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Forewo

1:2016(E)

rd

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

electrotech

The proce

described i}
different ty
editorial ru

Attention is
patent righ

nical standardization.

1 the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fo

les of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may beé the subje
s. ISO shall not be held responsible for identifying any or all such patént‘rights. Deta

are
- the

pes of ISO documents should be noted. This document was drafted in accordanee with the

ct of
Is of

any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO ljst of patent declarations received (see www.iso.org/patents).

Any trade rlame used in this document is information given for the convehience of users and does not
constitute gn endorsement.

For an explanation on the meaning of ISO specific terms and:expressions related to conformity
assessment} as well as information about ISO’s adherence to<the WTO principles in the Technical
Barriers to [[rade (TBT) see the following URL: Foreword - Supplementary information

The commiftee responsible for this document is ISO/TE\27, Solid mineral fuels, Subcommittee $C 5,
Methods of @nalysis.

This third edition cancels and replaces the second edition (ISO 7404-1:1994), which has been technigally
revised.

ISO 7404 cqnsists of the following parts, under the general title Methods for the petrographic anglysis
of coals:

— Part 1: Yocabulary

— Part 2: Method of preparing.coal samples

— Part 3: Method of determining maceral group composition

— Part 4: Method of determining microlithotype, carbominerite and minerite composition

— Part 5: Methed of determining microscopically the reflectance of vitrinite

iv © ISO 2016 - All rights reserved
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Introduction

1:2016(E)

Petrographic analyses have been recognized internationally as important in the context of the genesis,
vertical and lateral variation, continuity, metamorphism and usage of coal. The International Committee
for Coal and Organic Petrology (ICCP) has made recommendations concerning nomenclature and
analytical methods and has described in detail the characteristics of a wide range of coals[3][4][3]. The
text of this part of ISO 7404 agrees substantially with the text of the relevant ICCP publications and
incorporates many useful comments made by members of the ICCP and by member bodies of ISO/TC 27,
Solid mineral fuels.

Petr
micy
a usq
with
proy

ISO
coal
anal

The

praphic amatyses of —a singte coal provide information about the Ttank, the
olithotype compositions and the distribution of minerals in the coal. The reflectanee‘o
pful measure of coal rank and the distribution of the reflectance of vitrinite in a ceabble
a maceral group analysis, can provide information about important chemical .and te
erties of the blend.

Y404 is concerned with the methods of petrographic analysis currentlyeniployed in ch{
in the context of its technological and/or geological use. It establishes a system for p
ysis and comprises five parts, as follows:

Part 1: Vocabulary;
Part 2: Method of preparing coal samples;

Part 3: Method of determining maceral group compasition;

Part 5: Method of determining microscopically the reflectance of vitrinite.

Hefinitions given are intended for use solely in connection with the generally accepted iy

methods of petrographic analysis of coaldescribed in the other parts of ISO 7404.

The
such
with

petrographic terms listed herein are those used by the ICCP and ISO. They do not in
as, for example, pseudovitrinite, semi-vitrinite and semi-inertinite which refer to type
particular properties, butWwhich are sometimes difficult to define. Such terms may be

impg¢rtant for specific applicatiens, but their wider use is not recommended.

Part 4: Method of determining microlithotype, carbominerite and minerite composition;

aceral and
[ vitrinite is
hd, together
chnological

iracterizing
etrographic

ternational

rlude terms
5 of maceral
considered
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Methods for the petrographic analysis of coals —

Part 1:
Vocabulary

1

This
anal
exar

This

nor
desd

2

For 1

2.1

2.1.]
coal
com
cons

Note

cope

part of ISO 7404 defines terms that are used in connection with both maceral addymid
yses, and with the determination of the reflectance of vitrinite. It applies to the téerms
hination of coal of all ranks.

part of ISO 7404 is not intended to be a comprehensive glossary of coal péetrographic t
Hoes it attempt to provide sufficient information to allow recognition of all the coal

Terms and definitions

he purposes of this document, the following terms and\definitions apply.

General terms

|

pustible sedimentary rock formed frogm bio- and geochemically altered plant rem
olidated under superimposed strata

condjitions and the degree of change that the material has undergone in its geological history and
of injpurities present. Coal compgsition can be characterized microscopically by maceral and m
comppositions.

