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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documérnt may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Committee ISO/TC 27, Coal and Coke, Subcompmittee SC 4,
Sampling.

This|second edition cancels and replacesthe first edition (ISO 18283:2006), which has been technically
reviged. It also incorporates the Techfiical Corrigendum ISO 18283:2006/Cor.1:2006.

The main changes are as follows;
— Removal of any referende to intermittent sampling. Only continuous sampling is permitted.
— Discussion of the néed to eliminate bias prior to discussing precision.
— Deletion of theséparate tables on calculated numbers of increments.
— Deletion of the table on reference increment mass.

— $eparation of tables for minimum sample masses for coal and coke.

— Removal of the table for reduced minimum sample mass for large sizes of coal and cok.

— Inclusion of manual sampling from a moving conveyor, provided a risk assessment is conducted
at the outset and that this type of sampling is only permitted on a slow-moving belt or at low flow
rates. Furthermore, at higher flow rates, mechanical assistance is necessary to ensure that primary
increments can be collected safely.

— Restriction of the type of probes that can be used.
— Deletion of augers for manual sampling.
— Inclusion of a photograph of a gated riffle.

— Exclusion of sampling of large fuels in excess of the nominal top sizes in Tables 1, 2 and 4, because it
is not practical.

© IS0 2022 - All rights reserved v


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://standardsiso.com/api/?name=c09cf3325a2bca18ab1a074fa553007b

ISO 18283:2022(E)

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Mechanical sampling from moving streams is the preferred method for sampling coal and coke.
However, often mechanical facilities are not available. Moreover, for sized coal or coke, mechanical
sampling may be a problem because of (size) degradation by the sampling system.

The fundamental requirements of sampling are that all particles of the coal or coke in the lot are
accessible to the sampling instrument and thus have a non-zero chance of being selected, and that each
individual particle of equal mass has an equal probability of being selected and included in the sample.

Whepsampling manually, conditions are often far from ideal The methods described in this document
are iptended to obtain the most representative sample that can be safely achieved. Mahyal sampling
should only be applied if no possibility for mechanical sampling exists.

The purpose of taking and preparing a sample of coal or coke is to provide a te'st sampl¢ that, when
analysed, provides test results representative of the lot or sub-lot sampled.

The first stage of sampling, known as primary sampling, is the taking, from positions| distributed
over [the entire lot of an adequate number of coal or coke portions known-as primary incrgments. The
primary increments are then combined into a sample. From this samplée;the required numbgr and types
of test samples are prepared by a series of processes jointly known as sample preparation.

In dgvising a sampling procedure, it is also essential to guard-against bias in the taking of|increments.
Bias [can arise from:

a) incorrectlocation/timing of increments,

b) incorrect delimitation and extraction of increments,
c) particle size segregation at the point of samipling,

d) loss of integrity of increments after extraction.

Methods for measuring bias are descfibed in ISO 13909-8.
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Coal and coke — Manual sampling

WARNING — This document can involve hazardous materials, operations and equipment, and
does not purport to address all the safety issues associated with its use. It is the responsibility of
the user of this document to establish appropriate health and safety practices.

1 Scope

This
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Normative references

document provides the basic terms used in manual sampling of coal and coke and,d
ral principles of sampling. It provides procedures and requirements for establishiy
ling scheme, methods of manual sampling, sampling equipment, handling and.storagg
le preparation and a sampling report, and applies to manual sampling duxing the tra
ke. Guidelines for manual sampling in stationary situations are given in‘Arfnex B, but
pling does not provide a representative test sample and the sampling report shall st

document covers sampling of brown coals and lignites, but dogs\not include samplir
s, for which guidance is given in ISO 14180. Mechanical sampling of coal and coke i
39009.

following documents are referred to in the text(inf such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referénced document (including any amendme

79, Coke — Determination of total moisture
89, Hard coal — Determination of‘tetal moisture
87, Solid mineral fuels — Coke — Determination of moisture in the general analysis test §

3909-8, Hard coal and ceke)— Mechanical sampling — Part 8: Methods of testing for bia

[erms and definitions
he purposes.of'this document, the following terms and definitions apply.
nd IEC maijntain terminological databases for use in standardization at the following ¢

SO,0Online browsing platform: available at https://www.iso.org/obp

escribes the
lg a manual

of samples,
nsfer of coal
this method
te this.

1g from coal
5 covered in

heir content
applies. For
hts) applies.

ample

o7

ddresses:

3.1

air-drying
process of bringing the moisture content of the sample near to equilibrium with the atmosphere in the
area in which further reduction and division of the sample are to take place

Note 1 to entry: Air-drying to equilibrium with the atmosphere applies to coal. Drying of coke is generally to
facilitate sample preparation.

3.2

bias

systematic error that leads to the average value of a series of results being persistently higher or
persistently lower than those that are obtained using a reference sampling method
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mple

sample collected for more than one intended use

3.4
continuous

sampling

taking of a sample from every consecutive sub-lot (3.30) so that increments (3.10) are taken at uniform
intervals over the entire lot (3.11) being handled

3.5
cut

see increme

3.6
divided inc
part obtaing

Note 1 to ent

3.7
fixed-mass
method of s
the feed

3.8

fixed-ratio
method of s
is a fixed pr

3.9
general ang
sample pref
most chemi

3.10
increment
portion of ¢

Note 1 to ent

3.11
lot
defined qua

Note 1 to ent

3.12

P
48]
aN

[ ]

53

rement
d from the division of the increment (3.10) in order to decrease its mass

Fy: Such division can be done with or without prior size reduction.

division
imple division in which the mass retained is predetermined andindependent of the m4

division
imple division in which the division ratio is predeteymined, i.e. the mass of sample ret4
pbportion of the mass of the feed

1lysis test sample
ared to pass a sieve of nominal size ofiopenings of 212 pm used for the determinati
al and some physical characteristics

al or coke extracted in a Single operation of the sampling device

Fy: Cut is an equivalentterm.

htity of coal.or coke for which the quality is to be determined

ry: A lot:eah be divided into sub-lots.

1Sss of

lined

on of

manual sams

extraction o

3.13
mass-basis

TTIE

fincrements (3.10) by human effort

sampling

taking of increments (3.10) whereby the position of each increment (3.10) to be extracted from the
stream of coal or coke is measured by a mass interval of stream flow and the increment (3.10) mass is

fixed
3.14

mechanical sampling
extraction of increments (3.10) by mechanical means
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3.15
moisture sample
sample taken specifically for the purpose of determining total moisture

Note 1 to entry: For coke, this sample can also be used for general analysis.

3.16

nominal top size

aperture size of the smallest sieve in the range included in the R 20 Series on which not more than 5 %
of the mass of the sample is retained

Note 1 tao entrv: See ISQ 565 square hole

3.17
physdical sample
sample taken specifically for the determination of physical characteristics, €.g; physi¢al strength
indides or size distribution

3.18
preciision
closgness of agreement between independent test results obtained under stipulated conditjons

Note [l to entry: This is often defined using an index of precision, such 45’2 standard deviations.

Note |2 to entry: A determination might be made with great precisign and the standard deviation of a number of
determinations on the same sub-lot might, therefore, be low; but'such results are accurate only if|they are free
from|bias.

3.19
primary increment
incregment (3.10) extracted at the first stage of\sampling, prior to any sample division anfd/or sample
reduftion

3.20
random sampling
extrgcting of increments (3.10) at tandom mass or time intervals

3.21
replicate sampling
extracting, at intervals of-increments (3.10) that are combined in rotation into different cpntainers to
give fwo or more samples of approximately equal mass

3.22
representative\sample

samjple collected in such a manner that the analyses, size distribution and moisture content represent
that pf thellot (3.11)

3.23
sample
quantity of coal or coke, representative of a larger mass for which the quality is to be determined

3.24
sample division
process in sample preparation whereby the sample is divided into representative, separate portions

3.25
sample preparation
process of bringing samples to the condition required for analysis or testing

Note 1 to entry: Sample preparation covers mixing, particle size reduction, sample division and sometimes air-
drying (3.1) of the sample and may be performed in several stages

©1S0 2022 - All rights reserved 3
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3.26

sample reduction

process in sample preparation whereby the particle size of the sample is reduced by crushing or
grinding

3.27
size analysis sample
sample taken specifically for particle size analysis

3.28
standard deviation
square rootpfthe-vartatee

3.29
stratified random sampling
extracting df an increment at random within the mass interval or time interval determined for rass-
basis sampling or time-basis sampling respectively

3.30
sub-lot
part of a lot|3.11) for which a test result is required

3.31
systematic{sampling
extracting of increments (3.11) at uniform time intervals according.to a predetermined plan

3.32
test sample
sample whig¢h is prepared to meet the requirements of a spyecific test

3.33
time-basis sampling
extracting of increments whereby the position af each increment to be collected from the stream of coal
or coke is measured by a time interval and he increment mass is proportional to the flow rate gt the
time the increment is taken

3.34

variance
measure of dispersion, which is the sum of the squared deviations of observations from their av¢rage
divided by dne less than the number of observations

4 Establishing a sampling scheme

4.1 Genefal

4.1.1 Sampling

Mechanical sampling of coal and coke in accordance with ISO 13909-2, ISO 13909-3 and ISO 13909-5
is the preferred method. However, where this is not possible, manual sampling may be conducted.
The recommended method for manual sampling of coal and coke is while it is being transferred, e.g.
loading or unloading of ships, barges, wagons, rail cars and trucks, transferring coal or coke using
fixed/moveable conveyors and/or stackers, or during the formation of or reclaiming from stockpiles.
For safety and practical reasons, manual sampling of coal or coke being transferred is sometimes not
possible.

NOTE Manual sampling in stationary situations (see Annex B) refers to static lots, where no formation of or
reclaiming from piles/heaps takes place.
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Increments should be collected by trained sampling personnel. Instructions should be as complete
and as simple as possible, in particular, the position of sampling and the times at which increments
are taken should be specified and not left to the personal judgement of the sampling personnel. These
instructions, which should preferably be set out in writing, should be prepared by the sampling
supervisor from the information given in this document.

4.1.2 Sampling scheme

The general procedure for establishing a sampling scheme is as follows:

a) define the quality parameters to be determined and the types of samples required,;

b)

‘)
d)

e)

increment and sample (see 4.3.6.3 and 4.3.7);

f) t

g) 9
h) ¢

efine the lot;

elect or assume the required overall precision for the lot (see 4.3.2);

etermine or assume the variability of the coal or coke (see 4.3.3 and, if'televant, 4.]
ariance of preparation and testing (see 4.3.5);

scertain the nominal top size of the coal or coke for the purpese-of determining

he nominal top size should initially be ascertained by consulting the consignment d
risual estimation and should be verified by preliminary testwork;

elect the sampling device (see Clause 6);

pstablish the number of sub-lots and the numbex ef increments per sub-lot required

i)

i)
k)
4.1.3

In on
cons

a)

esired precision (see 4.3.6);

etermine the method of combining thelincrements into samples and the metho
reparation (see Clause 8);

efine the sampling interval in terins’of time or mass (see Clause 5);

etermine where to collect the increments (see Clause 5).

