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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-g

avernmental in liaison with 1SO_also take part in the wark 1SQ collaborates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draft internation

adop
Interr

Attention is drawn to the possibility that some of the elements of this document may be the sub

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies fertvoting. Publi
ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

Part 2.

al Standards
cation as an
ect of patent

Mmittee SC 4,

h have been

rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 18283 was prepared by Technical Committee ISO/TC 27{)Solid mineral fuels, Subcom
Sampling.

This ffirst edition of ISO 18283 cancels and replaces 1ISO1988:1975 and 1SO 2309:1980, whic
technjically revised.
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Introduction

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

The fundamental requirements of Qnmpling are that all particles of the fuel in the lot are accessible to the
sampling insfrument and that each individual particle has an equal probability of being selected and ific|uded
in the samplg.

When sampling manually, conditions are often far from ideal. The methods described in this Internzr-,l’rional
Standard ar¢ intended to obtain the most representative sample that can be achieved.CManual sanppling
should only e applied if no possibility for mechanical sampling exists.

The purposq of taking and preparing a sample of fuel is to provide a test sample” that, when anallsed,
provides tesf|results representative of the lot sampled.

The first stagde of sampling, known as primary sampling, is the taking from pesitions distributed over the gntire
lot of an adgquate number of fuel portions known as primary increments."The primary increments are| then
combined info a sample, either “as taken” or after having been divided, in order to reduce the mass ¢f the
sample to a nanageable size. From this sample, the required numbérand types of test samples are prepared
by a series of processes jointly known as sample preparation.

In devising g sampling procedure, it is also essential to guard*against bias in the taking of increments] Bias
can arise fro

a) incorrect location/timing of increments,
b) incorrecj delimitation and extraction of increments,
c) loss of iftegrity of increments after extraction.

Methods for measuring bias are described in this International Standard.

Vi © I1SO 2006 — All rights reserved
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INTERNATIONAL STANDARD

ISO 18283:2006(E)

Hard coal and coke — Manual sampling

CAUTION — Sampling can involve hazardous materials, operations, equipment and situations.

However, it is

beyond the scope of this International Standard to address all of the safe

ty problems

assogciated-\A 3-LUS6-0 S S ~tdfalak: =Talab-Tda > aT> a Neresponsio ftheparties
concerned to establish appropriate safety and health practices and to determine the _applicability of
regulatory limitations prior to use.

1 $cope

ISO 18283 defines the basic terms used in manual sampling of hard coal and\coke and describep the general
princlples of sampling. It specifies procedures and requirements for establishing a manual sampling scheme,
methpds of manual sampling, sampling equipment, handling and storage-ef samples, sample prgparation and
a sampling report.

This [International Standard applies to manual sampling from fuels in movement. Guidelineg for manual
samgpling from fuels in stationary situations are given in Annex B, but this method of sampling does not
provifle a representative test sample and the sampling report shall state this.

ISO 18283 does not include sampling of brown coals and lignites, which is described in 1SQ 5069-1 and
ISO $069-2, nor sampling from coal seams, for whichr,guidance is given in ISO 14180. Mechanicdl sampling of
coal and coke is covered in ISO 13909 (all parts).

2 ormative references

The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO 4

ISO §

ISO ¢

ISO

79, Coke — Determiination of total moisture
89:2003, Hard.coal — Determination of total moisture

87, Solid\mineral fuels — Coke — Determination of moisture in the general analysis test sa

nple

310-1, Test sieves — Technical requirements and testing — Part 1: Test sieves of metal Wi1e cloth

ISO 13909-7, Hard coal and coke — Mechanical sampling — Part 7: Methods for determining the precision of
sampling, sample preparation and testing

ISO 13909-8, Hard coal and coke — Mechanical sampling — Part 8: Methods of testing for bias

©I1SO
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and definitions

For the purposes of this document, the following definitions apply.

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
preparation.

3.2
bias
systematic e

lower than th

3.3
common sa
sample colle

3.4

continuous
taking of a s
the fuel is ha

3.5
divided incr

part obtained

NOTE

3.6
fixed-mass

Sy

Air-drying to equilibrium with the atmosphere applies to coal. Drying of coke is generally to facilitate sample

ror that leads to the average value of a series of results being persistently higher_or |persis
ose that are obtained using a reference sampling method

mple
cted for more than one intended use

sampling
bmple from each consecutive sub-lot so that increments aré.faken at uniform intervals whe
hdled at the point of sampling

pment
from the division of the increment in order to decrease its mass

ch division can be done with or without prior size reduction.

Hivision

method of sample division in which the mass retained is predetermined and independent of the mass

feed

3.7

fixed-ratio
method of
fixed proport

3.8

fuel

hard coal or
3.9

general ana

4

vision

on of the massofithe feed

coke

fently

hever

pf the

mple division in which the division ratio is predetermined, i.e. the mass of sample retained is a

lysis test sample

sample prepared to pass a sieve of nominal size of openings 212 ym in accordance with ISO 3310-1, used for
the determination of most chemical and some physical characteristics

3.10
increment

portion of fuel extracted in a single operation of the sampling device

3.11
intermittent

sampling

taking of samples from only certain sub-lots of fuel

© I1SO 2006 — All rights reserved
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3.12
lot
defined quantity of fuel for which the quality is to be determined

NOTE A lot can be divided into sub-lots.
3.13

manual sampling
extraction of increments by human effort

taking of increments whereby the position of each increment to be extracted from the sttregm of fuel is
meagured by a mass interval of stream flow and the increment mass is fixed

3.15
mechanical sampling
extraftion of increments by mechanical means

3.16
moisture sample
samgle taken specifically for the purpose of determining total moisture

NOTH For coke, this sample can also be used for general analysis.

3.17
noml:lal top size
aperture size of the smallest sieve in the range includéd in the R 20 Series (see ISO 565, sqlare hole) on
which not more than 5 % of the sample is retained

3.18
physfical sample
sample taken specifically for the determination of physical characteristics, e.g. physical strength indices or
size dlistribution

3.19
precision
closeness of agreement between independent test results obtained under stipulated conditions

NOTH 1 This is often definéd using an index of precision, such as 2 standard deviations.

NOTH 2 A determiination might be made with great precision and the standard deviation of a number of fleterminations
on the same sub-loPmight, therefore, be low; but such results are accurate only if they are free from bias.

3.20
primary’increment
incrernent extracted at the first stage of sampling, prior to any sample division and/or sample redyction

3.21
random sampling
extracting of increments at random mass or time intervals

3.22

replicate sampling

extracting, at intervals, of increments that are combined in rotation into different containers to give two or more
samples of approximately equal mass

3.23

sample
quantity of fuel, representative of a larger mass for which the quality is to be determined

© I1SO 2006 — All rights reserved 3
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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 Sample preparation covers mixing, particle size reduction, sample division and sometimes air-drying of the
sample and may be performed in several stages

3.26
sample redyction
process in sgmple 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 deyiation
square root gf the variance

3.29
stratified random sampling
extracting oi'an increment at random within the mass interval or*{ime interval determined for mass-pasis
sampling or fime-basis sampling respectively

3.30
sub-lot
part of a lot fpr which a test result is required

3.31
systematic $ampling
extracting of [ncrements at uniform mass or time intervals according to a predetermined plan

3.32
test sample
sample which is prepared to meet-the requirements of a specific test

3.33
time-basis §ampling
extracting of|increments\whereby the position of each increment to be collected from the stream of flel is
measured by a time_interval and the increment mass is proportional to the flow rate at the time the incrgment
is taken

3.34
unit mass
quantity of material, which is defined by the sampling process (usually the primary increment)

3.35

variance

measure of dispersion, which is the sum of the squared deviations of observations from their average divided
by one less than the number of observations

4 © I1SO 2006 — All rights reserved
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4 Establishing a sampling scheme

4.1

411

General

Sampling

The preferred method for manual sampling of fuels is during handling: e.g. (un)loading of ships, barges,
wagons, trucks or during formation of or reclaiming from stockpiles. For safety and practical reasons, manual
sampling of moving streams is sometimes not possible.

NOTE

Manual sampling in stationary situations (see Annex B) refers to static lots where na fgrmation of or

reclai
Incre
poss
spec
set ¢
Intern

a) I
b) I
c) 9
d) 1

e) A

q

4

ming from piles/heaps takes place.
ments should be collected by trained samplers. Instructions should be as complete jand
fied and not left to the personal judgement of the sampler. These instructions, whieh should

ational Standard.
Sampling scheme
eneral procedure for establishing a sampling scheme is as follows.
Define the quality parameters to be determined and the types of samples required.
Define the lot.

Belect or assume the required overall precision for the lot (see 4.4.2).

ample (see 4.4.9 and 4.4.10).

9)

h)

The nominal top size should-initially be ascertained by consulting the consignment details

stimation and should be, verified by preliminary test work.
elect the sampling-device (see Clause 6).

stablish the_number of sub-lots and the number of increments per sub-lot required to attai
recision (see 4.5).

etermine the method of combining the increments into samples and the method of sampl
ee,Clause 8).

Qs simple as

ble; in particular, the position of sampling and the times at which increments *are takgn should be

breferably be

ut in writing, should be prepared by the sampling supervisor from thedinformation g@iven in this

Determine or assume the variability of thé)fuel (see 4.4.5 and, if relevant, 4.4.6) and th¢ variance of
preparation and testing (see 4.4.7).

\scertain the nominal top size of\the fuel for the purpose of determining the mass of increment and

or by visual

h the desired

b preparation

i) Define the sampling interval in terms of time or mass (see Clause 5).

j) Determine where to take the increments (see Clause 5).

