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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 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standa(ds. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1SO shall not be held responsible for identifying any or all such patent rights.

ISO 18283 was prepared by Technical Committee 1SO/TC 27, Solid mineral fuels, Subcommittee SC 4,

Sampling.
This first edition of ISO 18283 cancels and replaces I1SO 1988:1975 and ISO 2309:1980, which have been
technically revised.

©1S0 2006 Al rights reserved
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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 sampling are that all particles of the fu

sampling instrument and that each indivi

el in the Iot are accessible to the
vidual particle has an equal probabi
in the sample.

lity of being selected and included

When sampling manually, conditions are often far from ideal. The methods described in this International
Standard are intended to obtain the Ost representative sampi

' Sample that can be achieved. Manual samplin
should only be applied if no possibility for mechanical sampling exists. Pne

The purpose of taking and preparing a sam

ple of fuel is to
provides test results representative of the lot s

Provide a test sample that, when analysed,
ampled.

The first stage of sampling,  is the taking fr . - ;
lot of an adequate number of fuel portions known as primary i . posutuong distributed over the entire

In devising a sampling procedure, it is also essenti ; - . .
can eries fiom ntial to guard against bias in the taking of increments. Bias

a) incorrect Iocationltiming of increments,
b) incorrect delimitation and extraction of increments,

¢) loss of integrity of increments after extraction.

Methods for measuring bias are described in this Internationa) Standarq

© 180 2006 - Al rights reserved




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 safety problems.
associated with the use of this International Standard. It is, therefore, the responsibility of the parties
concerned to establish appropriate safety and health practices and to determine the applicability of

regulatory limitations prior to use.

1 Scope

ISO 18283 defines the basic terms used in manual sampling of hard coal and coke and describes the general
principles of sampling. It specifies procedures and requirements for establishing a manual sampling scheme
methods of manual sampling, sampling equipment, handling and storage of samples, sample preparation anci

a sampling report.

This International Standard applies to manual sampling from fuels in movement. Guidelines for manual
sampling from fuels in stationary situations are given in Annex B, but this method of sampling does not

provide 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 I1SO 5069-1 and
1SO 5069-2, nor sampling from coal seams, for which guidance is given in ISO 14180. Mechanical sampling of

coal and coke is covered in ISO 13909 (all parts).

2 Normative references

The following referenced documents are indispensable for the application of this docume
references, only the edition cited applies. For undated references, the latest edition of tr?et. rf;?;r::é:g

document (including any amendments) applies.

ISO 579, Coke — Determination of total moisture

1SO 589:2003, Hard coal — Determination of total moisture

ISO 687, Solid mineral fuels — Coke — Determination of moisture in the general analysis test sample
ISO 3310-1, Test sieves — Technical requirements and testing — Part 1: Test sieves of metal wire cloth

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

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

©1S0 2006 Al rights reserved
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3 Terms and definitions
For the purposes of this document, the following definitions apply.

3.1
air-gglsng bringing the moisture content of the sample near to equilibrium with the atmosphere in the area in
\?vrﬁich further reduction and division of the sample are to take place

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

3.2
bias
systematic error that leads to the average val

ue of a series of results bein
lower than those that are obtained using a re

g persistently higher or persistently
ference sampling method

3.3
common sample ‘
sample collected for more than one intended use

3.4
continuous sampling

taking of a sample from each consecutive sub-lot so that increments are taken at uniform intervals whenever
the fuel is handled at the point of sampling

35
divided increment

part obtained from the division of the increment in order to decrease it mass

NOTE Such division can be done with or without prior size reduction,

3.6
fixed-mass division

3.7

fixed-ratio division

method of sample division in which the division ratio is predetermj i ined is @
fixed proportion of the mass of the feeq Precetermined, i. the mass of sample retained |

3.8
fuel
hard coal or coke

3.9

general analysis test sample
sample Prepared to pass a sje

increment
portion of fug| extracted in 5 single operation of the sampling device
3.1

intermittent sampli
taking of Pling

samples from only certain sub-lots of fyg|

ed
© 1S0 2006 — Al rights reseV
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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

3.14

mass-basis sampling
taking of increments whereby the position of each increment to be extracted from the stream of fuel is

measured by a mass interval of stream flow and the increment mass is fixed

3.156
mechanical sampling
extraction of increments by mechanical means

3.16

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

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

3.17

nominal top size
aperture size of the smallest sieve in the range included in the R 20 Series (see ISO 565, square hole) on

which not more than 5 % of the sample is retained

3.18

physical sample
sample taken speci
size distribution

fically for the determination of physical characteristics, e.g. physical strength indices or