Parameters

der to ensure thathe result obtained is to the required precision, the following par
dered:

rariability ofithe coal or coke;

umber‘efincrements to be taken from the lot;

umber of sub-lot samples to be constituted for the lot;

B.4) and the

the mass of

etails or by

o attain the

1 of sample

ameters are

d) number of increments comprising each sub-lot sample;

e) mass of sample relative to nominal top size.

4.1.4 Sampling methods

In this document, only continuous sampling methods are considered.

©ISO
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4.2 Design of the sampling scheme

4.2.1 General

The basic first step in the design of a sampling scheme is a review of the requirements for operations in
order to draw up instructions for the sampling operator(s). The instructions should cover all sampling
problems likely to be encountered.

It is important that the sampling operator receive instructions that are simple, easily understood and
capable of only one interpretation. These instructions, which should be set out in writing, should be
prepared by the sampling supervisor after inspecting the sampling site and referring to the information
given in thi§ document. The following items in the following list and described in 4.2.2 to 4.2.6-should
be consider¢d by the supervisor when compiling instructions:

a) coal or ¢oke to be sampled and considerations for sampling;
b) lotsize and number of sub-lots;

c¢) method|of sampling;

d) requirements for test samples;

e) numberof increments per lot or sub-lot;

f) mass of|sample;

g) precisign of results;

h) bias of fjesults.

4.2.2 Coj or coke to be sampled and considerations for sampling

The first stage in the design of the scheme is to identify the coal or coke to be sampled. Samples may be
required forf technical evaluation, process centrol, quality control and for commercial reasons by|both
the producqr and/or seller and the customer: It is essential to ascertain exactly at what stage ih the
handling prpcess the sample is required\and, as far as practicable, to design the scheme accordingly.
In some insfances, however, it can prove impracticable to obtain samples at the point preferred and, in
such cases, § more practicable alternative is required, provided a representative sample can be taken.

The following identifications arelindispensable for the design of a manual sampling scheme:

a) coal or foke properti¢s,/e.g. fines, lump and, more specifically, the nominal top size; furtherrmore,
whether dry, wet ox.free flowing;

b) location and thethandling system;

) transpolrtmeans/carriers;

d) where to sample in the handling process, taking into account contract terms and the practicability
for sampling;

e) human safety risks.

4.2.3 Division of lots

The lot may be sampled as a whole, resulting in one sample, or divided into a number of sub-lots
resulting in a sample from each. The size of each sub-lot should be selected for convenience of sampling,
e.g. coal or coke despatched or delivered over a period of time, a train load, a wagon load, or coal or
coke produced during a certain period, e.g. a shift. For large lots, such as ocean-going vessels, it is
recommended to sample in multiple sub-lots for the reasons below. It is common industry practice to
limit sub-lot sizes to a maximum of 10 000 t. However, when the loading or discharge rate is less than

6 © IS0 2022 - All rights reserved
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1 000 t/h, it is recommended that sub-lot sizes be limited to 5 000 t to avoid moisture bias due to long
periods of sample collection.

Such division into a number of sub-lots may be necessary to achieve the following:

a) therequired precision (calculated by the procedure in 4.5);

b) maintain the integrity of the sample, e.g. avoiding bias that can result from changes of moisture due
to standing or oxidation;

c) create convenience when sampling lots over a long period, e.g. on a shift basis;

d) Keep sample masses manageable, taking Into account the maximum [Iting capacity of pperators;

e) distinguish different components of a mixture of coal or coke, e.g. different coaltypes within one

t.
4.2.4 Precision of results
After the overall precision of the lot has been decided, the number  of _sub-lots and th¢ number of

incrgments per sub-lot collected shall then be determined as described in 4.3.6 and the
primary increments shall be determined as described in 4.3.6.3.

For dingle lots, the quality variation shall be assumed as the worst case (see 4.3.3). The

samy

ling achieved may be measured using the procedure of réplicate sampling (see 4.5).

At tHe start of regular sampling of unknown coal or coke, the worst-case quality variat

assu

med in accordance with 4.3.3 and 4.3.4.

If anly subsequent change in precision is required, the number of sub-lots and of incrd
be changed as determined in 4.3.6 and the précision attained rechecked. The precision s

chec

ked if there is any reason to supposesthat the variability of the coal or coke being {

incrgased. The number of increments determined in 4.3.6 applies to the precision of the res

samy

ling errors are large relative to thé.sample preparation and testing errors, e.g. moistu

in some tests, the testing errors are themselves large. In this case, it can be necessary to prg

morg

4.2.5

Itis g

test portions from the sample and use the mean of the determinations to give a bette

Bias of results

f particular importance in sampling to ensure as far as possible that the parameter to i

is not altered by the-sampling and sample preparation process or by subsequent storage pri

This
samyj

can require/in“some circumstances, a limit on the mass of the primary increment,
le and the test sample to maintain integrity (see 4.3.6.3 and 4.3.7).

It mqy bemecessary, when collecting samples for moisture determination from lots over

perid

d,7to'limit the standing time of samples by dividing the lot into a number of g

mass of the

precision of

ion shall be

ments shall
hall also be
ampled has
11t when the
re. However,
pare two or
" precision.

e measured
br to testing.
the divided

hn extended
ub-lots. For
b a series of

establishing the loss of integrity of the sample, a bias test can be carried out to compar
reference samples immediately after extraction with samples after standing for the normal time to
establish moisture or calorific value loss due to standing (see ISO 13909-8).

Bias testing for manual sampling can be performed according to the same principles as for mechanical
sampling using a reference method to judge a manual sampling practice (see ISO 13909-8).

4.2.6 Requirements for test samples

In the sampling scheme and in the scheme of preparation of samples, attention shall be paid to
requirements on the samples for testing.

A number of tests are carried out on crushed or pulverized samples of prepared top sizes as mentioned
in the relevant testing standards, e.g. ash on a - 0,212 mm sample. However, some tests require
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samples either in the original state or prepared to a particle size somewhere between original state and
0,212 mm.

Examples of physical tests on samples in their original state are size-distribution tests, float and sink
tests, coking tests, etc.

Examples of tests on partly crushed and prepared samples are total moisture, Hardgrove grindability
index and dilatation.

In view of the above, consideration of the sampling and preparation schemes should foresee either
whether all required samples can be taken and prepared from a common sample or whether it is

necessary ta take a number of separate cqmp]pc In all cases the masses of the common c;\mp]p an
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If a number of replicate samples (minimum 10) are taken from a lot of coal or coke, prepared and
analysed separately, the precision, P, of a single observation is given by Formula (1):

where
s isthe sample estimate of the population standard deviation;

he total variance of the results for replicate samples.
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The total variance in Formula (1) is a function of the primary increment variance, the number of
increments, and the errors associated with sample preparation and testing.

For a single sample, this relationship is expressed by Formula (2):

V
Vspr = 71 +Vpr (2)

V; isthe primary increment variance;

pr is the preparation and testing variance;
is the number of primary increments in the sample.

Where the result of Formula (2) is the arithmetic mean of a number of sample ¥alues, regulting from
dividing the lot into a series of sub-lots and taking a sample from each, Vgp is given by Formula (3):

Vi W
I S o (3)
mn m

Vspr =
where

n  is the number of primary increments comprising‘each sample, i.e., the number of increments
per sub-lot;

m  is the number of sample results, i.e. sub-lots, used to obtain the mean.

Sincg a sample is equivalent to one member of\a set of replicate samples, combining Forrmula (1) and
Formula (3) for continuous sampling results‘in Formula (4) and Formula (5):

P |
PL :i:z _I+ﬂ 4)
Jm mn m
Bs, =P, Vm (5)
where

P, isthe overal precision of sampling, sample preparation and testing for the lot at 95 % confidence
level, expressed as % absolute;

P isthe overall precision for the sub-lot at 95 % confidence level, expressed as % abgolute;

i “Ois the number of increments per sub-lot;

m is the number of sub-lots in the lot;

If the quality of a coal or coke of a type not previously sampled is required, then in order to devise a
sampling scheme, assumptions have to be made about the variability (see 4.3.3).

4.3.3 Primary increment variance

The primary increment variance, V|, depends upon the type and nominal top size of the coal or coke,
the degree of pre-treatment and mixing, the absolute value of the parameter to be determined and the
mass of increment taken.
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For some coal or coke, the increment variance for ash is higher than that for moisture and, hence, for the
same precision, the number of increments required for the general analysis sample is adequate for the
moisture sample and the common sample.

The value of the primary increment variance, V}, required for the precision using Formula (4) can be
obtained by either:

a) assuming a value determined for a similar coal or coke from a similar handling and sampling
operation, or

b) determining it directly on the coal or coke to be sampled by taking at least 50 increments spread
over an entire lot or aver several lots of the same type of coal or coke and ;xnn]vcing each increment

separatgly for the required parameters, preferably ash (dry basis) and total moisture.

For calculat]ng the variance, Formula (6) can be used:

2
VI=_1L' ZX?—@ —Vpr (6)

n is the number of increments taken;
is the value of the analysed parameter.

If neither of the values for V; obtained from a) or b) above is available, a value of V; = 5 for the ash
of unwashefl and blended coals, as well as for cokes, and {4= 3 for the ash of washed coals cgn be
assumed initially and checked after sampling has been carried out using one of the methods described
in ISO 13909-7.

4.3.4 Subllot variance

In some casgs (e.g. see 4.3.2), the sub-lot variance, Vg, can be calculated, because, just like the pripary
increment variance, this value gives an indication of the homogeneity of the coal or coke. For calculption

of Vg Formyla (7) can be used:

(2 xg], )2
ST,

1 2
Vs.=vl—{ Yx5” - ~Vpr (7)

N4,
where
Ng; is the numbernof sub-lots;

Vs, is the sub-lot variance;

X iS the szalio afthn oo lycnd oot n Foona +hn ol 104
SL IC VAdIuce Ul L1Icv uuul_y A% Y P(Al AITICLCT TTI'UIIT LITU OUuU '1IUL.

If the variance of different lots/sub-lots or different cargoes of the same coal or coke varies considerably,
the primary increment variance found for any lot or cargo cannot be used for calculation of the number
of increments for the next lot or cargo.

4.3.5 Preparation and testing variance

The value of the preparation and testing variance, Vpq, required for the calculation of the precision
using Formula (4) can be obtained by either:

a) assuming a value determined for a similar coal or coke using a similar sample preparation scheme,
or
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b) determining it directly on the coal or coke to be sampled by constituting at least 20 sub-samples
spread over the entire lot or over several lots of the same type of coal or coke. Each sub-sample
is divided into two parts and prepared so that split portions of each sub-sample are taken at the
first division stage. Each portion shall be prepared and tested for the parameters of interest,
preferably ash (dry basis) and total moisture. The same analysing methods are applied as are used
in routine operations. The difference between the two results shall be calculated for each pair and
the preparation and testing variance, Vpr, can be calculated using Formula (8) as follows:

_Zd;

2nlD

(8)

Vpr

wherte

q; isthe difference between individual pair members;

hp is the number of pairs.