413

Parameters

In order to ensure that the result obtained is to the required precision, the following parameters are

consi

dered:

a) variability of the fuel;

b) number of samples to be taken from the lot;

©I1SO
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d) mass of
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of increments comprising each sample;

sample relative to nominal top size.

4.1.4 Sampling methods

In this International Standard, the following sampling methods are considered:

a)

b)

continuous sampling;

intermittent sampling.

4.2 Sampling methods

421 Cont
In continuou
shall be dete]
lots. Each s\
of different s
check that t

nuous sampling

5 sampling, every sub-lot is sampled and the number of increments collected“from each s
rmined in accordance with 4.4.8.2. There are as many sample results for(the lot as there are
b-lot should be approximately the same size; however, for practical reasons sometimes su

he required precision has been attained, it is possible to do this-by using the procedur

replicate sampling (see 4.6).

4.2.2

If fuel of the
some of the

shall be take
random, unlg
introduced b
random inter|
sub-lots are

precision for
If the variatid
the desired {
recorded in t

4.3 Desig

4.31 Gen

Intermittent sampling

same source and quality is sampled frequently, it.can’be satisfactory to collect increments
Sub-lots but not from others. This is called intermittent sampling. The same number of increr
h from every sub-lot that is sampled (see 4.4.8(3). The sub-lots to be sampled shall be chos
ss it can be demonstrated that no bias, for-example as a result of time-dependent varian
choosing sub-lots systematically. Such demonstration shall be repeated from time to time 3
vals. There are as many sample resulisiper lot as there are sub-lots sampled, but because
not sampled, it is not possible to-say whether the average of these results has the reg
the lot unless information about the-variation between sub-lots is available (see 4.4.4 and 4
n between sub-lots is too largé;.it'can be necessary to introduce continuous sampling to ac|
recision. Use of intermittent>sampling shall be agreed between contracting parties and sh
ne sampling report.

In of the sampling’scheme

ral

The basic firgt step in\the design of a sampling scheme is a review of the requirements for operations in

todraw up i

tructions for the sampling operator(s). The instructions should cover all sampling problems

to be encountered.

Lib-lot
sub-
D-lots

zes are used. The mean result for the lot should be of the required precision, but if it is desifed to

es of

from
nents
en at
Ce, is
nd at
some
uired
4.6).
hieve
bl be

order
likely

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 this
International Standard. The following items in the following list and described in 4.3.2 to 4.3.6 should be
considered by the supervisor when compiling instructions:

a) fuel to be sampled and considerations for sampling;

b) bias of results;
c) precision of results;
6 © I1SO 2006 — All rights reserved
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lot size and number of sub-lots;
method of sampling;
requirements for test samples;
number of increments;

mass of sample.

4.3.2 Fuel to be sampled and considerations for sampling

The 1|irst stage in the design of the scheme is to identify the fuel to be sampled. Samples can\bs
techrfical evaluation, process control, quality control and for commercial reasons by both/the pro
sellen and the customer. It is essential to ascertain exactly at what stage in the fuekhandling
sample is required and, as far as practicable, to design the scheme accordingly. In some instang
it canp prove impracticable to obtain samples at the point preferred and, in suchCeases, a mor
alternative is required, provided a representative sample can be taken.

The fpllowing identifications are indispensable for the design of a manual sampling scheme:

4.3.3| Division of lots

The Ipt may be sampled as a whole, resulting in one sample, or divided into a number of sub-lots
samgle from each. A lot may.be-sampled as a whole or as a series of sub-lots each to a maximur
e.g. fuel despatched or delivered over a period of time, a ship load, a train load, a wagon
produced during a certain period, e.g. a shift.

Such|division into @number of sub-lots can be necessary to

a)

fluel properties, e.g. fines, lumpy and, more specifically, the nominal top size; furthermore,
wet or free flowing;

Ipcation and the handling system;
fransport means/carriers;

where to sample in the handling process, taking into account contract terms and the prg
gampling;

fluman safety risks.

achieve_the/required precision (calculated by the procedure in 4.5),

required for
ducer and/or
process the
es, however,
e practicable

whether dry,

cticability for

resulting in a
n of 10 000 t,
load, or fuel

isture due to

Taintain the integrity of the sample, e.g. avoiding bias that can result from the loss of mg
tanding or of calorific value due to oxidation

create convenience when sampling lots over a long period, e.g. on a shift basis,
keep sample masses manageable, taking into account the maximum lifting capacity,

distinguish different components of a mixture of fuels, e.g. different coal types within one lot.

4.3.4 Bias of results

It is of particular importance in sampling to ensure as far as possible that the parameter to be measured is not
altered by the sampling and sample preparation process or by subsequent storage prior to testing. This can

© I1SO 2006 — All rights reserved
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require, in some circumstances, a limit on the mass of the primary increment, the divided sample and the test
sample to maintain integrity (see 4.4.9 and 4.4.10).

It can be necessary, when collecting samples for moisture determination from lots over an extended period, to
limit the standing time of samples by dividing the lot into a number of sub-lots. For establishing the loss of
integrity of the sample, a bias test can be carried out to compare a series of reference samples immediately
after extraction with samples after standing for the normal time to establish moisture or calorific value loss
(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 (ISO 13909-8).

4.3.5 Precision of results

After the ovgrall precision of the lot has been decided, the number of sub-lots and the number, of'increments
per sub-lot qollected shall then be determined as described in 4.4.8 and the reference mass)of the prmary
increments shall be determined as described in 4.4.9.

For single lofs, the quality variation shall be assumed as the worst case (see 4.4.5). The precision of sampling
achieved maly be measured using the procedure of replicate sampling (see 4.6).

At the start |of regular sampling of unknown fuels, the worst-case quality variation shall be assumgd in
accordance \vith 4.4.3 and 4.4.5.

If any subsequent change in precision is required, the number of sub-lets and of increments shall be chgnged
as determindd in 4.5 and the precision attained rechecked. The precision shall also be checked if there is any
reason to syppose that the variability of the fuel being sampled~has increased. The number of increments
determined ih 4.5 applies to the precision of the result when the sampling errors are large relative tp the
sample preparation and testing errors, e.g. moisture. -However, in some tests, the testing error$ are
themselves large. In this case, it can be necessary to prepare two or more test portions from the sampl¢ and
use the mean of the determinations to give a better pregision.

4.3.6 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 [n the
relevant test|ng standards, e.g."ash on a — 0,212 mm sample. However, a number of tests require samples
either in the griginal 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 fests,
coking tests,|etc.

Examples of|tests.on partly crushed and prepared samples are total moisture, hardgrove 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 to take a
number of separate samples. In all cases, the masses of the common sample and the required test samples
should be maintained in accordance with the minimum masses as prescribed in this International Standard
and in the standard specifying the test method. In case of differences between standards, the greater mass
should be maintained.

In case the mass of the sample as calculated in accordance with this International Standard is insufficient for

the masses of the required test samples, the number of increments should be increased to provide the greater
mass.

8 © I1SO 2006 — All rights reserved
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Precision of sampling

General

In all methods of sampling, sampling preparation and analysis, errors are incurred and the experimental
results obtained from such methods for any given parameter deviate from the true value of that parameter. As
the true value cannot be known exactly, it is not possible to assess the accuracy of the experimental results,
i.e. the closeness with which they agree with the true value. However, it is possible to make an estimate of the
precision of the experimental results, i.e. the closeness with which the results of a series of experiments made
on the same fuel agree among themselves.

It is Jossible to design a sampling scheme that, in principle, can achieve an arbifrary Tevel of pr

level

The
such

to be determined.

equired overall precision on a lot should be agreed between the parties concerngd?In th
agreement, a value of 10 % of the ash content may be assumed.

4.4.2| Precision and total variance

Precision is the closeness of agreement between the results obtained by applying the experimen

seve
varia
sche

al times under prescribed conditions, and is a characteristic of the sampling scheme U
pility of the fuel being sampled. The smaller the random errors 0f the scheme, the more f

devidtion, and this index of precision is used throughout this International Standard.

If a Igrge number of replicate samples are taken from a subzlot of fuel, prepared and analysed sq

preci

wher

sion, P, of a single observation is given by Equation«(4):

P=2S:2 VSPT

W

is the sample estimate of the-population standard deviation;

‘spt IS the total variance of the results for replicate samples.

The fotal variance in Equation’(1) is a function of the primary increment variance, the number o
and the errors associated-with sample preparation and testing.

For d single sample; this relationship is expressed by Equation (2):

beision, such

b absence of

al procedure

sed and the
recise is the

ime. A commonly accepted index of precision is two times the sample estimate of the population standard

parately, the

(1)

f increments,

'sPT :%Jf Vet (2)
where

" is the primary increment variance;

Vet is the preparation and testing variance;

n is the number of primary increments in the sample.
© I1SO 2006 — All rights reserved 9
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4.4.3 Continuous sampling

Where the result of Equation (2) is the arithmetic mean of a number of sample values, resulting from dividing

the lot into a

VspT

where

n

series of sub-lots and taking a sample from each, V'gp is given by Equation (3):

|24
L Ver

Nn N

is the number of primary increments comprising each sample;

@)

N s th

Since a sam
continuous s

e number of sample results used to obtain the mean.

ble is equivalent to one member of a set of replicate samples, combining Equations (1),and
ampling results in Equations (4) and (5):

A = PL = d + il
\/BTSL Ngin  Ngi

P =0 -\[NgL
where

P is|the overall precision of sampling, sample preparation and testing for the lot at 95 % config

lepel, expressed as % absolute;

Pg  is|the overall precision for the sub-lot at 95% confidence level, expressed as % absolute;

4 is|the primary increment variance;

n is|the number of increments per sub-lot;

Ng_ is|the number of sub-lots in the lot;

Vet is|the preparation and testing(variance.
If the quality [of a fuel of a type not previously sampled is required, then in order to devise a sampling sch
assumptions|have to be made abgout the variability (see 4.4.5).
4.4.4 Intermittent sampling

Whilst the va
lot, there car
is not a sou

lue used. for the primary increment variance is assumed to be consistent for all the sub-lot
be variations between the means of sub-lots. Providing all sub-lots are sampled and testeq
ce’of ‘additional variance. However, if only one or some sub-lots are sampled and testeq

intermittent s

3) for

(4)

©®)

ence

eme,

5 in a
, this
(i.e.

ampling), then a term to correct for sub-lot variance should be included in Equation (3) an

d th

equations de

rived from it, as given in Equation (6):

o Vet _Nsis | VsL

Vepr =

NgLsn

where

Ng_ is
Ng g is
Vg is

10

5]

the number of sub-lots in the lot;

NsL

NsLs Nsis

the number of sub-lots sampled;

the sub-lot variance.

