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1.3.1 Definitions and properties of solid fuels

i v are used in different conditions. Coal
Coal varies widely in compaosition and propertics and they are used in different cond A

i i i ata, which are of
characteristics are determined by various kinds of analytical and testing data, which ¢

i ing are the definitions of soal
ccientific. technical and commercial_interest. Following are the definitions of some €Ol

charactenzation and analy sis.

Ultimate and Proximare analvsis of coal

Ultimate analvsis is the elemental analysis which determines the percentage composition of
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carbon, hvdrogen. oxygen, nitrogen and sulfur by weight. These elemental compositions are of

pure fuel only, which is free of moisture and inorganic compounds.
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Proximate analyvsis reports moisture, volatile matter, ash and fixed carbon content of a fuel by

-
percentzge weight, as defined by ASTM D 121§ Moisture is the amount of water obtained from
——— -
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the fuel by heating at a specific condition according to the standard method, without making any
— >
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chemical change to the fuel. XVolatile matter consists of gases and vapors driven off during

prrolysis under specified condition minus moisture, fixed carbon is the nonvolatile fraction of

cozl. and ash is the inorganic residue remaining after combustion¥Proximate analy
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sis is the most

often used analysis for characterization ofcoals)
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Gross and Net calurific value “The amoumt c':l; M‘é‘a \D"»O cleteed W
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When coal is heated at high temperature
T ————————

in presence of air, heat liber: o unit wei
p ¢ at liberated per unit weight of fuel

is called heating value or calorific value o uel, Calorific value o g g
$ ¢ 2 f that fuel. Caloyific value an be determined either at

’ . ) " —
constant volume or constant pressure.JGross calorifie valye at constant volume is the amount of
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heat liberated by combusting unit weight of coal at constant v
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olume in an atmosphere of water
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$'¢ and the water obtained by this process should

and final products of combustion should be at 25 C

‘qu .
I : occurs at
be in vapour state, NGt calorific value at constant pressure Is that, the combustion é
rd

constant p[‘L‘bSUI'L. not constant volume.
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&‘:b/’ Gross calorific value is also cnllcwmc as it is higher than_net calorific value.
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The reason for this is. while determining net calorific value, the water remains in vapour state,
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Lh_ence the heat of condensation is not taken in considcmtion} which is rather a part of gross

calorific value where water obtained is in liquid phase,

Ash content

ésh in coal, which is the remains when coal is burnt, is one of the materials of interest. Ash i
S : . Ash is

————

derived from the mineral matter conte : inorganic inle vl
al ma ntent of coal. The inorganic materials which were actually the
T

part of lhelwucturcs, constitute the ‘inherent’_mineral matter of coaﬂ\\'hcreaq the
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extraneous’ mineral matter is that which was introduced probably as air-borne dusts or wat
er-
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kaolinite, pyrite and calcit ; T
, Py caleite and upon combustion: re
Calog

iron and calcium. These oxides are the essential part of asjm
oa

ngsha]es and other(hydrated materials, which are also th E’o_qsmuems of mineral matter of
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arbon dioxide, sulfur diox1

coal, dec .

» decompose and lose their water of hydration and also emit ¢ or
. at

. . its mineral ™

gases. As there is a loss in weight, so, amount of ash of coal is always 155 than

Conten{j

Moisture content Y st
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oisture is the moisturé

r extrancous. Inherent m

Moisture of coal may also beecome inherent 0
: 1 oVEd
rying, it can bCLC_TE____

t be removed by only air d

d by air drying of coal.

-____-—_—-————_’__-
when coal is heated above 100°C. Extraneous moisture can be remove
‘_—___——-———-'_'—_/

associated with coal inherently, which canno

Volatile maiter

! &Wvolmile part of coal when coal undergoes thermal decomposition. The

{ -
volatile part of organic mass of coal is the main constituent of il.@]e moisture content of coal is

not included in ii\éut volatile matter of may contain water,

when hydrogen and oxygen of coal

produce water at high temperature of d_gcompositiogj[he water of hydration, which is liberated

during decomposition, is also a part of volatile maltcr.@is observed that, as the maturity of coal
 1s observed that, 85 \ie I

incwnﬁ_dggiaﬁg@ed carbon is the non valatile part of organic mass after
part oF UIe - >

dwh_ioﬂ@ is not included in iﬂFixéd carbon should not be confused with the total
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whereas, for other coals, fixed carbon is less than total carbon,

) Vi
ﬂ‘he major elements present in coal are carbon, hydrogen, oxygen, sulfur and phosphorous. There
- . Ther
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are different methods to determine their content. i
< 7

R )
EEERETTTTN,

T WL

T Kharogpur NPTEL Web Course

Scanned by CamsScanner




3|Page®

Black color woody substances with high moisture contents
:_/.,.._— e -

Lignite of brown coal: Brown OF
S

) -
Bituminous conl: Black it color, casily ignites. and burns with flame and smoke.
jtuminous coal: DIAER B o

Anthracite: Black color and lustrous, difficult 1o ignite ﬂﬂ‘iA,\lﬂ‘J_‘i‘ﬂw_a“‘e'
Anthracite: BI? lar AN ™ .