Alternately, split one or more sub-lot samples into a minimum of 20 test samples. Prepare [and analyse
each|test sample for the parameters of interest, preferably ash (dry¢basis) and total meisture. The
preppration and testing variance can be calculated using Formula (9).as follows:

2
pT = ! I:ZXIZ_M] 9

=

N-1 N
whertte
IN  is the number of test samples;

X; isthevalue of the analysed parameter:

If nejther of the values from Formula (8)'¢r Formula (9) is available, a value of V1 = 0,2 for ash can be
assumed initially and checked if necessary, after preparation and testing has been carried ¢ut.

If high overall precision, P, is required, then lower Vpy values of 0,1 or 0,05 for ash are[required to
obtaln the required overall preeision using a practical number of primary increments and sub-lots (see
4.3.6)).

4.3.6 Number of sub-lots and number of increments per sub-lot

4.3.4.1 General

The pumberofincrements taken from a lot in order to achieve a particular precision is a fupction of the
varidbility:ef the quality of the coal or coke in the lot irrespective of the mass of the lot. Thie lot may be
led as a whole, resulting in one sample, or divided into a number of sub-lots resulting in a sample
ivisi i i i isi e necessary

number of sub-lots shall be calculated using the procedure given in 4.3.6.2 as appropriate.

Another important reason for dividing the lot is to maintain the integrity of the sample, i.e. to avoid
bias after taking the increment, particularly in order to minimize loss of moisture due to standing. The
requirement to do this is dependent on factors such as the time taken to collect the samples, ambient
temperature and humidity conditions, the ease of keeping the sample in sealed containers during
collection and the particle size of the coal or coke. It is recommended that, if moisture loss is suspected,
steps be taken to minimize moisture loss by reducing the sample standing time and collecting samples
more frequently, i.e. by increasing the number of sub-lots. See also 4.2.3
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Establish the number of sub-lots and number of increments required per sub-lot in accordance with
4.3.6.2 as appropriate.

NOTE The formulae given in 4.3.6.2 generally give an overestimation of the required number of increments.
This is because they assume that the quality of coal or coke has no serial correlation; however, serial correlation
is always present to some degree. In addition, because a certain amount of preparation and testing is required
when measuring the increment variance or the sub-lot variance, the preparation and testing errors are included
more than once.

The designer of a sampling scheme should make provisions for the worst case anticipated and then
tend to use higher values for V| and Vg, than may actually occur when the scheme is in operation. On

implementing a new sampling scheme, a check on the actual precision being achieved should be carried
out using thlé methods described in ISO 13909-7. This check may be necessary to achieve the reghired
precision, il which case the number of sub-lots is calculated using the procedures given in 4.3.6.2.
4.3.6.2 Number of increments
Determine the number of sub-lots, m, required for practical reasons (see 4.3.6.1)\and then estimate
the number| of increments, n, for a desired precision from Formula (10), obtained by rearranging
Formula (4)
LV
n=—-j L (10)
mP |- 4Vpt

A value for p of infinity or a negative number indicates that the errors of preparation and testing are
such that the required precision cannot be achieved with this number of sub-lots. In such cases, dr if n
is impracticpbly large, reduce the errors of sample preparation and testing or increase the numHfer of
sub-lots by ¢ne of the following means:
a) Chooselja new number of sub-lots corresponding-to a convenient sub-lot mass, recalculate n [from

Formul4 (10) and repeat this process until n issd practicable number;
b) Decide pn the maximum practicable nuniber of increments per sub-lot, n;, and calculate m ffrom

Formula (11);

4( +nqV,
_ (i 12 pT) (11)
n B

Adjust m upwards if necessaryttoa convenient number and recalculate n;
Take n as 1()if the final calculated value is less than 10.
A worked egample of\a’calculation of overall precision, mass of increments, number of sub-lotg and
number of increments/per sub-lot is given in Annex A.
4.3.6.3 Mass,of increments

The minimum mass of increment is determined by the correct dimensions of the manual sampling

implement t

o ensure that the increments are representative.

4.3.7 Minimum mass of samples for general analysis and determination of total moisture

content

For most parameters, particularly size grading and those that are particle-size related, the precision of
the result is limited by the ability of the sample to adequately represent all the particle sizes in the mass
of coal or coke being sampled

The minimum mass of a sample (primary as well as after division) is dependent on the nominal top
size of the coal or coke, the precision required for the parameter concerned and the relationship of that
parameter to particle size. Some such relationship applies at all stages of preparation. The attainment
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of this mass does not, of itself, guarantee the required precision. This is also dependent on the number
of increments in the sample and their variability (see 4.5).

Values for the minimum mass of coal samples for general analysis to reduce the variance due to the
particulate nature of the coal to 0,01, corresponding to a precision of 0,2 % with regard to ash, are
given in column 2 of Table 1 (see Reference [3]). Column 3 of Table 1 gives the corresponding minimum
masses of divided coal samples for total moisture analysis, which are approximately 20 % of the
minimum masses for general analysis, subject to an absolute minimum of 0,65 kg.

The mass of coke samples given Table 2 are for guidance on the minimum mass for unknown or
heterogeneous cokes, which can usually be reduced for moisture samples.

The minimum mass of a divided increment shall be such that the combined masses of @ll| the divided
incrgments in the sub-lot (or lot if sub-lots are not established) shall, at each stage, begbedter than the
masg given in Table 1 for coal or Table 2 for coke corresponding to the purpose for which th¢ sample has
been|taken and the nominal top size. If the increment masses are too low to satisfy this requirement,
the divided increment shall be crushed prior to further division.

Note[that in each case, the overall division precision is determined by the'sum of the divisi¢n variances
for each division stage.

The minimum sample mass, myg, for coal for other desired levels of division precision may ble calculated

from| Formula (12):

2
P

wherte

My s is the mass given in Table 1;
mg  is the resulting mass for the sample to be taken;
Pp  isthedefaultdivision precision value (e.g. 0,2 % ash, due to the particulate naturgof the coal);

Pr  isthe desired divisionprecision for the particular sampling stage.

Table 1 — Minimum(mass of coal samples for general analysis and determination| of total
moisture content

Nominal top General-analysis samples | Samples for determination
size of coal and common samples of total moisture content
mm kg kg
90 750 125
75 470 95
63 300 60
50 170 35
45 125 25
38 85 17
31,5 55 10
22,4 32 7
16,0 20 4
11,2 13 2,50
NOTE The masses for the general analysis and common samples have been determined
to reduce the variance due to the particulate nature of coal to 0,01, corresponding to a
precision of 0,2 % ash.
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Table 1 (continued)

Nominal top General-analysis samples | Samples for determination
size of coal and common samples of total moisture content
mm kg kg
10 10 2
8,0 6 1,50
5,6 3 1,20
4,0 1,50 1,00
2.8 0,65 0,65
2,0 0,25 0,65
1,0 0,10 0,65
NOTE The masses for the general analysis and common samples have been determined
to reduce the variance due to the particulate nature of coal to 0,01, corresponding to@
precision of 0,2 % ash.
Table 2 — Minimum mass of coke samples for general analysis, determination of total moisture
content and sizing
Nominal top size of coke Minimum‘mass
mm kg
>125 2000
125 1000
100 650
90 500
75 320
63 250
50 200
45 125
31,5 60
22,4 30
16,0 15
142 8
10,0 6
8,0 4
5,6 2
4 1
When coal grlegke is regularly sampled under the same circumstances, the overall precision obtained
for all the required parameters shall be checked (Se€ 4.4 and the masses may be adjusted accordingly.

However, the masses shall not be reduced below the minimum requirements laid down in the relevant
standard specifying the test method.

Where samples for special tests (see 4.3.6) are to be extracted from a common sample, the initial number
of increments collected shall be that required for general analysis or total moisture, whichever is the
greater. If there is not sufficient mass of coal or coke left for the general sample after the extraction,
the mass of sample given by this number of increments shall be increased by increasing the sampling
frequency and taking extra increments. Extraction of a special test sample from the common sample is
described in 8.7.
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When preparing coal or coke to produce samples for multiple use, account shall also be taken of the
individual masses and size distribution of the test samples required for each test.

NOTE

feasible.

Manual sampling of coal or coke with top sizes >90 mm and >125 mm respectively, is not considered

4.4 Checking the overall precision for the lot by calculation and selection of sampling
scheme

Manual sampling offers the flexibility and convenience of selecting the most convenient combination
of number of sub-lots and number of increments as needed. In order to check the sampling precision,

it is therefore recommended to calculate a variety of combinations and then to decide on the sampling
schemme.
A wdrked example of a calculation for overall precision, mass of increments, numbér of $ub-lots and
number of increments per sub-lot is given in Annex A.
4.5 | Determination of acquired precision by replicate sampling
4.5.1 General
By using the procedure of replicate sampling, it is possible to testthe precision for a specific|lot obtained
by a|particular sampling scheme. With this procedure the‘samme number of increments as usual is
collefted, but successive increments are placed into a number of different sample containgrs to give a
number of replicate sub-samples. From each of these a separate laboratory sub-sample is prepared and
a tesf is carried out on each so that eventually there ared@ number of different sub-sample values for ash
or anpy other characteristic tested. It is noted that.each replicate sub-sample is composed|of a smaller
number of increments than normal.
4.5.1 Method and calculation
Establish the parameter to be analysed;'e.g. ash (dry basis), and establish the sampling scheme for the
requjred precision in accordance with%4.3.
Instdad of forming a sample fromeach sub-lot, combine the total number of increments, nJas replicate
samples. The number of replicate samples, Ny, shall be not less than the number of sub-lofs, Ng;, used
in thee calculations and not)less than 10. If there are 10 such samples and the sample coptainers are
labelled A, B, C, D, E, FG_H, I, ], then successive increments go into the containers as follows: A, B, C, D,
E,F G, HLJ A B, CD.
A typical calculation for coal or coke using the results in Table 3 is given below.
Table 3 — Results of single-lot sampling for % ash, dry basis
Sample value, b %
Sample No. X;
%

A 15,30 234,09

B 17,10 292,41

C 16,50 272,25

D 17,20 295,84

E 15,80 249,64

F 16,40 268,96

G 15,70 246,49

H 16,30 265,69

[ 18,00 324,00
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Table 3 (continued)

Sample value, x;2
Sample No. X;
%
J 16,70 278,89
Total 165,00 2728,26

The number, Ny, of replicate samples is 10.

The mean result is 165/10 = 16,5 %.

The sample estimate of the population standard deviation, s, is:

s=V (13)

Consequently,

£

n
s= (n-1) (14)
2
2728,26- 165

- 10 _p 800
9

The best estiimate for the precision, P, achieved for the lot'is given by Formula (15):

p=—2L (15)
JNis
i.e.
P :ﬁﬁ =0,506
J1b

4.5.3 Prerision obtained‘using normal sampling scheme

If it is desirgd to design.a‘regular sampling scheme based on the results of this procedure, the estimate
of precision| obtained\using ISO 13909-7, the number of increments per sample and the numbler of
replicate sapnples_(instead of the number of sub-lots) can be substituted into Formula (4) and the yalue
for the incr¢mefittvariance estimated. The procedures given in 4.3 can then be followed to desigh the
regular sampling scheme.

