and the washings collected in a 250 cubic
centimeter beaker. Six to eight cubic centimeters of dilute
(1:1) hydrochloric acid containing some bromine water are
then added and the solution is heated to boiling. The insoluble
matter is filtered off and washed free from sulphates with hot
water. The filtrate and washings which should have a total
volume of 200 cubic centimeters are made just neutral to
methyl orange with sodium hydroxide or carbonate solution,
I cubic centimeter of normal hydrochloric acid is added, and
the procedure completed as described under Eschka'method.

The allowable variations in sulphur determinations are as
follows:

Same analyst Different analyst
per cent. per cent.
IO TN CORNL s (Xe a8 TR oTea’ o m1a1s0araiets oy oHe S50 0.05 o.1

HOE COKE NS o\ e o s e i vato S eta®e w o fas o 0.03 0.05

v
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Determination of Phosphorus. (Recommended by
Committee E-4.)

~ To the ash from 3 grams of coal in a platinum capsule is
added 10 cubic centimeters of nitric acid and 3 to 5 cubic
centimeters of hydrofluoric acid. The liquid is evaporated and
the residue fused with 3 grams of sodium carbonate. If un-
burned carbon is present 0.2 gram of sodium aitrate is mixed
with the carbonate. The melt is leached with water and the
solution filtered. The residue is ignited, fused with sodium
carbenate alone, the melt leached and the solution filtered.
The combined filtrates, held in a flask, are just acidified with
nitric acid and concentrated to a volume of 100 cubic centi-
meters.

To the solution, brought to a temperature of 85° C., is added
50 cubic centimeters of molybdate solution and the flask is
shaken for 10 minutes. The precipitate is washed, on a filter,
six times, or until free from acid, with a 2 per cent. solution
of potassium nitrate, then returned to the flask and titrated
with standard sodium hydroxide solution. The alkali solution
may well be made equal to 0.00025 gram phosphorus per cubic
centimeter or 0.005 per cent. for a 5 gram sample of coal, and
is 0.995 of one-fifth normal. (1) Or the phosphorus in the
precipitate is determined by reduction and titration of the
molybdenum with permanganate.

The advantage of the use of hydrofluoric acid lies in the
removal of silica. Fusion with alkali carbonate is necessary
for the elimination of titanium, which if present and not re-
moved with contaminate the phospho-molybdate and is said to
sometimes retard its precipitation.

Ultimate Analysis.
CARBON AND HYDROGEN.

The determination of carbon and of hydrogen is made with
a weighed quantity of sample in a 25-burner combustion fur-
nace of the Glaser type. The products of combustion are
thoroughly oxidized by being passed over red-hot copper oxide
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and lead chromate, and are fixed by absorbing the water in a
weighed Marchand tube filled with granular calcium chloride
(CaCl,) and by absorbing the carbon dioxide in a Liebig bulb
containing a 3o-per cent. solution of potassium hydroxide
(KOH).

The apparatus used consists of a purifying train, in dupli-
cate, a combustion tube in the furnace, and an absorption train.
The purifying train consists of the following purifying re-
agents arranged in order of passage of air and oxygen through
them: Sulphuric acid, potassium hydroxide solution, soda
lime and granular calcium chloride. One of the trains is for
air and one for oxygen. In the sulphuric acid and potassium
hydroxide scrubbing bottles the air and the oxygen are made
to bubble through about 5 millimeters of the purifying reagent.
Both purifying trains are connected to the combustion tube by
a Y-tube, the joint being made tight by a rubber stopper.

The combustion tube may be of hard Jena glass, quartz or
fused silica. Its external diameter is about 21 millimeters,
and its total length is 1 meter. The first 30 centimeters of
the tube are empty: following this empty space is an asbestos
plug (acid washed and ignited) or in its place a roll of oxi-
dized copper gauze may be used; the next 40 centimeters are
filled with copper oxide wire; a second asbestos plug separates
the copper oxide from 10 centimeters of fused lead chromate,
which_is held in place by another asbestos plug 20 centimeters
from the end of the tube. The end of the tube is contracted
for rubber tubing connection with the absorbing train.

The absorption train consists, first, of a Marchand tube
filled with granular calcium chloride (CaCl,) to absorb moist-
ure. The CaCl, should be saturated with CO, before using
The Marchand tube is followed by a Liebig bulb containing a
30-per cent. potassium hydroxide solution, in which any pos-
sible impurities, as ferrous iron or nitrates, have been oxidized
by a little potassium permanganate (KMnO,). A guard tube
containing granular calcium chloride and soda lime is attached
to the Liebig bulb to absorb any dioxide escaping the potassium
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hydroxide solution and any water evaporating from that solu-
tion. ;

The train is connected to an aspirator which draws the
products of combustion through the entire train. A guard
tube of calcium chloride prevents moisture from running back
into the absorption train. The suction is maintained constant
by a Mariotte flask. The advantage of aspirating the gases
through the train rather than forcing them through by pressure
is that the pressure on the rubber connections is from the out-
side, so that gas-tight connections are more easily maintained
than if the pressure is on the inside of the tube. The connec-
tions are made as tight as possible.
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