(6)

© I1SO 2006 — All rights reserved
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The term (1— ];[VSLS ] VgL compensates for the fact that, as the proportion of sub-lots sampled and tested
SL

increases, the influence of sub-lot variance decreases, until it disappears when Ng g = Ng; .

The equivalent to Equation (4) can be derived by combining Equations (1) and (6), as given in Equation (7):

N V.
A =2 h, Vet +[1_ SLS] sL 7)
NsLsn  Ngis NsL ) NsiLs

4.4.5| Primary increment variance

The primary increment variance, V|, depends upon the type and nominal top size of fuel)the degree of pre-
treatinent and mixing, the absolute value of the parameter to be determined and the mass of incr¢ment taken.

For gome fuels, 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
samgple and the common sample.

The yalue of the primary increment variance, V|, required for the precision using Equation (4) carn be obtained
by either

a) dssuming a value determined for a similar fuel from a similar fGel handling and sampling opefation, or
b) determining it directly on the fuel to be sampled by taking-at least 50 increments spread over an entire lot
or over several lots of the same type of fuel and analysing each increment separately on|the required

parameters, preferably ash (dry basis) and total meisture.

For calculating the variance, Equation (8) can be used:

7 :ﬁ lez_(zljl)

o ®)
wherg

t is the primary jncrement variance;

7 is the nuniber of increments taken;

; is the value of the analysed parameter;

'p1.¢ 18the preparation and testing variance.

If neithrerof-these-vatuesisavaitabte;a—vatueof ?| =20-for-ashrcontentcanbeassumed illitia”y and checked
after sampling has been carried out.

4.4.6 Sub-lot variance

In some cases (e.g. see 4.4.4), the sub-lot variance, Vg, can be calculated, because, just like the primary
increment variance, this value gives an indication of the homogeneity of the fuel. For calculation of Vg
Equation (9) can be used:

(Zes)’

1 2
VoL = —— ey, 9
SL= N1 ZXSL N PT 9)
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where
Vs
N
xg s
Vet is

is the sub-lot variance;

is the number of sub-lots in the lot;

the value of the analysed parameter from the sub-lot;

the preparation and testing variance.

If the variance of different lots/sub-lots or different cargoes of the same fuel varies considerably, the primary

increment vdriance found for any Tof or cargo cannot be used for calculation of the number of incremen

the next lot

4.4.7 Prep

The value o
Equation (4)

a) assumin

b) determir
entire 10
prepare
be prep
same ar
results g
as follow

nA

Vet =4

where

Alternately, 9
test sample 1
testing variar

or (7) can be obtained by either

g a value determined for a similar fuel using a similar sample preparatien’ scheme, or

t or over several lots of the same type of fuel. Each sub-sample is divided into two part

!

cargo.

ration and testing variance

the preparation and testing variance, Vpr, required for the calculation of ‘the precision

ts for

using

ing it directly on the fuel to be sampled by constituting at least‘20 sub-samples spread ovér the

so that split portions of each sub-sample are taken at the_first division stage. Each portion
red and tested for the parameters of interest, preferably ash (dry basis) and total moisture
alysing methods are applied as are used in routine gperations. The difference between th
hall be calculated for each pair and the preparation‘and testing variance, Vpr, can be calcy
S:

the preparation and testing(variance;
the difference between individual pair members;
the number of pairs.

plit one ormore sub-lot samples into a minimum of 20 test samples. Prepare and analyse
or the parameters of interest, preferably ash (dry basis) and total moisture. The preparatio
ce shall'be calculated as given in Equation (11):

5 and
shall
. The
b two
lated

(10)

each
h and

¢

Vpr =
n

where
Vet is
Ntg is
X is

12

(fo)o il

Nts

1 inz_

-1

the preparation and testing variance;
the number of test samples;

the value of the analysed parameter.

© 1SO 2006 — All rights re
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If neither of these values is available, a value of Vpr=0,2 for ash content can be assumed initially and
checked if necessary after preparation and testing has been carried out.

If high overall precision, P, is required, then lower Vpr values of 0,1 or 0,05 for ash content are required to
obtain the required overall precision using a practical number of primary increments and sub-lots (see 4.4.8).

4.4.8

4.4.8

A

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

General

The number of increments taken from a lot in order to achieve a particular precision is a function of the

variai:ility of the quality of the coal in the lot irrespective of the mass of the lot. The lot may be
, resulting in one sample, or divided into a number of sub-lots resulting in a sample fro

whol
divisi
shall

bn can be necessary in order to achieve the required precision and the necessary numb
be calculated using the procedure given in 4.4.8.2 or 4.4.8.3 as appropriate.

Another important reason for dividing the lot is to maintain the integrity of the sample, i.e. to av

takin
this i
cond
coal.
a ref¢
bias

incre

h the increment, particularly in order to minimize loss of moisture due to standing. The requ
5 dependent on factors such as the time taken to collect the samples, ambient temperature
tions, the ease of keeping the sample in sealed containers during collection and the partic
It is recommended that, if moisture loss is suspected, a bias test iscarried out to compare
brence sample immediately after extraction with that of the sample after standing for the n
is found, the sample standing time should be reduced by\collecting samples more fr
psing the number of sub-lots.

Therg can be other practical reasons for dividing the lot:

a) f

b)
Estali
4.4.8

NOTH
increr
serial

pr convenience when sampling over a long period,
p keep sample masses manageable.

lish the number of sub-lots and number of increments required per sub-lot in accordance W
3 as appropriate.

The equations given in 4.4}8.2 and 4.4.8.3 generally give an overestimation of the requir
hents. This is because they are based on the assumption that the quality of coal has no serial correlg

ampled as a
each. Such

r of sub-lots

bid bias after
rement to do
and humidity
e size of the
the quality of
prmal time. If
bquently, i.e.

ith 4.4.8.2 or

ed number of
tion; however,

correlation is always present to some degree. In addition, because a certain amount of preparation

and testing is

requinred when measuring the (inerement variance or the sub-lot variance, the preparation and testing errorns are included

more

The
use h
new
meth
the n

than once.

lesigner of a sampling scheme should make provisions for the worst case anticipated and|then tend to

sampling:scheme, a check on the actual precision being achieved should be carried
bds deseribed in ISO 13909-7. This can be necessary to achieve the required precision, i
Limberof sub-lots is calculated using the procedures given in 4.4.8.2 and 4.4.8.3.

igher values_for V', and Vg than may actually occur when the system is in operation. On implementing a

ut using the
which case

4.4.8.

2 Continuous sampling

Determine the number of sub-lots required for practical reasons (see 4.4.8.1) and then estimate the number of
increments for a desired precision from Equation (12), obtained by transposing Equation (4):

ald

n=——a—
N-R? - 4Vpr

©I1SO
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A value 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, or if n is impracticably large,
reduce the errors of sample preparation and testing or increase the number of sub-lots by one of the following
means.

a) Choose a new number of sub-lots corresponding to a convenient sub-lot mass, recalculate » from
Equation (12) and repeat this process until n is a practicable number.

b) Decide on the maximum practicable number of increments per sub-lot, n,, and calculate N from
Equation (13):

A(fFaVer)
n = 2UETTeT) et (13)
ny B’

Adjust M upwards if necessary to a convenient number and recalculate n.
Take n as 1(|if the final calculated value is less than 10.
Examples ofl calculations for continuous sampling from moving streams for a range of values of operall
precision, P | and preparation and testing variance, Vpt, for ash assuming V| = 5<for washed coal and 7| =10

for unwashed coal are given in Table 1.

A worked expmple of a calculation for overall precision, mass of increménts, number of sub-lots and nymber
of increments$ per sub-lot is given in Annex A.

14 © IS0 2006 — All rights reserved
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4.4.8.3 Intermittent sampling

Initially decide on the number of sub-lots, Ng, and the minimum number, Ng, g, required to be sampled for
practical reasons (see 4.4.8.1) and then estimate the number of increments in each sub-lot for a desired

precision in a lot from Equation (14), obtained by transposing Equation (7):

4y,
n= Nl (14)
2 SLS
Ns sH' —4[1— N ]VSL —4Vpr
SL
A valge-efinfinity-or-a-regative-rumberindicates-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 or if n is impragticably large,
increpse the number of sub-lots to be sampled by one of the following means.
a) Choose a larger value for Ng| 5, the number of sub-lots actually sampled, recalgulate » and repeat this
process until the value of » is a practicable number.
b) Decide on the maximum practicable number of increments per sub-lat,)n,, and calculate Ng g from
Equation (15):
"
4N[I+VS|_ +Vp'|'j
1
NgLs = 5 (15)
NPL +4VSL
Adjust Ng; upwards if necessary to a convenient number and recalculate » from Equation (14).
Take|n as 10 if the final calculated value is less than@0.
4.49( Mass of increments
The feference mass of increments can be found in Table 2. These values were established empirically and
should be used as a starting point.

