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PREFACE TO THIRD EDITION

The present edition has been expanded somewhat to admit
of its being used as a text by students in Chemistry and Chemical
Engineering in their Junior year. It is believed that the added
material will still leave the work well adapted to the chemical
status of students in Mechanical Engineering. For such students
it is well to begin with the topic of Boiler Waters, since this
serves as an excellent medium for reviving their elementary
chemistry. For such students it will be found desirable also to
devote two or three periods to a review of such topics as no-
menclature, especially that relating to acids, bases and salts, also
valence, reactions, solubilities, and a simplified arrangement of
the periodic table which will set forth these properties for about
16 or 18 of the more common elements. This will include prac-
tically all of the chemical considerations likely to be met with in
the study of boiler waters. It will have the further advantage of
connecting many chemical facts with a topic of immediate interest
to the engineer, and in such a manner as incidentally to advance
him materially in the matter of his chemical information.

The author is under special obligation to Floyd B. Hobart for
his very efficient help in preparing the manuseript for the printer.
He wishes also to express his appreciation for helpful suggestions
and careful reading of the text by Dr. T. E. Layng and Dr. M. J.
Bradley, also to Dr. R. E. Greenfield for reviewing the text on
Boiler Waters and to J. M. Lindgren for helpful suggestions on
methods for fuels and oils.

Criticisms and suggestions from users will be especially
welcome.
S. W. PaRr.

UNIVERSITY OF ILLINOIS,
UrBaNa, ILLINOIS,
October, 1921,






PREFACE TO FIRST AND SECOND EDITIONS

This work is intended primarily for Juniors in Mechanical and
Railway Mechanical Engineering at the University of Illinois.
From the chemical standpoint, it is a very serious problem to
know what may profitably be attempted in the way of analytical
methods in the case of students whose chemical experience is
meager. But, however unsatisfactory the amount of preliminary
training, it is obvious that the curriculum in Engineering
courses is already overcrowded, hence the obtaining of a better
prerequisite in chemistry is well nigh impossible. The work as
herein outlined is the result of ten years of effort to make the
most of the situation. It would be quite too much to claim that
in the evolution of the work a satisfactory status has been
attained. It is hoped, however, that the course will at least
help the engineer to a better understanding of the literature of
the topics considered and also to an appreciation and, conse-
quently, a more intelligent use of data which may come into his
hands from the chemist. It may not be out of place to state
further that the course, which, at the first, was inaugurated with
no little misgiving, has more than justified the experiment. For
this result credit is due the students, who, from year to year have
carried the work through with a responsiveness which has been
the main stimulus in developing this outline into its present form.

Part I is a synopsis only of the lectures given. Part II consists
essentially of laboratory directions for the analytical methods
there undertaken. The time allowance for lectures, quizzes,
and laboratory is nine hours per week for 18 weeks. The amount
of work as outlined is such that the average student covers the
ground in the time presecribed.

Special acknowledgment is due Dr. H. J. Broderson for sug-
gested improvements in the present edition and for valued assist-
ance in the reading of proof.
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THE ANALYSIS
OF

FUEL, GAS, WATER AND LUBRICANTS

PART I
LECTURES

CHAPTER I
FuEeLs

Introduction.—Motion, industrially considered, is a commodity
which, when available in proper form and in sufficient quantity, is
designated as power.

The sources of motion are two in number :

1. Gravity.
2. Chemical action.

Gravity is transformed into motion through the medium of
falling water, and to a smaller extent by means of wind currents.

Chemical activity may be derived from the world’s fuel supply
in greater amount and at less cost than from any other source.

By the burning of fuel, chemical action may be made to transfer
its motion through the medium of steam or, to a smaller extent,
as in the internal combustion engine, directly and without any
medium, to the working parts of machinery. Proximity to fuel
beds, therefore, or accessibility by reason of shipping facilities
is an index of present or potential activity along industrial lines.
Hence, it is evident that the fundamental purpose of the indus-
trial examination of fuels is to measure correctly the amount
of chemically active material which resides in a given sample.
This may be determined in two ways: First, by analytical meth-
ods wherein the amount of inorganic or chemically inactive

1
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substance is determined, as distinct from the organic or chem-
ically active material; and, second, by actual combustion
whereby the fuel is made to indicate its activity by the evolution
of heat, the quantity of which may be measured.

Fuel Types.—For convenience in discussion, fuels are divided
into solid, liquid, and gaseous types. This classification with
further subdivisions may be shown in tabulated form as follows:

Coal
Solid Coke and Charcoal
"{ Wood
Petroleum
FueLs{ Liquid { Distillates
Alcohol
Natural Gas
Gaseous$ House Gas
Producer Gas

Coal.—Coal is by far the most abundant and cheapest of all
fuels. It varies in character from the hard, rock-like anthracites
to the soft lignites. The inert non-active substances in the form
of water and ash vary from 8 to 40 per cent, and are inversely
related to the quantity of heat available. Since these factors
are fundamental in the commercial estimation of values, classi-
fication, etc., they will be discussed under the more general
treatment of coal which is taken up later.

Coke.—Coke is at present chiefly a fuel having special proper-
ties which make it suitable for metallurgical purposes. It has
very little inactive material except the ash, which is always of
higher percentage than in the coal from which it is made. Meas-
ured in terms of heat units, coke is approximately equal to the
average anthracite coal.

Wood.—By reason of the hlgh cost of wood, it is’ rapidly
passing out of the list of available fuels. While its content of
inactive substance in the form of ash is low, its content of free
moisture is high even in seasoned wood, and together with
combined water constitutes more than half of the wood by weight.
Its activity, therefore, measured as heat is only about half that
of good coal averaging 6,500 or 7,000 B.t.u. per pound of wood.
Since a cord of well seasoned oak or maple weighs approximately
4,000 Ib., that amount is equal in heat value to 1 ton of coal.
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Pine wood is approximately % as heavy with a slightly higher
thermal value per pound.

Petroleum.—Chemically considered, petroleum is a complex
mixture of hydrocarbons in which those of the heavier type,
having a lower ratio of hydrogen to carbon, predominate. The
heat values range from 18,000 to 20,000 B.t.u. per pound. Crude
petroleum varies in character, some districts yielding heavier
and some lighter oils. Petroleum residues have had the lighter
oils removed by distillation. These residues are of higher
specific gravity and lower heat value.

Distillates.— The distillates are hydrocarbon compounds
mainly derived from petroleum, and are almost entirely free
from inactive material. Their heat value varies with the specific
gravity, which directly is a measure of the ratio of carbon to
hydrogen. The lighter the distillate the higher the ratio of
hydrogen and, consequently, the higher the heat value, which
may vary from 19,000 to 22,000 B.t.u. per pound.

Alcohol.—Alcohol is a prospective rather than a present source
of fuel energy. It involves the fermentation of starch as
obtained from grain, potatoes, ete. or of sugars, as in by-product
molasses from sugar factories, or of wood waste after hydrolyzing
the cellulose. Interesting possibilities also of synthetic alcohol
from acetylene and ethylene have recently been developed.

Alcohol has no ash but a large percentage (34.8 per cent) of
combined oxygen, which approximately represents the inert
material. Its heat value in pure form is 12,391 B.t.u. per pound.

One important feature connected with alcohol is the fact
that while other sources of volatile fuels present a limited or
diminishing supply, the possible expansion of material for the
production of aleohol is unlimited.

Gases.—QGases are more or less mixed with inert material and,
when measured with reference to their chemical activity in the
form of heat, the values are referred to a cubic foot at 60°F.
temperature and a pressure of 30 in. of mercury, as representing
the average or standard temperature and pressure of the atmos-
phere. Because of the inevitable tendency for all forms of this
material to have an admixture of inert gases, the heat values are
very variable. Their character may, however, be expressed in a
general way as follows: '






CHAPTER 11
CoaL

Introduction.—Of all the fuel supplies available, coal consti-
tutes by far the largest part. Our chief consideration, there-
fore, will be given to this topic. A glance at the map,
Fig. 1, will give a general idea of the distribution of coal in the
United States. These coal areas together with transportation
facilities are the chief factors in the development of industrial

F1g. 1.—Distribution of coal fields in the United States.

centers. From the economic standpoint we will be interested
in the output as a whole and also the relative yields from the
main producing areas. The types also and their distribution
are of chemical as well as industrial importance and are given
brief reference.

Output.—The annual output of coal, including lignites, in
the United States for 1920 was approximately 676,000,000 short
tons. A chart, Fig. 2, of the production by years is of interest
since it serves as an index of industrial activity. It presents also
a suggestion in graphic form of the possibility of ultimate

5
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exhaustion of this source of fuel supply, and the necessity of
developing the highest possible efficiencies in its use. Inci-
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Fi1c. 2.—Annual output of coal in the United States, 1880 to 1920.

F1a. 3.—Coal reserves, showing the relative available coal resources of the
United States.!

dentally, it may be noted that the world output of coal for 1920
was estimated at 1,430,000,000 short tons, from which it will be
1111, State Geol. Surv. Yearbook for 1916, p. 26.






8 FUEL, GAS, WATER AND LUBRICATION

hence supremacy in the matter of fuel values is not likely to
migrate westward.

Relative Output of Principal Producing States.—The relative
production of bituminous coal for the four principal producing
states is shown in Fig. 5. While the coal resources of Illinois
exceed those of either Pennsylvania or West Virginia, the annual
production for these states is not in relative proportion to the
estimated reserves. The explanation would doubtless be found
mainly in the matter of chemical composition and special
characteristics. For example, by far the greater part of the

PRODUCTION BITUMINOUS COAL 1920
CALENDAR YEAR

50 1 150 2
PENN. B 163.000.000 TONS

EE
Gy
N e

OHIO0 ‘ 45.000.000

o

90.050,000

87.500.000

NTATE OF (LLIOIN
STATE
GEOLOGICAL
SURVEY

| ,
| | |

F1g. 5.—Bituminous coal output.

coking coals are mined in Pennsylvania. In 1920 the estimated
amount of coal devoted to coke making was 77,000,000 tons. If
the coals of Illinois were able to produce a metallurgical coke
and Pennsylvania coals were not so constituted, other factors
remaining the same it would doubtless result in an interchange
of data, that is, Illinois would be credited with an output of
163,000,000 tons and Pennsylvania with 90,000,000 tons. These
figures would then more nearly conform to the relative reserves
for each state. This reference alone, among numerous others
which might be given, may serve as an illustration of the desira-
bility on the part of the chemist of familiarizing himself with the
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composition, characteristics and types of the coals in the various
regions of the country. Greater efficiency in the use of a low-
grade coal may even give it an advantage over the coal of higher
grade. Coking conditions may also be modified so that the
chemical studies connected with our coal supplies may involve a
wide range of interests from the purely scientific phase to the
relations which are mainly industrial or economic.
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F1c. 6.—Eastern coal fields.

Distribution of Types.—It is not intended at this point to take
up the topic of coal classification in detail. It should be noted,
however, that certain geological conditions have brought about
chemical changes in the coal beds which have resulted in a pro-
gression westward of certain type characteristics such as the
content of volatile matter or the amount of free moisture retained
in the coal seam. For example, by reference to Fig. 6, the
numbers 1 to 3 inclusive show the location of the coals having
the lowest volatile matter, the anthracites. Coals numbered






CHAPTER 111
SampLING oF CoAL!

Introduction.—Samples may be taken by different methods and

for a variety of purposes. Three kinds are generally recognized:
1. Hand samples.
2. Face samples.
3. Commercial samples.

1. Hand Samples.—As the name implies, hand samples are
taken in small amounts and the entire sample is submitted for
inspection and analysis. In the nature of the case such samples
are selected and are not representative of the mass from which
they come. Their analysis may be of interest to the person
collecting them but the results are without commercial value or
significance.

2. Face Samples.—This term is applied to samples taken at the
working face of a coal seam. They are essential for purposes of
scientific study and serve as a basis for determining the changes
that oceur in the process of mining, transportation and storage.
The taking of such samples is not different in principle from the
taking of commercial samples. The chief essential is a kit of the
knock-down type, not too heavy for packing and not too tedious
in setting up and operating. Specific details are not given here.

3. Commercial Samples.—The majority of samples are taken
in connection with industrial operations, in the process of coal
inspection, control of contracts, determination of efficiencies,
ete., and involves the sampling of wagon loads, car lots, barge
shipments and masses in storage. The general principles under
any of these conditions are the same. The important features
to be observed are given special emphasis as follows:

Necessity of Care.—Without question, the critical point in the
entire range of coal inspection and analysis is in the sampling.