4.6 Size analysis

Within the scope of this document, the coals and cokes to be sampled exhibit wide differences in size,
size range and size distribution. In addition, the parameters determined (percentage retained on a
particular sieve, mean size, etc.) can differ from case to case. Furthermore, when sample division is
applied, division errors shall be taken into account, whereas they are non-existent if sizing is performed
without any preceding division.

These factors should be taken into account when applying the techniques for calculating the numbers of
increments for a particular precision (see 4.3.2).

The minimum mass of the size analysis sample of coal is given in ISO 1953. Manual sampling of coal with
top sizes >90 mm is not feasible. The masses have been calculated on the basis of the precision of the
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determination of oversize, i.e. the coal above the nominal top size. Precision for other size fractions is
normally better than this. The minimum masses of sample for size analysis of coke are given in Table 2
above.

The precision for the particular parameter required shall then be checked and the number of increments
adjusted according to the procedure described in 4.5.

Minimization of degradation of samples used for determination of the size distribution is vital to reduce
bias in the measured size distribution. To prevent particle degradation, free-fall drops shall be kept to
a minimum.

5 Methods of sampling

5.1 | General

The fundamental requirements of sampling are that all parts of the coal on.coke in the|lot shall be
accegsible to the sampling instrument. Sampling shall be carried out by systematic sampling, either on
a tinfe or mass basis, or by stratified random sampling.

Bias¢d samples are obtained if part of the coal or coke is excluded..Extra care should be|taken when
sampling particularly heterogeneous or layered coal or coke gr mixtures of coal or cgoke. Cyclical
varidtions in coal or coke quality can occur during sampling.&very effort shall be made fo eliminate
coingidence of the cycle with the taking of increments in systématic sampling. If this cann¢t be done, a
bias |s invariably introduced that can be of unacceptable proportions. In such circumstancgs, stratified
randpm sampling shall be adopted.

The iethods described in Clause 5 are applicable to coal or coke being transferred as folloys:
a) gtopped belt;

b) falling stream;

c) 1mmoving belt;

d) gtockpiles (building/reclaiming);
e) grabs/front-end loaders;

f) barges/trucks/railéars (loading/unloading).

Anngx B presents ififermative methods for sampling coal or coke in stationary lots. Sampling from lots
cons|sting of different coals or cokes is described in 5.8, while the use of random selection of increments
is defcribed ir50.

5.2 | Sampling by time interval (time-basis sampling)

Primary increments shall be taken at equal pre-set time intervals throughout the Iot or sub-lot. If the
calculated number of increments has been taken before the handling has been completed, additional
increments shall be taken at the same time interval until the handling operation is completed.

The time interval, At, expressed in minutes, between taking primary increments is determined from

Formula (16):

Ar< 60mg;,
Gn

(16)

where

mg; is the mass of the sub-lot, expressed in tonnes;
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G  is the maximum flow rate of the coal or coke, in tonnes per hour;

n  isthe number of primary increments in the sample (see 4.3.6.2).

5.3 Sampling by mass interval (mass-basis sampling)

Primary increments shall be taken at a pre-set mass interval throughout the mass of the lot or sub-lot.
This interval shall not be changed during the sampling operation. If the calculated number of increments
has been taken before the handling has been completed, additional increments shall continue to be

taken at the

same interval until the handling operation is completed.

The mass |nterval, Am, expressed in tonnes, between taking increments is determined, [from
Formula (17):
m

Am < Pk (17)
where

mg,, is the mass of the sub-lot, in tonnes;

n isthe number of primary increments in the sample.
The mass interval between increments shall be equal to or smallér than that calculated from the
number of increments specified in 4.3.6.2 in order to ensure that-the number of increments is at|least
the minimum number specified.
5.4 Strat|fied random sampling
5.4.1 General
Stratified rindom sampling means that, forj\each time or mass interval, the actual taking of the
increment i§ displaced by a random amount of time or mass, respectively, subject to the limitatior that
it shall be taken before that interval has.expired.
During stratified random sampling}itis possible that two increments are collected very close together
even though they are collected in different mass or time intervals.
5.4.2 Strdtified randomrsampling by time interval
The sampling interval shall be determined as in 5.2 and the increment mass as in 4.3.6.3. Prior tp the
start of each samplinginterval, a random number between zero and the sampling interval, in seconids or
minutes, sh3ll be'generated. The increments shall then be taken after the time indicated by the raindom
number.

5.4.3 Stratified random sampling by mass interval

The sampling interval shall be determined as in 5.3 and the increment mass as in 4.3.6.3. Prior to the
start of each sampling interval, a random number between zero and the mass of the sampling interval
(tonnes) shall be generated. The increment shall be taken after the passage of the mass of coal indicated
by the random number.

5.5 Extracting the increment

Suitably trained and experienced sampling personnel shall carry out extraction of the increments using
appropriate equipment.
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Increments should be extracted in a single operation, without overflowing or spillage from the sampling
device.

The aperture of the sampling device shall be at least three times the nominal top size of the coal or coke,
with a minimum dimension of 30 mm (see Clause 6). Larger apertures may be necessary, to ensure that
the larger particles are not excluded from the increment and/or that wet sticky coal does not cause
blinding of the aperture.

Large and hard pieces of coal, coke or rock shall not be pushed aside deliberately when an increment is

extracted. Do not allow wet coal or coke to adhere to the sampling equipment.

5.6
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Coal or coke 1n motion

General

e itis being transferred from one point to another by a moving conveyorbelt, while co
mental motion is where it is being transferred from one point to another in small batd
as by trucks, railway wagons, payloaders, grabs, etc

mportant when manually sampling coal or coke in motion to(maximize the number
the sampling implement can access and at the same time midimize the number of paj
hnd coke with a zero chance of being selected for inclusien in the sample collected.

h selecting a sampling method from the alternativesgisted below, the safety of sampliy
ramount. Coal or coke in motion involves multiple’hazards such as moving conveyor
obile machines moving the coal or coke. The risks are increased when ambient co
including limited vision (night-time operation), dust and inclement weather. As such,
bpriate method should be based on an assessment of risk, including the mass of the §
led at any given moment by sampling personnel. The sampling of coal or coke in contin
a moving conveyor may require mechanical means and/or mechanical assistance t
ary increment safely.

Stopped belt

e methods of sampling tend’to collect too many of either the large or the small particlg
able to introduce bias: The method of extracting an increment by removing a whole ¢

e from bias. Thérgfore, this is the reference method against which any other methg
ked and is thé.umost ideal method of sampling. Increments should be extracted frof
h and thickngss of the coal or coke stream when there is a normal load at the point of s

5 practicable to arrange with the operator to stop the belt periodically, increments can |
therwhole cross-section of the stream. The risk assessment should include factors su
s;-the mass of the stopped-belt cutter, and strict measures to block electrical power

or coke in motion can be divided into two categories, i.e. coal and coke ih continjyous motion

al or coke in
hes or loads

of particles
ticles in the

g personnel
components
hditions are
selecting an
ample to be
Llous motion
b collect the

s and hence
ross-section

a stopped belt is thie-only way of ensuring that all particles are collected and hence thaft the sample

d should be
n the whole
ampling.

be extracted
th as ease of
to conveyor

drivemmotorsduring tire process of sampte cottection:

While the actual increment is collected when the coal or coke on the conveyor belt is not in motion,
stopped-belt sampling is still considered to be sampling coal or coke in continuous motion, because the
stopping of the belt is determined by sampling personnel.

Stopped-belt increments shall be extracted with a sampling frame [see Figure 2 j)], or equivalent, from
a complete cross-section of the coal or coke on the belt at a fixed position. The width of the complete
section shall be at least three times the nominal top size of the coal or coke to be sampled, with a
minimum dimension of 150 mm. The frame shall be placed on the stationary belt so that it is in contact
with the full width and depth of the belt.

Particles obstructing the insertion of the end plate on the left-hand side of the collection end of the
sampling frame shall be pushed into the increment, while those obstructing the insertion of the end
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plate on the right-hand side shall be pushed out of the increment or vice versa. Whichever practice is
used initially, this practice shall be implemented throughout the test.

All pieces of coal or coke on the belt lying within the frame shall be swept into the sample container.
No portion of the increment should be lost during extraction. Wet coal or coke should not be allowed
to adhere to the sampling frame, but the sampling frame shall not be heated to stop wet coal or coke
sticking to it.

NOTE Proper insertion of the stopped-belt frame becomes increasingly difficult at top sizes larger than
100 mm and caution should be taken at these larger top sizes.

5.6.3 Fall

115 Stredin

Samples are¢
stream.

taken from coal or coke in continuous motion at a transfer point for a continuously'm¢ving

and
bty is
ss of
sary
m or

The sampling personnel shall be able to reach the whole cross-section of the streaimn”in safety
handle the rjesulting increment without undue physical strain or loss of sample material. Since safi
a significant concern at high flow rates, the risk assessment should include factors such as the m3
the incremepnt collected and the force exerted by the falling stream of coal or.¢oke. It may be nece;j
to provide mechanical support for the sampling device when it is passed through the falling strea
to erect a special gantry with adequate support.

Increments ghall be extracted from a falling stream by means of a satvipling device that is moved a
the width of the stream, as far as possible at a constant rate, less:ithan 0,6 m/s. The aperture d
sampling dgvice shall be at least three times the nominal top size~of the coal or coke, with a minimum
dimension df 30 mm (see 6.2.1 and 6.2.5) and larger, as necessary, to ensure that the larger particles
are not excliided from the increment and that the increment does not overflow the sampling devicg.

Cross
f the

The sampli
periphery s
cokes or siz

This may bq
versa, or by
through the
the stream

provided th

Proper ma

g device shall traverse the full cross-section of the stream. The coal or coke nea
nall be adequately represented and, if layering takes place with different types of cod
e distribution, these shall be proportionally represented.

p achieved by passing the sampling device through the stream from right to left, oy
inverting the sampling device, passing it to the back of the stream and withdraw
stream, provided the sampling device completely intersects the whole stream and d
n each pass. Alternatively;-the sampling device may be filled in passing from front to

ht it can then be withdxawn away from the stream, e.g. by moving it sideways.

al extraction of samples from falling streams becomes increasingly difficult at st

u
widths gre;:er than 300 mimdnd top sizes larger than 50 mm, so caution should be taken.

5.6.4 Moy

Sampling cd

ring belt

al gr'coke from any moving belt is hazardous. However, under some circumstances

I the
Is or

vice
ng it
lears
rear,

feam

part-

stream sampling from a moving belt, or at a transfer point, may be considered, subject to condufting
a risk analﬁBTﬁmmmmm—mﬂmﬂWMhput

of the conveyor, and adequate guards shall be constructed to protect sampling personnel from all
moving parts. This type of sampling will only take place on slow moving belts or at low flow rates,
or as a temporary backup method when mechanical sampling equipment is broken down. This can be
accomplished with the use of a long-handled scoop or sided shovel. Increments should be collected by
inserting the sampling instrument into the coal or coke in the same direction as the flow of material.
For wide conveyors, increments should be collected from both sides. However, this type of sampling
shall not be used for large, fast moving belts, because the safety of sampling personnel is paramount.
At higher flow rates, mechanical assistance is necessary to ensure that primary increments can be
collected safely.