3.19
precision

closeness of agreement between independent test results obtained under stipulated conditions

NOTE 1 This is often defined using an index of precision, such as 2 standard deviations.
at precision and the standard deviation of a number of determinations

NOTE2 A determination might be made with gre
h results are accurate only if they are free from bias.

on the same sub-lot might, therefore, be low; but suc

3.20
primary incremen

t -
increment extracted at the first stage of sampling, prior to any sample division and/or sample reduction

3.21
random sampling

extracting of increments at random mass or time intervals

3.22

i lin . o . . |
;iﬂézzg s::?r';er\?als, of increments that are combined in rotation into different containers to give two or more
samples of appmximately equal mass

3.23

sample .
quanFt,ity of fuel, representatlve of a larger mass for w

hich the quality is to be determined

erved

©1S0 2006 Al rights res
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3.24
sample division o . .
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-

i
sample and may be performed in several stages rying of the

3.26
sample reduction

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

3.27
size analysis sample
sample taken specifically for particle size analysis

3.28
standard deviation
square root of the variance

3.29

stratified random sampling

extracting of an increment at random within the mass interval or tj i . .
sampling or time-basis sampling respectively r time interval determined for mass-basis

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

3.31
systematic sampling

extracting of increments at uniform mass or time intervals according to a predet
eter

3.32
test sample

sample which is prepared to meet the requirements of a speci

3.33
time-basis sampling
extracting of increments whereby the positio i
reme : n of each Increment
in;?:::;ed by a time interval and the Increment mass is propomonatlotob;ehgof:lfxt?;‘; rgmhth? streﬁm O ot ist
e time the incremen

mined plan

fic test
3.34
unit mass

variance
measure of dispersi

ion, which is the sum of the iati
by one less than the number of observations sadared feviations of Observations from their average divided

© 1SO 2006 - All rights reserved
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4 Establishing a sampling scheme
4.1 General

4.1.1 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 no formation of or
reclaiming from piles/heaps takes place.

Increments should be collected by trained samplers. Instructions should be as complete and as simple as
possible; in particular, the position of sampling and the times at which increments are taken should be
specified and not left to the personal judgement of the sampler. These instructions, which should preferably be
set out in writing, should be prepared by the sampling supervisor from the information given in this

International Standard.

4.1.2 Sampling scheme
The general procedure for establishing a sampling scheme is as follows.

a) Define the quality parameters to be determined and the types of samples required.

b) Define the lot.
c) Select or assume the required overall precision for the lot (see 4.4.2).

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

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

e)
sample (see 4.4.9 and 4.4.10).

The nominal top size should initially be ag.certained by consulting the consignment details or by visual
estimation and should be verified by preliminary test work.

f) Select the sampling device (see Clause 6).

g) Establish the number of sub-lots and the number of increments per sub-lot required to attain the desired
precision (see 4.5).

h) Determine the method of combining the increments into samples and the method of sample preparation

(see Clause 8).

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

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

4.1.3 Parameters

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

considered.:

a) variability of the fuel;

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

©1S0 2006 Al rights reserved
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c) number of increments comprising each sample;

d) mass of sample relative to nominal top size.

4.1.4 Sampling methods
In this International Standard, the following sampling methods are considered:
a) continuous sampling;

b) intermittent sampling.
4.2 Sampling methods
4.21 Continuous sampling

In continuous sampling, every sub-lot is sampled and the number of increments collected from each sub-lot
shall be determined in accordance with 4.4.8.2. There are as many sample results for the lot as there are sub-
lots. Each sub-lot should be approximately the sa ize: , for practical reas ons sometimes sub-lots
of different sizes are used. The mean result for the lot should be of the required precision, but if it is desired to
check that the required precision has been attained, it is possible to do this by using the procedures of
replicate sampling (see 4.6).

4.2.2 Intermittent sampling

If fuel of the same source and quality is sampled frequently, it can be satis
some of the sub-lots but not from others. This is called i
shall be taken from every sub-lot that is sampled (see 4.48.3). Th

: : e sub-lots to be sampled shall be chosen at
random, unless it can be demonstrated that no bias, for example as a result of time-dependent variance, is
introduced by choosing sub-lots systematlcally. Such demonstration shall be repeated from time to time and at
random intervals. There are

it ; ere are sub-lots Sampled, but because some
sub-lots are not sampled, it is not possible to say whether the ave '
precision for the lot unless informatj : rage of thes

If the variation between sub-lots is t0o large, it can be
the desired precision. Use of intermittent sam

co m pling shall b € continuous sampling to achieve
e agr
recorded in the sa pling report, greed betwee

