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INTERNATIONAL STANDARD

1ISO 7404-4 : 1988 (E)

Methods for the petrographic analysis of bituminous
coal and anthracite —
li delerminirg microlithotype, carbominerite:and

0 Introduction

0.1 Petr¢graphic analyses have been recognized inter-
nationally hs important in the context of the genesis, vertical
and lateral| variation, continuity, metamorphism and usage of
coal. The International Committee for Coal Petrology (ICCP)
has made| recommendations concerning nomenclature and
analytical methods and has published an extensive handbook
describinglin detail the characteristics of a wide range of coals.
The text of this International Standard agrees substantially with
the text of the handbook and incorporates many useful com-
ments made by members of the ICCP and by member bodiesof
ISO/TC 21, Solid mineral fuels.

Petrographic analyses of a single coal provide\information
about the [rank, the maceral and microlithotype compositions
and the distribution of mineral matter in the coal. The reflec-
tance of vitrinite is a useful measure~of-coal rank and the
distribution of the reflectance of vitrinite in a coal blend,
together with a maceral group apalysis, can provide informa-
tion about|some important chemical and technological proper-
ties of the|blend.

This International Standard is concerned with the methods of
petrograpliic analysis™currently employed in characterizing
i coal <and” anthracite in the context of their
technologfcal usg:lt establishes a system for petrographic
analysis amd-comprises five parts, as follows:

For information on)the nomenclature and anglysis of brown
coals and lignites, reference should be mad¢ to the /nter-
national Handbook of Coal Petrography |published by
the ICCP1X

0.2 Microlithotypes are the naturally occurrihg associations
of macerals which characterize the visibly different types of
coal. By convention, the identity of a microlithotype is deter-
mined by the maceral group or groups occurring within an area
of at least 50 um x 50 um and which are pregent in amounts
equal to or exceeding 5 % by volume. Hence|they can com-
prise a single maceral or maceral group if it| exceeds these
dimensions. Microlithotypes may include up to 20 % by
volume of minerals such as clay, quartz and carlponates or up to
5 % by volume of sulfide minerals. If the corftent of mineral
matter exceeds these amounts, the material i$ designated as
minerite or carbominerite depending on the proportions of coal
and mineral matter.

Carbominerites can be subdivided according [to the type of
mineral matter.

Microlithotypes contribute information on the genesis of coal
seams and can assist in solving problems of seam correlation.
Because they determine, together with rank arjd mineral mat-
ter, the hardness and density of the bulk gdoal substance,

Part 1: Glossary of terms.
Part 2: Method of preparing coal samples.
Part 3: Method of determining maceral group composition.

Part 4: Method of determining microlithotype, carbo-
minerite and minerite composition.

Part 5: Method of determining microscopically the reflec-
tance of vitrinite.

microlithotypes affect the behaviour of coal in mining and coal
preparation processes. The different microlithotypes deter-
mine, under given geological conditions, the distribution of
micro-cracks and to some extent the cleat in the coal. The
results of maceral analyses can be interpreted more mean-
ingfully from a knowledge of microlithotype composition. Such
information can assist in explaining the behaviour of coal in
commercial and experimental utilization processes where the
association of macerals is known to be important.

1) The second edition (1963), together with the supplement issued in 1971, may be obtained from Professor D.G. Murchison, Organic Geochemistry
Unit, Department of Geology, University of Newcastle, Newcastle-upon-Tyne, NE1 7RU, United Kingdom. The supplement issued in 1973 may be
obtained from Centre National de la Recherche Scientifique, 15 quai Anatole-France, F-75007 Paris, France.
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NOTE — The percentage volume of carbonate, clay and quartz
minerals on the one hand and sulfide minerals on the other, which
define the carbominerites and minerites, correspond to the densities
which separate coal from middlings and middlings from discard in coal
preparation.

1 Scope and field of application

This part of ISO 7404 specifies a method, using a graticule with
20 crossline intersections, for determining the proportions of

NOTE — |If reflectance measurements are required on the same
particulate block an immersion oil as specified in ISO 7404-5 should be
used.

6 Apparatus

6.1 Reflected light microscope, having an immersion ob-
jective of magnification between X 25 and X 60 and eyepiece of

microlithotypes| carbominerite and minerite in coals. It applies
only to determ|nations made on polished particulate blocks
using reflected white light.

2 Referenges

1SO 7404, Methpds for the petrographic analysis of bituminous
coal and anthralite

—  Part 1: Glossary of terms.
—  Part 2: Method of preparing coal samples.

—  Part 3: Method of determining maceral group compo-
sition.

— Part 5:

Method of determining microscopically the

reflectance qf vitrinite.