Other key considerations when applying part-stream sampling are the lack of mixing of the coal or coke
in the case of blends, and the strong tendency of the coal or coke to segregate by particle size during
movement by conveyor.
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5.6.5 Stockpiles (building/reclaiming)

Sampling of stockpiles shall be carried out during the process of building up or reclaiming from the
stockpile. Sampling of stationary stockpiles is not recommended because it is impossible to penetrate
to the bottom of the stockpile to collect a representative sample with manual sampling implements.
However, if it is the only alternative, the procedures in Annex B should be used, but the results are
merely indicative of the quality of the coal or coke.

Increments shall be extracted from the working face of the stockpile provided it is safe to do so, from
the bucket of a front-end loader (see 5.6.6), or from a single, discrete load delivered to the stockpile
before being pushed into the main stockpile. When extracting increments from a working face, the
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nual sampling shovel, probe or scoop shall be used to extract increments. The use, of
jitted. The width of the sampling shovel and scoop and the aperture of the probe sha
e times the nominal top size of the coal or coke, with a minimum dimension ¢f£30 mm (g
arger, if necessary, to ensure that the larger particles are not excluded,from the inc
the increment never fills the sampling shovel, probe or scoop completel§x Owing to the
tion, a probe shall be used only for coal or coke with a particle size(ofiup to about 25
not be used for coal or coke that require size analysis. Increments shall be spaced

ble over the working face or the surface of the load in the front-énd loader bucket.

ted front-end loader buckets of coal or coke can also be discharged onto a clean surface
hen the coal or coke can be sampled by either full-depth sampling or by taking incre
reshly exposed coal or coke.

h extracting increments, the manual sampling .shovel, probe or scoop shall be inse
s to the surface of the coal or coke after the top surface of the coal or coke has be

1t.

jugers is not
| be at least
ee Clause 6)
rement and
difficulty of
mm. Probes
hs evenly as

ifrequired,
ments from

ted at right
bn removed.

tracted and
scoop from
bnt is taken.

b pieces of coal or coke shall not be deliberately pushed aside when an increment is ey
rtion of the increment shall be lost during\extraction of the sampling shovel, probe of
urface. A full column of coal or coke shalDbe extracted so that a representative increm
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the s

5.6.4 Grabs/front-end loaders

Whe extract the

incre

h the coal or coke is handled by ‘grabs or front-end loaders, the only solution may be tq
ments from the grabs or front-end loaders.

increments
buld include

For s
unan
facto

afety reasons, it is important that sampling personnel coordinate the extraction of the
hbiguously with thie“operator of the grab or front-end loader. The risk assessment sh
rs such as lightifigy communications, hi-visibility clothing, etc.

nual sampling shovel, probe or scoop shall be used. The use of augers is not permitted. The width
e samplingyshovel and scoop and the aperture of the probe shall be at least three times|the nominal
ize of the*Coal or coke, with a minimum dimension of 30 mm (see Clause 6) and larger, gs necessary,
suré that the larger particles are not excluded from the increment. Probes that result i attrition of
ample shall not be used for coal or coke that requires size analysis. Increments shall e spaced as
y as possible over the surface of the front-end loader bucket or the grab.
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of th
top s
to en|
the s
even

With large grabs and front-end loaders, each grab or front-end loader load may be divided into sections,
only one of which is taken. When sampling successive grabs or front-end loader loads, each section shall
be taken in rotation.

Selected grabs and front-end loaders full of coal or coke may be discharged on to a clean surface and
then the coal or coke can be sampled either by full-depth sampling or by taking increments from the
freshly exposed coal or coke. Sufficient grabs or front-end loaders of coal or coke shall be selected to
ensure that the required number of increments is obtained.

When extracting increments, the manual sampling shovel, probe or scoop shall be inserted at right
angles to the surface of the coal or coke. Large pieces of coal or coke should not be deliberately pushed
aside when an increment is extracted, and no portion of the increment should be lost during extraction
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of the sampling shovel, probe or scoop from the surface. Owing to the difficulty of insertion, a probe
shall be used only for coal or coke with a particle size of up to about 25 mm. A full column of coal or coke
shall be extracted so that a representative increment is taken.

5.6.7 Barges/trucks/railcars/wagons (loading/unloading)

Sampling of coal or coke during its loading or unloading is based on progressively extracting increments
from a number of points distributed over the freshly exposed surfaces. It is not permitted to sample the
tops of fully loaded barges, trucks or railcars before these are unloaded, due to possible segregation
or weather influences during transportation. Sampling of the full depth is recommended using a
mechanical device such as a mechanical auger or a rotary cylinder sampler (see ISO 13909-3). For coke,

mechanical
coke. The us

physically p

Sampling of]
distributed
as the bargg
unloading. H
increments
The risk ass|
When extra
safely the wj

If it is not {
Sampling th
these are lo
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A manual s
shovel or sc
dimension d

augers are not recommended due to coke breakage and problems with penetratin
e of manual augers and manual probes is not recommended, because, in most case$)jt’i
pssible to sample the full depth with these devices.

coal or coke in barges shall be based on extracting increments from a pumber of p
over various layers of the coal or coke in the hold, which are exposed‘fnom time to
 is loaded or unloaded. Sampling shall be done from sequential layers*during loadi
or safety reasons, it is important that sampling personnel coordinate’the extraction ¢
unambiguously with the operator of the barge, truck, railcar or.wdgon loader or unlg
essment should include factors such as lighting, communicatiofs, hi-visibility clothing
cting increments from a working face, the surface shall be-sufficiently compacted to
pight of personnel and equipment.

ossible to reach all of the coal or coke in the hold;:the sample may be seriously bi
e top surface of the coal or coke in barges, trucks; railcars or wagons immediately
hded is permitted, provided it has been confirmed that loading by layering of coal or cg
hlities did not take place.

hmpling shovel or scoop shall be used to extract increments. The width of the sam
pop shall be at least three times the nominal top size of the coal or coke, with a mini
f 30 mm (see 6.2.2 and 6.2.3) and larger, as necessary, to ensure that the larger par

are not excljided from the increment.

Increments
during hang
depending g

When extra
the surface

chall be spaced as evenly aspassible over the surface. Itis important to note that segreg
[ling often results in the(a¢cumulation of lumps, e.g. near one or more walls of the
n the handling system.

cting increments,theé manual sampling shovel or scoop shall be inserted at right angl
pf the coal or cok®after the top surface of the coal or coke has been removed. Large p

of coal or coke shall not be deliberately pushed aside when an increment is extracted, and no porti

the increme

5.7 Moist

nt shall be lost during its extraction by the sampling shovel or scoop.
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~nmp]n is a camp]n talken cpnr‘ifir‘a”y for the purpose of r‘]nfnrmining total moisture,

while

a common sample is a sample collected for more than one intended use. A physical sample is a sample
taken specifically for the determination of physical characteristics, e.g. physical strength indices or size
analysis.

Where a moisture sample is extracted from a common sample, the initial number of increments
extracted shall be that required for ash or moisture, whichever is the greater. The number of increments
should be increased only if there will not otherwise be sufficient coal or coke left for the ash sample
and/or the samples for other intended uses after the removal of the moisture sample. As a consequence,
when it is necessary to increase the number of increments, the sampling interval shall be decreased.

There can be circumstances that make it necessary or convenient to collect separate samples for the
determination of total moisture and/or for the other intended uses, e.g. a separate moisture sample
when the coal or coke is very wet/visibly wet.
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The following additional points should be considered when sampling for moisture content:

a)

equilibrium is reached;

stored coal or coke, washed coal or coke, etc. gradually lose water by drainage until an

b) if free moisture is present in the lot, this migrates towards the bottom so that a steady increase in
moisture content occurs as the depth of coal or coke increases;
c) it may be necessary, when collecting samples for moisture determination from lots over an

extended period, to limit the standing time for samples.

Under all these conditions, it is highly preferable that increments be extracted from sub-lots

repre¢senting the different levels or restricted time periods.

5.8 | Different coals or cokes

If a Ipt is known to consist of coal or coke of different qualities piled/located(in Separate
totalllot, a separate sample shall be taken, prepared and analysed for eachrof-these areas
separate sampling schemes) and the sampling scheme established according to the most v
or cagke. Each area shall consist of at least one sub-lot. The number of sub=lots and incremen

calcylated in accordance with 4.3.6.

If insufficient knowledge about the lot is available to sample~Separately the different ¢
qualities or sources, or if they are not identifiably separated’ or stowed separately, the |
divided into a number of sub-lots. Each sub-lot shall be prepared and analysed separaf]
valugs of the characteristics for each sub-lot reported. [finecessary, for some parameters
averaged e.g. proximate analysis and calorific value,.the’values of the characteristics for t
can e obtained by taking a weighted average of the'sub-lot values. For characteristics th
averaged, a weighted composite sample shall be formed for analysis, e.g. ash fusion propert

It is

different sources, just before mixing takes place.

5.9 | Random selection of increments

All the possible sampling areas(grabs, front-end loaders, barges, barge-holds or parts the]
railcars, wagons or stockpiles when sampling from horizontal surfaces) shall be ide
numbered, although sampling of stationary lots may not provide representative samples (S
5.1) and this shall be stated in the sampling report. The areas to be sampled are selected
following methods;

a) (Generate asgandom number for each increment required from a set corresponding
identified; or
b) Providea set of numbered discs that are uniform in dimensions and mass, one disc co

areas of the
(covered by
ariable coal
ts should be

oal or coke
t should be
ely, and the
that can be
he whole lot
ht cannot be
ies.

preferable to separately sample and analyse different quality coal or coke, or coal gr coke from

reof, trucks,
ntified and
ee4.1.1 and
y one of the

to the total

‘responding

oleach sampling area, and then proceed as follows:

1) When selecting grabs, front-end loaders, barges or barge-holds, trucks or railcars (units), place

2)

© IS0 2022 - All rights reserved

the discs in a bag, mix the contents of the bag, and draw sufficient discs from the bag to coincide
with the total number to be sampled. Attach the selected discs to a reference board and sample
those units corresponding to the numbers on the selected discs;

When selecting sampling areas within units or on stockpiles (see Figure 1) for sampling from
horizontal surfaces, place the discs in a bag close to the sampling point and provide a diagram
on a fixed board showing the locations of the areas across the surface of the coal or coke. To
sample the first selected unit or the first horizontal layer of the stockpile, draw sufficient discs
from the bag to coincide with the total number of increments to be extracted from that unit
or that layer and extract an increment from those areas corresponding to the numbers on the
selected discs. Place these discs in a second bag after use. For the second unit or layer, follow
the same procedure by drawing discs from those remaining in the first bag. Continue this
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process for subsequent units or layers until all the discs are used up and then swap the bags
over so that discs are drawn from the second bag and placed in the first bag;

This procedure can also be used for selecting the units to be sampled, when some are sampled and some
are not. For example, suppose 50 units are to be sampled out of a lot of 100. A set of discs numbered 1 to
100 is placed in a bag and the sampling operator draws from the bag 50 numbered discs in succession.
The selected discs may be hung on hooks on a reference board and in case of a series of different units
(e.g. railcars), the units may be numbered serially with chalk as they pass. In case of sampling from
grabs, the total number of grab volumes should be estimated, and each grab shall be counted. The units
corresponding to the numbers drawn should be sampled.