! Adapted from Ill. State Geol. Surv., Bull. 29, Purchase and sale of

Illinois coal on specification, by S. W. Parr (1914).
11
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If the sample taken is truly representative of the entire lot, the
results, if accurate in themselves, furnish correct information as
to the larger mass of which the sample is a part. If, on the other
hand, the sample is in error, the results of the analysis though
correct in themselves will be in error so far as they relate to the
mass under consideration. Throughout the process of sampling
two points must be observed with scrupulous care:

First—The sample taken must be representative of the whole,
that is, the distribution of the various substances which go to
make up the original mass must be maintained without any
change in the relative amount of the various constituents.

Second.—The moisture content, which changes readily, must
be under exact control so that at any stage the ratio of moisture
present to the original moisture of the mass may be definitely
known.

Material to Be Taken.—As stated above, the first essential in a
sample is that it shall truly represent the mass of which it is a
part. To secure this result a few fundamental conditions must
be observed, as follows:

The gross sample must be representative of the various kinds of
material present. That is to say, a mass of coal consists of fine
stuff, lump, bone, slate, pyrites, and other constituents. As a
rule the “fines’’ differ in composition from the lump, hence the
sample must have these two sorts of material in their proper
proportion. The same is even more true of slate or pyrites, the
composition of which differs widely from that of the major part
of the mass. An undue amount of such material would cause a
serious disturbance in the accuracy of the sample.

Amount.—In procuring a representative sample a large element
of safety resides in the quantity taken. In general, the larger the
amount, the more representative it will be. However, conditions
differ. It is easier, for example, to procure an even sample from
the face of a working vein or from a carload of screenings than
from a carload or other mass of lump or run-of-mine coal. In
the latter case larger amounts should be taken than in the
former.

The limits of practicability for the proper handling of the
sample must however be considered. In general, the gross
sample should weigh approximately from 200 to 600 1b. Doubt-
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less 200 lb. of screenings, taken with fairly good distribution
throughout the unloading of a 40- or 50-ton car, will yield a
very true sample. The difficulties increase greatly with the
increase of the size of the particles, as in the case of lump or
mine-run coal. If mechanical appliances for grinding are avail-
able, the larger amount should be taken, but a smaller sample
well crushed down before quartering is better than a greater
mass quartered down while the particles are still in larger
pieces.

Ratio of Size to Mass.—Assuming that the sample as taken is
made up of the various kinds of material in proper proportion, the
next important item is to maintain these variables in their ratios
throughout the process of reducing the gross amount to a small
working or laboratory sample. To insure this result, there must
be maintained a certain ratio of size of the particles to size or
weight of the mass. This, as a rule, is based on a formula which
provides that the weight of the largest piece of impurity shall
have a ratio to the weight of the mass of about 2:10,000. . For
example, a mass weighing 10,000 grams, or about 22 1b., should
contain no particles weighing more than 2 grams. This would
mean that the largest particle, as for example, a piece of
iron pyrites, must not be over i in. in its greatest diameter.
Each piece of impurity of this size improperly distributed
would represent a possible error of approximately + 0.02 per
cent. '

The final ratio of sizes, however, should be determined by the
methods available for grinding. With mechanical appliances
for obtaining the smaller sizes, a table of ratios with greater
safety limits can be adopted than is perhaps practicable where
the crushing is done by hand. If a power crusher is available,
the entire sample should be passed through the mill and reduced
to a size which will pass a 1-in. screen. If the crushing must be
done by hand, the first reduction in size of the particles should be
such that the entire mass will pass through a 1-in. screen. When
by quartering, the sample is reduced to 100 lb., the size of the
particles should be further reduced to a size that will pass a
3-in. screen, and with a 50-1b. sample in hand the crushing should
be carried to %-in. mesh. The subdivisions with their respective
sizes are shown in tabular form as follows:
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TasrLe I.—Size oF MESH FOR DIFFERENT SUBDIVISIONS OF SAMPLE

Weight of subdivisions of sample Size of mesh to which each sub-
(pounds) division should be broken (inches)

500
250
125
60
30

o s 0o s b

Illinois coals are easily crushed in mills which are available at
little expense. Hence, it is entirely reasonable to require that

T1g. 7.—Coal grinder of the coffee-mill type.

gross samples, when reduced in mass to 50 or 75 lb., shall be
passed through a mill set for grinding to approximately 3 in.
For this work, a mill which is not of the jaw crusher or roller type
is preferred, since these types produce too large a percentage
of fine material, and the harder pieces of slate, especially those of
flaky or plate-like structure, are liable to pass in pieces having
inadmissably large dimensions in two directions, even though the
adjustment used would scem to be fine enough to prevent the
passage of such material. A grinder of the coffee-mill type or
one with projecting teeth on the grinding surfaces will be found
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to produce a more uniform size and the minimum amount of dust.
The grinding surfaces of such a machine are shown in Fig. 7.
Mixing and Subdividing.—As a further precaution in main-
taining a correct distribution of the various constituents, empha-
sis is placed upon the necessity of thorough mixing, followed by
an evenselection of the remaining subdivisions. Itistruethatfine
grinding contributes materially to this end but further care is
necessary. It is entirely practicable to mix a 50-lb. sample,
ground as above described, by rolling in an oileloth about 5 ft.
square. This is accomplished by taking one corner of the cloth

F1as. 8 and 9.—Flattening the heap of coal and then quartering the pile.

and carrying it over the pile towards the diagonally opposite
corner so as to cause the mass to roll over upon itself, then
reversing the motion and repeating the process with the other
two corners. Fifteen or twenty such alterations, depending
somewhat upon the size of the sample, should be sufficient to
effect an even mixture. After mixing, the process of coning and
quartering should be followed as illustrated in the cut, Figs. 8
and 9. Opposite quarters are rejected until the final sample
amounts to about 5 1b. This is sealed in an airtight container,
and forwarded to the laboratory for analysis.

The subdividing of the larger sample, to reduce it to a con-
venient size for transmission to the laboratory, requires special
consideration as having an important bearing on the mainte-
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nance of the correct ratio of constituents. This may be best
shown by the data given in Table II.

TaBLE II.—AsH VARIATIONS IN DIFFERENT SiZzES OBTAINED FROM
DUPLICATE SAMPLES

Duypl= | Per cent d b composited
Series Mesh cate | of each Ash " Y
' : by calculation |
halves size
I (FONnT20ME 0 N s a | 41.7 14.11
b 484 | 14.00
1; | Through 20.... a | 41.7 15.55
Oné60.......... b 37.9 1542 SN E e 16.32
BT sl 15.86
1; | Through 60. ... a 16.6 23.89 - _—
0 okt IS 23.65 | Average..... 16.09
nl 1
2, |On20.......... - 20.1 | 15.91
b 25.0 15.68
2; | Through 20. ... a 48.4 16.23
On60.......... b GRS G 10 Lt R S 17.90
D Sa s e 17.80
2; | Through 60.... a 22.5 24.09 =
b 23.1 23.98 |Average..... 17.85

Note in this table that series 1 and 2 are 3-1b. samples taken by
subdividing in the same manner the same gross sample of about
30 Ib. Each sample was ground to eight-mesh and sized. It
will be seen that in series 1, duplicates ¢ and b had 16.6 and 13.7
per cent of the 60-mesh size, whereas in series 2 the duplicates a
and b had 22.5 and 23.1 per cent respectively. Note further,
the great increase in ash in the fine size as compared with the
ash in the coarse material. For example, series 1 having an
average of 14 per cent of ash in the coarse size has an average
of 23.75 per cent in the fine portion. A similar increase in ash
is seen in the corresponding sizes in series 2. The ultimate ash
average for series 1 is 16.09 per cent and for series 2 it is 17.85
per cent. These values vary consistently with the variation in
the percentages of fine material in the respective series. On the
other hand, the duplicate halves a and b throughout, because of
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their uniformity resulting from the sizing process, show result
in the several pairs which check very closely.

The values as presented in the table, therefore, show clearly
that in the process of subdividing the gross sample and in the fur-
ther reduction of the sample as received at the laboratory, great
care must be exercised to see that no part of the manipula-
tion is of such a nature as will promote segregation of the
constituents.

Riffling.—A riffle constructed according to the pattern shown
in Fig. 10 may be used to advantage after the sample has been
reduced by quartering to about 5 Ib. At this stage the sample is

i

‘ i W

Fic. 10.—Riffle.

ground to i-in. size, hence the riffle openings may be § in. in
width. With this variation in the openings the riffle as shown
in Fig. 10 is substantially the one deseribed in the Bulletin of the
Ohio Geological Survey, No. 9, p. 313, 1908.}

Segregation may occur where least expected, for example, in
the use of a riffle, if the material is added from the scoop more
rapidly than it can pass through the openings, thereby piling
up in the riffle hopper, the material tends to form itself into
cone-shaped masses, down the sides of which the particles may
flow more readily in one direction than in another, depending on
the freedom of the opening. Such conditions promote marked
segregation. Riffles with large hoppers and small grid areas
are not of good construction. Numerous tests on this point

1See also “Standard Methods” of the American Society for Testing
Materials, 1916, p. 552. Also same volume for sampling details, pp. 544~

549.
2
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have been made.! One set only is given here. The sample No. 1
of Table II, but not separated into the various sizes, shows
an ash content of 16.09 per cent. The two halves obtained by
proper feeding of the riffle gave 16.07 and 16.26 per cent, or a
difference of 0.19 per cent. By rapid feeding, sufficient for the
material to pile up in the hopper, the two halves gave ash values
of 14.35 and 17.87 per cent respectively, or a difference of 3.52
per cent. A

Sampling a Carload.—A car of coal may be sampled to the best
advantage in the process of unloading. An occasional half
shovelful should be thrown into a proper receptacle so that by
the time the car is unloaded approximately 200 lb., evenly dis-
tributed throughout the load will have been taken. This will
mean about one-half shovelful for every 10 full scoops. They are
best taken in the process of shoveling from the bottom of the car,
since the top coal rolls down and mixes fairly evenly with the
bottom. It should be kept in mind that in taking a sample there
must be obtained the different sizes of coal, fine and coarsein their
proper proportions from the entire cross-section of the mass, and
also an even distribution of the sample lengthwise of the car.
Even greater care must be taken to guard against loss of moisture
in the process of collecting and in reducing the gross sample for
the reason that as a rule the relative humidity outside of the
mine is lower and the tendency of the moisture to leave the coal
is correspondingly increased.

It has been shown in Table II, that the finer particles of a coal
mass are higher in ash and hence have a greater specific gravity.
They are therefore more likely to separate by gravity from the
coarser material. On this account, if a car is to be sampled
without unloading, it is necessary to dig well toward the bottom
in order to obtain a representative sample. Three trenches
should be dug crosswise of the load, one near each end and one
near the middle of the car. These trenches should go down
nearly to the bottom of the mass and each size be taken as nearly
as possible in its proper proportion. Lump and run-of-mine lots
are much more difficult to sample than screenings, but it should
Jbe noted that screenings may vary greatly, for not infrequently a
car is partially loaded from one bin and finished from another

1L 8. G. S. Coop. Bull. 3, p. 25, 1916.
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which may be of a different size and composition. After ob-
taining the gross sample, the methods to be followed are the
same as those already given.

Composite Samples.—It is often desirable to composite a
number of samples. In this way a single sample may be made
to represent a much larger quantity of coal and thus cut down
the time and expense involved in procuring the analytical data.
In this procedure, however, it must be remembered that even
greater care should be exercised in taking the several component
samples. The amount of each sample entering into the com-
posite must be in proportion to the mass which it represents, and
finally a thorough and positive mixing of the composited mass
must be effected before quartering down the same to the usual
5-1b. quantity.

It is convenient to determine the amount of each sample to be
taken by employing an aliquot system of weights. For illus-
tration: Suppose we adopt 1 gram to the 100 lb. as the unit
which shall enter into the composite. Then a 100,000-1b. car of
coal should be represented by 1,000 grams. In compositing,
therefore, the total amount of each sample will not be taken, but
instead an aliquot proportion which will give to each car lot its
due amount. It is preferable to use such a factor as shall utilize
the major part of the several 5-1b. samples. In this way the
gross composite from 10 cars would aggregate 20 or 30 lb. in
weight. It should be coned and quartered until a thoroughly
homogeneous mass of about 5 1b. is obtained, as already de-
scribed. For this procedure it is obvious that the necessary data
should accompany the various samples. A ticket inserted in the
can before sealing should give the data needed.

A convenient form is as follows:

i S e e [ S B 1 XU P 1B R b i o o i D o 19
(Name of institution) . (When taken)

RIelEll G O o i L A S e e RO I = LS e Sl ey BT

O B A e L S S CRIN O s o o et hInpd &

T e d Gl e TS AR e B SR
U S R 0 (0T B0) 00 0701 1 i S S SRS SR e S S R SRS S S
Wieight:of ‘quarteritakenifor dust,. . ... o die o o cobon o oL,
Weight of dust in quarter taKen. . . . ... ouvaote it cio s iuling e s .