Table 2 — Reference increment mass

Nominaf fop size | Reference mass of| o) top size | Reference mass of
of fuel increment for of fuel increment for
sampling sampling

mm kg mm kg

150 9,0 25 15
125 7,5 22,4 1,3
100 6,0 20 12
90 55 16 70
80 5,0 11,2 0.70
s 45 10 0,60
70 4,0 8 0,50
63 4,0 5.6 0,50
60 35 4 0,50
50 3,0 2,8 0,50
45 3,0 2 0,50
30 2,0 1 0,50
25 1,5 <0,5 0.50

© 1SO 2006 — All rights reserved
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4.4.10 Minimum mass of samples

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 fuel
being sampled.

The minimum mass of a sample (primary as well as after division) is dependent on the nominal top size of the
fuel, 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 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 samples are shown in Table 3 and for the reduced minimum sample m:Lss in
Table 4.

20 © 1SO 2006 — Al rights reserved
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Table 3 — Minimum mass of sample for general analysis (coal), determination of total moisture
content (coal), coke sample and size analysis (coal and coke)

1 2 3 4 5 6
Coal Coke Coal and coke
N<_)mina| top General analysis Samples for Samples for size Samples for size
size of fuel samples and determination of total Coke c analysis for a analysis for a
common samples 2 moisture content P samples precision of 1 %9 | precision of 2 % ¢
mm kg kg kg kg kg
150 2600 500 2 000 6 750 1700
125 1700 350 1000 4 000 1000
90 750 125 500 1500 400
75 470 95 375 950 250
63 300 60 250 500 125
50 170 35 175 280 70
45 125 25 125 200 50
38 85 17 90 130 30
81,5 55 10 60 65 15
224 32 7 30 25 6
16 20 4 15 8 2
1,2 13 2,5 8 3 0,70
10 10 2 6 2 0,50
8 6 1,5 4 1 0,25
5,6 3 1,2 2 0,50 0,25
4 1,50 1 2 0,25 0,25
2,8 0,65 0,65 2 0,25 0,25
2 0,25 0,65 2 0,25 0,25
1 0,10 0,65 2 0,25 0,25
0,5 0,06 0,65 2 0,25 0,25
2  Minimum mass of)coal sampled for general analysis to reduce the variance due to the particulate nature of the coal to 0,01,
corregponding to a division precision of 0,2 % with regard to ash.
b Minimum mass of coal samples for total moisture analysis, which is approximately 20 % of the minimum mass for general analysis,
subjeft to anrabsolute minimum of 0,65 kg.
¢ IYlinimum masses for coke samples.
d  Minimum masses for coal and coke samples for size analysis corresponding to a division precision of 1 % and 2 %, respectively.
These masses have been calculated on the basis of the precision of the determination of oversize, i.e. the fuel above nominal top size.
The precision for other size fractions is normally better than this.
NOTE 1  For fuels with top sizes > 150 mm, see Clause B.2.
NOTE 2 If the specified masses for 90 mm, 125 mm or 150 mm mentioned in the columns 2, 4 and 5 are impractically large, the
specified minimum masses for 75 mm can be taken. This results in a worse division precision.
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Table 4 — Reduced minimum sample masses for large sizes

1 2 3 4
Nominal General analysis

top size of | samples and common Coke samples Samples for size analysis

fuel samples

Division Division Division

mm kg precision kg precision kg precision

150 470 0,47 375 0,46 950 27

125 470 0,38 375 0,33 950 2,1

90 470 0,25 375 0,23 950 1,3

75 470 0,20 375 0,20 950 1,0
NOJTE For coke, the masses given in column 4 are for guidance on the minimum mass for unkfiown or
hetgrogeneous cokes. Whilst they can usually be reduced for the moisture sample, they can be inadeguate for
the|determination of, for example, oversize, to 1 % division precision, particularly on very large coke.

The minimu
increments i
purpose for V
satisfy this re

mass of a divided increment shall be such that the combined _masses of all the di
the sub-lot shall, at each stage, be greater than the mass given in-Table 3 corresponding
vhich the sample has been taken and the nominal top size. If the\increment masses are too |

quirement, the divided increment shall be crushed prior to futthér division.

vided
o the
pw to

Note that in each case, the overall division precision is determined<by the sum of the division variancg¢s for
each division stage.
The minimum sample mass, mg, for other desired levelstof division precision may be calculated|from
Equation (16):
B 2

mg =mgs (EJ (16)
where

My g is|the mass given in Table §;

Mg  isthe resulting mass-ferthe sample to be taken;

Pp  is|the default division precision value (e.g. 0,2 % ash, due to the particulate nature of the coal)

Pgr  is|the desited division precision for the particular sampling stage.
When a fuell is‘regularly sampled under the same circumstances, the overall precision obtained for gll the
required parameters shall be checked (see 4.4.1) 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 should be that required for general analysis or total moisture, whichever is the greater. If
there is not sufficient fuel left for the general sample after the extraction, the mass of sample given by this
number of increments shall be increased by taking extra increments. Extraction of a special test sample from
the common sample is described in 8.7.

When preparing fuel 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.
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4.5 Checking the overall precision for the lot by calculation and selection of sampling
scheme

Manual sampling offers the flexibility to select certain combinations of number of sub-lots and number of
increments to select the most convenient combination of number of sub-lots and number of increments. In
order to check the sampling precision, it is therefore recommended to calculate a variety of combinations and
then to decide on the sampling scheme.

Examples of the results of such calculations for continuous sampling from moving streams for a range of
values of overall precision, P, and preparation and testing variance, Vpr, for ash assuming 7| = 5 for washed
coal and 7} = 10 for unwashed coal are given in Table 1.

A wo
of ind

4.6

4.6.1

By us
partid

succegssive increments are placed into a number of different sample‘eontainers to give a numbg

sub-9
each
teste

4.6.2

rked example of a calculation for overall precision, mass of increments, number of sub-Iots
rements per sub-lot is given in Annex A.

Determination of acquired precision by replicate sampling

General

ing the procedure of replicate sampling, it is possible to test the precision for a specific lot g
ular sampling scheme. With this procedure the same number of (increments as usual is

amples. From each of these a separate laboratory sub-sample’is prepared and a test is ¢

so that eventually there are a number of different sub-sample values for ash or any other
1. It is noted that each replicate sub-sample is composed.of*a smaller number of increments

Method and calculation

and number

btained by a
collected but
r of replicate
arried out on
characteristic
than normal.

Establish the parameter to be analysed, e.g. ash\{dry basis), and establish the sampling sclheme for the

requi

red precision in accordance with 4.3.

Instepd of forming a sample from each.sub-lot, combine the total number of increments, ny| as replicate
sampyles. The number of replicate samples, Ngg, shall be not less than the number of sub-lots,|Ng , used in
the chlculations and not less than 10.:If there are ten such samples and the sample containers afe labelled A,
B, C,D, E, F, G, H, |, J, then successive increments go into the containers as follows: A, B, C, D,|E, F, G, H, |,
J,AB,C,D, ...
A typjcal calculation for fuel using the results in Table 5 is given below.
Table 5 — Results of single-lot sampling of % ash, dry basis
Sample value,
Sample No. X; x?
0/0

A 15,30 234,09

B 716 29241

Cc 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

J 16,70 278,89

Total 165,00 2728,26
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The mean re

2006(E)

j, of replicate samples is 10.

sult is 165/10 = 16,5 %.

The sample estimate of the population standard deviation, s, is (see Equation 5):

s=V

2728,26 -
10

1652

The

J

mate for the precision, P, achieved for the lot is given by Equation (17):

4.6.3 Prec

If it is desire
precision obf
of replicate s
the incremer
sampling sch

4.7 Size 4

Within the sq
range and si
mean size, €
shall be tak
division.

=0,506

ion obtained using normal sampling scheme
d to design a regular sampling scheme based ©on the results of this procedure, the esti
amples (instead of the number of sub-lots) can be substituted into Equation (4) and the va

t variance estimated. The procedures given in 4.3 can then be followed to design the rg
eme.

nalysis

ope of this International, Standard, the fuels to be sampled exhibit wide differences in size
ve distribution. In addition, the parameters determined (percentage retained on a particular s

bn into account, \whereas they are non-existent if sizing is performed without any prec

These facto

S
increments for a<particular precision (see 4.4.2). In the absence of any information on increment variance
4 increments per sample.

initially take

should>be taken into account when applying the techniques for calculating the numbe

m
ained (in accordance with 1ISO 13909-7), the number of increments per sample and the nLImber
I

(17)

te of

e for
gular

size
ieve,

tc.) can differ fromycase to case. Furthermore, when sample division is applied, division érrors

bding

rs of
, etc.,

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.

The minimum masses of sample for size analysis are given in Table 3, columns 5 (precision of 1 %) and 6
(precision of 2 %). The masses have been calculated on the basis of the precision of the determination of
oversize, i.e. the fuel above the nominal top size. Precision for other size fractions is normally better than this.
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5 Methods of sampling

5.1 General

The fundamental requirements of sampling are that all parts of the fuel in the lot shall be accessible to the
sampling instrument. Sampling shall be carried out by systematic sampling, either on a time or mass interval,
or by stratified random sampling.