1 4 7 10 13 16 19 22
2 5 8 11 14 17 20 23
3 6 9 12 15 18 21 24

Figure 1 — Example of sampling areas within a unit or a horizontal layer of a stockpile

NOTE This procedure ensures that the ordeér pof the sampling areas from which increments are extracfed is
always different.

6 Sampling equipment

6.1 Genefal

Clause 6 dgscribes equipment (devices/tools) for the extraction of increments and equipment for
dividing samples. This\équipment shall be such that the sample obtained is representative and it should
fulfil the followingrequirements:

a) the width;depth and height as appropriate of the sampling device, which determines the minimum

mass O" meramant chAall caticfy tha conditinny givan 1n Foreanls (19 cyhinect £ o i um
Heremehs—Shd—SattSsty—ne—tconaaoh— S hve T ortha— o5 —Stojeet—+to—a—hHit

dimension of 30 mm;

W >3d (18)

where

W is the minimum width, depth and height of the sampling device, expressed in millimetres;
d isthe nominal top size of the coal or coke, expressed in millimetres.

b) the capacity of the device shall be such that, during the extraction of a single increment, it is not
overfilled, and it can contain at least the required minimum mass (see 4.3.6.3);

24 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=c09cf3325a2bca18ab1a074fa553007b

ISO 18283:2022(E)

c) if the device is being used for falling streams, the length of the entry aperture shall be such as to
ensure that the whole width of the stream is intercepted;

d) large and hard pieces of coal, coke or rock or shale shall not be pushed aside during the extraction
of increments;

e) none of the coal or coke shall be lost from the device during the extraction and handling of the
increment;

f) wet coal or coke adhering to the devices should be minimized.

Examples of equipment for extracting increments are ladles, shovels/scoops, probes, manual cutters,

and 4

6.2

6.2.1

A lad
stred
incre

suitable for sampling in any operation where overflow of the sanipling device occurs.

Ladld

6.2.2

A su
shall
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6.2.3
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The
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ampling frames (see 6.2 and Figure 2).
Examples

Ladles

le [see Figure 2 a)] is a box or container or slotted device for extracting increments
ms of coal or coke. The dimensions of the ladle shall be such that;during the extractig
ment, it contains at least the complete increment of minimuin mass (see 6.1). La

s should be made of materials that avoid sample build-up;, corrosion and contaminatig

Shovels

table design of a shovel is shown diagrammatically in Figure 2 b). The dimensions d
be such that the width shall be at least thrée times the nominal top size of the coal o

ht material that avoids sample build-up,corrosion and contamination, and should be
le of appropriate length for the safety of sampling personnel.

Scoops

table design of a scoop-is-shown diagrammatically in Figure 2 c). The dimensions
be such that the width shall be at least three times the nominal top size of the coal o
led, with a minimum~dimension of 30 mm. Scoops shall be constructed from dural
ht material that @vzeids sample build-up, corrosion and contamination, and should be
le of appropridte Tength for the safety of sampling personnel.

h shallagain be at least three times the nominal top size of the coal or coke being samp
shallUbe higher than the height of the heap and the depth shall be sufficient to allow

from falling
n of a single
lles are not

n.

f the shovel
r coke being

led, with a minimum dimension of 30 mm. Shovels shall be constructed from duralle and light

itted with a

bf the scoop
I coke being
le and light
itted with a

scoop used\for the flattened heap division method (see Figure 7) shall be flat bottomed and the

ed. The side
the desired

of increment to be extracted using a suitable bump plate.

The scoop can be either flat bottomed or curved. If curved, ensure the minimum depth dimension
requirements are achieved at all points on the curve. The scoop can be expanded with a handle.

6.2.4 Probes

Probes take the form of tubes constructed from durable materials that avoid sample build-up, corrosion
and contamination, which are inserted vertically or at a slight angle into the coal or coke. Insertion
into the coal or coke is sometimes difficult and the tube tends to empty when it is withdrawn. The
dimensions of the probe shall be such that the inner diameter shall be at least three times the nominal
top size of the coal or coke being sampled, with a minimum dimension of 30 mm.

Probes are used for sampling coal or coke of up to 25 mm nominal top size. An example of a probe is
shown in Figure 2 d).
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6.2.5 Manual cutter

A manual cutter [see Figure 2 e)] is a sampling device that can be moved through a falling stream,
manually or with mechanical assistance. Manual cutters are not suitable for sampling in any operation
where overflow of the cutter occurs. The dimensions of the cutter aperture shall be at least three times

the nominal

top size of the coal or coke being sampled, with a minimum dimension of 30 mm.

6.2.6 Stopped-belt sampling frame

A stopped-belt sampling frame [see Figure 2 f)] is a parallel-sided frame of robust construction used for
extracting a stopped-belt increment or for strip mixing and splitting increments. The width of the frame

shall be at ]
dimension o
across its ful
between the

a) Example
times the

past three times the nominal top size of the coal or coke being sampled, with a m1

f 150 mm. The frame shall be inserted into the coal or coke until it is in contact with)th

1l width and the increment is extracted by sweeping off the whole of the coal aryeoke
sides of the frame.

Dimensions in millimetres, unless)otherwise spe

(2

&

of ladle suitable for sampling coal or coke with a width and breadth of at least t]
nominal top size of the coal or coke being sampled, subject to a minimum of 30 n

num
b belt

lying

cified

iree
nm

v

S Y

b) Example of a shovel suitable for sampling coal or coke with a width of at least three times the
nominal top size of the coal or coke being sampled, subject to a minimum of 30 mm
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>
&

c) Example of a scoop suitable for sampling coal or coke with a width of at least thre¢ times the
nominal top size of the coal or coke being sampled, subject to a minimum\of 30 mm

S g ______________________________l___________

&

d) Example of a probe suitable for sampling coal or coke with minimum internal diameter of
30 mm
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f) Sampling frame

Key
1  slightly tapered tube
d nominaltop size of the coal or coke

Figure 2 — Examples of sampling equipment

NOTE Equipment shown-in Figure 2 are examples. Other equipment that meets the criteria in 6.2 also|meet
the standard

7 Handljngand storage of samples

7.1 Sample size

The size of the samples to be handled and stored has to conform to the minimum masses and relevant
nominal top sizes given in this document (see Tables 1 and 2 and 1SO 1953).

7.2 Time

Increments or divided increments shall be placed as quickly as possible into sample containers with
tight-fitting lids and the lids shall be immediately replaced after each increment has been inserted.

Test samples shall be kept available under good custody for an agreed period after issuance of the
formal final sampling report (see Clause 10). Certain types of coal or coke do not allow a long storage
time.
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Divided sample

The increments or divided increments from each sub-lot shall be placed in a separate container or set of
containers. If duplicate samples are required, a separate container or set of containers shall be provided
for each duplicate sample.

7.4

Containers

Containers (refer to Figure 3 for an example) used for moisture or common samples should be watertight
and made of impermeable non-corrodible material, of adequate strength and, where applicable, with
well-fitting lids. Containers made from metal or plastic material have been found suitable.

If common samples or moisture samples are required, the sample containers shall be) in
water and vapour and have sufficient mechanical strength to ensure that the integrityJof t
not impaired during removal and transport.

If geperal test samples are required, e.g. size samples, the containers formsuch sampld
adequate protection against contamination and loss of sample material, but'they are not re

fully

impervious to water and vapour.

pervious to
he sample is

s shall give
quired to be
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Dimensions in millimetres
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1 handle
lid

3 rubberifpsert

Figure 3 — Example of a sample container

7.5 Moisture loss/breakage or degradation

If physical test samples are required, the containers for such samples shall give adequate protection
against loss of sample material and be fully impervious to water and vapour, except for size samples.
Such samples shall be carefully handled in all stages and under all circumstances to prevent breakage
and/or degradation.

Common samples and moisture samples shall be kept in a cool place during any storage, preferably
at a temperature that is not above that of the sample when it was taken, and the moisture shall be
determined as quickly as possible after taking the sample.
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Identification/labelling

The sample in each container shall be fully and permanently identified.

It is recommended that for this purpose the container be provided with two waterproof tags, each
marked by means of waterproof ink with adequate identifying information, one tag being placed on
the outside of the container and one being placed inside the container; if a plastic inner liner is used,
the latter tag should be placed inside this liner. It is recommended that digital methods, e.g. bar coding,
also be used to identify samples at all levels of preparation from sub-lot sample to total moisture and
analysis samples for testing.

NOTE Therearechrevmstanceswhere itisnecessary that the sample containersareproperluand identifiably
sealef, e.g. with wax, lead or tape.
Itis recommended that the information described in Clause 9 be shown on the label /tag ot accompanying
docujments.
8 S$ample preparation
8.1 | General
Clause 8 describes the preparation of samples of coal or coke from the combination|of primary
incrgments to the preparation of samples for specific tests. Fér'the precision of sample preparation, see
4.3.5|
8.2 | Constitution of a sample
Examples of the constitution of samples are shown in Figure 4.
Indiyidual increments are usually combinedto form a sample. A single sample may be|constituted
by cgmbination of increments taken from-a complete sub-lot or by combining incrementg taken from
individual parts of a sub-lot. Under somecircumstances, e.g. stopped belt sampling, the sanjple consists
of a dingle increment, which is prepared and tested.
Sub-lot
| Increments |
Sample
Test sample(s)
a) Example 1
©1S0 2022 - All rights reserved 31
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Sub-lot
ottt
Increments Increments
| || || |
Sample Sample Sample
—— | — T —

Test sample(s) } } Test sample(s) I Test sample(s)
S
Sample
Test sample(s)

b) Example 2

Figure 4 — Examples of the constitutien of test samples

When combjning samples, the mass of the individual samples shall be directly proportional to the
of the coal gr coke from which they were taken to obtdin a weighted mean of the quality characte
for the sub-lot. Prior to combination, division shallbe by fixed-ratio division (see 8.3).

8.3 Divisjon

8.3.1 General

Division canp be carried out mechanically or manually. Whenever possible, mechanical method
preferred tqg manual methods toiminimize human error. Examples of dividers are rotary divider
riffles showh in Figures 5 a)to'd) and Figures 6 a) to c).

Mechanical dividers are{designed to extract one or more parts of the coal or coke in a number of
of relatively small mass."When the smallest mass of the divided sample that can be obtained ij
pass through the divider is greater than that required, further passes through the same divid
subsequent passés-through further dividers is necessary.

mass
ristic

5 are
b and

cuts
1 one
er or

Coal or cokd

before sample division is undertaken.

1des of

n 8.6

Manual division is normally applied when mechanical methods would result in loss of integrity, e.g. loss
of moisture or size degradation. Manual division is also applied when the nominal top size of the coal or

coke is such as to make the use of a mechanical divider impracticable. Manual methods can thems
result in bias, particularly if the mass of coal or coke to be divided is large.

elves
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8.3.2 Mechanical methods

8.3.2.1 General

Mechanical sample division may be carried out on an individual increment, multiple increments or a
sample, that has been crushed, if necessary, to an appropriate nominal top size. Division shall be either
by fixed-mass division or by fixed-ratio division.