! Divide the net weight by 2 and place a decimal point after the first
figure of the quotient.
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Mechanical Sampling.—Numerous attempts have been made
to devise a mechanical method for taking samples. While it is
possible, by such means to eliminate the personal equation, it
is difficult to avoid segregation or an uneven distribution of -
coarse and fine material. In the sample grinder illustrated in
Fig. 11, there is an evident advantage that with such a power
grinder larger samples may be handled, thus dividing rather than
multiplying the errors. Theillustration showsthe grinder opened
for cleaning, at the end of the operation. Both the central

Fic. 11.—Grinder opened for cleaning.

grinding cone and the wing stirrer underneath may be lifted out
for cleaning the entire grinding and distributing chamber. The
sampling feature is so arranged that an aliquot part, approxi-
mately 10 per cent, is delivered into the small receptacle in the
process of grinding the original mass. In use of such a sample
grinder, the facility with which the material may be passed
through makes it possible to take much larger initial samples.
For example, if occasional shovelfuls are taken, well distributed
throughout the unloading of a car in such an amount as to yield
say 40 lb. in the aliquot portion, then it is known that approxi-
mately a 400-lb. gross sample has been passed through the
grinder.

Doubtless the best method for determining the aceuracy of
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the sample delivered by the apparatus is to compare the ash
values, water-free basis, as obtained from the small sample with
the ash value from the main portion, sampled by ecarefully
quartering down by hand in the usual manner. A number of
tests of this sort are shown in Table IIT.

TaBLE III.—AccuracY oF SAMPLE GRINDER
Comparison of ash values. Dry basis
Samples A and B obtained from main portion by quartering and riffling

| Ash in ’ 4 B
Taboras Sl Asgh in main | Ash in main
e o | gmoless | aampledby | Dieate of
: by grinder g:drneﬂ];lmi qu(;l;‘t)er
8661 |Vermilion Co. Screenings....| 15.53 15.22 15.72
8664 |Vermilion Co. Screenings....| 14.52 14.52 14.65
8667 |Vermilion Co. Screenings....| 19.19 19:88 19.72
8670 ‘Vermilion Co. Screenings....| 17.43 17.78 17.58

Another test has been applied as follows: The samples as
obtained in the process of grinding 10 gross samples were
delivered into a common receptacle in their proper proportions
for compositing. Without further mixing, the mass of approxi-
mately 40 lb. was poured into the grinder. The accuracy of the
small sample thus obtained was determined as before, by com-
parison of ash values. The main portion was sampled again by
pouring through the mill a second time for a duplicate aliquot
delivery. The results are shown in Table IV. In both of these
tables the agreement between the sample delivered by the mill
and the sample obtained from the main portion is very satis-
factory, especially when we consider the variations inherent in
the processes of analysis for high-ash coals.

Moisture Control.—The further essential in taking and pre-
paring a sample relates to the free moisture present, and requires
that the changes in moisture content ‘“must be under exact
control so that at any stage the ratio of the moisture present to
the original moisture of the mass may be definitely known.”

In coals of this region especially, where the moisture in the coal
as it comes from the mine averages from 10 to 15 per cent the
tendency toward moisture changes is very marked. For ex-
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TasLE IV.—AccuracY oF SAMPLE GRINDER
By comparison of ash values. Dry basis
Duplicate sample obtained by second passage of main portion through mill

A B
Laboratory Closli [seraehing) First aliquot Second
number of 10 per cent | aliquot of
as delivered | main portion
8668 Moultrie County............. 19.61 19.60
8934 Moultrie County............. 20.32 20.38
8961 Moultrie County............. 20.94 21.13
8973 Moultrie County............. 19.21 19.82
9011 Moultrie County............. 19.21, 19.17
9013 Moultrie County............. 19.62 19.41
9025 Montgomery County......... 13.69 13.44
9143 Moultrie County............. 19.64 19.67
9147 Moultrie County............. 19.83 20.03
9162 Moultrie County............. 20.14 20.26
9160 Montgomery County......... 14.17 13.89
9180 Moultrie County............. 19.32 18.94
9185 Montgomery County......... 13.30 13.48
9195 Moultrie County............. 19.72 19.90
9197 Moultrie County............. 18.61 19.18
9240 Montgomery County......... 13.20 12.95
0242 Moultrie County............. 19.82 19.89
9244 Moultrie County............. 18.93 18.96
9268 Montgomery County......... 13.48 13.43

ample, the process of crushing down the larger sizes affords an
opportunity for the escape of moisture. Again, if the coal is
spread out on the floor of a hot boiler room or left exposed to
currents of air for any length of time there will be a serious change
in the moisture factor. Another practice sometimes followed
is that of assembling the various increments of the gross sample
in a sack or other receptacle permitting a relatively free trans-
mission of air. Samples kept in this manner for any length of
time or shipped in such containers will have a moisture content
quite different from the original.

The methods employed, therefore, in collecting and reducing a
gross sample must have special reference to this tendency on the
part of the free moisture to escape. The work should be done
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rapidly in a room at or below the normal temperature and, so
far as possible, with the use of closed apparatus which admits of
the least possible exchange of the contained air. Precaution-
ary measures of this sort should be made at the very outset.
The gross sample, which is made up of small increments collected
usually over a considerable length of time, should be enclosed in a
tight box or clean garbage can having a tightly fitting cover which
can be closed and locked against the possibility of change until
the time for grinding and reducing.

Dust Determinations.—From the preceding discussion it will
be at once obvious that with coals of the Illinois type where high
ash of the fine material is a characteristic feature, a specification
as to the limit of dust or duff allowable in screenings is often or
indeed usually embodied in coal specifications. Dust determi-
nations are not necessary of course on run-of-mine or lump coal.

For obtaining the percentage of dust in screenings or slack a
200-1b. sample as taken in the ordinary procedure is coned and
quartered by the standard method. One of the quarters, about
50 1b., is placed in a weighed metal basket and the weight taken.
It is then passed through a i-in. sereen into a second weighed
basket. The weight of the material passing through is noted.
Both of these factors are placed on a ticket, and both portions of
coarse and fine material are rejected.

Divide the weight of the material passing the %-in. screen
by the total weight of the quarter taken and multiply by 100.
This will give the percentage of dust present in the coal. The
remainder of the sample should be coned and quartered to
about 25 1b. or passed through the sample grinder and then
riffled as already described.

Laboratory Sample.—The preceding discussion relates mainly
to the taking of the gross sample. Ordinarily it should be about
3 to 5 lb, in .amount and sealed in a manner to preclude the
possibility of change in moisture content while being transported
to the laboratory.

The preparation of the working sample for the laboratory is
usually considered as a separate matter from that of the gross
sampling of the mass. It should be carried out by the chemist
or under his immediate supervision. After taking approxi-
mately 100 grams for total moisture as described under ‘‘ Analy-
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sis” in the chapter following, the main sample is air dried to
approximately constant weight or to a moisture content of from
2 to 4 per cent and passed through a coffee-mill grinder to reduce
it to a size which will pass through a 10-mesh sieve. This is
rifled down to about 500 grams and placed in the ball mill for
fine grinding. The buckboard may also be used for this purpose,
in which case a smaller amount, about 100 grams, should be taken.
About 50 grams of the 60-mesh material is placed in a small
bottle with rubber stopper from which the samples for analysis
are weighed.

It is well to remember that, even under these conditions of
storing, changes in the sample occur such as segregation, due to
the settling of the heavier particles, oxidation which results in a
slight increase of free moisture, and especially if the moisture is
high, above 4 or 5 per cent, there is a very appreciable change in
the iron pyrites from FeS, to FeSO4 + 7H,O0.



CHAPTER 1V
ANALysis oF CoAL

Moisture and Nomenclature.—The topic of moisture control
has already been discussed, emphasis having been laid upon the
fact that at any stage of the processes the exact ratio of the mois-
ture present to the moisture of the original mass must be defi-
nitely known. This implies that moisture changes do occur.
Indeed three moisture conditions exist and, since under each
condition all of the accompanying factors are modified to meet
the specific change in moisture, a special designation is applied
to the coal for each one of these conditions.

Coal with all of the normal moisture present is designated as
“wet” coal or coal “as-received.” It relates to the moisture at
the time of taking the sample. All of the detail of the processes
for collecting and reducing the gross sample up to and including
the item of sealing and shipping the 5-lb. sample involves the
preservation of this initial moisture without loss.

The second moisture status is that wherein the “wet’’ or “as-
received’’ coal has been dried to a point of substantial equilibrium
with the moisture of the air, so that in an atmosphere of average
humidity it would take on or lose additional moisture very slowly
or not at all. In this condition the coal sample is said to be
“air dry.” This is the condition to which the chemist must
bring the sample in order that the processes of finer grinding and
weighing may be carried on without change in the moisture
factor. Obviously the amount of moisture lost in passing from
the “wet” or “as-received” condition to the “air-dry’’ condition
must be carefully measured. The factor thus determined is
designated as the ‘“loss on air drying.” By use of it all of the
values obtained from analysis of the coal in the ‘“air-dry”
state may be calculated to the “wet’’ or “as-received’’ condition.

The third condition recognized is that of “dry” coal. This is
sometimes designated as the “oven-dry” or ‘“moisture-free”

25
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state. All of the values found for the coal in the ‘“‘air-dry”
condition may be transferred by calculation and made to apply
to the coal as “oven-dry.” The necessary factor in this case
is the loss of moisture obtained from drying the “air-dry’’ sample
at or slightly above steam temperature, as 105°C. for 1 hr. It
is not intended here to give directions for carrying out these
processes. The terms employed, however, are of so frequent
occurrence, and in many cases enter so vitally into a correct
understanding of the methods upon which certain values are
based in the making of estimates and arriving at fuel settlements
that at least a brief reference seems desirable.

Carelessness in the use of these terms leads to much confusion.
The chemist and the engineer are not always in agreement as to
their meaning. The results as obtained by chemical analysis
upon the air-dry sample are of little use to the engineer, whose
basis of reference is to the ‘‘as-received’’ or to the “dry” basis.
For the purpose of the engineer it is necessary, therefore, to
calculate the results which are obtained on the air-dry sample
back to the “wet’’ coal and also to the “dry” basis. These
values are the only ones that should be reported. The factors
obtained on the “air-dry” basis are for the chemist only, and
have no significance for any one else.

It will be evident at once that throughout all of the handling
of a coal sample there must be exact control of the free moisture
and knowledge of the amount present at the various stages of
reference in order that calculations may be made from one
basis to another. Two methods are in common use. One takes
account of the moisture loss on air drying and again the moisture
loss on passing from the “air-dry”’ to the “oven-dry”’ or ‘“mois-
ture-free”’ condition. With these two factors in hand the “total
moisture’’ on the sample as received is derived by calculation.
This method requires careful handling of the material in order
that no unmeasured losses or accessions of moisture occur in the
various operations of grinding, riffling, ete.

The other procedure and the one least liable to error is carried
out by taking a ‘““total moisture sample’” at once upon opening
the 5-1b. laboratory sample. This will be about 100 grams in
amount. It should be put through a grinder at once, reducing
it to about 10-mesh size, and retained in a sample bottle with
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rubber stopper. Five-gram samples are taken for total moisture
determinations.

Having thus the total moisture on the coal “as received,”
the main sample may be air-dried without reference to the loss
on air drying. The moisture found on oven drying, and the
total ‘“‘as received” moisture furnish all the data needed for
calculating to the two bases for reporting, namely the ‘““as-
received’’ and the “dry” or moisture-free condition.

Calculations.—To calculate the percentage values obtained on
“air-dry’’ coal to the ‘‘dry-coal’ basis, divide each constituent
by (100 — w) in which w is the moisture present in the ““air-dry”’
sample. The moisture factor for the “dry” coal is omitted of
course, and the sum of the resulting constituents should total 100
per cent.

To calculate from the “air-dry”’ values to the “wet,” or ‘“as-
received’” condition multiply each percentage for the ““air-dry”
state by (100 — ) in which [ is the loss on air drying. The
moisture factor thus derived plus the loss on air drying equals the
total moisture in the “wet’”’ coal. This and the other factors
calculated as described should equal 100 per cent. Where a
total moisture factor is obtained the calculation is made to the
“wet’’ basis from the “dry’” or “moisture-free’’ state by multi-
plying the dry values by (100 — ¢) in which ¢is the total moisture.

Methods of Analysis.—Coal may be subjected to either the
ultimate or proximate method of analysis. In the former,
beside the moisture, ash, and sulphur factors, a determination is
made of the constituent elements comprising the organic substance
of the coal; namely, carbon, hydrogen, nitrogen, and oxygen.