Biased samples are obtained if part of the fuel is excluded. Extra care should be taken when sampling
particularly heterogeneous or layered fuels or mixtures of fuels. Cyclical variations in coal quality can occur
during sampling. Every effort shall be made to eliminate coincidence of the cycle with the taking of increments
in syptematic sampling. If this cannot be done, a bias is invariably introduced that can be of uinacceptable
propartions. In such circumstances, stratified random sampling may be adopted.

The methods described in Clause 5 are applicable to fuel in motion as follows:
a) stopped belt;

b) falling stream;

c) 1noving belt;

d) stockpiles (building/reclaiming);

e) grabs/front-end loaders;

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

Annex B presents informative methods of sampling from fuel in stationary lots and of sampling frdm large fuels
(> 150 mm). Sampling from lots consisting of different fuels is described in 5.8; the use of random selection of
increments is described in 5.9.

5.2 | Sampling by time interval

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

The [time interval, At éxpressed in minutes, between taking primary increments is detefmined from
Equation (18):

60
h < —— Sl (18)
9max?
wherg
mg is the mass of the sub-lot, expressed in metric tonnes;

dmax is the maximum flow rate of the fuel, in metric tonnes per hour;
n is the number of primary increments in the sample (see 4.5).

5.3 Sampling by mass interval

Primary increments shall be taken at a pre-set mass interval throughout the mass of the lot or the sub-lot. This
interval shall not be changed during the sampling of the 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 interval
until the handling operation is completed.
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The mass interval, Am, expressed in tonnes, between taking increments is determined from Equation (19):

pm =81 (19)
n
where
mg is the mass of the sub-lot, in tonnes;
n is the number of primary increments in the sample.

The mass in

ferval between increments shall be equal to or smaller than that calculated from the numiper of

increments gpecified in 4.5 in order to ensure that the number of increments is at least the minimum_nymber
specified.

5.4 Stratified random sampling

5.41 Gendral

Stratified random sampling means that, for each time or mass interval, the actual taking of the incremgent is
displaced byl a random amount of time or mass, respectively, subject to thelimitation that it shall be faken
before that irffterval has expired.

During strati even

though they

5.4.2 Strat

The samplin
each sampli
shall be gen

5.4.3 Strat|

The samplin
each samplir
shall be gen
random num

5.5 Extrag

l:ed random sampling, it is possible that two increments ‘are collected very close together

re collected in different mass or time intervals.

fied random sampling by time interval

j interval shall be determined as in 5.2 and the increment mass as in 4.4.9. Prior to the start of

g interval, a random number between, zefo and the sampling interval, in seconds or mir
rated. The increments shall then be taken after the time indicated by the random number.

fied random sampling by mass interval

) interval shall be determined as in 5.3. and the increment mass as in 4.4.9. Prior to the sf
g interval, a random numper between zero and the mass of the sampling interval (metric to
erated. The increment-shall be taken after the passage of the mass of coal indicated b
ber.

cting the increment

Suitably traifed and: experienced samplers shall carry out extraction of the increments using appro

equipment.

utes,

art of
nnes)
y the

Driate

Increments should be exiracted In a single operation, without overilowing or spillage from the sampling device.

The aperture of the sampling device shall be at least three times the nominal top size of the fuel, with a
minimum dimension of 30 mm (see Clause 6) and larger, as necessary, to ensure that the larger particles are
not excluded from the increment.

Large and hard pieces of fuel or rock shall not be pushed aside deliberately when an increment is extracted.
Do not allow wet fuel to adhere to the sampling equipment.
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5.6 Fuel in motion

5.6.1 Stopped belt

Some methods of sampling tend to collect too many of either the large or the small particles and hence are
liable to introduce bias. The method of extracting an increment by removing a whole cross-section from a
stopped belt is the only way of ensuring that all particles are collected and hence that the sample is free from
bias. Therefore, this is the reference method against which any other method should be checked. This is the
most ideal method of sampling; however, in most cases, it is not practical for a standard sampling operation.
Increments should be extracted from the whole width and thickness of the fuel stream when there is a normal

load at the point of sampling.

If it id

practicable to arrange to stop the belt periodically, increments can be extracted fromcthe

whole cross-

sectipn of the stream without difficulty. Safety measures to prevent the stopped~belt from starting
unexpectedly shall be in place.

Stopped-belt increments shall be extracted with a sampling frame (see 6.2.7), or éguivalent, fromh a complete
crosg-section of the fuel on the belt at a fixed position.

The

vidth of the complete section shall be at least three times the nominalep size of the fuel to

be sampled,

with & minimum dimension of 30 mm. The frame shall be placed on the-stationary belt so that if is in contact
with the full width of the belt.

Parti¢les obstructing the insertion of the end plate on the left-hand side shall be pushed into the increment,
while| those obstructing the insertion of the end plate on the right-hand side shall be pushdd out of the
increment or vice versa. Whichever practice is used initially; this practice shall be implemented tHroughout the
test.

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

5.6.2

Sam

The
incre
meth

Incre
width
devio
Claus

Falling stream
ples are taken from a transferspoint for a continuously moving stream.

tampler shall be able to reach the whole cross-section of the stream in safety and handle
ment without undue physical strain. For systems with a capacity of approximately 100 t/h a
bd should not be used:

ments may belextracted from a falling stream by means of a sampling device that is move
of the stream, as far as possible at a constant rate, less than 0,6 m/s. The aperture of
e shall be.at least three times the nominal top size of the fuel, with a minimum dimension o
e 6) and larger, as necessary, to ensure that the larger particles are not excluded from the i

the resulting
nd more, this

d across the
the sampling
30 mm (see
ncrement.

The

sampling device shall traverse the full cross-section of the stream. The fuel near the perip

hery shall be

adequately represented and if layering takes place with different types of fuels or size distribution, these shall
be adequately represented.

This may be achieved by passing the sampling device through the stream from right to left, or vice versa, or
by inverting the sampling device, passing it to the back of the stream and withdrawing it through the stream.
Alternatively the sampling device may be filled in passing from front to rear, provided that it can then be
withdrawn away from the stream, e.g. by moving it sideways.

It can be necessary to support the handle of the sampling device across a bar when it is passed into the falling
stream or to erect a special gantry with adequate support.
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5.6.3 Moving belt

Sampling from a moving belt is not recommended.

5.6.4 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. 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 fuel.

Increments shall be extracted from the working face of the stockplle from the bucket of a front end loader

(see 5 6. 5) ‘ main
bear

pbbe/auger or a scoop shall be used to extract increments. The aperture of the)probe/aug
scoop shall e at least three times the nominal top size of the fuel, with a minimum dimensionof 30 mm
Clause 6) and larger, if necessary, for a scoop to ensure that the increment never fills the-scoop compl
Probes and augers shall not be used for fuels that require size analysis. Increments shall be spaced as €

er or
(see
ptely.
venly

A manual p

as possible dver the working face or the surface of the load in the front-end loader bucket.

Selected fromt-end loader buckets of fuel can also be discharged onto a clean‘surface, if required, and then
ol

the fuel can tbe sampled by either full-depth sampling or by taking increments.from the freshly exposed fue

rface
rately

When extracling increments, the manual probe/auger or scoop shall be.inserted at right angles to the sy
of the fuel after the top surface of the fuel has been removed. Large pieces of fuel should not be delibe

pushed asidg

of the scoop
with a partic
increment is

5.6.5 Grab

When the fug
the grabs or

It is importar

A manual pr
three times t
necessary, fi
augers shall
over the surf;

With large gn
one of which

s/front-end loaders

when an increment is extracted and no portion of thezincrement should be lost during extra
from the surface. Owing to the difficulty of insertion,*a probe/auger shall be used only for
e size of up to about 25 mm. A full column of fuel shall be extracted so that a represen
faken.

| is handled by grabs or front-end loaders, the only solution can be to extract the increments
front-end loaders.

front-end loader.

bbe/auger or a scoop/shall be used. The aperture of the probe/auger or scoop shall be at
e nominal top size of the fuel, with a minimum dimension of 30 mm (see Clause 6) and larg
br a scoop torensure that the larger particles are not excluded from the increment. Probe
hot be used for fuels that require size analysis. Increments shall be spaced as evenly as po
bce of théfront-end loader bucket or the grab.

abs<and front-end loaders, each grab, or front-end loader load may be divided into sections

ction
fuels
fative

from

t that the sampler co-ordinate the extracting of the increments unambiguously with the opégrator
of the grab of

least
Br, as
5 and
5sible

only

is“taken. Sampling successive grabs or front-end loader loads, each section shall be taken in

rotation.

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

When extracting increments, the manual probe/auger or scoop shall be inserted at right angles to the surface
of the fuel. Large pieces of fuel should not be deliberately pushed aside when an increment is extracted and
no portion of the increment should be lost during extraction of the scoop from the surface. Owing to the
difficulty of insertion, a probe/auger shall be used only for fuels with a particle size of up to about 25 mm. A full
column of fuel shall be extracted so that a representative increment is taken.
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5.6.6 Barges/trucks/railcars (loading/unloading)

Sampling of fuels 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 permitted only when probed (see 6.2.4).