2.1.

coaljification

prod

Note
decr
of th
of co

ess by which sedimented plant remains are transformed into coal (2.1.1)

1 to entry:(Ehis process is characterized by an increase in the carbon content in the plant re
base in the yreld of volatile matter from the plant remains. As coalification proceeds, the reflect
e macefals (2.3.1) increase. Vitrinite is used as a reference material for the determination of thg
h] bécause its reflectance increases uniformly with the extent of coalification.

ribed. Further information may be obtained from the relevant ICCEpublications[3][4][5],

rolithotype
used in the

erminology,
omponents

ains (peat)

1 to entry: The characteristics of different coals are due to differences in source plant magerial, in the

in the range
crolithotype

mains and a
ances (2.2.1)
 rank (2.1.3)

2.1.1

rank
position of a coal (2.1.1) in the coadlification (2.1.2) series from low rank coal (2.1.4) to high rank coal
(2.1.6), indicating maturity in terms of chemical and physical properties

2.14
low rank coal
coals (2.1.1) of low rank that, in their natural state, are characterized by high inherent moisture content,

high

volatile matter content, low calorific value and a low vitrinite reflectance

Note 1 to entry: Low rank coals were formerly often referred to as lignite (now low rank A and B) and
subbituminous coal (now low rank C). Regionally, also terms like brown coal were used for coals with a vitrinite

refle

Note

ctance below 0,5 % Ry

2 to entry: They are non-agglommerating.

© ISO 2016 - All rights reserved
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Note 3 to entry: See ISO 11760.

2.1.5

medium rank coal
general descriptive term for coal (2.1.1) between high rank coal (2.1.6) and low rank coal (2.1.4)

Note 1 to entry: The vitrinites in all coals of medium rank melt and form semi-coke when coal is heated in the
absence of oxygen above 360 °C to 380 °C. Medium rank coals were formerly referred to as bituminous coals.
Their vitrinte reflectance, Ry %, lies between 0,5 % and 2 %.

Note 2 to entry: See ISO 11760.

2.1.6
high rank ¢
coal (2.1.1)
not soften g

Note 1 to en
between 2 %

2.2 Optic
2.2.1

reflectance

percentage

Note 1 to enflry: For the purpose of this part of ISO 7404, reflectance refers to measurements made on coal 4

oil immersio

2.2.2

maximum
highest val
(2.1.1)isro

2.2.3

random re
reflectance
polarized li

Note 1 to en
reflectance”
number of rd

2.2.4

parasiticr
percentage
reflecting s

oal
of high rank, with a low volatile matter content and a semi-metallic lustre, andwhich
r swell when heated

fry: High rank coals were formerly referred to as anthracites. Their vitrinte reflectance, Ry %
and 6 %l[1l.

ral microscopy terms

of the near-normal incident light reflected from a polished surface of a coal maceral

.

reflectance
e of reflectance (2.2.1) obtained whenCany polished section of a particle or lump of
fated in its own plane in linearly polatized light

flectance
[2.2.1) of any polished section of a particle or a lump of coal (2.1.1) when determined in
bht without rotation of the-specimen

try: The term “random-teflectance” has replaced the old terms “mean reflectance” and “avd

does

, lies

nder

coal

non-

rage

to avoid confusion,\mainly with the use of "mean” for data presenting the mean of the reqyiired

flectance readings-as in, for example, "mean random reflectance”.

pflection
of the.incident light reaching the measuring device from lens boundary faces and d
irfaces in the microscope

ther

2.2.5

reflectance standard
polished surface of an isotropic material of known reflectance (2.2.1) which is used for calibrating

reflectance

2.2.6

measuring equipment

zero standard
non-reflecting standard used for calibrating reflectance-measuring equipment

© ISO 2016 - All rights reserved
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2.2.7

particulate block

solid block consisting of particles of crushed coal (2.1.1) representative of the sample when prepared
accordingly, bound in resin, cast in a mould and with one face ground and polished

Note 1 to entry: See Reference [4].

2.2.8
lump section
piece of coal (2.1.1) of size suitable for polishing and examination under the microscope

ground and

point
area|overlain by the intersection of the cross hair in the eyepiece graticule or prthe computer monitor
durihg microscopical analysis

2.3 | Petrographic terms

2.3.1
maceral
micrjoscopically recognizable organic constituent of coal (2.X1)"analogous to the minerals pf inorganic
rocKs, but differing from them in that macerals have no chdaracteristic crystal form and are ot constant
in cemical composition

Note|1 to entry: The macerals are distinguished from one’another microscopically on the basis of thejr differences
in sych properties as reflectance (2.2.1), colour, fluorescence, morphology, size and hardness. They originate
from| the remains of different tissues of plants and their physical and chemical properties change aq coalification
(2.1.R) proceeds. Macerals are grouped into maceral groups and sub-groups and can be further differentiated
into maceral varieties (see Table 3).