In the proximate method, besides the moisture, ash, and sulphur,
there are determined, instead of the elemental substances of the
organic part, only volatile matter and fixed carbon. The ulti-
mate analysis furnishes data from which the heat value of the
coal can be calculated. The proximate analysis gives the neces-
sary data for judging of the kind and general character of the coal.
It is the proximate method which will be chiefly considered, the
main object being to discuss the significance of the various
factors, methods of calculation, etc. The analytical methods
are taken up elsewhere under the directions for the laboratory
processes.
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General Plan.—The general purpose involved in making
a chemical analysis of coal is to furnish a basis for estimating
values. In its simplest form it consists in separating the inor-
ganic or non-combustible from the organic or heat-producing
material. The following outline may serve as an illustration:

Moisture } Water

Inorganic or Plant Ash
Non-combustible | Clayey Matter
Calcium Sulphate
Calcium Carbonate
Salt
Iron Pyrites

CoaL Ash

Organic or

J Complex
Combustible

Hydrocarbon Combustible
{ Compounds

It will be seen from the diagram that the constituents of funda-
mental importance are in reality only three in number: Water,
ash, and combustible matter. The meaning and use of these
values especially in some sort of their modified or corrected forms
may be made of great service in connection with the purchase
and sale of coal on specification.

The Interpretation of Moisture Values.—The significance of
the factor for moisture is important. In coals with high moisture
in the vein, a large shrinkage in weight occurs in the process of
shipment. In the majority of cases, settlement is made upon the
basis of the mine weights. This loss of moisture, therefore, falls
ultimately upon the consumer. _

There is usually a certain agreement also between combined
oxygen or the water of constitution and the content of free
moisture in the vein sample; the higher the moisture, the more
combined oxygen and the smaller the percentage of combustible
in the volatile matter. For this reason there are more heat
units per pound of combustible (ash and moisture free) in Poca-
hontas coal, with 2 per cent of vein moisture, than per pound of
combustible (ash and moisture free) in Illinois coal, with 12
per cent of moisture in the vein sample. The vein moisture,
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therefore, becomes to a very considerable extent an index of the
type or composition of the organic part of the coal. These
variations in property will be discussed somewhat further under
the topic of *Unit Coal.”

Ash.—Ash is the inorganic constituent of the coal aside from
water. As commonly defined, it is the residue left after burning
and is made up of complex substances such as sand, shale or
kaolin, gypsum, calcium carbonate, iron pyrites, etc. But, from
the list it is evident that there is much opportunity for loss of
constituents such as combined water and CO; in the process
of burning, which, if not corrected for, come to be reckoned as
part of the combustible matter. There have come into use,
therefore, in connection with the ash determination two terms
expressive of this material, namely, ““ash as weighed” or simply
‘“ash,” and “corrected ash.” :

The use of a corrected ash factor is primarily of interest in
the accurate determination of the amount of active or organic
matter present. Thus, unless the line of demarcation between
the organic and inorganic substance is properly and precisely
drawn, we do not have a correct unit for the true combustible
material. This point will be better understood from the dis-
cussion of “Unit Coal’”’ in Chapter V.

Sulphur.—This constituent of the coal is made a matter of
separate determination. The question might be raised as to
whether the sulphur should not be grouped with the true coal sub-
stance since it contributes somewhat to the heat values in the
burning process. But it is distinetly a mineral substance, varies
widely in amount and affects the properties of the coal far more
specifically through the ash than in its contribution to the heat
volume, which is relatively small in amount. Moreover, by
segregating it from the heat producing constituents and taking
away the heat also which may be credited to it a far more con-
sistent value remains as the true heat to be credited to the unit-
coal substance. This procedure will be found to have very great
practical value as well as being of great advantage in the com-
parative study of coals for classification and similar purposes.
Since the sulphur of coal occurs largely as iron pyrites, FeS,,
it is generally believed that a high sulphur factor represents a high
iron factor and, consequently, a tendency for the coal to clinker
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in burning. This does not necessarily always follow, but it
is true in the main. The average content of sulfur in Illinois
coals is from 3 to 4 per cent., with an occasional output as high as
6 or even 7 per cent. In the southern and southeastern field,
however, as in Franklin, Williamson, Saline and Jackson counties
the sulphur content will average from 1 to 2 per cent. ‘

Volatile Matter.—The organic matter of coal when heated
above 350 or 400°C. decomposes giving off combustible gases
and, if the temperature is continued to a bright-red heat, there
remains, in addition to the ash, the fixed carbon or coking con-
stituent of the coal. The volatile matter is of significance
largely by reason of the fact that this part of the combustible
substance has a tendency to escape into the flue spaces before com-
plete combustion has been effected. With mechanical stokers
and modern equipment, this would not occur and, conse-
quently, the matter of high- or low-volatile matter is of less sig-
nificance than formerly. In domestic appliances, however, this
is not the case, and larger losses occur in the process of com-
bustion. For such uses, therefore, higher efficiency will be ob-
tained from coals with less volatile matter and a higher
percentage of fixed carbon.

Fixed Carbon.—The fixed carbon represents the amount of
combustible matter which remains behind for complete combus-
tion in the fire box. Its value, therefore, depends upon the form
of appliance in which the coal is burned. The fixed carbon plus
the ash represents approximately the coke content that might be
expected from the original coal. It should be noted that fixed
carbon is a product of the destructive distillation of the organic
matter of the coal, and is not a constituent of the coal in its
natural form at all. Moreover, the fixed carbon carries with
it as adsorbed or chemically combined material small percentages
of nitrogen, sulphur, hydrogen and possibly oxygen.



CHAPTER V
Unit CoAL

Definitions.—In fuel literature three terms have come into

use:

1. Combustible.

2. Ash and water-free substance.

3. Pure coal.
These terms are synonymous and are intended to represent the
active or actual coal substance. The heat value, for example,
when referred to the combustible matter, is found by dividing
the heat value as obtained on the wet coal by 1.00 — (sum of
moisture and ash as weighed). From the previous discussion,
it is evident that in coals of the Illinois type with their high-ash
content there will be a very considerable error unless we make use
of a corrected ash, hence there has been suggested! another term,
that of “Unit Coal,” which is intended to stand for the pure or
actual coal substance as derived from taking into consideration
the corrected ash. In other words the attempt is made to
differentiate between the non-coal substance and the coal itself.
The latter is a fairly constant material in its heat producing prop-
erty and general makeup of its chemical compounds. The
non-coal substance on the contrary is made up of a number of in-
gredients, more or less adventitious, and varying both in actual
amount present and also in composition as they pass through the
processes of analytical determination. For example the iron
pyrites which is a large factor in the non-coal material is weighed
out with the coal in the form of FeS,. After burning to ash it
becomes Fe;0; and the application of a correction factor to the
ash as weighed is necessary if we wish to revert to the original
condition of the ash. Similarly, the shale or clayey constituents
have in chemical combination, a certain amount of water which
is not driven off by drying at steam temperature, but is delivered

1 Univ., of Ill. Eng. Exp. Sta., Bull. 37.
31
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at a red heat in the process of ashing. Here again, if we wish to
obtain a factor for the true ash or non-coal substance we must
apply another correction to account for this loss of combined
water. An expression, therefore, for the non-coal substance
has been adopted as follows:

Non-coal = Moisture + Ash-as-weighed + 2S + 0.08 (Ash-as-
weighed — 4°S). ;

Derivation of the Formula for Unit Coal.—The factors in this
expression are derived as follows: In the ash as weighed the
FeS, of the original coal has burned to Fe;O;. In this combi-
nation the atomic ratio of the oxygen to the total sulphur
which it replaces, that is Fes0; 2(FeSs) :: 48 :128 or 3 : 8.
This means that oxygen has combined with the iron to the extent
of three-eighths of the weight of the original sulphur. Hence, the
ash as weighed may be corrected or brought to its original form
so far as the FeS, is concerned by adding five-eighths of the weight
of the sulphur present in the coal. The assumption hereisthatall
of the sulphur is present as FeS,. Since there is always a certain
amount of sulphur present in organic combination, the above fac-
tor carries with it a small error which is referred to later in
the discussion.

Again the ratio of iron to sulphur in iron pyrites (Fesg) is
56:64; that is, the amount of iron present is seven-eighths of the
Weight of the sulphur. The combined iron and oxygen, therefore
weighed as Fe,0; are equivalent to ¢ + 2 or % of the sulphur
present. Hence, the expression (Ash-as-weighed — %S) repre-
sents the ash with the pyritic iron or the resulting oxide Fe;O;
removed. Therefore, since the original FeS, from which it
comes has no combined water, it is subtracted before applying
the correction constant of 0.08. This 8 per cent is a constant and
represents the water of hydration for the clayey constituents
which we wish to restore to the ash as in its original form.

The above formula for ‘“non-coal” becomes therefore the
expression for the true coal or ““Unit Coal” in percentage values
as follows:

Unit Coal = 1.00 — [(Water + Ash-as-weighed + £S) 4+
0.08 (Ash-as-weighed — 228)].

By clearing of fractions and bringing to its simplest form, this
expression becomes:
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Unit Coal = 1.00 — (W + 1.084 + 13S) in which W is the
percentage of water, A is the percentage of ash-as-weighed, and
S is the sulphur content.

In this last formula, two corrections are made for iron pyrites
by assuming all of the sulphur to be in pyritic form; the first cor-
rection §S gives a correction which has an error of the plus order.
Similarly the second correction, 1S, has a similar error, larger
than the first, and as these are of opposite signs, they tend to
neutralize each other. However, the error involved in %28 is
greater than in the factor $S. There will thus have been sub-
tracted too large an increment in reducing to the final form of
41S. We shall approach nearer the truth therefore by slightly
increasing this value. It will have the added advantage also of
convenience in calculating if we increase the fa.ctor to 33 or
3S + &8.

The formula as finally devised becomes:

Unit Coal = 1.00 — (W + 1.084 + #3S) _

Correction Constant for Water of Composition.—Brief refer-
ence should here be made to the correction constant of 0.08
added to the ash as weighed or, as it appears in the final formula,
1.084. The need of such a correction is of course more obvious
to those working with coals of the mid-continental area where the
ash is shaley material which carries always a certain percentage
of water of composition not removable by oven drying, but only
discharged at a red heat. The value 0.08 was chosen after a
number of determinations upon the shales connected with the
Illinois coal measures of the content of combined water.

Accuracy of the Constants Employed for Correction of Ash.—
It is evident that the factors adopted for correction of the ash are
largely empirical. The ultimate evidence as to their suitability
therefore will be cumulative, resulting from an extended appli-
cation. Such evidence will appear under subsequent headings.
One of the more direct methods for testing their accuracy is
given here as follows:

Suppose a sample of coal, ground to about 10-mesh, is sepa-
rated by the usual methods into “sink” and ‘“float’’ material.
A solution of zine chloride is made up to a specific gravity slightly
under that of the coal. By stirring the coal sample into such a
solution, usually 1.35 sp. gr., the heavier particles, containing

3
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the larger part of the ash, “sink” to the bottom, and the particles
with lower ash ‘‘float.”” In this manner a coal sample may be
resolved into two parts, one having a high ash, and the other
having a low ash. If now we obtain the calorific value on the
unit-coal basis, the factors when applied to the high-ash material,
if correctly devised, will show a substantial agreement with the
heat values for the unit coal of the low-ash division. Onthe other
hand, if these factors are wrong, their application to the high-ash
values will acecentuate the error and show a wide discrepancy in
the heat values for the unit coal of each subdivision. Again,
if we can produce a wide variation in the sulfur content, the
calculation for unit coal, which of course is sulphur-free, will
accentuate any error in the correction factors adopted for that
constituent. In this manner, both the correction values for
sulphur, to account for iron pyrites, and for the hydration of the
high-shale content of the ash, are given a test. Reference to
Table V will show the results obtained on a number of “float”
and “sink’’ samples as thus described.

Other evidence in detail has accumulated in verification of the
constancy of unit-coal values, especially for a given mine or

TaBLE V.—UnNiT-coAL HEAT VALUES FOR FLOAT AND SINK SAMPLES

7 Ji"South Afficn: weles s oo 28 | 11,680 | 15,098

87 | 12,989 | 14,779 20
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8 | South Africa...........
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1= | Walismison County, IU. 3 pep” boje el o6 | 2,160 41,908 | 14,509
L Float | 0.0 4.3¢ | 1.07 | 13,970 | 14,690 | 23
8 | Williamson County, Il § .0 " 1 9.0 | 18.28 | 1.37 | 11,731 | 14,667
+ | Sangamon County, 111, { Float | 0.0 6.12 | 3.20 | 13,300 | 14,340 | 9
» e \'sink | 0.0 | 11.66 | 5.99 | 12,356 | 14,331
5 | Sangamon County, T11,, { Float | 0.0 8.13 | 2.95 | 13,045 | 14,392 | 50
» % \sink | 0.0 | 18.21 | 4.25 | 11,478 | 14,442
3 Float | 2.17 | 8.26 | 2.61 | 12,612 | 14,268 | 47
G agpaCouriyy IR\ - Sink | 1.70 | 35.08 | 5.88 | 8,426 | 14,221
Float | 1.63 | 6.06 | 1.38 | 13,793 | 15,065 | 28
1. 2,
2. 0.
i 1!
1. 0.
i

9 | South Africa....ece0vne







CHAPTER VI
CALORIMETRIC MEASUREMENTS

Definitions.—Heat values are expressed in two ways—as Cal-
ories and as British thermal units. Only the large Calorie is
made use of in fuel reference and it represents the amount of
heat necessary to raise 1 kilo of water through 1°C. ' The full
expression is, therefore, Calories per kilo or kilo-Calories.