N Contracting parties and shall be

4.3 Design of the sampling scheme
4.31 General

The basic first step in the design of a samplin i i

. X ' 9 scheme is a reviey of the requi ions in order
:o draw up instructions for the sampling Operator(s). The instructions shoulc? over s for 9perat|%|ems likely
o be encountered. Cover all sampling pro
It is important that the sampling operator receive j i

. ‘ _ _ Instructions that are gj ' d capable
s; ;r:l{non: Interpretation. These Instructions, which shouylq be set out ir:s:’t;.tiﬁa3|lsyi;:3|c‘ijegs;oorcé;;ed by the
lnternati% na:lpsetravusdordafter mspecpng ) the sampling site ang referring to tr?é informaﬁoﬁ given in this
cona: ndard. The following items in the following it and described i 6 should be

Idered by the supervisor When compiling instructions: Scfibed in 43.2 to 43,

a) fuelto be Sampled ang considerations for sampling;

b) bias of results;

c) Precision of resuits;

d
© 1SO 2006 - Al rights resenVe
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d) lot size and number of sub-lots;
e) method of sampling;

f) requirements for test samples;
g) number of increments;

h) mass of sample.

4.3.2 Fuel to be sampled and considerations for sampling

The first stage in the design of the scheme is to identify the fuel to be sampled. Samples can be required for
technical evaluation, process control, quality control and for commercial reasons by both the producer and/or
seller and the customer. It is essential to ascertain exactly at what stage in the fuel-handling process the
§ample is required and, as far as practicable, to design the scheme accordingly. In some instances, however,
it can prove impracticable to obtain samples at the point preferred and, in such cases, a more practicable

alternative is required, provided a representative sample can be taken.
The following identifications are indispensable for the design of a manual sampling scheme:

a) fuel properties, e.g. fines, lumpy and, more specifically, the nominal top size; furthermore, whether dry,
wet or free flowing;

b) location and the handling system;

c) transport means/carriers;

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

e) human safety risks.

4.3.3 Division of lots

The lot may be sampled as a whole, resulting in one sample, or divided into a number of sub-lots resulting in a
sample from each. A lot may be sampled as a yvhole or as a series of sub-lots each to a maximum of 10 000 t,
e.g. fuel despatched or delivered over a period of time, a ship load, a train load, a wagon load, or fuel

produced during a certain period, e.g. a shift.

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

a) achieve the required precision (calculated by the procedure in 4.5),

f the sample, e.g. avoiding bias that can result from the loss of moisture due to

b) maintain the integrity o e.g.
alue due to oxidation,

standing or of calorific v

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

of fuels, e.g. different coal types within one lot.

e) distinguish different components of a mixture

434 Bias of results
i i i i ing to ensure as far as possible that the parameter to be measured is not
It is of particular importance in sampling t o8 far 80 PO B o ror o tosing. Thi o

altered by the sampling and sample preparation P!

©180 2006 Al rights reserved
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ire, in some circumstances, a limit on the mass of the primary increment, the divided sample and the test
uire, i '
;ea?nple to maintain integrity (see 4.4.9 and 4.4.10).
! ' inati iod, to
n collecting samples for moisture determination from lots over an extended period,
I't o rlhbesrﬁﬁﬁfﬁg rt‘il;nzh:f samples by dividing the lot into a number of sub-lots. For establishing the loss of
:Irr\?eltgrits of the sample, a bias test can be carried out to compar

€ a series of reference samples immediately
after extraction with samples after standing for the normal time to establish moisture or calorific value loss
(see 1SO 13909-8).

Bias testing for manual sampling can be performed acco

rding to the same principles as for mechanical
sampling using a reference method to judge a manual sampl

ing practice (ISO 13909-8).

4.3.5 Precision of results

After the overall precision of the lot has been decided, the number of sub-lots ang the number of increments
per sub-lot collected shall then be deter.mlne.d as de:
increments shall be determined as described in 4.4.9,

For single lots, the quality variqtion shall be assumed as the worst case (see 4.45). The precision of sampling
achieved may 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 assumed in
accordance with 4.4.3 and 4.4.5,

If any subsequent change in precision is required, the number of sub-lots ang
as determined in 4.5 and the precision attained recheckeq, The precision shall
reason to suppose that the variability of the fuel being sampled h
determined in 4.5 applies to the precision of the result when the samplin errors ive to the
sample preparation and testing errors, e.g. moisture, However, bing 'S are large relative
themselves large. In this case, it can be necessary t

0 prepare t in some tests, the testing errors arc;
. " . WO or mo'.e te R an
use the mean of the determinations to give a better precision, st portions from the sample

of increments shall be changed
: also be checked if there is any
as increased. The number of increments

4.3.6 Requirements for test samples

scheme of preparation of sampleg
on the samples for testing.