Sampling of fuels in barges shall be based on extracting increments from a number of points distributed over
various layers of the fuel in the hold, which are exposed from time to time as the barge is loaded or unloaded.
Sampling shall be done from sequential layers during (un)loading. If it is not possible to reach all of the fuel in
the hold, the sample can be seriously biased. Sampling the top surface of the fuel in barges, trucks or railcars

imme

qualities did

not {3

Whe
weig

A mg
SCO0
Claus
incre

Incre
durin
on th

Whe
of th
push

of the¢ scoop from the surface. Owing to the difficulty-of insertion, a probe/auger shall only be U
h particle size of up to about 25 mm. A full.column of fuel shall be extracted so that a r¢presentative

with
incre

5.7

A md
samy
for th

Whefe a moisture sample)is extracted from a common sample, the initial number of increme

shou
incre
inten
the n

dinfply after these are loaded is pprmiﬂpd, pmvirlpd Innr‘ling hy Inypring of fuels of differen
ke place.

t of personnel and equipment.

nual probe/auger or a scoop shall be used to extract increments. The ap€rture of the pr
b shall be at least three times the nominal top size of the fuel, with a minimum dimension o
e 6) and larger, as necessary, for a scoop to ensure that the larger particles are not exclu
ment. Probes and augers shall not be used for fuels that require size, analysis.

ments shall be spaced as evenly as possible over the surface{lt is important to note tha
j handling often results in the accumulation of lumps, e.g. near bhe or more walls of the ho
e handling system.

extracting increments, the manual probe/auger or scoop shall be inserted at right angles

bd aside when an increment is extracted and no portion of the increment should be lost duri

ment is taken.

Moisture/common sample

isture sample is a sample taken specifically for the purpose of determining total moisturg
le is a sample collected for(more than one intended use. A physical sample is a sample takg
e determination of physical characteristics, e.g. physical strength indices or size analysis.

d be that requirgd-for ash or moisture, whichever is the greater. The number of incremern
bsed only if there)will not otherwise be sufficient fuel left for the ash sample and/or the sam
Hed uses after.the removal of the moisture sample. As a consequence, when it is necessar
Lmber ofdncrements, the sampling interval should be decreased.

extracting increments from a working face, the surface shall be sufficiently compacted-to b¢ar safely the

bbe/auger or
30 mm (see
ded from the

segregation
d depending

b the surface

fuel after the top surface of the fuel has been removed. Large pieces of fuel should not b¢ deliberately

ng extraction
sed for fuels

. A common
n specifically

hts extracted
ts should be
ples for other
y to increase

can\be circumstances that make it necessary or convenient to collect separate sanpples for the

ination of total moisture and/or for the other intended uses: for example, a separate moi

sture sample

Ther
dete}n

4l £ |- Ll ailal 4
Whe FUIc TUcTr 1o veTy WTUVISIUTY WTL.

The following additional points should be considered when sampling for moisture.

a) Stored fuel, washed fuel, etc. gradually lose water by drainage until an equilibrium is reached.

b) If free moisture is present in the lot, this settles towards the bottom so that a steady increase in moisture
content occurs with increasing depth of the fuel.

c) It can 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, then, be extracted in sub-lots representing

the d

©1S0

ifferent levels or restricted time periods.
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5.8 Different fuels

If a lot is known to consist of different fuels piled/located in separate areas of the total lot, a separate sample
shall be taken, prepared and analysed for each of these areas (covered by separate sampling schemes) and
the sampling scheme established according to the most variable coal.

Each area shall consist of at least one sub-lot. The number of sub-lots and increments should be calculated in
accordance with 4.5.

If insufficient knowledge about the lot is available to sample separately the different fuel qualities or sources,
or if they are not identifiably separated or stowed separately, the lot should be divided into a number of sub-
lots. Each s sti

lot should
characteristig¢s for the whole lot can be obtained by taking a weighted average of the sub-lot values

It is preferable to separately sample and analyse different quality fuels, or fuels from differént’sources
before mixing takes place.

5.9 Randxs

All the possiltle sampling areas (grabs, front-end loaders, barges, barge-holds orparts thereof, trucks, ra
or stockpileg
sampled are

a)

b)

30

Generat

or

Provide
follows.

1)

Wh
disd
Attd
ont

Wh
hori
fixe
selg
coir
incr

fro
disg
plad

a srxcond bag after use. For the second unit or layer, follow the same procedure by drawing

e reported. If necessary, for some parameters that can be averaged, the values(o

bm selection of increments
when sampling from horizontal surfaces) shall be identified_and numbered. The areas
selected by one of the following methods.

e a random number for each increment required from a-set corresponding to the total iden
a set of numbered discs, one disc corresponding to each sampling area, and then proce

bn selecting grabs, front-end loaders, barges or barge-holds, trucks or railcars (units), plac
s in a bag and draw sufficient discs fremthe bag to coincide with the total number to be san
ch the selected discs to a referenge board and sample those units corresponding to the nun
he selected discs.

bn selecting sampling areas) ‘within units or on stockpiles (see Figure 1) for sampling
Fontal surfaces, place the discs in a bag close to the sampling point and provide a diagram

sub-
f the

, just

Icars
o be

tified;

bd as

e the
pled.
hbers

from
on a

] board showing the_logations of the areas across the surface of the fuel. To sample th¢ first

cted unit or the fitst’horizontal layer of the stockpile, draw sufficient discs from the b
cide with the totalhumber of increments to be extracted from that unit or that layer and extra
ement from those’areas corresponding to the numbers on the selected discs. Place these di

those rémaining in the first bag. Continue this process for subsequent units or layers until g

g to
ct an
5CS in
discs
Il the

s are.used up and then swap the bags over so that discs are drawn from the second bag and

ed-n 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.
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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 stock

NOTEH This procedure ensures that the order of the sampling areas from which increments are-extra
differgnt.

6

6.1

$ampling equipment

General

Clauge 6 describes equipment (devices/tools) for the extraction Qf)increments and equipmen

samy

folloing requirements.

a)

b)

d)

e)

f)

)]

¢ondition given in Equation (20), subject to a minimum dimension of 30 mm:
W= 3D
vhere

W is the minimum width of the cross-section, the width of the opening of the sam
expressed in millimetres;

D is the nominal top size of the fuel, expressed in millimetres.

The capacity of the d€vice shall be such that during the extraction of a single increment, it is
and it can contain‘ab least the required minimum mass (see 4.4.9).

[he width of:the entry aperture of the device shall be at least three times the nominal top si
r 30 mmS.whichever is the larger.

If thé.device is being used for falling streams, the length of the entry aperture shall be such

pile

cted is always

for dividing

les. This equipment shall be such that the sample obtained is representative and it should fulfil the

[he width of the sampling device, which determines\the minimum mass of increment, shall satisfy the

(20)

pling device,

not overfilled

e of the fuel

as to ensure

at’the whole width of the stream is intercepted.

Large and hard pieces of fuel or rock or shale shall not be pushed aside during the
increments.

extraction of

None of the fuel shall be lost from the device during the extraction and handling of the increment.

Wet fuel adhering to the devices should be minimized.

Examples of equipment for extracting increments are ladles, shovels/scoops, probes, augers, manual cutters,
sampling frames (see Figure 2).
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6.2 Examples

6.2.1

Ladles

A ladle [see Figure 2 a)] is a box or container or slotted device for extracting increments from falling streams
of fuel. Ladles are not suitable for sampling in any operation where overflow of the sampling device occurs.

Ladles and scoops should be made of such materials as stainless steel to avoid sample build-up.

6.2.2 Shovels

A suitable dg
steel of appr

sign of a shovel is shown diagrammatically [see Figure 2 b)]. Shovels are constructed from
bximately 2,5 mm thickness and should be fitted with a handle of appropriate length.

6.2.3 Scodps

Suitable des
about 2,5 mr

The scoop u
the entry shg
height of the

gns of scoops [see Figures 2 c) and 2 d)] are shown diagrammatically. Sceops are ma
h sheet steel and should be fitted with a handle of appropriate length.

sed for the flattened heap division method (see Figure 8) shall be flat bottomed and the wi
Il be at least three times the nominal top size of the fuel. The side ‘walls shall be higher thg
heap and the depth shall be sufficient to allow the required mass ‘of increment to be extracte

6.2.4 Probes

Probes take

he form of tubes which are inserted vertically or at,slight angle into the fuel. Insertion into th

Sheet

de of

ith of
n the
d.

b fuel

is sometimeg difficult and the tube tends to empty when it is withdrawn.

Probes are used for sampling fuels of up to 25 mm nominal top size.

Three designs are described:

— Figure 2|e): The probe consists of two half-tubes that are designed to slide together to form a cJosed
cylinder. Such probes can be used in various lengths up to 3,5 m; long probes are easiest
to use for fuel up to 15’'mm nominal top size.

— Figure 2f):  The probe consists of a cylindrical tube that is slightly tapered and is slit along an axis so
that the taper-tends to grip the fuel contained in the tube. Using a handle, it is possible to
rotate the-tube in order that it can be inserted. The tube can be awkward to empty and
clean.

— Figure 2/g): The_probe consists of a channel, the two edges of which have grooves, and a plat¢ that
can slide along the grooves. The channel is inserted open, the plate is inserted along the
grooves and the complete device is withdrawn.

6.2.5 Augers

An auger [see Figure 2 h)] consists of a single spiral blade mounted on a hand crank. The auger is inserted
into the bed of fuel with a screwing motion.

Augers are used for sampling fuels up to 25 mm nominal top size.
6.2.6 Manual cutter
A manual cutter [see Figure 2 i)] 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 will occur.
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6.2.7 Stopped-belt sampling frame

A stopped-belt sampling frame [see Figure 2 j)] is a parallel-sided frame used for extracting a stopped-belt
increment or for strip mixing and splitting increments. The width of the frame shall be at least three times the
nominal top size of the fuel, with a minimum dimension of 30 mm. The frame should be inserted into the fuel
until it is in contact with the belt across its full width and the increment is extracted by sweeping off the whole
of the fuel lying between the sides of the frame.