2.3.2
microlithotype
natyrally occurring maceral (2.3.1) or association of macerals with a minimum layer width pf 50 um

Note|1 to entry: See also 3.2.

2.3.8
mingrals in coal
natural inorganic-constituents visible during microscopical examination

Note|1 to entry=Minerals are determined on a volume basis as part of a maceral analysis.

2.3.4
minpral'matter in coal

i barmic material ovcent maoisture
mnorg vi P H-

Note 1 to entry: Mineral matter is calculated on a mass basis either from a direct determination at low
temperature or from the ash yield at high temperature.

2.3.5
carbominerite
collective term for intergrowths of minerals and macerals (2.3.1)

Note 1 to entry: See also 3.3.

2.3.6

minerite

collective term for intergrowths of minerals with macerals (2.3.1) in which the proportion of minerals
is more than 60 % by volume, or in which more than 20 % by volume of sulfide minerals is present

© IS0 2016 - All rights reserved 3
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3 (Classification of macerals, microlithotypes and carbominerites

3.1 Macerals

Three maceral groups are recognized: vitrinite (and its low rank equivalent huminite), liptinite and
inertinite. Maceral groups and their sub-divisions are shown in Table 1.

Table 1 — Macerals as defined in the ICCP 1994 System

Maceral group Maceral sub-group Maceral Maceral variety
Vitrinite/ Telovitrinite/ Telinite Textinite
huminite telohuminite Collotelinite Ulminite
Detrovitrinite/ Vitrodetrinite |Attrinite
detrohuminite Collodetrinite |Densinite
Gelovitrinite/ Corpogelinite |Corpohuminite
gelohuminite Gelinite Gelinite
Inertinite Not sub-groups sensu stricto: Fusinite
(with plant cell structure) lS:emlfu§1n1te
unginite
(lacking plant cell structure) Secretinite
Macrinite
Micrinite
(fragmented inertinite) Inertodetrinite
Liptinite Cutinite
Suberinite
Sporinite
Resinite
Exsudatinite
Chlorophyllinite
Alginite Telalginite
Lamalginite
Liptodetrinite
Bituminite

NOTE 1 Hunpinite maceral-subgreups can be used synonymously with those from the vitrinite group, huminite macgqrals,
however, canhot be used synonymously with vitrinite macerals.

3.2 Micrplithotypes

Microlithotypes are classified in one of three categories, namely monomaceral, bimaceral and trimageral
microlithotypé€s, according to whether they contain significant proportions of macerals belonging to
one, two or|three maceral groups. A monomaceral microlithotype contains at least 95 % by volumeg, on

a mineral-free basis, of the principal maceral group. A bimaceral microlithotype contains at least 95 %
by volume, on a mineral-free basis, of the two principal maceral groups. A trimaceral microlithotype
contains at least 95 % by volume, on a mineral-free basis, of the three principal maceral groups and
at least 5 % by volume of each. Microlithotypes may contain not more than 5 % by volume of sulfide
minerals or 20 % by volume of clay minerals as impurities.

The classification of the main microlithotypes and their maceral group compositions is given in Table 2.

© ISO 2016 - All rights reserved
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Table 2 — Classification of the main microlithotypes

Maceral-group composition
Microlithotype (total greater than or equal to 95 % by
volume, mineral-free basis)
Monomaceral Vitrinite
Vitrite Liptinite
Liptite Inertinite
Inertite
Bimaceral Vitrinite + Liptinite
Clarite Inertinite + Liptinite
Durite Vitrinite + Inertinite
Vitrinertite
Trimaceral Vitrinite + Liptinite + Inertinite
Trimacerite

3.3 | Carbominerites

The arious types of carbominerite are shown in Table 3.

Table 3 — Types and compositions of carbominerite

Type Volume péercentage of minerals
Carbargilite 20 to 60, clay minerals
Carbopyrite 5 to 20, sulfides
Carbankerite 20 to 60, carbonates
Carbosilicite 20-t060, quartz
Carbopolymineritea 20 to 60, various minerals
a  The term is also used for cagbopolyminerite containing a minimum of 5 % minerals,
provided sulphides form a substantial part of the mineral matter.
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