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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
electrotechnical standardization.
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Coal and coke — Calculation of analyses to different bases

1 S

cope

This International Standard 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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ormatives references

bllowing documents, in whole or in part, are normatively referenced in/this docuy
nces, the latest edition of the referenced document (including any amendments) app
D2, Coal — Determination of mineral matter

y 247, Coal — Ultimate analysis

rinciple
er to convert an analytical result expressed on onebasis to another basis, it is multipli
ated from the appropriate formulae (see Tablel)“after insertion of the requisite num
ymbols
ymbols employed in the subsequeht clauses are as follows, with suffixes (separat
hir-dried), “ar” (as-received), “d* (dry), “daf” (dry, ash-free) or “dmmf” (dry, mineral
P appropriate.

ash, expressed as percent mass fraction

carbon contentyexpressed as percent mass fraction

chlorine conitent, expressed as percent mass fraction

brg inorganic-chlorine content, expressed as percent mass fraction

caxbon dioxide content, expressed as percent mass fraction

nent and are
For undated
ies.

ed by a factor

erical values.

ed by a dot)
'matter-free)

WH

hydrogen content, excluding hydrogen in the moisture, but including the hydroge

h from water

WH20
Wh
WMM
WN

wo

WS,o

of hydration in minerals, expressed as percent mass fraction

moisture content, expressed as percent mass fraction

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

nitrogen content, expressed as percent mass fraction

oxygen content, excluding oxygen in the moisture but including the oxygen from water of

hydration in minerals, expressed as percent mass fraction

organic sulfur content, expressed as percent mass fraction

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=df9c969cbeb299536c209efa63525d31

ISO 1170:2013(E)

WS p pyritic sulfur content, expressed as percent mass fraction

WS, sulfate sulfur content, expressed as percent mass fraction

wsT total sulfur content, expressed as percent mass fraction

wy volatile matter content, expressed as percent mass fraction

Fq national correction factor for the estimation of the inorganic chlorine content
Fn national correction factor for the estimation of water of hydration

Fuvm natjonal correction factor for the estimation of the mineral matter (see Annex A)

5 Calculations for coal analyses

5.1 Introduction

In Internatiopal Standards covering the analysis of coal, it is generally specified:that the determination
shall be carried out on an air-dried test sample. However, in making use of thesg analyses, it is sometimes
necessary tolexpress or report the results on some other basis. The basesifi common use are “air-dried”,

» o«

“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|other
basis by multiplying it by the appropriate factor calculated from the formulae given in Table 1] after
insertion of fhe requisite numerical values for the symbols (for determination of moisture, see ISP 589
and ISO 11772; for ash, see ISO 1171). However, in sonie determinations, there is a direct involvemlent of
the mineral hatter and, in these cases, it is essential to apply a correction to the air-dried result prior to
its calculation to the dry, mineral-matter-free basis. This correction is dependent on the nature, as well
as the quantity, of the mineral matter present.and, 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. All the determinations that may be expressed on the dry,
mineral-matfer-free basis are consideped individually below.

If it is necegsary to calculate @n-analytical result expressed on the dry, mineral-matter-free|basis
back to any ¢ther basis, thenCitis essential that any correction deducted during the application ¢f any
Formulae (1) to (10) inclusive be added back to the dry, mineral-matter-free value before applying the
appropriate formula from<lable 1.

5.3 Carbon

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

100
We.dmmf =Wead =0,273 Weo2.a0)% (M
e ) 7 100- (W04 +WMMad)

5.4 Hydrogen

The hydrogen content reported on the air-dried basis includes the hydrogen of the coal substance and the
hydrogen present (as water) in the mineral matter (see ISO 609, ISO 625 and ISO 29541). The hydrogen
present as moisture in the air-dried sample shall be deducted before reporting wy aq. Before calculating
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the hydrogen of the coal substance to a dry, mineral-matter-free basis, it is also necessary to deduct the
hydrogen of the mineral matter as given in Formula (2):

Wh.ad )% 100
9 100-(Wy20.2d *WMM.ad)

(2)

WH.dmmf = (WH.ad -

Since the water of hydration in the mineral matter cannot readily be determined, it is generally
estimated from a knowledge of the minerals likely to be present and the total mineral matter content
as given in Formula (3):

Whad =FhXWapaq (3)

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

5.5 |Nitrogen

The njitrogen content is reported on the air-dried basis (see ISO 29541). There is no nifrogen in the
mineral state normally associated with coal, and the calculation to a dry, mineral-matterffree-basis is
as given in Formula (4):

y e 100 (4)
N.dmmf ="WN.ad
mm a 100—-(Wy20.ad +*WMM.ad)

5.6 |Sulfur

The tptal sulfur content, wsr, as reported on the-air-dried basis (see ISO 334, ISO 351 of ISO 19579),
includes organic sulfur, ws o, pyritic sulfur, ws p,-and sulfate sulfur, ws s. The pyritic sulfur apd the sulfate
sulfur are determined and the organic sulfur.isobtained by difference (see ISO 157). In or({er to convert
the tqtal sulfur content to a dry, mineral-thatter-free basis, subtract the content of pyritic and sulfate
sulfuy as given in Formula (5):

~ 100
WS o.dmmf — (WS,T.ad - WS,p.ad N WS,s.ad )X 100 (5)
~(WH20.ad *WMM.ad)

5.7 |Oxygen

Althopgh oxygen is asignificant component of coal and coke, there has been insufficient démand for its
direct determinatignto justify continuation of an ISO standard.