Dimensions in millimetres, unless otherwise specified

_

b) Shovel

Figure 2 (continued)

© 1SO 2006 — Al rights reserved 33


https://standardsiso.com/api/?name=9ee7333557d663c305dfc6a2b3f5d31d

ISO 18283:2006(E)

100

c) Scoop, suitably dimensioned for coal of 50 mm top size

d) Scoop

Figure 2 (continued)
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=1 300

=980

y

Y
A

Key

2 slightly tapered tube
f) Probe

Figure 2 (continued)
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»J
T |

10 =300

b
150

100

100
400

150

‘¢20;
Key
3 sfrengthening piece acting as a stop
4 upper support of probe body
5 plate
6 handle of plate

@  Length of body of probe and plate.
g) Probe

Figure 2 (continued)
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d

38

= XX X

nominal tq

p size of the fuel

h) Auger

< P

i) Manual cutter

7

j) Sampling frame

Figure 2 — Examples of sampling equipment
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7 Handling and storage of samples

71

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 International Standard (see Table 3).

7.2

Time

Increments or divided increments shall be placed as quickly as possible into sample containers with tight-

fittin

Test
final

7.3
The

contd
each

7.4

lide and tha lide chall ha immadiataly ranlanad aftar aach incramaont hac haan incartad
HaSaRcteHaS-SharveHeaateryrepraceaatereachReremeRitaSveeHHhSeRea:

samples shall be kept available under good custody for an agreed period after issuanee
sampling report (see Clause 9). Certain types of fuel do not allow a long storage time.

Divided sample
ncrements or divided increments from each sub-lot shall be placed jn\.a separate contai

iners. If duplicate samples are required, a separate container or set*of-containers shall be
duplicate sample.

Containers

Contdiners (refer to Figure 3 for an example) used for moistire’or common samples should be w

mads

of impermeable non-corrodible material, of adequate@trength and, where applicable, with

Containers made from metal or plastic material have beén-found suitable.

If cor
vapo
durin

hmon samples or moisture samples are required, the sample containers shall be impervious
ir and have sufficient mechanical strength to ensure that the integrity of the sample is
g removal and transport.

If gemeral test samples are required, the containers for such samples shall give adequate protg

contd
vapo

mination and loss of sample material, but they are not required to be fully impervious
ir.

pf the formal

her or set of
provided for

atertight and
ell-fitting lids.

to water and
not impaired

ction against
o water and
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Dimensions in millimetres

3
—= =
| =
B ®270
[ce]
1
(=2
N
=}
Y
< Y
A
B ®300 _
Key
1 handle
2 lid
3 rubber insert
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, but they are not required to be fully impervious to water and vapour. Such samples
should 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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7.6 Identification/labelling
The sample in each container shall be fully and permanently identifiable.

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.

NOTE There are circumstances where it is necessary that the sample containers are properly and identifiably sealed,
e.g. with wax, lead or tape.

It is fecommended that the information described in Clause 9 be shown on the label/tag ofcagcompanying
documents.

8 $ample preparation

8.1 | General

Clauge 8 describes the preparation of samples of coal and coke from the combination of primarny increments
to the preparation of samples for specific tests. For the precision of sample preparation, see 4.4.

8.2 | Constitution of a sample
Examples of the constitution of samples are shown in Figuré’4.

Individual increments are usually combined to form* a sample. A single sample may be constituted by
combination of increments taken from a complete, sub-lot or by combining increments taken frpm individual
parts| of a sub-lot. Under some circumstances,(€.g. size analysis, the sample consists of a sing|e increment,
which is prepared and tested.
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Sub-lot

| Increments |

Sample

Test sample(s)

a) Example 1

Sub-lot
rrrrrrrrrrrrrrrrrE
Increments Increments
I || | |
Sample Sample Sample

I I
I |
Test sample(s) Test sample(s) Test sample(s)
[
Sample
Test sample(s)

b) Example 2

Figure 4= Examples of the constitution of test samples

When combihing samples,.the mass of the individual samples shall be directly proportional to the mass ¢f the
fuel from which they were taken to obtain a weighted mean of the quality characteristic for the sub-lot. Ptior to
combination,|division.shall be by fixed-ratio division (see 8.3).

8.3 Division

8.3.1 General

Division can be carried out mechanically or manually. Whenever possible, mechanical methods are preferred
to manual methods to minimize human error. Examples of dividers are shown in Figures 5 a), 5 b) and 6 a) to
6 d).

Mechanical dividers are designed to extract one or more parts of the fuel in a number of cuts of relatively
small mass. When the smallest mass of the divided sample that can be obtained in one pass through the
divider is greater than that required, further passes through the same divider or subsequent passes through
further dividers can be necessary.
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Fuel that is visibly wet might not run freely through or might tend to adhere to the surfaces of a sample divider.
In such circumstances, it can be necessary to air-dry the sample as described in 8.6 before sample division is
undertaken.

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

Examples of equipment for dividing samples are riffles and rotary dividers.

8.3.2[ Riffle divider

A riffle [see Figures 5 a) and 5 b)] is a sample divider that, in a single pass of a sample, divides {t into halves,
one of which is retained and the other normally is rejected. The device is normally portable angl, for sample
divisipn, is usually fed manually, the fuel being evenly distributed along its length. Adjacent slots fieed opposite
receiyers.

NOTH Closed types of riffle dividers fitted with a feed gate allow actual placement of the feed evenly hefore opening
the slpts.

The $lot width shall be at least two times the nominal top size. Each half of the riffle shall have the same
number of slots, which shall be at least eight and preferably more. All'\the surfaces on which the fliel might rest
shall |have a slope of at least 60° to the horizontal.
The {uel shall be allowed to fall steadily into the riffle, ensuring that it is evenly distributed over|all the slots.
The fuel shall be allowed to fall freely, i.e. not towards.one side of the riffle, and the rate of {eed shall be
contrplled such that the slots are never choked.

When a stage of sample division requires two or more steps or passes, the sample retained at egch step shall
be taken alternately from each side of the riffle.

8.3.3|] Rotary divider

Figures 6 a) to d) illustrate examples of rotary dividers.
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a) Open type b) Closed type

Key

1 even numper of slots

Rigure 5 — Examples of riffles
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i |

3
2 4 5
a) Rotating disk type b) Rotating cone type
Key
1 fged hopper
2 slide gate
3 vibratory feeder
4 rgmovable canisters
5 tyrntable

Figure 6 — Examples of dividers
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o) 7
‘ ‘ | // L ‘ ‘
35— I
4 ~
K %
5 l
6 2
c) Container type d) Rotating chute type
Key
1 feed hopper
2 slide gate
3 vibratory feeder
4 removablg canisters
5 turntable
6 drive (encjosed)
Figure 6 (continued)
8.3.4 Mechanical methods

8.3.4.1 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 is to be put and the numbers, masses and size distribution of the test samples
required shall also be taken into account when deciding on the minimum mass of the sample.

NOTE 1  The procedures described for fixed-ratio division are the simplest to implement. Other procedures can be used,
however, provided that the mass of the divided sample is proportional to the mass of the feed. For example, the number of
cuts can be kept constant by making the feed rate of each division proportional to the mass of fuel to be divided.
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The cuts shall be of uniform mass throughout division. In order to achieve this, the flow of fuel to the divider

shall be uniform and the cutting aperture shall be constant. The method of feeding the div
designed to minimize any segregation caused by the divider.

The cutting aperture shall be at least three times the nominal top size of the fuel to be divided.

Division devices shall

ider shall be

a) have sufficient capacity to retain completely or to pass the entire sample without loss or spillage,

b) not introduce bias, for example by selective collection (or rejection) on the basis of particle size or by loss

gf-moisture;
INOTE 2 In order to avoid moisture loss, in some circumstances totally enclosed dividers can be,nec
c) Use a method of feeding that minimizes the segregation of the fuel,

d) provide a controlled uniform flow to the equipment at each stage of division.

In orgler to minimize bias, the first cut for each mass to be divided shall be“made at random w

cutting interval. For secondary and tertiary dividers, the cycle time shall not be evenly divisible
time pf the cutter that precedes it.

For fixed-mass division, the interval between taking cuts shall be varied proportionally to the mas
divided, so that divided samples having almost a uniform mass.are obtained. The mass shall bg
whol¢ sub-lot.

For fjxed-ratio division, the interval between taking cuts shall be constant irrespective of the

masges of fuel to be divided, so that the divided sample masses are proportional to the mass of
ratio ghall be fixed for the whole sub-lot.

8.3.4]2 Division of individual increments
The pumber of cuts for dividing an increment shall be determined as follows.

a) [or fixed-mass division, the minimum number of cuts for dividing primary increments shal
qual number of cuts shall be taken from each increment in the sub-lot.

b) For fixed-ratio division, the minimum number of cuts for dividing a primary increment of med
e four.

c) or subsequent division of individual divided primary increments, a minimum of one cut s
om each.cut from the preceding division.