3 Definiticlns

For the purpos|

s of this part of ISO 7404, the definitions-of

ISO 7404-1, todether with the following, apply.

point: An obsIrvation of a portion of the particulate block

through the ey

piece graticule made during the-analysis.

NOTE — The alidcation of a point to a particular microlithotype, or to

carbominerite or
mineral matter pr

minerite, is determined,by_the macerals and/or
bsent at the 20 intersections./of the graticule. A point

is only counted if at least 10 intersections)fall on a particle.

4 Principle

Examination by| using ‘a reflected light microscope and point
count procedur¢ 6f-a representative sample of coal prepared as

magnitication between X 8 and X 12. The eyepiece|shall have
the facility for inserting a graticule.

6.2 Graticule, inscribed with a grid-‘having 2( crossline
intersections according to the pattern,'shown in figure 1. The
effective distance between extreme, intersections in the x and y
directions respectively is 50 pm.
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Figure 1 — Design of grid for microlithotype pnalysis

NOTES

1 With a total number of 20 crossline intersections a macg¢ral appear-
ing beneath a single intersection can be assumed to occypy 5 % by
volume of the area covered by the grid.

a particulate block—as described N 1SO-7404-21dentification
under an immersion medium of the microlithotypes from their
maceral composition. The proportions of the macerals are
determined using a graticule having a grid with 20 points of
intersection spaced to define a distance of 50 um on the
specimen between extreme intersections in the x (abscissa) and
y (ordinate) directions respectively. The use of such a graticule
allows the analyst to comply with the 5 % minimum content
and 50 pm minimum size stipulation.

5 Material

Immersion medium, having a suitable refractive index and
compatible with the microscope objective.

2 The graticule is designed for use with a particular combination of
objective and eyepiece. Change in either objective or eyepiece will
necessitate the use of a grid of different dimensions.

6.3 Mechanical stage, capable of advancing the specimen
in the x-direction by equal steps of such length that only a
negligibly small proportion of the particles examined receives
more than one count on the same particle. The step-length is
equal to half the maximum particle diameter, i.e. 0,5 to 0,6 mm
for samples with a standard top particle size of 1 mm. The stage
also permits a similar stepped advance in the y-direction. The
stage movement may be actuated manually or by the counter
mechanism.
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6.4 Counter, capable of registering the points in each
category and preferably the grand total of points counted.

6.5 Sample mounting equipment,
modelling clay and levelling press.

comprising slides,
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Table 1 — Maximum permissible number of intersections
falling on mineral matter for the point to be classified
as a microlithotype

No. of Number of intersections on
intersections carbonate,
lying within clay, sulfide
the particle quartz
16 to 20 3 0
11 to 15 2 0
10 1 0

7 Procpdure

Insert the
(6.1).

raticule (6.2) into the eyepiece of the microscope

Adjust the¢ microscope for Kohler illumination. Place the
levelled rticulate block, prepared in accordance with
, on the stage. Add the immersion medium to the

Assess thg number of crossline intersections lying on the par-
ticle in order to decide whether the point should be recorded in
the counting procedure and, if so, whether it should be as-
signed to [the category of a microlithotype, carbominerite or
minerite. If the number of intersections on one particle is 10 or
more the goint shall be accepted for analysis. If there are no in-
tersectiong on coal or mineral matter, the point is ignored (i.e. it
is not recgrded). If the number is less than 10 it shall be re-
corded as ja rejected category and the stage shall be advanced
by one stgp. The number of such rejected points shall not
exceed 10|% of the total accepted and rejected points. If the
proportion| exceeds 10 %, excessive fines may have been pro-
duced dufing preparation and a fresh sample-‘should be

-3. The criteria for determining’ accepted and re-
imts are shown in figure 2.

If the partjcle is accepted for analysis, assess the number of
intersectiohs lying on mineral-matter. If the number of crossline
intersectiohs on mineral matter exceeds the number shown in
table 1 for ja given number_ of intersections lying within the par-
ticle, the material is_€ither carbominerite or minerite.

If the particle is a microlithotype, it is identified g§ccording to the
criteria shown in table 2 ignoring any intersg¢ctions on car-
bonate, clay or quartz.

Table 2 — Delimitation of microlithptypes

. . Location of the crossline |intersections
Microlithotype P
lying in the cqgal
Vitrite All intersections in the vitfinite
Liptite All intersections in the exirjite (liptinite)
Inertite All intersections in the inerfinite
Clarite All intersections in the vitripite and
exinite, at least one interseiction in each
of the two maceral groups
Durite All intersections in the inertinite and ex-
inite, at least one intersectfon in each
of the two maceral groups
Vitrinertite All intersections in the vitripite and iner-
tinite, at least one intersection in each
of the two maceral groups|
Trimacerite At least one intersection inf each of the
three maceral groups

These criteria are applicable to microlithoty
mineral matter not exceeding the limits given i

If the intersections on mineral matter exceed th

table 1, determine whether the particle is mi
bominerite according to the criteria given in tab
if necessary. In using table 3 to identify c

pbes containing
h table 1.