The dgxygen content is calculated by difference on an air-dried basis as given in Formula|(6), which is
taken| from-1SO 17247:

Wad =100—-(We g +WHad +WNad TWsTad tWaad Y WH20ad) (6)

The calculated “oxygen by difference” includes the oxygen in the coal substance, in the carbonate
minerals (as carbon dioxide) and in the water of hydration of the mineral matter.

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

Wo.dmmf =100=(We dmmf + WH.dmmf + WN.dmmf T WSs.T.dmmf) (7)

It is necessary to exercise caution with the estimated result derived for “oxygen by difference” as it
incorporates the summation of errors in the results of the other elements.

© IS0 2013 - All rights reserved 3
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5.8 Chlorine

The chlorine content is reported on the air-dried basis (see ISO 587) and includes chlorine from the
mineral matter and chlorine combined with the coal substance. It is, therefore, necessary to subtract
the inorganic chlorine before calculating to the dry, mineral-matter-free basis as given in Formula (8):

Wcl.dmmf

100

100—(Whz0.ad +*WMM.ad )

=(Wclad ~ W(l.inorg.ad )%

(8)

The content of inorganic chlorine may be calculated using a national factor, F¢), as given in Formula (9):

W(lLinorg.

For higher r3
Fci=1mayb

. FI‘1 XWer g
u A2 ¥

cractr

ink coal, no chlorine combined with the coal matter has been found.[l] Therefore, a
e used for these coals.

5.9 Volatile matter

The mineral
determinatid
quantity of t

Correctionis
free basis to

Formula (10):

Wy dmmf
Theloss of m4

5.10 Netca

The calculati
calculation tq

NOTE Ne
formulas in T4
moisture cont

6 Calculg

Coke analysg
these values

n (see ISO 562), the magnitude of the loss being dependent on both the nature ar
e minerals present.

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

100

=(Wy.ad —Wco2.ad —95%XWs p ad —~Whad —WclLad )X
. . ,p.ad h.ad Clad
100=(Whz0ad +WmMM.ad)

ss from pyritic sulfur during devolatilizatien is approximately half of the sulfur bound in j

lorific value

bn of the net calorific value isidealt with in detail in ISO 1928, which, however, does not ix
a dry, mineral-matter-free basis as this basis is not of importance for net calorific valy

[ calorific values canndt be converted to any other basis by direct multiplying with the apprg
ble 1 as net calorificalues includes a correction for the heat of vaporization related to the
ent.

itions for'coke analyses

s may be expressed on the “air-dried”, “as-received”, “dry” and “dry, ash-free” base
(éxcept for net calorific value) are calculated by the use of the appropriate formulae

(9)

value

matter associated with a sample also loses mass under the conditiens of the volatile npatter

d the

atter-
yen in

(10)

yrite.

1Iclude
es.

priate
actual

5, and
given

in Table 1, a

er Imsertion of requisite numerical values 10or the Symbols (Ior determination oI mol

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

sture,

It is not proposed at present to recommend the calculation for the conversion of analytical results for
coke to a dry, mineral-matter-free basis.
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Table 1 — Formulae for calculation of results to different bases

Basis Basis of value wanted
of As analysed Asreceived? Dry Dry, Dry,
V?lue (air-dried) (ar) (d) ash free mineral matter free
given (ad) (daf) (dmmf)
As ana-
lysed
i 100 = W10 ar 100 100 100
ai —
drieI]i) 100-wh0.ad 100-wyp0ad | 100-(Wh20ad * Waad) | 100—(Wibo.ad + WMM.ad)
(ad
As 100
receied ~WH20 ad _ 100 100 100
| 100-wyz0.ar 100-wyz0ar | 100=(Whzoar + W) | 100=(WhHzoar + WiiMar)
(ar]
Dry 100-wh30.ad 100 -wyz0.ar _¢I%7 __|100
100 100 o 100~w 10q-w
(d) Ad MM.d
Dry
ash-fitee| 100-(Whp0ad *Wpaad) | 100-(Whpo.ar +Wa.ar) 100-wpq . A0P-wpg
100 100 100 109-wummq
(daff)
Dry
min-
erak | 100 (Wiz0.0a + Wimad) | 100~ (Wizoar + Waimar)-_ (71200~ Wy 100-wnma _
matter- 100 100 100 100-wp 4
free
(dmmnpf)
a  Npte 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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