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SOLID FUELS 9-3

Table 9-1. Analyses of Selected Coals of Various Ranks
“As received”” basis

Proumste analysis, % Ultimate analysis, % " H lr
Reok® Btata Soam Moiture| Votle | Fited T~ pgp | Carban |l | Osyaen | Bullur o | B ib.
Anthracitic: 620
cla-anthresite. .. ... .. Rbode Island | Uncorrelated 1.0 40 | 6.7 | B3] o | o e o .. 9
i‘..fﬁr:f.u.‘..‘f O Pm.'ylmi. Mammoth 23 3 | &7 69 | 8.7 | 2.2 29 | 05 | 08 :;m
Authracite. . . .. .| Penosylvaais | Big Lykens 2.1 73 | %03 10.1 0.9 33 42 03 1.0 14
Semisathracite. . | Vieginia Merrimac 22 ] 24} e | 180 | 724 | 36 47 | 0s | 08 .
Bituninoua: . 0
—volatile. . | Weat Virginia | Pocahootas No.3 | 3.5 | 18.2 | 24.4 39 | 840 | 48 s6 | 06 | 1.1 | 145
N eieerevotas | West Virginia | Sewell AR AR TR IR S P e I B R IR 15 -
e B e | 20| MB ) 3| 30 B 84 0e | 1) e
High-volatile A ... .| Kentucky Elkhorn . . . . . . . . . 3
gh- "] Ok fiddle Kit 821 %% | 47| 70| 684 | 56 | 1641 12| 14} 1010
o B | Rentocky | No. € 821 %8 | s | €2 | s |58 | 3|26 e 129%
H:rhevolatle C.oo.. ... .| Hlinois No. 121 | 02 | %1 g6 | 628 | 59 | 124 [ 43 1 10 ”"3%
High-volatile C. ... | Indians No. ¢ 124 | %6 | @23 | 87| 634 571 186 | 23 | 13} 114
Euhbll!‘u_minqul: A ot high
Eubbituminous A or 5- X 21 9760
W Uncorrelated 165 | 3.2 | 1| 12 .. . .
gurolatile bituminous U | o odiog | Moaarch BRI 9R3 | 37| 'ya| e | ea| s ) Qe io} s
'qu‘b.tuminouc ....... Wyoming Unocorrelated U6 2.7 »9 18 .. 1.
L aate . o North Dakotal Beula see | 2| 08! 62 @4 loer o3 lortrg| 1o
* According to A.8.T.M. method of classification.
Table 9-3. Ash-softening Temperatures and Ash Composition of Selected Coals*
- e Ans o %
° DTS, | TR0 T Fei0 | Ti0v |_Ca0 | M0 Na:0+ K:0|_BO»_
Thous. . ... %060 | 307 | 1.6 | 189 | 1.1 { 1.3 137 3 2.1
?l‘l?:o'ﬂimwf’f . 82 %2 | n9 72 | 1o | 100 | 16 1.8 89
Pennsylvania bituminous. .. . % ;H 5:3 g :H :; ; : 3: ” 02'2
Koty bitumote. s ] +P | a5 | %6 | 42| vsl 2004l te | 09

* U.3. Bur. Mines Bull. 209.

compounds are derived largely from the clay, shale, slate,
pyrite, and other mineral constituents in the coal.
Pized carbon is determined by subtracting from 100
the percentages of moisture, volatile matter, and ash.
It represents the coke residue, minus the ash.

The percentages of sulfur, heating value, and ash-
softening temperature are commonly reported with the
proximate analysis but are separate determinations.

The proximate analysis is the most widely used pro-
cedure for evaluating coal, particularly when the general
characteristics of other coals from the same district are
known. It falls far short, however, of being a complete
criterion for evaluation for utilization in specific equip-
ment or for a specific process.

For the ultimate analysis, the percentages of carbon,
hydrogen, nitrogen, and sulfur are determined by direct
analytical methods. Ash is determined as in the proxi-
mate analysis. Since there is no satisfactory method for
the direct determination of oxygen, it is found by sub-
tracting the sum of the other five components from 100.
The percentage of oxygen found in this way is subject
to the errors incurred in the other determinations, and
especially by the change in weight of the ash-forming
mineral constituents upon ignition. Because the air-
dried samples used for these determinations contain
moisture, the oxygen and hydrogen in this moisture are
included in the analysis. When the moisture content is
known, the resulta may be calculated to the *'dry’’ basis.

Table 9-1 lista the results of proximate and ultimate
analyses of selected American coals of various ranks, as
reported by the U.S. Bureau of Mines.

The heating value is obtained by the complete com-
bustion of a unit quantity of coal in an oxygen-bomb
calorimeter under carefully defined conditions. The
vgross’” or “high” heating value is obtained by this
method, as the latent heat of moisture in the combustion
products is recovered. The results may be expressed on
the ‘“‘as received’ or *dry’’ or ‘‘dry and ash-free' basis.

The ash-softening temperature of coal ash is deter-

mined by a standard method adopted by the A.8.T.M.
Ashes that fuse in the range 1900° to 2200°F. are con-
sidercd low fusing; those in the range 2200° to 2600°F.
medium fusing; and those above 2600°F. high fusing.
In general, coal ashes having low softening temperatures
are likely to form clinkers, but the chemical composition
of the ash, combustion conditions, and other factors
affects the clinker formation. Table 9-2 shows the
composition and softening temperatures of the ashes
from several selected coals.

Physical Properties. The A.S.T.M. has adopted
standard procedures for determining the true and
apparent specific gravities of coal and coke. It is
necessary to distinguish between the apparent specific
gravity of a Jump of porous material, such as coke,
and the true specific gravity of the substance forming the
lump (see Table 9-3).

Coals differ considerably in specific heats, depending
upon the kind of coal, its ash and moisture content, ete.
The range is from about 0.25 to 0.37. For metallurgical
coke of & per cent ash, the specific heats shown in Table
9-4 have been determined.

The bulk density is a measure of the weight per cubic

Table 8-3. Typical 8pecific Gravities

Bpeaibio gravity Pores. %
True Apparent

1.25-1.45
1.75-2.00 0.75-1.1 40-60
1.%-1.75 0.5-1.1° 30-70
1.4-1.7 0.3 -0.6 65-80
1.45-1.7
5-1.1

* By unusual procedures in preparing coal previous to carbouisatios, and
eontrgi of carbonisation oond.iu’::a. an apperent specfic gravity as high as 1.4
may be obtained.

Table 9-4. Specific Heat of Coke

Temperature range, "C.
_Average specifio heat .