The uses to which the sample shall be put and the numbers, masses and size distribution of the test
samples need to be considered when deciding on the minimum mass of the sample.

NOTH
can b
exam
mass

The
to th
divid

The
Divi{
a)

b)

c)
d)
In or

first
into

For f
coal
shall

For f
of m
of th

8.3.2

Theprocedures described for fixed-ratio division are tire simptest to impienrentOth
e used, however, provided that the mass of the divided sample is proportional to the mass of
ple, the number of cuts can be kept constant by making the feed rate of each division propo
of coal or coke to be divided.

futs shall be of uniform mass throughout division. In order to achieve this;the flow of
fe divider shall be uniform and the cutting aperture shall be constant./The method of
er shall be designed to minimize any segregation caused by the divider.

futting aperture shall be at least three times the nominal top size ofthe coal or coke tg

ion devices shall

ave sufficient capacity to retain completely or to pass thé entire sample without loss

ot introduce bias, for example by selective collection (or rejection) on the basis of paj
y loss of moisture. It is recommended that they betotally enclosed or as airtight as po

se a method of feeding that minimizes the segregation of the coal or coke, and
rovide a controlled uniform flow to thecequipment at each stage of division.

der to minimize bias, the first cutfoneach mass to be divided shall be made at randorj
cutting interval. For secondary(and tertiary dividers, the cycle time shall not be eve
the cycle time of the cutter that precedes it.

jxed-mass division, the interval between taking cuts shall be varied proportionally to
pbr coke to be divided, so-that divided samples having almost uniform mass are obtaing
be fixed for the whelesub-lot.

xed-ratio division, the interval between taking cuts shall be constant irrespective of th
hsses of coalr eoke to be divided, so that the divided sample masses are proportional
e feed. The vatio shall be fixed for the whole sub-lot.

.2 , Rotary dividers

r procedures
the feed. For
rtional to the

coal or coke
feeding the

be divided.

r spillage,

rticle size or
ssible,

n within the
hly divisible

the mass of
d. The mass

e variations
to the mass

Rota

vedividers are suitable for mechanical c:\mp]n division Pvamp]nc of fypir‘:\] rnf:n'y i

ype dividers

are s

©ISO

hjown in Figures 5 a) to d).
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a) Rotating disk type b) Rotating cone type
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c) Container type

/NN

d) Rotating chute type

turntable

drive (enclosed)
Feed.

Reject.

Divided sample.

Key

1 rotation cone

2 adjustable slot

3 feed hopper

4 glide gate

5 ibratory feeder

6 removable canisters

Figure 5 — Examples of rotary type dividers

8.3.2.3 Division of samples

The sample constituted from all increments or divided increments shall be divided by taking a minimum
of 60 cuts.

If, during preparation, it can be established that the required precision can be achieved, the number of
cuts can be reduced to 20. If the mass is too low, an alternative manual method of division should be
used.
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For most parameters, particularly size analysis and those that are particle-size related, the precision of
the result is limited by the ability of the sample to adequately represent all the particle sizes in the mass
of coal or coke being sampled. The attainment of the required minimum mass after division does not, of
itself, guarantee the required precision, because division precision is also dependent on the number of

cuts taken d

uring division.

8.3.3 Manual methods

8.3.3.1 Riffle method

A riffleis a

anual camp]n divider fh:\f, ina cing]a pass ofa c:\mp]n’ divides it into hn]vnc, one ofy

hich

is retained 4
is usually fd
opposite reg
gate enable

The slot widlth shall be at least three times the nominal top size of the coal or coke? Each half g

riffle shall K
the riffle sh
coke might i

The coal or
all the slots
slots are ney

Care shall b
against the
be used.

When a stag
shall be takg

nd the other normally is rejected. The device is normally portable and, for sample diy,
d manually, the coal or coke being evenly distributed along its length. Adjacent slots
eivers. Examples of riffles are shown in Figures 6 a) to b). Riffle dividers fitted with a
even placement of the feed before opening the gate [see Figure 6 c)].

ave the same number of equally sized slots. The minimum number ©fislots on each si
1l be eight, corresponding to a total of 16 slots in total. All the surfaces on which the cq
est shall have a slope of at least 60° to the horizontal.

coke shall be allowed to fall freely into the riffle, ensuringthat it is evenly distributed
and not towards one side of the riffle, and the rate of fee€d shall be controlled such tha
rer choked.

e taken to minimize loss of dust and moisture. To this end, the receiver shall fit cl
body of the riffle, and, for dry coal and coke and‘moisture samples, closed-type riffles

e of sample division requires two or more Steps or passes, the sample retained at each
bn alternately from each side of the riffle:

sion,
feed
feed

f the

de of

al or

over
t the

bsely

shall

step
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a) Open type b) Closed type
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Key $

1 even number of slots A\Q
xO

Figure 6 —{\éﬁlmples of riffles

8.3.3.2 Flattened-heap method @ )
The flattengd-heap procedure, W6®S illustrated in Figure 7, is as follows.

a) The sample is mixed th@hly and spread to form a rectangle of uniform thickness on a mjxing
plate, which is a smoo n-absorbent, non-contaminating surface. The maximum thickness|shall
be threg¢ times the nQ@lal top size of the coal or coke. If the mass of the coal or coke is greater|than
can be formed i Qa heap of 2 m x 2,5 m, two or more heaps of equal mass shall be formed and

separatg sampl@aken from each heap.

For wet coal or/EQYE, thorough mixing, which might result in loss of moisture, shall be avoided.

b) A matriX1s marked on the spread sample to give a minimum of 4 X 5 equal parts. An increment is
taken, at random, from each of the parts by inserting a scoop vertically with a bump plate to the
bottom of the matrix layer. The increments are combined into a divided sample.

The increments shall be of uniform mass. The minimum mass required for each nominal top size is the
mass of the divided sample (see Tables 1, 2 and 4) divided by the number of parts of the flattened heap.

The scoop shall be flat bottomed and the width shall be at least three times the nominal top size of the
coal or coke. The side walls shall be higher than the height of the heap and the depth shall be sufficient
to allow the required mass of increments to be taken.

It is essential that these operations be performed quickly if loss of moisture is to be prevented.

Increments are taken with the aid of a bump plate, which is inserted vertically through the flattened
heap until it is in contact with the bottom of the sample layer. The scoop is then inserted vertically to
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the bottom of the spread coal or coke and moved horizontally until its open end comes into contact with
the vertical bump plate. The scoop and bump plate are lifted together to ensure that all particles are
collected off the top of the mixing plate and that none fall off during lifting

nal top size

[

c) Take a scoopful of samples at random from each d) Detail of taking an increment by
of thle 20 parts by inserting the scoop to the bottom bump plate shown in c)
of the sample layer. Combine the 20 scoopful$jinto
a divided sample
Key
1  hump plate

Figure 7 — Flattened-heap method

8.3.3.3 Strip-mixing and splitting method

The §trip-mixing-and splitting procedure, which is illustrated in Figure 8, is as follows.

a)

b)

.

¢ontaminating surface, into a strip at least 10 times as long as it is wide by distributin

B ¢ : TTeCTang TP al parts, e.g. intp five equal
h a maximum thickness three times the nomi- partslengthwise and four equal parts/jreadthwise

ising the

[he coal“or coke sample is formed on a mixing plate, which is a smooth, non-abs¢rbent, non-

b the coal or

¢oke along the length of the strip as evenly as possible, working randomly from end to end and from

both sides of the strip. End plates are used to ensure that size segregation only occurs

aterally,

Increments are taken systematically along the length of the strip as complete sections across the
strip. The width of each cross-section shall be not less than three times the nominal top size of the

coal or coke.

A special apparatus for the cutting-out of increments may be constructed if desired.

Normally 20 increments are required. Fewer increments may be taken, subject to a minimum of 10,
where the same quality coal or coke is regularly prepared under the same conditions and it has first
been established that the required precision can be obtained (see 4.4).

NOTE

that obtainable with the flattened heap method can be achieved with fewer increments.

© IS0 2022 - All rights reserved
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Key
1 increment

2 sampling frame

3 end platg¢s (“book ends”)

Figure 8 1— Strip-mixing and splitting meéthod and device illustrating the extraction of on¢ of
the required number of increments

8.4 Reduction

8.4.1 General

Mechanical equipment shall be used to reduce the particle size, but manual crushing is permitted for
the breakagg of large-material to meet the maximum feed size acceptable to the first-stage mill.

The test sanllple shall be reduced to the particle size specified in the relevant test method.

The mill settings shall be checked regularly by sieving and determining the nominal top size produced
by each mill.

8.4.2 Reduction mills

The particle size produced depends on the speed of the mill and its design. Mills shall be designed such
that the required particle size of the reduced sample can be achieved without using extreme settings.
Loss of sample or retention of material from previous samples that might contaminate succeeding
samples shall be minimized. Heating of the sample and air-stream effects shall be minimized,
particularly where the sample is used for the determination of total moisture, calorific value and for
coking tests.
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There shall be no contact between the metal surfaces of the mill in order to avoid localized heating of
the sample, except for ring grinders used for crushing to 212 um nominal top size for determination of
ash. Totally closed, high-speed (>20 Hz) ball mills shall not be used. The particle size of the output is

influ

enced by the hardness of the coal or coke, but the effect depends on the speed range.

For certain tests, specific size grades are required, and the type of mill shall be chosen to ensure that

ther

equired size is obtained.

Hammer mills, jaw crushers and roll mills are most suitable for crushing coal during preparation, taking
care to minimize heating. Coal samples for general analysis are milled to pass 212 pm top size using a
small high-speed hammer mill with a screen. Ring grinders are acceptable for crushing coal samples

for d
prep

duripg preparation are jaw crushers, roll mills and ring grinders.

8.5

Inth
prac
a coq
loss

One
cont
mech

normally necessary to meet the required precision.

NOTH

8.6
The j
a) |
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dccuracy of at least 0,1 %.
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hration of samples for determining swelling index or dilatation. Suitable mills fox ¢y

Mixing

eory, thorough mixing of a sample prior to its division reduces errors.due'to sample prg
ice, this is not easy to achieve and some methods of hand mixing, e.g/forming and ref

f moisture.

mmethod that can be used is to pour the sample throughya riffle [see Figures 6 a) ar
hiner-type sample divider [see Figure 5 c)] three times; reuniting the parts after ¢
janical sample dividers are used in the course of preparation, an additional mixing

Mechanical mixing can be useful at the finalstage of preparation of test samples.

Air-drying of coal
procedure for air-drying of coal is as foellows.

Determine the mass of the whole of the sample in its container on a balance which can |

b)

The

f the coal on a dry flat smooth surface in a warm, well-ventilated room and allow th
ttain equilibriumwith the atmosphere at ambient temperature.

ecommendeditimes to attain equilibrium at different ambient temperatures up t

suitable for
ushing coke

paration. In
orming into

ical pile, can have the opposite effect, leading to increased segregation. Mixing can aflso result in

d 6 b)] ora
ach pass. If
step is not

eread to an

pread the sample in a thin layer that shall not exceed a thickness of 1,5 times the nomjfinal top size

e sample to

b 40 °C are
hecessary, a
ally for coal

Drying temperature Drying time
°C h
20 Preferably <24
30 Preferably <6
40 Preferably <4

Drying temperatures above 40 °C shall not be used on samples likely to be susceptible to oxidation or if

thes

ample is used for any of the following tests:

a) calorific value;

b) caking properties;
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c) swelling properties;
d) air-drying as part of a determination of total moisture content.

