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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
ical standardization.
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Coal and coke — Calculation of analyses to different bases

1 S

cope

This document gives equations that allow analytical data relating to coal and coke to be expressed on
the various different bases in common use. Consideration is given to corrections that can be applied to
certain determined values for coal prior to their calculation to other bases.
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bllowing documents are referred to in the text in such a way that some\o¥ all of
tutes requirements of this document. For dated references, only the,edition cited
ed references, the latest edition of the referenced document (including any amendmg

D2, Coal — Determination of mineral matter

erms, definitions and symbols

Terms and definitions
'ms and definitions are listed in this document.

1d IEC maintain terminological databases fofuse in standardization at the following

C Electropedia: available at http:/www.electropedia.org/

Symbols

hir-dried), “ar” (as-received), “d” (dry), “daf” (dry, ash-free) or “dmmf” (dry, mineral
P appropriate.

ash, expressed as percent mass fraction

carberw'mass fraction, expressed as percent

chlorine mass fraction, expressed as percent

their content
applies. For
ents) applies.

addresses:

ymbols used in the subsequent clauses are as follows, with suffixes (separated By a comma)

‘matter-free)

Wl inorg iNOrganic chlorine mass fraction, expressed as percent

w
co,

Wy

YH,0
Wh
Wum

WN

carbon dioxide mass fraction, expressed as percent

hydrogen mass fraction, excluding hydrogen in the moisture, but including the hydrogen from

water of hydration in minerals, expressed as percent

moisture mass fraction, expressed as percent

water of hydration in the mineral matter mass fraction, expressed as percent
mineral matter mass fraction, expressed as percent (see Annex A)

nitrogen mass fraction, expressed as percent

© IS0 2020 - All rights reserved
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Wo oxygen mass fraction, excluding oxygen in the moisture but including the oxygen from water

of hydration in minerals, expressed as percent

wg o organic sulfur mass fraction, expressed as percent

Ws pyritic sulfur mass fraction, expressed as percent

Wg s sulfate sulfur mass fraction, expressed as percent

Wg total sulfur mass fraction, expressed as percent

Wy volatile matter mass fraction, expressed as percent

F natjonal correction factor for the estimation of the inorganic chlorine mass fraction
Fy natjonal correction factor for the estimation of water of hydration

Fum natjonal correction factor for the estimation of the mineral matter (see Anrtex'A)

4 Principle

In order to cqnvert an analytical result expressed on one basis to anotherbasis, it is multiplied by a
calculated frpm the appropriate formulae (see Table 1) after insertionf the requisite numerical v3

5 Calculations for coal analyses

5.1 Genenal

In International Standards covering the analysis oficoal, it is generally specified that the determir
shall be carfied out on an air-dried test sample. However, in making use of these analyses
sometimes necessary to express or report théresults on some other basis. The bases in comma
are “air-driedl”, “as-received”, “dry”, “dry, ash-free”, and “dry, mineral-matter-free”.

5.2 Procedure

Any analytidal value (except net 'calorific value) on a particular basis may be converted to any
basis by multiplying it by the‘appropriate factor calculated from the formulae given in Table 1,
insertion of fhe requisite numerical values for the symbols (for determination of moisture, see IS
ISO 5068-1, ISO 5068-2 of ISO 11722 (as appropriate); for ash, see ISO 1171).

However, in [some determinations, there is a direct involvement of the mineral matter and, in
cases, it is efssential to apply a correction to the air-dried result prior to its calculation to thg
mineral-matfer<free basis. This correctlon is dependent on the nature, as well as the quantlty,

factor
lues.

1ation
it is
n use

other
after
D 589,

these
dry,
bf the

mineral matte

desired to determine the mineral matter for any given sample the formula recommended by the
national standards organization of the country of origin of the sample should be used and should be

quoted in full, together with the analysis. An example for a formula and further explanations are
in Annex A. All the determinations that may be expressed on the dry, mineral-matter-free bas
considered individually below.