The British thermal unit represents the amount of heat neces-
sary to raise 1 lb. of water through 1°F. The full expression,
therefore, would be B.t.u. per pound.

Since the Centigrade degree is ¢ or 1.8 times as great as the
Fahrenheit degree, and the kilo is 2.2046 times the pound, it
follows that 1 Cal. would be the equivalent in Fahrenheit degrees
of 1.8 X 2.2046 or 3.968 B.t.u. However, the comparison
between units as thus developed is not a comparison between
values as made use of in the case of fuels for the reason that the
arbitrary amount of coal to which reference is made in both cases
is an amount of coal equal to the unit of water taken, that is a kilo
of coal to a kilo of water, a pound of coal to the pound of water.
For this reason, therefore, the rise in temperature in each case is
the same. That is, a pound of coal will raise the temperature of a
pound of water through as many degrees as a kilo of coal will raise
a kilo of water, or a ton of coal a ton of water,etc. The difference
in heat values as expressed by these two methods, therefore, is
simply the difference in the thermometric readings. A reading
taken by the Fahrenheit scale will be £ or 1.8 times as great as
the reading taken by the Centigrade scale. Therefore, to
change fuel values expressed in Calories per kilo to B.t.u. per
pound, multiply by 1.8.

This relation of 1 : 1.8, it should be observed, refers to solid or
liquid fuels only, that is, where the ratio of fuel to total water is
that of equivalent quantities, Fortunately, this relationship
applies to Continental values as well as English and American,

36
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so that the transfer from Calories to B.t.u. is simple and uni-
versally applicable for such material. The matter is quite differ-
ent, however, in the case of gaseous fuels where the unit quantity
of reference is not the same. For example, the B.t.u. value of a
cubic foot of gas must be divided by 3.968 to find the equivalent
in calories per cubic foot. Then since there are 35.314 cu. ft. in
1 cubic meter, the expression for transferring gas values from
B.t.u. per cubic foot to calories per cubic meter would be

B.t.u. per cu. ft. X_335..936184 = Cal. per cubic meter

B.t.u. per cu. ft. X 8.8997 = Cal. per cubic meter.

Heat Values by Calculation.—Heat values may be determined
from the ultimate analysis by Dulong’s formula, which assumes
that the heat comes from the combustion of carbon, hydrogen,
and sulphur. The usual values for these constituents are

Carbon = 8,080 Cal. or 14,544 B.t.u.
Hydrogen = 34,500 Cal. or 62,100 B.t.u.
Sulphur = 2,500 Cal. or 4,500 B.t.u.

Expressed in the latter set of values, therefore, Dulong’s

formula becomes

14,544C 4+ 62,100 (H e g) + 4,5008 = B.t.u.

In this formula the expression (H —QQ) represents what is

termed the available hydrogen; that is, the amount left after
subtracting the equivalent hydrogen needed to unite with the
oxygen present to form water, 2:16 or 0.

Presumably such calculated values would be in close agreement
with indicated values by means of a carefully operated instru-
ment. This is true for certain regions but not for others. The
divergence is more pronounced in coals of the Illinois region than
in the coals of the eastern United States. ‘“In view of the pos-
sible presence of calcium carbonate and the consequent error in
the ash determination for many Illinois coals, it is evident that a
direct variable in such cases enters into the value for oxygen and
consequently for the available hydrogen, which would thereby
result in a discrepancy as between the indicated and the calcu-
lated calorific values. Moreover, a high percentage of oxygen
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in combination evidently may be responsible for variations of
quite a different character, as, for example, a different distribu-
tion of such oxygen in a manner not altogether correctly covered

by the expression g, or in the ultimate form of water. There

seems to be, therefore, numerous reasons why a calculated
calorific value by use of Dulong’s formula is of little value for
coals of this type.”’!

The Berthier Test.—The Berthier test is based on the property
of carbon to reduce the oxide of lead at a red heat. The higher
the percentage of combustible present, the larger the button.
One gram of coal is mixed with 60 grams of litharge and heated
to redness in a crucible. The weight of the button thus obtained
is multiplied by 421. The product represents theoretically the
reducing power of the carbon in terms of British thermal units.
It should be increased by about the value of the available hydro-
gen present. In Illinois coals this does not vary widely from
3.5 per cent, making the addition of a constant necessary of
about 2,000 B.t.u. The results thus obtained may vary from
the truth by 300 to 800 units, or from 3 to 8 per cent. The
method has historical rather than practical interest.

Lewis Thompson Calorimeter.—This is a bell shaped receptacle
for submerging in water and containing within the bell a
cartridge having a mixture of coal, 2 grams; with 22 grams of a
mixture of potassium nitrate 3 parts, and potassium chlorate, 1
part.? According to Schorer-Kestner® this apparatus normally
gives results that are in error by about 15 per cent. This appa-
ratus also dates back to a time when a mere approximation to
the correct values was all that seemed to be demanded by fuel
users. At the present time a degree of exactness is required
which was impossible with either of the methods just described.

Other Types.—There are two types of calorimeters using
oxygen as a medium for carrying on the combustion—those in
which the oxygen is maintained at atmospheric pressure and

1 PARR, S. W., Ill. State Geol. Surv., Yearbook, p. 236, 1909.
Also, PorTER and Ovirz, Bureau of Mines, Bull. 1, p. 28-29.
2 For details of the apparatus see ‘“Fuel, Water and Gas Analysis,” by
KERsHAW.
3 Jour. Soc. Chem. Ind., vol. 7, p. 869.
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those using oxygen under approximately 25 atmospheres. The
first condition is referred to as that of constant pressure and the
second as that of constant volume.

Of the first type, the best known perhaps are Fischer’s, Car-
penter’s, W. Thompson’s, ete., which conduct a current of
oxygen into a chamber containing the fuel. The chief disad-
vantage results from imperfect combustion, especially with high-
ash coals due to fusion of the ash with consequent enclosure and
protection of the carbonaceous matter from further oxidation.

Oxygen Bomb Calorimeter.—Calorimeters using oxygen at
approximately 25 atmospheres pressure are designated as of the
Berthelot or Mahler type from the names of
the investigators who were pioneers in their
development and use. A typical bomb of 1
this type is shown in Fig. 12. A carefully [5p@
weighed amount of coal is held in a capsule
within the bomb. The bomb after charging is
placed in the can, Fig. 36 and a known quantity
of water added. After placing in the insu-
lated receptacle, and putting in place the cover,
an equalization of the temperature is brought
about by rotation of the stirrer. After igni-
tion and equalization again of the temperature,
the factors are at hand for deriving the heat Fre: {)2'_0"”‘9“

. omb.
value of the coal according to the formula:

rise X total water

TG weight of coal

For example, if 1 gram of coal were taken and the total water used,
including the water equivalent of the apparatus, were 2,400
grams, then for a rise of say, 4°F. the heat value would be. 9,600
B.t.u. By this procedure, therefore, may be found the rise in
temperature which a given weight of coal will impart to an
equivalent weight of water, thus satisfying the conditions of the
definition of the British thermal units per pound of fuel.

Also as already noted under Definitions,” in this same
example, if a Centigrade scale were used the rise in temperature
would be 2.222° which by introducing into the computation
would give 5,333 Cal,, the temperature rise in Centigrade
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degrees that a given amount of this fuel would impart to an
equivalent weight of water. :

Note especially, that in all the discussions pertaining to the
oxygen bomb it is assumed that the Centigrade scale is used and
the final values are in Calories. If, finally, the values are wanted
in B.t.u. the factor 1.8 is applied.

Correction for Radiation.—If the system containing the bomb
and measured quantity of water is operated at a temperature
above or below that of the room, a gain or loss of heat will result
due to radiation. This may be corrected for in a very accurate
manner by taking the thermometer readings each minute for a
preliminary period of 5 min. and also for a final period of 5 min.,
with an intervening period usually of about 5 min. The rates
of radiation change thus obtained are incorporated into aformula
covering the period of combustion and equalization of the system
as follows:

The rate of rise for the preliminary period is r; and for the
final period is .. The time readings are indicated as @, b and
¢. At a is noted the time of ignition. At ¢ the time of final or
maximum reading, and at b the time when the thermometer has
reached the point of rise equivalent to six-tenths of the total
between a and . In computing, the rate r; is multiplied by the
time b — @, in minutes and tenths of a minute, and this product
is added to the'_temperature reading at a. Similarly the rate r,
is multiplied by the time interval ¢ — b and the product added
to the time ¢. Assuming that the thermometer corrections for
stem and setting have already been made, the difference of the
two thermometer readings thus corrected give the total rise of
temperature due to combustion. If the temperature was falling -
at the time a, then the system is losing instead of gaining heat,
and the correction is minus instead of plus, a reduction of the
subtrahend operating as a plus correction. Similarly, if the
temperature is rising at the time ¢, the system is gaining heat
and the correction for the period ¢ — b should be minus instead
of plus. In the case of coals where the approximate total rise is
unknown, and hence the time reading b at the six-tenths point
uncertain, it is only necessary to take readings at 15-sec. intervals
for approximately 2 min. These observations will enable one
to readily locate the six-tenth point when all the readings are
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completed. This formula has been devised by Dr. Dickinson
of the U. S. Bureau of Standards,! and has been adopted by the
joint committee of the American Chemical Society and the
American Society for Testing Materials on Standard Methods for
Coal Analysis.2 It is exceedingly convenient and accurate, and
in the report of the committee, entirely replaces the very
elaborate and tedious method of Pfaundler.?

o

T e (L) Seciesiee §

Fi1ae. 13.—A calorimeter of the adiabatic type.

Adiabatic Insulation.—To avoid the necessity of accounting for
radiation losses and eliminating possible errors, as also to simplify
the matter of readings and calculations, various methods of
insulation involving adiabatic conditions have been developed.

1TU. S. Bureau of Standards, Scientific Paper, 230.

2 Am. Soc. for Testing Mat., “‘Standards,” p. 576, 1916.

3 For an excellent presentation of the Pfaundler formula see WaITE'S
“ Gas and Fuel Analysis,” 2d ed., p. 268, 1920, or 1st ed., p. 224, 1913.
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To be thoroughly effective these methods should involve com-

2

o mtmn WA SA Ly et = i

F1e. 14.—The adiabatic calorimeter showing details of construction.

plete control over the temperature of the insulating part of the
apparatus in such a way as to cause the temperature to rise
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coordinately with that of the combustion system. Such instru-
ments are designated as adiabatic calorimeters. Their greater
convenience of operation and possibilities of extreme accuracy
are apparent.

In the instrument here illustrated, Fig. 14, the water is cir-
culated by means of the stirrer R, which includes also a small
turbine for directing a portion of the water upward in G, and thus
through the lid C. In this manner the jacketing water is dis-
tributed on all sides, above and below the container F with the
bomb B.

Correction for Acids.—One other condition exists in the use
of the Mahler type of calorimeter which requires consideration.
Because of the use of pure oxygen at a high pressure and tempera-
ture, certain reactions take place which do not occur in the
ordinary process of combustion. For example, a small amount
of residual air present upon closing the instrument has free
nitrogen which under the conditions of combustion is partially
oxidized to N:Os or with the moisture present in the bomb it
becomes HNQ;. Similarly the nitrogen of the coal burns to a
greater or less extent to HNO;. The sulphur in the coal which
under ordinary conditions of combustion burns to SO,, in the
calorimeter burns to SO; or with the moisture present, to HzSO4.
These two highly corroding acids make it necessary to protect
the interior surface of the bomb. This is accomplished by use
of an enamel, by a spun lining of gold or platinum, or by con-
structing the bomb of an acid resisting alloy equivalent in that
respect to gold or platinum. Where such a precaution is dis-
regarded, as for example, if the enamel type of protection becomes
cracked and scaled off or if a lining of spun metal such as nickel
is employed, the solvent property of the acids becomes active.
There are two sources of error which result from such conditions
—one is the heat of solution resulting from the chemical action.
This of course should not be credited to the heat content of the
coal. It would be relatively small in amount, probably not
exceeding 5 to 10 cal. The other is the masking of the amount
of free acid which thus escapes measurement and would be
uncorrected for. In high-sulphur coals of the Illinois type the
error from this source may he of considerable moment, frequently
equaling or even exceeding 100 cal.
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The amount of free acid in the bomb washings is first deter-
mined by means of a standard solution of Na.CO; made up of
such a strength that each cubic centimeter represents 1 cal.
The heat of formation for HNOs is 1,035 cal. per gram of nitrogen.
The reaction for neutralization is:

2HN03 + N32003 = 2N3N03 + HzCOs
28N :106 Na,COs;
N :3.786 Na,COs

That is 1 gram N, burning to HNO; and representing 1,035 cal.,
requires 3.786 grams Na,CO;. One calorie requires 0.003658
gram of Na,CO; or 3.658 grams per liter in which 1 cc. Would
represent 1 cal.