B limits given in

erite or a car-
Ie 3 and table 4,

rbominerite or

Table 3 — Delimitation of carbominerite (excluding carbopolyminerite with sulfide)
and minerite

No. of Intersections falling on specified minerals
intersections Carbominerite Minerite
lying within
. Carbonate, . Carbonate, )
particle clay, quartz Sulfide clay, quartz Sulfide
19 or 20 4t0o 1to3 > 1 >3
17 or 18 4t 10 1t03 > 10 > 3
16 4to 9 1to03 > 9 > 3
14 or 15 3to 8 1or2 > 8 > 2
12 0r 13 3to 7 lor2 > 7 > 2
1 3to 6 1or2 > 6 > 2
10 2to 5 1 > 5 > 1
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minerite, the minerals appearing under the intersections shall

Table 5 — An example of a method of expressing

Having identifigd the point, advance the particulate block by
one step along the x-axis, and continue counting and traversing
the specimen. At the end of a traverse, advance the block by a
step of at least|equal length along the y-axis to start the next
parallel traversgd. The step length shall be chosen to ensure a
uniform counting of points over the surface of the particulate
block.

The total number of accepted points shall be at least 500.

NOTE — For thg assignment of a microlithotype, (only the maceral
group or groups pppearing under the crossline intersections are con-
sidered. If a najural boundary between the-two different micro-
lithotypes lies undler the grid, the assessment'is.made as if there were
no boundary.

8 Expressipn of results

carbominerite and’ per minerite as the percentage of total

Report the number of;accepted points per microlithotype, per
number of ac:Lpted points. Express the values obtained as

be either sulfide or other minerals, but not both. The the results
carbominerite may be named carbankerite, carbargilite, car-
bosilicite, carbopyrite or carbopolyminerite, according to the Sample No. Date:
mineral matter appearing under the intersections.
. . Number of o
Microlithotype accepted points Volume %
" If both sulfide and other minerals occur under intersections of ptece
the grid, within the limits given in table 4, the carbominerite is Vitrite 101 20
named carbopolyminerite, otherwise the particle is again :—'pt't.e o 3
ssigned to minerite. nertite
assigned to Clarite 57 1
. — Durite 115 23
Table 4 - Dehmlte?tlon of_ carbopolyminerite Vitrinertite
with sulfide Trimacerite 141 D8
Carbopolyminerite Total microlithotypes 95
No. of X N e
intersectiohs Intersection (allmg on specified Carbominerite Number o.f Voldme %
lying withjn minerals accepted.points
the particle Carbonate, Sulfide Carbargilite 13 3
clay, quartz Carbankerite
16 to 20 1103 1t03 Carbosilicite
M to0 15 Tor2 2 Carbopyrite 5 1
18 (;r 1 c;r Carbopolyminerite
Total carbominerite 4
The maceral gfoup or groups associated with the mineral Number of Volyme %
. . . . accepted points
matter and apgearing under the residual intersections of the L
. . L Minerite 4 1
grid may be recprded to further characterize the carbominerite.
Grand total 00

Total'"number of accepted points 500
Percentage of rejected points 7

Table 6 — Nature of coal associated with carbominerite
and minerite (example)

A¢cepted
Carbo- Associated pgints as
minerite/ maceral fNumbe;;d a pdrcentage
minerite group(s) ° ac?ef of
(specify) observed! points carbominerite/
nlinerite
- \Y 3 20
Carbargilite V +E 12 80
Y, 1 20
Carbopyrite V + E 3 60
V+E+ | 1 20
Minerite V + 1 5 100
1) E = exinite
| = inertinite
V = vitrinite

percentages by volume to the nearest integer.

The number of accepted points and the percentage of rejected
points shall be indicated in the test report. An example of a
suitable method of expressing results is shown in table 5.

The nature of coal associated with carbominerite and minerite,
if determined, expressed as

a) general qualitative observations; or

b) quantitative record of maceral groups under residual
intersections

may be recorded as shown in table 6.

9 Precision

9.1 Repeatability

The repeatability of the determination of the volume per-
centage of a component is the difference between two single
determinations each based on the same number of point
counts carried out by the same operator on the same sample,
using the same apparatus, below which 95 % of such dif-
ferences would be expected to lie. The repeatability may be
calculated from the formula

(2\/2) o,

where g, is the theoretical standard deviation.


https://standardsiso.com/api/?name=ab361e5c39d602d62a4141a9022a4b0b