If it is necessary to calculate an analytical result expressed on the dry, mineral-matter-free

given
is are

basis

back to any other basis, then it is essential that any correction deducted during the application of any
Formulae (1) to (10) inclusive be added back to the dry, mineral-matter-free value before applying the

appropriate formula from Table 1.
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5.3 Carbon

Total carbon, as determined in coal, comprises both organic carbon and carbonate carbon in the mineral
matter. It is reported on the air-dried basis (see ISO 609, ISO 625, or ISO 29541). In order to convert
the total carbon mass fraction as analysed to a dry, mineral-matter-free basis, subtract the carbonate
carbon before the conversion as given in Formula (1):

100
w =(Wg ag —0:273 Weg. 290X .
C,dmmf Cad €022d7" 100 - (WHZO,ad TWMM,ad )

where 100 is the conversion factor from dimensionless fraction to percent.

5.4 (Hydrogen

The hlydrogen mass fraction reported on the air-dried basis includes the hydrogen-ofithe cgal substance
and the hydrogen present (as water) in the mineral matter (see ISO 609, 1SQ 625 or 1SO| 29541). The
hydrqgen present as moisture in the air-dried sample shall be deducted befoxe reporting wy, 4. Before
calculating the hydrogen of the coal substance to a dry, mineral-matter-fre€basis, it is also|necessary to
dedugt the hydrogen of the mineral matter as given in Formula (2):

Wy ad 100
,dmmf = (Wh,ad = ) :
mm a 9 100 - (WHZO,ad TWMM,ad )

=

wher¢ 100 is the conversion factor from dimensionless fraction to percent.

Since|the water of hydration in the mineral matter~¢annot readily be determined, it|is generally
estimated from a knowledge of the minerals likely to be present and the total mineral mdtter as given

in Foymula (3):
Whad =FM>XWaad (3)

wher¢ F} is a national factor, depending of the actual type of coal. If no national factor is available, a
value|of F}, equal to 0,1 may be used to achieve an approximate result.

5.5 |Nitrogen

The nlitrogen mass fractioinris reported on the air-dried basis (see ISO 29541). There is np nitrogen in
the miineral state normally associated with coal, and the calculation to a dry, mineral-matter-free-basis
is as given in Formufla)(4):
¥« 100
N YN,ad

100~ (wy 000 +Wmm,ad)

(4)

W N,dmmf.

wher¢ 400 is the conversion factor from dimensionless fraction to percent.

5.6 Sulfur

The total sulfur mass fraction, Wgr, as reported on the air-dried basis (see ISO 334, ISO 19579 or
IS0 20336), includes organic sulfur, wg , pyritic sulfur, wg ,, and sulfate sulfur, wg ;. The pyritic sulfur
and the sulfate sulfur are determined and the organic sulfur is obtained by difference (see ISO 157). In
order to convert the total sulfur mass fraction to a dry, mineral-matter-free basis, subtract the mass
fractionof pyritic and sulfate sulfur as given in Formula (5):

100

w =(w -w -w )% (5)
S,0,dmmf S,T,ad S,p,ad S,s,ad _
100 (szo'ad +WhMad )

where 100 is the conversion factor from dimensionless fraction to percent.

© IS0 2020 - All rights reserved 3
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5.7 Oxygen

Although oxygen is a significant component of coal and coke, there has been insufficient demand for its
direct determination to justify continuation of an ISO standard.

The oxygen mass fraction is calculated by difference on an air-dried basis as given in Formula (6), which
is taken from ISO 17247:

Woad =100~ (We g + Wy ag +WN ad tWs T,0d tWaad TWH,0,ad) (6)

The calculated “oxygen by difference” includes the oxygen in the coal substance, in the carbonate
minerals (as garbomdioxideamdimthe water of hydratiomrof the mmimerat mmatter:

The oxygen 1hass fraction on a dry, mineral-matter-free basis can be calculated as given in Formula (7):

Wo,dmmf [~ 100 _(WC,dmmf +WH,dmmf +WN,dmmf +WS,T,dmmf ) (7)

It is necessafy to exercise caution with the estimated result derived for “oxygén)by differencel as it
incorporateqthe summation of errors in the results of the other elements.