Exanpples_of procedures for division of individual increments and subsequent sample division

pssary.

ithin the first
nto the cycle

5 of fuel to be
fixed for the

variations of
he feed. The

be four. An

n mass shall

hall be taken

hre shown in

Figure'7;

Values for the minimum mass of samples (primary as well as after division) are shown in Table 3
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Primary
increment 1

Primary
increment 2

Primary
increment n

| cuts (minimum 4) |

| One cut from each |

previous cut
1 1

| cuts (minimum 4) |

| One cut from each |

previous cut
I L |

| cuts (minimum 4) |

| One cut from each |

previous cut
I A |

Divided Divided Divided
increment 1 increment 2 increment n
Constituted
sample

Sample division
(minimum 60 cuts)

Divided sample
(minimum mass as
given in Table 3)

a) Example of division of individual increments (minimum number of cuts)
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Primary Primary Primary
increment 1 increment 2 increment n

[ [ [ [ [ [
Cuts (4) Cuts (4) Cuts (4)

L | L | L |
Divided Divided Divided
increment 1 increment 2 increment n
reduction reduction reduction

w (if required) @Vw
Frerecrecreher e ererErieATrr T
Cuts (10) Cuts (10) Cuts (10)
IIIIIIIIIIIIIII|IIIIIIIIIIIIIII
Divided Divided Divided
increment 1 increment 2 increment n
Constituted
sample

Sample division
(minimum 60 cuts)

Divided sample
(minimum mass as
given in Table 3)

b) Example of two-stage division of individual increments

Figure 7 — Examples of procedures for division of increments and samples

8.3.4\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, the sample is thoroughly mixed and 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.

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 fuel
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 during division
(see 8.3.4.2).
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8.3.5 Manual methods

8.3.5.1

Riffle method

A riffle (see Figure 5) is a sample divider that, in a single pass of a sample, divides it into halves, one of which
is retained and the other is normally rejected. The device is normally portable and, for sample division, is
usually fed manually, the fuel being evenly distributed along its length. Adjacent slots feed opposite receivers.

For a description of a riffle, see 8.3.2.

8.3.5.2

Flattened-heap method

The procedu

a)
which is
times th
2mx2,
heap.

For wet

b) A matrix
at rando

The incr]

The increme
of the divided

re, which is illustrated in Figure 8, is as follows.

The sample is mixed thoroughly and spread to form a rectangle of uniform thickness on‘aymixing

a smooth, non-absorbent, non-contaminating surface. The maximum thickness’shall be
e nominal top size. If the mass of the fuel is greater than can be formed into a he
b m, two or more heaps of equal mass shall be formed and separate samples taken from

fuels, thorough mixing, which might result in loss of moisture, should be avoided.
is marked on the spread sample to give a minimum of 4 x 5)equal parts. An increment is t
I, from each of the parts by inserting a scoop with a bump;plate to the bottom of the matrix

ements are combined into a divided sample.

hts shall be of uniform mass. The minimum mass_required for each nominal top size is the
sample (see Table 3) divided by the number of-parts of the flattened heap.

The scoop shall be flat bottomed and the width of the entry shall be at least three times the nominal top s

the fuel. The
the required

It is essentia

The scoop S
flattened hez
bottom of the
plate. The sq
mixing plate

side walls shall be higher than the height of the heap and the depth shall be sufficient to
mass of increments to be taken.

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

ample should be taken with’/ the aid of a bump plate, which is inserted vertically throug
p until it is in contact-with the bottom of the sample layer. The scoop is then inserted t
spread fuel and moved' horizontally until its open end comes into contact with the vertical
oop and bump plateare lifted together to ensure that all particles are collected off the top
nd that none falhoff during lifting.

Dlate,
three
p of
each

bken,
ayer.

nass

ze of
allow

h the
p the
bump
f the
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&

a) Spread the crushed sample into a rectangle with a b) Arrange into 20 equal parts, e.g. into five equal parts

maximum thickness three times the nominal top size.

LN

c) 1
the 2

sanple layer. Combine the 20 scoopfuls into a divided

Key
1 b

8.3.5

The procedure, which is illustrated in Figure 9, is as follows.

a)

q
4
q
4

are usedtoensure that size segregation only occurs laterally,

/

N

)

"ake a scoopful of samples at random from each of
0 parts by inserting the scoop to the bottom of the plate shown in c).

sample.

Lmp plate
Figure 8 — Flattened-heap method

3  Strip-mixing and splitting method

[he fuel sampléis” formed on a mixing plate, which is a smooth, non-absorbent, non-o
urface, into asstrip at least 10 times as long as it is wide by distributing the fuel along the
trip as evenly as possible, working randomly from end to end and from both sides of the stri

b) |

not-less than three times the nominal top size of the fuel

herements shall be taken as a complete section across the strip. The width of each cross-se

lengthwise and four equal parts breadthwise.

d)> Detail of taking an increment by using the bump

ontaminating
length of the
b. End plates

ction shall be

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 fuel is regularly prepared under the same conditions and it has first been established that the
required precision can be obtained (see 4.4).

NOTE

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

©1S0
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Key

1 increment
2 sampling frame
3 end plateg (“book ends”)

Figure 9 — Strip-mixing and splitting method and device
8.4 Reduction

8.4.1 Gengdral

Mechanical ¢quipment shalkbe used to reduce the particle size, but manual crushing is permitted fqr the
breakage of [arge material.to meet the maximum feed size acceptable to the first-stage mill.

The test sample shallbe reduced to the particle size specified in the relevant test method.

The mill settlngs should 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.

There shall be no contact between the metal surfaces of the mill in order to avoid localized heating of the

sample. Totally closed, high-speed (> 20 Hz) ball mills shall not be used. The particle size of the output is
influenced by the hardness of the coal, but the effect depends on the speed range.
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For certain tests, specific size grades are required and the type of mill shall be chosen to ensure that the
required size is obtained.

Hammer mills or roll mills are most suitable for crushing coals during preparation. In general practice, samples
for general analysis are milled to pass 212 um top size using a small high-speed hammer mill with a screen.

8.5 Mixing

In theory, thorough mixing of a sample prior to its division reduces errors due to sample preparation. In
practice, this is not easy to achieve and some methods of hand mixing, e.g. forming and reforming into a
conical pile, can have the opposite effect, leading to increased segregation. Mixing can also result in loss of
moisfure.

One method that can be used is to pour the sample through a riffle (8.3.5.1) or a container-type sg@mple divider
[see Figure 6 c)] three times, reuniting the parts after each pass. If mechanical sample dividers are used in the
courge of preparation, an additional mixing step is not normally necessary to meet the‘required precision.

NOTE Mechanical mixing can be useful at the final stage of preparation of test samples.

8.6 | Air-drying

The procedure for air-drying is as follows.

a) \Weigh the whole of the sample in its container on a balance which can be read to an accurgcy of at least
1 %.

b) pread the sample in a thin layer that shall not exceed a thickness of 1,5 times the nominal tpp size of the
el on a steel plate in a warm, well-ventilated réom and allow the sample to attain equilibfium with the
tmosphere at ambient temperature.

The fecommended times to attain equilibrium-at different ambient temperatures up to 40 °C |are given in

Tablg 6. The times recommended in Table® will normally be sufficient; but, if necessary, a longgr drying time
may be used, provided that any increasg€ is kept to a minimum, especially for fuels susceptible to pxidation.

Table6— Recommended drying times for air-drying

Drying,temperature Drying time
°C h
20 Preferably not to exceed 24
30 Preferably not to exceed 6
40 Preferably not to exceed 4

Drying a
sample is used for any of the following tests:

a) calorific value,

b) caking properties,

c) swelling properties,

d) air-drying as part of a determination of total moisture.

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
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required depends on the drying temperature. For example, 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.

Dry and weigh the container. Collect the air-dried sample in the original container and reweigh and calculate
the percentage loss in mass. Continue the preparation for other tests.

When air-drying is used, the percentage loss of moisture in this operation shall be recorded on the label with a
reference to the method of sampling and preparation used.

After the moisture of the partially dried sample has been determined as described in 8.7.2 (coal) or 8.8.2.3

(coke), calcutate-the-totatmoisture; Mas-apereentagefromEquation{24):
X
where

X is the loss on partial drying, expressed as a percentage;

M is the moisture, determined as described in 8.7.2 (coal) or 8.8.2.3'(coke) and expressed |as a
per¢entage.

8.7 Coal + Preparation of test samples

8.7.1 Typekp of test samples

The following types of test samples may be prepared:

a) sampled for determination of total moisture;

b) sampled for general analysis (i.e. not to be(lsed for determining total moisture);
c) commor| samples for both total moisture and for general analysis;

d) sampled for size analysis;

e) sampled for other tests, e g:determination of the Hardgrove grindability index.

The methodg of preparatian-dépend on the purpose for which the original sample was collected.

8.7.2 Prepgration.of ' Samples for determination of total moisture

The test sa
air-drying is d-at-any-stage-ofp of; B
calculation of total moisture, as specified in ISO 589:2003, 8.2.

NOTE 1 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 the effectiveness of the
sealing of the sample containers, the level of moisture content of the sample, the ambient conditions, the type of coal and
the reduction and division procedures used.

Precautions shall be taken to minimize changes in moisture during preparation and due to the use of
unsuitable containers. All samples for moisture 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.
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If excessive standing time causes bias, the number of sub-lots should be increased to overcome this problem
(see 4.5).

Preliminary air-drying using the procedure described in 8.6 can be necessary in order to minimize moisture
loss in any subsequent reduction/division stages. When carrying out division prior to air-drying of a sample or
increment, take care to minimize change in moisture. To this end, all divisions shall be carried out as quickly
as possible and mechanically operated dividers with limited ingress of air shall be used.

NOTE 2

For coals that are too moist to flow through a sample divider and for which it is also impossible to air-dry the

entire sample, it can be necessary to divide the sample by collecting increments from a flattened heap (8.3.5.2) or by strip-
mixing and splitting (8.3.5.3). This divided sample is then air-dried.
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Figure 10 — Example of a two-stage moisture-test-sample preparation

py be carried out at any stage, provided that it does not affect the quality of the samplg.
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drying temperature shall be 4Q °C. If drying can be avoided during the first stage of prepar
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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 can 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 3 (see 4.4.10).

The sample is 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.
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