In the calculation thus far it has been assumed that all of the
acid present was HNO;. The HoSO; must be taken into the
account.

When sulphur burns to SO; aqua, it develops approximately
4,450 cal. per gram of 8. In ordinary combustion the burning
to SO: generates only 2,250 cal. per gram. The excess heat
resulting from conditions within the bomb would be represented
by 4,450 — 2,250 = 2,200 cal. per gram of S. But the titration
for 1 gram of N as HNO; would represent only seven-eighths of a
gram of S as H,SO,. This is evident from the ratio:

2HN03 a HzSO4 3 2N32003
28 : 32

Hence, the titration as HNOj; for the H,SO, would be only seven-
eighths of the heat to be credited to the sulphur per gram. This
means that seven-eighths of the 1,035 cal. or 900 cal. per gram of
sulphur have been corrected for. Hence, 2,200 — 900 or 1,300
would represent the additional correction required for 1 gram
of sulphur or 13 cal. per 0.01 gram of sulphur, equivalent to 13
cal. additional for each per cent of sulphur present in the coal.

It is at once obvious that the acid correction is a matter of
some moment. Illinois coals having from 3 to 5 per cent of
sulphur will show a titration 6f from 35 to 50 c.c. of the standard
alkali representing an equivalent number of calories reckoned as
HNO;, aqua. A coal having 4 per cent of sulphur would have
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that correction augmented by 4 X 13 or 52 cal., or a correction
on account of the two acids of from 85 to 125 cal. or from 150
to 225 B.t.u.

In the above considerations all of the sulphur present is
supposed to be in the form of organic sulphur or FeS,, and to
burn to H,SO;. Badly weathered coal may have an appreciable
amount of the FeS, weathered to Fe,S0,, but in open bins this
will be practically eliminated by leaching.

For complete combustion to H,SO4 it is also well to note that
sufficient nitrogen must be present to furnish a proper amount of
N.Os as catalyzer for the sulphur.!

The correction in calories for the acids formed together with
the correction for fuse-wire are subtracted from the total observed
calories.

Correction for Fuse Wire.—The coal in the bomb is ignited by
a fuse of iron wire, Brown and Sharpe gage No. 34, and 7 em. in
length. The weight of wire burned is determined with sufficient
accuracy by measuring the length of the unburned wire. The
weight of the total length will be sufficiently constant so that
repeated weighings are not necessary. The total observed cal-
ories are corrected by subtracting for the iron at the rate of 1,600
cal. per gram of wire burned.

The Peroxide Calorimeter.—Another type of calorimeter, Fig.
30, is extensively used in which the coal is mixed with a chemical
which will supply the oxygen to complete the combustion within
a closed cartridge. This method is more conveniently available
perhaps for technical work. The procedure is described under
the directions for calorimetric measurements (Part II, p. 149).
With this instrument the Fahrenheit scale is more commonly
employed.

The principlesinvolved are asfollows: Sodium peroxide, Na,O,,
when mixed with coal in suitable proportion and ignited, may be
made to burn or react through an appreciable period of time but,
instead of the formation of gaseous products as in the ordinary
process of combustion, the CO, and H;O unite with the chemical
employed to form the carbonate and hydrate of sodium, which
are solids. These reactions shown in detail are as follows:

t Jour. Ind. and Eng. Chem., vol. 16, p. 812, 1914.
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(a) {2N3202 + @ = 2Na20 + COz
2N3,20 + COz = Na:2003 + NazO

{ Na202 + Hz = Na20 + HzO

(b
’ Na;0 + H,0 = 2NaOH

Of the total heat developed in the reactions under (a), 0.73
represents the heat of combination between the carbon and
oxygen. Also, under (b), the total heat of the reactions is made
up of 73 parts, which includes the heat formed by the union of
the hydrogen with the oxygen, and 27 parts, which represents
the secondary reaction or combination of the water with the
chemical. This distribution of heat values is fortunate for the
reason that we may make the factor 0.73 a constant which repre-
sents the part of the total heat to be taken as the equivalent of
the heat of ordinary combustion. Other corrections must be
applied to the indicated rise in temperature as detailed in the
method of operation (Part II, p. 155). A brief discussion having
reference to the reason for applying the corrections is here
given.

First—The ignition is effected by an electrically heated fuse
wire. The amount of heat introduced by the electric current
and combustion of the wire is found to be 0.005°F.

Second.—The combination of the ash with the sodium peroxide,
forming in the main sodium and aluminum silicates, is attended
with a slight increment of temperature which is found by direct
experiment to amount to 0.005°F. for each per cént of ash present
in the fuel.

Third.—The sulphur in ordinary combustion burns to sulphur
dioxide, SO,, while in the reaction with the chemical the ultimate
result is Na,SO,. The difference in the heat resulting from the
two reactions should be subtracted from the indicated tempera-
ture. The amount of the correction is determined by burning
pure iron pyrites, FeS,, in the apparatus and comparing the heat
evolved with the accepted heat value for the combustion of an
equivalent amount of sulphur to SO,.2 The difference is found

1 The complete reactions involved are probably expressed by the equation
Na;0; + Na,O0 + O + 4H = 4NaOH. See The constants of the Parr
calorimeter, Jour. Am. Chem. Soc., vol. 19, p. 1616.

2 Loc. cit., p. 1620.
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to be equivalent to 0.010°F. for each per cent of sulphur present
in the coal.

Fourth.—For the more perfect combustion of all types of coal
and also for supplying the seemingly needed free or nascent oxy-
gen for the combustion of the hydrogen, an accelerator is used in
conjunction with the sodium peroxide, preferably chlorate of
potash, finely pulverized and dry. The heat of decomposition
of this material plus the recombination of the free oxygen with
the Na,O resulting from the reactions with carbon amount to
0.270°F. per gram of KClO; used.

The indicated rise of temperature is, therefore, first corrected
for the several components enumerated, and the corrected rise is
used in the formula:

et o IS wCX 0.73

in which 7 is the corrected rise in temperature, w is the water
equivalent of the water and metal of the apparatus, 2,123.3
grams, and C is the weight of coal taken, 0.5 gram. This will
give us the rise in degrees Fahrenheit or B.t.u. which an equal
weight of coal will yield upon combustion, provided the actual
heat of combustion is imparted to an equivalent of water.

Since, in the above formula the factors for w, C, and the con-
stant 0.73 occur in all cases, their resulting value becomes a
constant equal to 3,100. Thus, :

2,123.3 X 0.73
0.5

Gross and Net Heat Values.—In all of the -calorimetric
considerations thus far the results as.computed give the gross
values, that is, with the products of combustion reduced in
temperature to approximately that of the surrounding air, 20
to 35°C. This means that the water formed in the reactions
has given up to the system its latent heat of vaporization. The
weight of water is (hydrogen X 9) and the weight of water
X 0.600 represents the latent heat of vaporization in calories
to be subtracted from the observed calories. The remainder is
the net heat value.

There is not a little disagreement as to which value, the gross
or net, is the more important. In ordinary steam generating

= 3,100
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installations where the flue gases are delivered above the point
of condensation, the net values would seem to be required. The
engineer however in developing his heat balance takes into
account the heat of vaporization of all of the moisture, whether
free or formed in the reactions, and it is simpler therefore to
charge all such heat to the total or gross heat of the coal. It is
desirable on this account that he be furnished the hydrogen factor
as one of the constituents of the chemical analysis. This requires
an ultimate analysis of the coal, or a simplified procedure as
described in the following chapter.
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CHAPTER VII
ULTIMATE ANALYSIS

Total Carbon.—As a substitute for the elaborate and not
always satisfactory ultimate analysis of coal the following method
will be found both convenient and accurate, fully meeting the
requirements of the engineer in boiler-testing computations.

The carbon content of coal may be readily determined from
the fusion with sodium peroxide resulting from the calorimetric
determinations making use of that process. Combustions with
Na»0s may also be made in a simple piece of apparatus devised
for that purpose and not involving the elaborations necessary
where temperature readings are involved. Figure 40 shows
the apparatus for obtaining the fusions.

After the reaction is completed, the fusion cup is transferred
to a beaker, the contents dissolved and transferred with thorough
washing and as little contact with air as possible to the apparatus
shown in Fig. 43. Details of manipulation are given in Part II.
The results enable us to derive with a high degree of accuracy
the factor for carbon.

Derivation of Hydrogen by Calculation.—In the calculations
for deriving a heat balance, the engineer requires the factor for
the total hydrogen in the coal used. The hydrogen present is
considered as combined in two different ways. In one, the
hydrogen is ‘‘disposable” or ‘‘available” for combustion.
In the other it.is supposed to be joined with oxygen to form H,O
~and when thus combined is not available for the production of
heat. The available hydrogen may be derived as follows: If
we let C represent the percentage of total carbon, then 14,544C
will equal the heat value for that constituent. To this add
the heat value of the sulphur present, 5,000S. The remainder of
the heat is due to the combustion of hydrogen. Hence, with a
value for hydrogen of 62,100 the percentage of available hydrogen
H, will be represented by the expression:

H = B.t.au. — (14,544C + 5,0008)
62,100
4 49
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The hydrogen not avatlable or considered to be in combination
with oxygen is estimated as one-eighth of the oxygen or %as in

Dulong’s formula. There is required, therefore, the percentage
of oxygen and this is determined by difference. That is, if we
subtract from 100 the values for ash, sulphur, total carbon, avail-
able hydrogen, and nitrogen, the difference will be the non-
available hydrogen and oxygen present in the ratio of H, : O.
Hence one-ninth of this difference is H, and eight-ninths is the
oxygen percentage. That is, the percentage of chemically
combined water is represented by the formula:
H,0 = 100 — (A + S + C + available H + N)

The only undetermined factor in the above expression is that
for nitrogen. It may be determined directly by the Kjeldahl
method, or, for purposes of calculating a heat balance it is quite
sufficiently accurate to assume a value of 1 per cent for nitrogen,
since the amount present in bituminous coals varies only within
relatively narrow limits, say from 0.75 to 1.50 per cent. These
calculations can also be made to good advantage by basing the
factors upon the pure combustible or “Unit Coal’’ described in
Chapter V. The final results however are not essentially
different. It is especially to be noted that in this treatise, all
reference to oxygen and hydrogen in coal is on the assumption
that the free moisture is separately determined by drying at
105°C. and reported as moisture. The hydrogen and oxygen of
the free moisture therefore do not appear as constituents of the
coal.



CHAPTER VIII
CLAsSIFICATION OF COALS

Frazer’s Classification.!—The classification of coal in common
use was outlined by Frazer in 1877 and was based on his study
of the coals of Pennsylvania. A wider knowledge of the char-
acter of western and mid-continental deposits calls for the addition
of a few subdivisions. In tabular form the following classifi-
cation based on that of Frazer most nearly approaches everyday
usage:

r

Anthracites, Volatile matter, below 5 per cent
Semi-anthracites, Vol., 5-10 per cent
Semi-bituminous, Vol., 15-22 per cent
(Pocahontas)
Vol., 25-35 per cent
Ky { Vein Moist., 2-4 per cent
Coavrs
Bituminous
Mid-Con- [ Vol., 35-45 per cent
tinental, | Vein Moist., 6-17 per cent
Black Lignites, Vol., 35-45 per cent
or Sub-bituminous Vein Moist., 17-20 per cent
Vol., 25-45 per cent
Brown Lignites, Vein Moist., 20-25 per cent

Numerous systems of classification have been proposed, but
none has been received with sufficient unanimity to warrant its
general adoption. In the main, they are based on certain ratios
which have come to be designated by technical terms as follows:

Fuel Ratio.—A term originally proposed by Johnston, and
modified by Frazer is represented by the fixed carbon divided by
the volatile matter, %- Since this ratio is highest in the

! FRAZER, PERSIFER, JR., Trans. Min. Eng., vol. 6, p. 430, 1878.
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anthracites and semi-anthracites, and lowest in the lignites, it
serves in a general way as an indication of the type of coal as
well as its behavior under conditions of combustion.
Carbon-hydrogen Ratio.—This term was proposed by Camp-
bell and represents the percentage of total carbon, divided by the

percentage of total hydrogen, T—If— These factors are obtained

by ultimate analysis and are not usually available. Unfortu-
nately also the hydrogen factor used by Campbell was the total
hydrogen of the coal and also of the free moisture which may have
happened to be present at the time of analysis. As this constitu-
ent is variable and does not govern either the geological or chemi-
cal characteristics of the coal it should not be a contributing
element in the carbon-hydrogen ratio.