For drying temperatures above normal ambient temperature, a cabinet or oven with appropriate air-
change facilities shall be used. If drying has been carried out at such temperatures, the sample shall
be cooled until moisture equilibrium at normal ambient temperature is achieved before reweighing.
The cooling period required depends on the drying temperature. For example, for high rank coals, 3 h
is normally sufficient if the sample has been dried at 40 °C. If the change in mass of the sample over a
period of 1 h is less than 0,1 % of its original mass, the sample is considered as air-dried. However, for
low rank coals, it is quite difficult to achieve a change of less than 0,1 % of its orlgmal mass by drying at
40 OC for 4' . lll tho Cdol, LU ﬂVUld hcauus LhC DClllllJlC bC_yUlld 0T h allu lJUDlely Lauolus UAldClLlUll Y fthe

sample, it isfrecommended that the sample be considered air-dried after 4 h drying at 40 °C.

Dry and determine the mass of the container. Collect the air-dried sample in the original container,
redeterming the mass and calculate the percentage loss in mass. Continue the preparation for ¢pther
tests.

When air-dijying is used, the percentage loss of moisture in this operation shall berecorded on the|label
with a refergnce to the method of sampling and preparation used.

After the mpisture of the partially dried sample has been determined as described in 8.7.2, calculate
the total mdisture content, M, as a percentage, from Formula (19):

X
Mr=X+M|1——— 19
T ( 100] (19)

X  istheloss on partial drying, expressed as a pércentage;
M is the moisture content, determined as-described in 8.7.2 and expressed as a percentage; and

100 is the conversion factor from dimensionless mass fraction to percent, %.
8.7 Coal — Preparation of test samples

8.7.1 Types of test samples
The following types of test-samples may be prepared:
a) sampleg for determination of total moisture;

b) sampleg for general analysis (i.e. not to be used for determining total moisture);

c¢) common samples for both total moisture and for general analysis;

d) samples for size analysis;
e) samples for other tests, e.g. determination of the Hardgrove grindability index.

The methods of preparation depend on the purpose for which the original sample was collected.

8.7.2 Preparation of samples for determination of total moisture content

The test sample for the determination of total moisture content shall be prepared to meet the
requirements of ISO 589. If air-drying is performed at any stage of preparation, the percent loss in mass
is recorded and included in the calculation of total moisture, as specified in ISO 589.

A major problem with the preparation of test samples for the determination of moisture content is the
risk of bias due to inadvertent loss of moisture. The amount of this loss is dependent on such factors as
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the effectiveness of the sealing of the sample containers, the level of moisture content of the sample, the
ambient conditions, the type and rank of coal and the reduction and division procedures used.

Precautions shall be taken to minimize changes in moisture content during preparation and due to the
use of unsuitable containers. All samples for moisture content determination shall be kept in sealed
containers in a cool place, under cover, before and during preparation as well as during any interval
between steps of sample preparation. If excessive standing time causes bias, the number of sub-lots
should be increased to overcome this problem (see 4.3.6).

Preliminary air-drying using the procedure described in 8.6 may be necessary in order to minimize
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ingr¢

NOTH
dry t
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ture loss in any subsequent reduction/division stages. When carrying out division

ions shall be carried out as quickly
ss of air shall be used.

as possible and mechnically

For coals that are too moist to flow through a sample divider and for which itisalso imp
.2) or by strip-mixing and splitting (8.3.3.3). This divided sample is then air-dried.

recommended that the mass of samples stored for moisture content determinatio
‘ded before storage to allow determination of any moisture loss¢hat takes place durin

coal is so wet that water separates from the coal in the samiple container, the whole o

moisture content as specified in ISO 589.

acticable, the sample shall be crushed and dividéd before air-drying. Crushing shall b
mum necessary to allow division to a manageable mass, but in any event not less t
nal top size.

shall be taken to minimize changesi\in moisture during reduction by using tota
1gh the mill.

breparation process shall be tested for relevant bias using the procedures given in ISO

comparison with the method afdrying samples without reduction.

An e

8.7.3

The
nom
samy

Preparation of samples for general analysis

bbjective of-general analysis sample preparation is to prepare a test sample that pass
nally 212 im size of openings conforming to the requirements of ISO 3310-1. The maj
le depends on the analysis required, but is typically between 60 g and 300 g.

Sample~preparation is normally carried out in two or three stages, each consisting g

operated dividersA

he entire sample, it can be necessary to divide the sample by collecting increments from a fl|

he container shall be air-dried and the loss in mass reeorded and included in the c3

particle size of the sample is so large that the mass;given in Table 1 (see 4.3.7) makes it

bment in which there is no appreciable heating and by reducing to a minimum thg

prior to air-
this end, all
ith limited

bssible to air-
attened heap

n should be
b storage.

ff the sample
alculation of

s air-drying
e kept to the
han 2,8 mm

ly enclosed
flow of air

13909-8, by

xample of a scheme forthe preparation of a sample for a two-stage moisture testis giver in Figure 9.

es a sieve of
s of the test

f drying (if

necessary), size reduction, mixing (if necessary) and division.

Air-drying (see 8.6) in connection with preparation for general analysis is carried out only to ensure
that the coal can pass freely through the equipment. Loss of moisture during the preparation is of no
relevance and consequently it is not necessary to measure the loss of mass.
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Sample for moisture

mass air-dry
redetermineg

2 kg

Czom >

650 g

D —

Moisture-
test sample

Key

<:>| reduce to particle size specified

divide to mass specified

Figure 9 — Example-of a two-stage moisture test sample preparation for coal

Air-drying may be carried-out at any stage, provided that it does not affect the quality of the sample.
For example, if the samiple is used for the determination of calorific value, the maximum dfying
temperatur¢ shall be 40 °C. If drying can be avoided during the first stage of preparation, the procgdure
can be simplified!

Reduction ahd/or division of increments takes place in accordance with the requirements of 8.3 and 8.4
down to a nominal top size of 2,8 mm prior to their combination to form samples.

NOTE1 If the coal is wet, it might not be possible to crush it so finely, because of blocking of chutes, dividers,
mills, feeders, etc.

If possible, reduce the coal to a nominal top size of 2,8 mm in the first stage in order to minimize
the mass of sample retained for the next stage as well as to minimize potential errors due to sample
division.

NOTE 2 It mightbe necessary to use a stamp or a maul to break oversize particles to the maximum feed size of
the crushing device.
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If the original nominal top size of the coal is too large, or if the coal is too wet, an intermediate stage
may be required. In this case, the retained sample from the first stage shall be passed through a second
mill to reduce the nominal top size to 2,8 mm.

The sample shall be divided by means of a suitable sample divider to the mass corresponding to the
nominal top size in accordance with Table 1 (see 4.3.7).

The sample shall be reduced and divided in one or two further stages to the nominal top size and mass
required for the test sample and finally thoroughly mixed.

Mechanical or manual division may be used, the former being preferred. For mechanical division, a

suit ivi nal division,
a riffle may be used or the sample shall be spread out and 60 g to 300 g taken by hand in not less than
20 irfcrements from various parts of the flattened heap.
An example of a scheme for preparation of a general analysis sample for coal is giyén‘in Figtire 10.
Sample for
general analysis
10 mm
10 kg
Air-dry
2,8 mm
650 g Reserve
sample
212 pm
60gto300g

;’_/

General-analysis
test sample

Figure 10 — Example of preparation of a general analysis test sample for coal

8.7.4 Common samples

In some circumstances, it is more convenient to take a common sample for both moisture and general
analysis.
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It is preferable to extract the moisture sample by use of a mechanically operated divider. The extraction
of the moisture sample may be carried out at any convenient stage of the preparation procedure
consistent with the requirements of 8.7.2. Prior to extraction, the sample shall be treated in accordance
with 8.7.2 in order to avoid any inadvertent loss of moisture. If air-drying is part of the preparation
prior to extraction, the loss of mass during the drying shall be measured, recorded and included in the
calculation for total moisture content as specified in ISO 589.

If the common sample is visibly wet and it is impossible to air-dry the entire sample, use a manual
method. Extract a moisture sample by collecting increments by the flattened heap method (8.3.3.2)
or by the strip-mixing and splitting method (8.3.3.3). Avoid further treatment of the moisture sample
before air-drying to reduce the risk of bias in the moisture determination. Further treatment after

air-drying snall be carried out as described In o./.Z. T'he residual coal arter extraction constitute

sample from which the general-analysis sample is prepared and is treated as described in 8.7.3:

Examples of schemes for the preparation of separate test samples for moisture and for general ang
from a comrpon sample are given in Figure 11. Sometimes a single test sample may be prépared for

moisture and general analysis.

Common sample

Determine
mass air-dry
redetermine,

650g

Common sample
visibly.dry

iomn =

2 kg

10 kg

Moisture-

test sample

2,8 @

s the

lysis
both

60gto300g

General-analysis
test sample

Moisture test
sample

60gto300g

General-analysis
test sample

Figure 11 — Examples of preparation of coal test samples from a common sample
for moisture determination and general analysis
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As a result of the extraction, the common sample has been divided into two parts, one for preparation
of the moisture-test sample and one for the preparation of the general-analysis test sample. Each part
shall fulfil the requirements for minimum mass specified in Table 1 (see 4.3.7) and further treatment of
the parts shall be in accordance with 8.7.2 and 8.7.3, respectively.

8.7.5 Preparation of size-analysis sample

If the mass of the size-analysis sample is more than that specified in ISO 1953 for the appropriate
nominal top size, it may be divided to a mass not less than that specified in ISO 1953 provided that the
requirements for division (see 8.3) are satisfied

Duri
of tes

If thd
over
size

g division, precautions shall be taken to avoid breakage. An example of a scheme for
t samples for size analysis is given in Figure 12.

nominal top size of the coal is greater than one-third of the cutting aperture of the sar
5ize material may be removed by sieving out and the whole of this oversiZegyportion
hnalysis. The undersize coal should be divided to a mass not less than that given in |

the appropriate nominal top size. The divided sample should then be subjected to size anal

resu
in th

ts combined with those from the oversized coal, weighted according to their relative
e original sample.

preparation

nple divider,
subjected to
SO 1953 for
ysis and the
proportions
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Sample for size-analysis

Dry, if

necessary

/ AN

8.7.6 Pre

Preparation

Divide, if necessary, to
minimum mass for
appropriate nominal
top-size and precision

Remove, if
necessary, oversized
particles by sieving

KEY Divide,undersize, if
necessary, to minimum

mass for appropriate
nominal top-size and
precision

Figure 12 —Example of preparation of coal samples for size analysis

Size analysis of
divided sample

paration.of samples for other tests

shall'be as described in 8.7.3 or 8.7.4, except that the nominal top size and mass of thg

sample shal

e test

beas required in the relevant test method. An example of a scheme for preparation of]

such

test samples is given in Figure 13.
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