5.8 Chlorine

The chlorinel mass fraction is reported on the air-dried basis (see JSO.587 or ISO 18806) and in¢ludes
chlorine from the mineral matter and chlorine combined with.the coal substance. It is, therefore,
necessary to|subtract the inorganic chlorine before calculatingto the dry, mineral-matter-free bgsis as

given in Forrpula (8):

100

w, =(w, — W s )% (8)
Cl,o,dmnjf Clad Clinorg,ad
100 (WHZO,ad WMM,ad )

where 100 is|the conversion factor from dimensionless fraction to percent.

The mass fraction of inorganic chlorine may be calculated using a national factor, Fg, as giyen in

Formula (9):

WCl,inorg,c d =F ax Welad (9)

For higher rgnk coal, no chloriné’combined with the coal matter has been found[21l. Therefore, a|value
F¢; = 1 may be used for these'xoals.

5.9 Volatile matter

The mineral matter associated with a sample also loses mass under the conditions of the volatile matter
determinatigri-(see ISO 562 or ISO 5071-1), the magnitude of the loss being dependent on both the
nature and the quantity of the minerals present.

Correction is, therefore, necessary prior to the calculation of the volatile matter to a dry, mineral-
matter-free basis to take account of losses of sulfur, water of hydration, carbon dioxide and chlorine as

given in Formula (10):

100
Wy dmmt =(Wv,ad "Weo, ad T00XWs pad ~Whad ~Wetad )X 750 W W ) (10)
H,0,ad MM,ad

where 100 is the conversion factor from dimensionless fraction to percent.

The loss of mass from pyritic sulfur during devolatilization is approximately half of the sulfur bound
in pyrite.
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5.10 Net calorific value

The calculation of the net calorific value is dealt with in detail in ISO 1928, which, however, does
not include calculation to a dry, mineral-matter-free basis as this basis is not of importance for net
calorific values.

NOTE Net calorific values cannot be converted to any other basis by direct multiplying with the appropriate
formulas in Table 1 as net calorific values includes a correction for the heat of vaporization related to the actual

moisture.

6 Calculations for coke analyses

Coke pnalyses may be expressed on the “air-dried”, “as-received”, “dry” and “dry, ash-fre
these|values (except for net calorific value) are calculated by the use of the appropriate fo
in Talple 1, after insertion of requisite numerical values for the symbols (for determiiniation

see 190 579 and ISO 687; for ash, see ISO 1171).

It is ot proposed at present to recommend the calculation for the conversion of analytic

coke to a dry, mineral-matter-free basis.

7 Table for calculation to different bases

Table 1 — Formulae for calculation of results to different bases

b” bases, and
rmulae given
of moisture,

Bas Basis of valde wanted
O'fI As analysed Asreceived? Dry Dry, Dry,
val (air-dried) (ar) (d) ash free minerall matter free
given (ad) (daf) dmmf)
As anfa-
lysefl
(air o 100 -wy,oar 100 100 100
drieq) 100_WH20,ad 1OO_WHZO,ad 100_(WHZO,ad +WA,ad) 100 - (wy 20,ad +WMM,ad)
(ad
Asrg-
coivdd 100-wyy0,04 B 100 100 100
ar 100~Wy,0ar 100-wy,0,ar 100-(Wy,0,ar +Waar) 100-(wy,0,ar + WnM,ar)
Dry 100wy 0 5 100—wiy, 04 _ 100 ~ |100
(d) 100 100 100-wyugq 100-wnmq
Dry, afh-
freg 100 - (Weg,Gad +Waad) 100-(Wh,0,ar *Waar) 100-wy 4 _ 190-waq
100-w
(daf] 100 100 100 MM,d
Dry, mlin-
eral-mat 1400 — (wy 0 44 + Wiimad) | 100=(Wi,0.0r +Wimar) | 100-wypyg 100-wypq _
ter-frpe YT
100 100 100 100—wy 4
(dmmf)
a Note that the formulae given for calculating results for the “as received” basis may be used to calculate them for any other moisture
basis, for example moisture-holding capacity or bed moisture.
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