The free moisture as it occurs in the coal vein does have how-
ever with comparatively few exceptions a real significance as an
accompaniment of the various types of coal. This factor how-
ever begins to vary as soon as the coal is broken out of the seam.
The topic is one of geological interest however, and is well set
forth in Campbell’s later discussion on classification, which also
defines the main coal types in terms which will doubtless be
universally adopted.!

The Carbon Ratio.—This represents the volatile carbon (that
is, the carbon joined with hydrogen or other elements to admit
of its assuming a volatile form) divided by the total carbon con-
tent of the coal and this multiplied by 100 gives directly the
per cent the volatile carbon is of the total carbon.

The advantage of any ratio, maklng use of the actual fuel
constituents, is the fact that it remains the same whether the
moisture and ash are present or absent, thus eliminating some
of the most serious variables inherent in many of the proposed
schemes of classification.

Classification by Heat Values.—By eliminating the variables,
such as moisture, ash and all adventitious material, it is evident
that the heat value for the residual substance would be modified
by the inherent variations of the pure coal constituents, that is,
the carbon, hydrogen and oxygen present. Obviously therefore,

1 Professional Paper 100-A, by M. R. CamMPBELL, 1917.
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this leads us to a consideration of the heat values for unit coal as
a basis of classification. Such values will be found to give very
consistent indications of the type variations.

Derivation of Heat Values for Unit Coal.—It is obvious that if
the heat value of the unit coal is constant within narrow limits
for a given mine or region we may if such unit values are known,
reverse the calculation, making use of any known or assigned
values for moisture, ash and sulphur, and so determine by calcula-
tion the heat value of the commercial product for that particular
mine or region for which the unit coal value is a constant. We
shall need to discuss in the first place, therefore, the method of
calculating unit coal values.

From our previous discussion of the formula which has been
developed to represent the percentage of unit coal, itisreadily seen
that the expression for deriving the heat value for that substance
would be as follows: Using W for water, A for ash, and S for
sulphur. For coals with values given on the ‘“as-received” or
“wet’” basis:

’ Indicated (Wet) B.t.u. — 5,000
B.t.u. of Unit Coal = 1.00 — (W + 1.08A + 22/408)

For coals with values given on the “dry’’ or moisture-free basis:

T R Vi v Indicated (dry) B.t.u. — 5,0008

The expression 5,0008 has been used as indicating the heat due
to the combustion of sulphur, for the reason that the value 4,5008
as used in Dulong’s formula represents the heat of combustion
for pure sulphur, while the heat of combustion of sulphur in the
form of pyrites, ;FeS,;, combines also the heat of formation of
iron oxide, Fe;0;. It is the resultant value, therefore, of the
several reactions involved that is desired.

According to the direct tests by Somermeier,! in the combustion
of coal with known weights of iron pyrites, the indicated heat
per gram of sulphur so combined is 4,957 cal. In calculating
heat values, the correction introduced for the combinations
resulting from calorimeter reactions as compared with open-air
combustion is 2,042 cal. per gram of pyritic sulphur, hence 4,957
— 2,042 or 2,915 cal. (5,247 B.t.u.) represents the heat due to

t Jour. Am. Chem. Soc., vol. 26, p. 566.
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burning one gram of sulphur in pyritic form instead of 2,250 eal.
(4,050 B.t.u.), the amount which would be credited to sulphur in
the free condition. A strict application of these values, there-
fore, would call for a correction of 5,247S, as representing the
heat to be subtracted for the sulphur. This, however, would imply
that all of the sulphur is in the pyritic form. Since a certain por-
tion of the sulphur isalways present in organic or other form of less
heat-producing capacity, it is deemed more nearly correct to use
an even factor of 5,000 as representing the heat to be credited
to unit amounts of the total sulphur present.

The adaptability of this formula for determining the percentage
of the pure coal substance has been fully set forth in Chapter V.
The data there given, using the calorific values as evidence of
constancy of composition for given areas, may naturally be
interpreted in terms of classification or demarcation of types.
This point may be graphically represented by reference to
Fig. 15.

In this illustration three types of coal are shown with the
relative amounts of each constituent indicated by appropriate
areas. In that part of the pure coal substance designated as
volatile matter the oxygen compounds are shown by the cross-
hatched portions. Evidently the extent of these areas, being
calculated to the fully oxygenated or ‘“inert’ basis, furnish a
very pronounced influence upon the calorific value of the pure
coal or “Unit” material. This basis of classification is made
use of in the discussion and references which follow.

By computing the heat values as derived by this formula for
solid fuels throughout the United States, as published by the
United States Geological Survey, the Ohio State Survey, and
the Illinois Geological Survey, we have in tabular form, giving
the extremes for each general fuel type, the following:

TaBLeE VI.—CrassiFicaTioN oF FuerL Types BY HeaT VaLues rFor UNIT
CoAL orR AcTuaL ORGANIC SUBSTANCE

B.T. U.
Cellulose and wood......................... 6,500 to 7,800
1T 21 T L, 0 AR SR MR A it =% 0 3o B L g 1 H 54 7,800 to 11,500
EIgDIteSDROWA . 45 . o b e n R bt e S 11,500 to 13,000
Lignite, black, or subbituminous coal.......... 13,000 to 14,000
Bituminous coal (mid-continental field)........ 14,000 to 15,000
Bituminous coal (eastern field)............... 15,000 to 16,000
Semi-anthracite and semi-bituminous.......... 15,500 to 16,000

Anthracife £ 1608, . ol S or oA I8 San tari s 15,000 to 15,500
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This study has been carried still further by the Illinois State
Geological Survey, and the extremes have been derived for the
various seams as worked throughout the coal area of the state.

It is to be recalled that the geologists recognize 16 coal seams
for Illinois, counting from the bottom of the coal measures
upward. Only seven of these seams are of workable thickness.
The numbering 1 to 7 follows the geological order, and not that
used in some localities, as at La Salle, Bloomington, etc., where
the number of the seam is that which resulted from the order of
their development from the surface downward.

Composition of Illinois Coals.—A recent survey carried on by
the Illinois State Geological Survey in cooperation with the
U. 8. Bureau of Mines covered all of the coal producing counties
of Illinois and included something over 100 mines. The analyti-
cal values for the coals from these mines have been averaged
for the various counties and are assembled in Table VII. Where
mining operations are carried on from different seams in the same
county, the average for the single seam indicated is given sepa-
rately and not for the county as a whole. Also, for the reason
that some of the seams vary widely in character from north to
south, the letters N, C, or S are occasionally used to designate
the general region from which the samples are taken, namely the
north, central, or southern zones. Similarly, since in some
rather restricted localities a marked alteration in the seam occurs
from east to west, the letters E and W are used as in Perry
County, the letter E signifies, for seam No. 6, east and W west of
the DuQuoin anticline.

A brief bibliography of discussions upon coal classification is given as
follows:

JorNnsoN, W. R., Report to United States Government on “ American Coals,”
1844.

URrg’s “Dictionary,” 1845.

FRrRAZER, PERSIFER, JR., Trans. Min. Eng., vol. 6, p. 430, 1878.

Warr's “Dictionary of Chemistry,” vol. 1, p. 1032.

Roaers, H. D., Report to English Government, vol. 2, part 2, p. 983.

U. S. Geol. Surv. Professional Paper, No. 48.
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TaBLE VII.—AVERAGE ANALYTICAL AND HEAT VALUES FOR PRODUCING
CountiEs IN ILLINOIS
(Compiled from Bull. No. 29 Ill. State Geol. Survey)

Geo- | Total | Vola- . Carbon YT
Table ¥ H ¥ Fixed Sul- A Unit
) County lgg;(ﬁl x‘x;lg;: mglt{:er raThan Ash phur dix&): B.t.u. coal”
'
1 | Bureau 2N 16.27 | 38.35 | 38.00 7.38 2.93| 0.89 (10,883
Dry | 45.80 | 45.39 8.81 3.50 1.40 |12,997(14,477
2 Christian 1C 11.31 | 38.89 40.94; 8.86| 2.35 0.43 {11,602
Dry | 43.85 | 46.16 9.99| 2.65/ 0.48 |13,081|14,717
3 Clinton 6S 12.62 | 37.08 | 40.1010.20| 3.90| 0.66 10,796
. Dry 42.45 | 45.90/11.67| 4.46| 0.75 [12,355|14,290
4 | Franklin 6S 9.04 | 34.62 47.78’ 8.56| 1.45| 0.44 (11,83
ry | 38.06 | 52.53 9.41| 1.59 0.48 |13,013/14,538
5 | Fulton 5N 16.16 | 36.27 | 37.09/10.48| 3.14| 1.33 |10,363
" Dry 43.26 | 44.24/12.50| 3.74| 1.59 [12,361(14 ,416
6 | Gallatin 58 4.30 | 35.93 | 49.08/10.69| 3.79| 0.24 (12,616
- Dry | 37.54 | 51.29/11.17| 3.96| 0.25 |13,183{15,109
% Gallatin 6S 7.54 | 34.96 | 45.6811.82] 4.34| 0.23 11,916
Dry 37.81 | 49.41/12.78| 4.70| 0.25 (12,888/15,136
8 | Grundy 2N 17.28 | 38.48 | 39.02 5.27| 2.33 0.83 |11.113
Dry 46.49 | 47.14| 6.37| 2.82| 1.00 |13,426|14,496
9 Jackson 28 9.28 | 33.98 | 51.02 5.72 1.29| 0.29 12,488
Dry | 37.46 | 56.24| 6.30| 1.42| 0.32 |13,765|14,818
10 | Jackson 63 8.96 | 34.44 | 46.40/10.20| 2.65| 0.40 (11,609
5 Dry 37.83 | 50.97/11.20| 2.91| 0.44 [12,751{14,608
11 | La Salle 2C 15.70 | 39.54 | 36.17| 8.59| 3.48 0.96 (10,731
Ty 46.91 | 42,89 10.20( 4.12 1.15 [12,728/14,444
12 La Salle 5C 14.76 | 41.33 | 34.26 9.65{ 3.38 0.61 |10,692
Dry 48.49 | 40.1911.32! 3.97| 0.71 |12,543|14,397
13 La Salle 7C 13.56 | 40.87 | 37.80 7.77| 3.68 0.17 |11,34
Dry 47.28 | 43.73 8.99| 4.26| 0.20 {13,127,14,685
14 | Logan 5C 14.20 | 37.19 | 37.4411.37| 3.34| 1.42 (10,490
Dry 43.35 | 43.40,13.25 3.89| 1.66 12,226/14,400
15 MecLean 5C 13.32 | 38.00 | 36.21{12.27 3.73| 1 20 (10,580
Ty | 43.84 | 41.78 14.38 4.30, 1.39 |12,206|14,604
16 | McLean 2C 11.26 | 42.21 | 37.73 8.80/ 3.03, 0.98 |11,566
Dry 47.57 42.52| 9.91| 3.41| 1.10 [13,034{14,714
17 Macon 5C 14.15 | 36.68 | 38.83 10.34! 3.57| 0.52 {10,661
Dry 42.73 | 45.23/12.04 4.16, 0.60 |12,418|14,419
18 Macoupin 6C 13.88 | 38.20 | 37.7510.17 4.31 0.34 (10,657
ry | 44.36 | 43.8311.81} 5.00 0.39 |12,375/14,349
19 Madison 6S 13.47 | 38.59 | 38.03 9.91| 4.22/ 0.42 (10,760
ry | 44.60 | 43.9511.45 4.88% 0.49 |12,435/14,370
20 Marshall 2N 15.10 | 39.06 38.68l 7.16 2.791 0.48 (11,315
Dry | 46.01 | 45.56 8.43 3.28| 0.56 |13,327/14,796
21 Marion 6S 10.79 | 37.53 | 40.46/11.22; 3 96 0.45 (11,069
Dry 42,07 | 45.35/12.58 4.44| 0.51 |12,408|14,511
22 | Menard 5C 17.33 | 35.88 | 38.62 8.17| 3.44| 0.50 {10,499
Dry 43.40 | 46.72| 9.88 4.16| 0.60 |12,700/14,478
23 Mercer 1w 15.58 | 39.17 | 35.80| 9.45 %.69| 0.53 (10,673
Dry 46.40 | 42.41/11.19) 5.55 0.63 (12,643 14,546
24 Montgomery 6C 14.15 | 36.88 | 39.14| 9.83 3.84| 0.70 {10,642
Dry 42.96 | 45.59(11.45| 4.47| 0.83 12,396 14,290
25 | Moultrie 6C 6.83 | 39.15 | 42.32/11.70| 4.02| 0.57 |11,877
Dry 42.02 | 45.42/12.56| 4.31] 0.61 (12,748 14,882
26 Peoria 5C 14.96 | 36.65 | 36.99/11.40| 3.26| 1.50 (10,50
Dry | 43.10 | 43.49/13.40, 3.83| 1.77 12,354 14,614
27 | Perry 6C 9.92 | 32.72 | 46.97/10.39; 0.92| 0.25 (11,33
Dry | 36.81 | 52.15|11.53| 1.02| 0.28 (12,583 14,407
28 Perry 6W 11.00 | 36.75 | 41.97|10.28| 3.36/ 0.56 111,08
ry 41.29 | 47.16[11.55| 3.78| 0.63 {12,457 14,359
29 | Randolph 6S 11.13 | 37.28 | 40.14(11.45| 4.24| 0.58 (10,855
ry | 41.95 | 45.17{12.89| 4.77| 0.65 |12,214 14,351
30 | Saline 53 6.92 | 35.44 | 49.06| 8.58| 3.76| 0.39 {12,314|
Ty 38.08 | 52.70| 9.22| 4.04| 0.42 (13,229 14,794
31 Sangamon 5C 14.35 | 37.30 | 37.57/10.78| 4.16{ 0.59 (10,555
ry 43.55 | 43.86(12.59| 4.86| 0.69 (12,323 14,415
32 | 8t. Clair 6S 11.25 | 39.57 | 38.39(10.79| 3.99| 0.63 |11,
Ty 44.59 | 43.26[12.15| 4.50| 0.71 {12,426|14,457
33 | Tazewell 5C 14.38 | 37.74 | 38.23| 9.66/ 3.10 1.20 |10,80
TY 44,08 | 44.65/11.28) 3.62| 1.40 {12,624 14,496
34 | Vermilion 6C 14.45 | 35.88 | 40.33| 9.34| 2.55 0.75 ,920.
ry | 41.94 | 47.14/10.92| 2.98 0.88 (12,764 14,575
35 Vermilion 7C 12.99 | 38.28 | 38.75| 9.98| 2.93, 0.56 (11,143,
3 Dry | 44.00 | 44.53|11.47| 3.37| 0.64 12.807‘14,740
36 | Williamson 63 9.31 | 33.38 | 48.90| 8 1.54| 0.36 |11,913 ¥
Dry | 36.81 | 53.92] 9.27 1.70‘ 0.40 13,136‘|14,605