A number of tests are carried out on crushed or pulverizeg samples of .

. re i i he
relevant testmg §tandards, e.g. ash ona -0,212 mm sample. Howeer r;aLGUd tgp Sizes as ment!oned in tles
either in the original state or Prepared to a particle size Somewhere betw e'en orig?n ;rs?;tteeStsdrngL;"ze msrimp

and 0, .
Examples of physical tests on samples in their original state are sjze.
coking tests, etc.

distribution tests, float and sink tests,

Sample ang
Sseg .
test method. In case of differeiscgsre;g;ee

the required test samplez
d in this International Standar

€8N standards, the greater mass
In case the mass of the sam

ple as calculated in
the masses of the required t

accordance wi i

cl)nt!ematio“a' Standard is insufficient for
u .

® Increased to provide the greater

th thig
est samples, the number of
mass, nerements sh

© ISO 2006 - All rights reserved
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4.4 Precision of sampling

441 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 resuits of a series of experiments made

on the same fuel agree among themselves.

It is possible to design a sampling scheme that, in principle, can achieve an arbitrary level of precision, such
level to be determined.

The required overall precision on a lot should be agreed between the parties concerned. In the absence of
such 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 experimental procedure
several times under prescribed conditions, and is a characteristic of the sampling scheme used and the
variability of the fuel being sampled. The smaller the random errors of the scheme, the more precise is the
scheme. A commonly accepted index of precision is two times the sample estimate of the population standard
deviation, and this index of precision is used throughout this International Standard.

If a large number of replicate samples are taken from a sub-lot of fuel, prepared and analysed separately, the
precision, P, of a single observation is given by Equation (1):

P=2s=2\Vgpr (1)

where

s is the sample estimate of the population standard deviation;
Vepr isthe total variance of the resulits for replicate samples.

on (1) is a function of the primary increment variance, the number of increments,

The total variance in Equati . :
h sample preparation and testing.

and the errors associated wit

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

@

"
VSPT =—n-+VpT

where
v, isthe primary increment variance;
Vor isthe preparation and testing variance,
n is the number of primary increments in the sample.

©1S0 2006 All rights reserved
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4.4.3 Continuous sampling

Where the result of Equation (2) is the arithmetic mean of a number of sam

> ple values, resulting from dividing
the lot into a series of sub-lots and taking a sample from each, Vg,

T is given by Equation ):

N Ver
VPt =Nt N (3)

where
n is the number of primary increments comprising each sample;
N is the number of sample results used to obtain the mean.

Since a sample is equivalent to one member of a set of replicate samples ini i
continuous sampling results in Equations (4) and (5): PIES, combining Equations (1) and (3) for

A P =2‘ W Yer

= +
'\INSL ‘JNSLn Ng_

PsL =R NsL

where

)

(5)

P_  is the overall precision of sampling,

sample preparati .
level, expressed as % absolute; Preparation and testing for the Iot at 95 % confidence

Pg_ is the overall precision for the sub-lot at 95% confidence level, @

" is the primary increment variance; pressed as % sbsolute;
n is the number of increments per sub-lot;

Ng, s the number of sub-lots in the lot;

Vet s the preparation and testing variance.

If the quality of a fuel of a type not previously sam

led is
assumptions have to be made about the variabilit p requ

ired, then |
Y (see 4.4.5). hen in orger to devise sampling scheme,

4.4.4 Intermittent sampling

Whilst the value used for the primary increment

i variance is aggy,

lot, there can be variations between the means of sub-lotg, Pro Umed to he consiste i
vid nt for al

is not a source of additional variance. However, jf only o NG all syb-lotg r all the sub-lots in 3

intermittent sampling), then a term to correct for sup,. Y one or are sampled and tested, this

. me syp.|
equations derived from it, as given in Equation (6): lot variance should b ots are 5

ampled and tested (i.e.

e :
Included in Equation (3) and the
oo - N, Yer +(1_ }VSLS) VsL
Nsisn Ngis NsL ) Ngis
6
where ;

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

Ng g is the number of sub-lots sampleq;

VgL s the sub-lot variance.
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N
The term [1-=SLS |, i
| [ NeL sL. compensates for the fact that, as the proportion of sub-lots sampled and tested
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):

P =2 n_, Vet [q_Nsis| ¥sL
Ngisn Ngis NgL ) Nsis "