In 1837, Regnault first classified the coal based on chemical composition in five categories on
n 1837, ReE $ S8 oal based O -ompositio ‘
(he basis of total oNygen and nitrogen percentage using the ultimate analysis of coal.
he DASIS v oy | i . - LA SO eur
R .

In 1844, Walter R Johnson divided them according to the ratio of fixed carbon to the volatile
n e . B .9 : :

qatter which is defined as Fuel patio. P lrazer (1887) used the fuel ratio to classify the various
mate Ch s ¢

coals and it was tabulated as

e S
Coal Fuel Ratio

s Semi anthracite

e

Sub-bituminous \

o Bituminous Ls-o

The different types of coal are usually classified by rank which depends upon the degree of

¢

wransformation from the original source (i.e., decayed plants) and is therefore a measure of a

coal’s age. As the proceg_g[_gggg[@ssivc,\ransfnnmaﬂg_n took place, the heating value and the
E Anceun

fixed carbon content of the coal increased and the amount of volatile matter in the coal

decreased. The method of ranking coals used in the United States and Canada was developed by

the American Society for Testing and Materials (ASTM) and is based on a number of parameters

obtained by various prescribed tests.
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The following table (Table

and uses.

1) discusses abo

ados O
t different grades

f [ndian co

aLtheh'char

.\ 170-1964)
o Coals (IS 770 .
X R Tacetficati of ll\(h“n Coa /”—"1 “cfuses
Table 1. General Classification W‘m'”'ﬂ W{_f C V'{ Cl Y
T M e ific
{ 1.\PC 7 { \ ame / i / ()OJ 415 C Cﬁl/k
I" o ll ot li Unit coal value k &
i L 'Mﬁ _,‘_,.,__ﬂ—»'—"'”"" vi ification,
% 1 _ﬂ,wlwu#~—~~~~~"" ‘ 0 8330 - 8670 gas! ‘
F‘ s oo ‘% e e -1 pmduccrm
| A athracite , nihrac i domestic and
!g ! where intense
* ', heating and
i‘ ', % no smoke are
| \l ‘ required.
S —
! L_,-Tw-~f——¥“— 3440 - 8780 "
! Semi | A2
f, | anthracite | T
A e g 0 - 8890 carbonization
Bituminous | Low volatile | By 15-20 807 = r the
| fealking) productions
| of
; metallurgical
| coke
Nedam B |20-32 8440-8780
» | volatile
| | {caking)
- High volatile | B3 over 32 8280-8610 coking coals,
(caking) pasification
| High volatile | By over 32 3000-8440 Long-flame
(semi caking) heating
High volatile | Bs over 32 7500-8060 Steam raising,
(non caking) gasification,
long flame
i : heating
Sub- Non caking | Bs over 32 6940-7500 Steam raising,
bituninous Gasification
Lignites or | Normal Ly 45-55 6110-6940 Steam raising,
Brown coal lignite briquetting
: gasification
C_anpelo:d L, 55-65 6940-7500
g . lignite ”
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Analysis of conl is also reporte

dinterms of some arbitrary basis, These are,
e N ‘
S Runofimine (RO
When the coql divectly obtaine

d from o mine is analysed by clemental or proximate
analysis, the data ave eatled run-of-mine,

> ———

After extraction from mine, coal is transported 1o the receiver. The analysis data obtained
at this point is called as-received.
i N

\
3) :\ir-dricl') -

When analytical data are collected after air drying the coal at a standard condition of

—_

4) Dny

P

40°C and 60% relative humidity, the data are called at air-dried basis,

When the elfect of moisture content is removed from the analytical data, then that is said
as dry basis.

5) Dryand ash-free’(g_@ﬂq

When the data are reported excluding the effect of ash content, then it is said d.a.f basis.

«

6) Dry and mineral matter free (d.m.m.f)
B T e

When effects of both moisture and mineral matter are removed from the analytical data,

then it is reported as d.m.m.f basis. This is the data of pure coal only.

7) Moist-mineral-matter-free
\——‘—-—‘_—-\—_-

This is the basis where the effect of mineral matter is excluded, only pure coal and

moisture are taken to report the data.
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