CHAPTER IX
CoaL CoNTRACTS!

Introduction.—Present-day tendencies relating to the purchase
of coal under specification are reflected in the following quota-
tions:

When a proper sample of the coal is secured, the chemical
analyses and calorimeter determinations for B.t.u. are a better
guide to the value of the coal than are one or two boiler tests for
the same purpose.?

The purchase of coal under specification is as advantageous as
a definite understanding regarding the quality and other features
of any other product, or of a building operation or engineering
project. The man who buys under specification gets what he
pays for and pays for what he gets.3

The heating power expressed in British thermal units per pound
is the most direct measure of the value of coal. Contracts made
on what is termed the ‘“heat-unit basis’ provide therefore that
the amount of money paid shall be in direct proportion to the
number of heat units delivered. It is evident that the number
of heat units varies inversely with the quantity of ash and mois-
ture. That the bidder should be thoroughly familiar with these
factors in their application to the coal which he proposes to
furnish is self-evident. A thorough understanding of the
methods of awarding contracts is essential to the dealer who pro-
poses to enter bids on a competitive basis. Similarly the pur-
chaser must not only be able to formulate his own contracts but
also to check up the various bids in a way that will enable him
to determine their reasonableness and likelihood of proper fulfill-
ment. Specifications for the purchase of coal have passed
through an extended process of development. It may be that

1 PARR, S. W., Adapted from Ill. State Geol. Surv., Bull. 29, 1914.
2 “The Purchase of Coal,” The Arthur D. Little, Inc., Laboratory of
Engineering Chemistry, pp. 10-11, 1909.
3 PopE, G. S., Purchase of coal by the government under specifications:
U. S. Geol. Surv., Bull. 428, p. 10, 1910.
59
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no one method is even now applicable in all regions or under all
conditions. The discussion here presented is based mainly on
the practice of the Board of Administration for Illinois in the
purchase of coal for the State Institutions. It is closely related
also to the procedure employed by the United States under the
immediate direction of the Bureau of Mines in the purchase of
coal for government use.

Calculation of Commercial Heat Values for Contracting
Purposes.—From what has already preceded in the discussion of
unit coal values and the reliability of the constants thus
developed, it will at once suggest the use of such factors on the
part of the coal operator or dealer in formulating a proposal for
coal deliveries. A brief resumé and application of this feature
will be helpful.

In Table VIII a few illustrative examples are given of unit
coal values. Complete tables covering all of the producing
counties of the state have recently been published! from which
these figures have been taken:

TasLE VIII.—AVERAGE HEAT VALUE For UNIT CoAL IN BRITISH THEBMAL
Units PER Pounp

No Ceats ] Coal Number of Average—B.t.u.
: bed |samples averaged “unit coal”
1 [Sangamon............ } 5 15 14,424
2 |Sangamon............ 6 5 14,340
3 | Macoupin............ t 6 6 14,310
4 |Madison.............| 6 18 14,350
5 | Vermilion............ [SES6! 19 14,597
6 | Vermilion............ i je e 9 14,730
T WAl A SOmY s v o - sl f 6 5 14,750

The use which can be made of these “unit” values such as are
shown in this table may be readily understood when it is
remembered that each number represents material which is 100
per cent pure and that for each per cent of inert matter present,
such as water and ash, there is a corresponding decrease in the
number of heat units present. That is to say, if a coal has 20
per cent water and ash, then 80 per cent of the “unit” value will

1 PARR, S. W., Purchase and sale of Illinois coals on specification: Ill.
State Geol. Surv., Bull. 29, 1914.
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represent the heat units present per pound of coal as delivered.
Indeed, it is possible by taking account of certain refinements
already referred to such as correction factorsfor sulphur and hydra-
tion of the shaly constituents, to make a calculation which will
be of quite sufficient accuracy for basing bids and entering into
contracts involving a guarantee as to heat values. The method
of calculation is exceedingly simple and is based on the following
expression:

Let A = weight of ash per pound of coal.

Let 8 = weight of sulphur per pound of coal.

Then

“Dry” B.t.u. = “Unit” B.t.u. X [1.00 — (1.08A + 0.558)]+
5,0008.

To illustrate, take the “unit”” value for coal from Vermilion
County, Sample No. 6 in Table VIII. Suppose we wish to know
what heat value can be guaranteed on deliveries from a mine of
this group on the basis that we can furnish material averaging
as the “dry coal,” 12 per cent ash, and 3 per cent sulphur, we will
have our total non-combustible material corrected by the above
formula as follows:

JR0SA e . arm Rl e PR s LT e 2596
0558 ser it o e bt s L AL SRS B0 5
Totall SRt o e T RN

14,730 X 85.39%, = 12,578
In this calculation the sulphur has been neglected. It has a
small heat value equal to 5,000 times the weight of sulphur present
or 50 times the percentage number, thus:
50 X 3 = 150 units to be added to the above value, or

12,578
150

12,728 B.t.u.

Deliveries from this mine, therefore, having ash, and sulphur as
indicated above can be depended upon as carrying 12,728 heat
units per pound of “dry”’ coal, and this factor should be accurate
within 100 units in 12,000 or less than a variation of 1 per cent
from values as they would be determined by direct reading from
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an instrument.!? Any other set of valuesfor ash and sulphur would
similarly admit of ready calculation and should be used as a basis
for calculations involving guarantees of deliveries on a heat-unit
basis. If the heat units on the ‘“wet’’ coal basis are desired
assuming, for example, a moisture factor of 15 per cent, the above
value as derived for “dry’” coal should be multiplied by 0.85,
thatis, 12,728 B.t.u. X 0.85 = 10,818 B.t.u. per pound of the “ wet”’
coal, assuming a moisture factor of 15 per cent as indicated.

Significance of Heat Values.—The cost of a given lot of coal
must be based upon the weight of the material. The sample
taken should represent the coal ‘““as delivered,” and, as already
emphasized, moisture changes in the sample are to be carefully
guarded against. Variations in quality are taken into account
by varying the price per ton directly in proportion to the number
of heat units delivered. In the award of contracts and in compu-
tations for payment, therefore, the calculations are based upon
the heat units per pound in the coal ‘““as delivered.”

Concerning the Ash.—If there were no other effect produced
by ash variations than a corresponding variation in the heat
units then no further account would be taken of that constituent
since it would be taken care of in the calculations involving the
heat units. However, on account of the expense in handling, and
because of a lowering of efficiency resulting from excessive ash,
an additional modification in price is made for this constituent.
For greater convenience where comparisons are involved and to
eliminate the moisture variable, it is found preferable to refer the
ash values to the “dry-coal” basis. This involves the use of a
double standard of reference; the heat units are referred to the
“wet”’ or ‘“as-received’’ basis and the ash is referred to the “dry”
or ‘“moisture-free”’ basis.

The usual methods of applying the various conditions involved
are given as follows:

Bids and Awards.—1. Bidders are required to specify their
coal offered in terms of British thermal units “as-received,” but
ash is specified on the “dry-coal” basis. These values become
the standards for the coal of the successful bidder.

2. In order to compare bids, all proposals are adjusted to a
common basis. The method used is to merge all three variables

1 Compare with values found for Sample No. 35, Table VII.
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—ash, calorific value, and the price bid per ton—into one figure.
This figure will be the cost in cents of 1,000,000 B.t.u. and is
derived as follows:

(a) All bids are adjusted to the same ash percentage by select-
ing as the standard for comparison the proposal that offers coal
containing the highest percentage of ash. KEach 1 per cent of
ash content below that of this standard will be assumed to have
a positive value of 2 cents per ton, and accordingly the price will
be decreased 2 cents, which is approximately the amount of
premium allowed under the contract for 1 per cent less ash than
the standard established in the contract. Fractions of a per
cent will be given proportional values.! The adjusted bids will
be figured to the nearest tenth of a cent.

() On the basis of the adjusted price, allowance will then be
made for the varying heat values by computing the cost of 1,000,-
000 B.t.u. for each coal offered. This determination will be made
by multiplying the guaranteed B.t.u. per pound by 2,000 and
dividing the product by 1,000,000. This factor gives the guaran-
teed number of million units per ton of delivered coal. Divid-
ing the adjusted price as found under (@) by this factor gives
the cost per million heat units.

A convenient form for tabulating bids to indicate the various
factors entering into the final computation of costisshown below.

TasLe IX.—ConvENIENT ForM For TaBuULATING BiDS

Guarantees Pric,e pargton
Computed
Ashiin cost in cents
No. Coal offered “dry Brt. A egls A }1319:0‘?'000
coal,” | “‘as received’ |As bid| justed ®)
per for ash
cent, (a)
A | Vermilion county screen- ]
S e iy VAL 17 10,300 1.50 1.50 7.3
B | Sangamon county screen-
T 16 10,400 1.35 1.33 6.4
C |Williamson county
screenings............. 14 12,500 2.00 1.94 7.8

! The actual amount of premium or penalty will vary slightly with the
price as will be seen under the paragraph on ‘“Price and Payment.” How-
ever the use of a common factor applied to all bids will place the various
estimates in their proper relative positions.
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Price and Payment.—Payment for coal specified in the proposal
will be made upon the basis of the price therein named, which has
been corrected for variations in heating value and ash from the
standard specified in the contract, as follows:

(a) Considering the guaranteed heat unitson the ‘“ as-received ”’
basis, no adjustment in price is made for variations of 2 per cent
or less in the guaranteed standard. When the variation in heat
units exceeds 2 per cent of the guaranteed standard, the adjust-
ment in price will be a proportional one and is determined by the
following formula:

B.t.u., delivered

B.t.u., guaranteed

The correction is figured to the nearest tenth of a cent.

(b) Considering the guaranteed ash percentage, a tolerance of
2 per cent above or below the guaranteed percentage of ash on
the “dry-coal” basis is recognized. For variations greater
than 2 per cent above or below the standard guaranteed, the
adjustment in price shall be determined as follows:

One-half of the discrepancy in ash percentages is multiplied
by the bid price and the result is added to or subtracted from the
price as adjusted for B.t.u. The ash adjustment i