4.4.5 Primary increment variance

The primary increment variance, ¥}, de i i
er , V;, depends upon the type and nominal top size of fuel, the de
treatment and mixing, the absolute value of the parameter to be determined and the mass 'of increlglree:t ?afkgl;'\e-

The value of the primary increm i i i : .
by either primary ent variance, V), required for the precision using Equation (4) can be obtained

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

b) determining it directly on the fuel to be sampled by takin i
g at least 50 increments spread over a i
or over several lots of the same type of fuel and analysing each increment sepgrately on thg ergg[ﬁrg’ctl

parameters, preferably ash (dry basis) and total moisture.
For calculating the variance, Equation (8) can be used:

(Z=)°

1 2
V= — 2_le= 1 |-
=g | 2 | e ®

where

" is the primary increment variance;

n is the number of increments taken;
X is the value of the analysed parameter;
Ver isthe preparation and testing variance.

If neither of these values is available, a value of ¥, = 20 for ash content can be assumed initially and checked

after sampling has been carried out.

4.46 Sub-lotvariance
can be calculated, because, just like the primary

In some cases (e.g. see 4.4.4), the sub-lot variance, Vs, ¢
homogeneity of the fuel. For calculation of Vg

increment variance, this value gives an indication of the
Equation (9) can be used:

2
(Z"SL) v (9)

1 2
- X -——
Vsi 1 Z sL N PT
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VgL is the sub-lot variance;
N is the number of sub-lots in the lot;
xg is the value of the analysed parameter from the sub-lot;

Ver s the preparation and testing variance.

If the variance of different lots/sub-lots or different cargoes of the same fu
increment variance found for any lot or cargo cannot be used for calculati
the next lot or cargo.

el varies considerably, the primary
on of the number of increments for

4.4.7 Preparation and testing variance

The value of the preparation and testing variance, Vpr, required for the calculation of th _ .
Equation (4) or (7) can be obtained by either € precision using

a) assuming a value determined for a similar fuel using a similar sample preparation scheme, or

b) determining it directly on the fuel to be sampled by constitutin
entire lot or over several lots of the same type of fuel. Each
prepared so that split portions of each sub-sample are taken at
be prepared and tested for the parameters of interest, preferab
same analysing methods are applied as are used in routj
results shall be calculated for each pair and the preparati

g at least 20 sub-
sub-sample is di
the first division
ly ash (dry basis
ne operations. The dj
on and testing varian

samples spread over the
vided into two parts and
stage. Each portion shall
) and total moisture. The
fference between the two

as follows: ce, Vpr, can be calculated
24
T (10)

where
Vet is the preparation and testing variance;
d, is the difference between individual pair members;

ny  is the number of pairs.

Alternately, split one or more sub-lot samples into a minimum of 2

- 0
test sample for the parameters of interest, preferably ash (dry basis)t::,tdsfmples',Prepare and analyse each
testing variance shall be calculated as given in Equation (11): otal moisture. The preparation and

2
Vor =L1 > g_m
n— NTS (11)

where

Vet s the preparation and testing variance;
Nyg is the number of test samples;

x; is the value of the analysed parameter.
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If neither of these values is available, a value of Vo1 =0,2 for ash content initi
. , =0, can be assu
checked if necessary after preparation and testing haspl;reen carried out. med initially and

If high overall precision, Py, 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 Number of sub-lots and number of increments per sub-lot

4481 General

The number of increments taken from a lot in order to achieve a particular precision is i
variability of the quality of the coal in the lot irrespective of the mass F::f the lot. F')I'he lot may ?:efus’;crtr:;?eg fatsh:
wﬁplg. resulting in one sample, or divided into a number of sub-lots resulting in a sample from each. Such
division can be necessary in order to achieve the required precision and the necessary number of sixb-lots
shall 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 avoid bias after
taking the increment, particularly in order to minimize loss of moisture due to standing. The requirement to do
this is dependent on factors such as the time taken to collect the samples, ambient temperature and humidity
conditions, the ease of keeping the sample in sealed containers during collection and the particle size of the
coal. It is recommended that, if moisture loss is suspected, a bias test is carried out to compare the quality of
a reference sample immediately after extraction with that of the sample after standing for the normal time. If
bias is found, the sample standing time should be reduced by collecting samples more frequently, i..e.

increasing the number of sub-lots.
There can be other practical reasons for dividing the lot:
a) for convenience when sampling over a long period,

b) to keep sample masses manageable.

Establish the number of sub-lots and number of increments required per sub-lot in accordance with 4.4.8.2 or

4.4.8.3 as appropriate.

NOTE The equations given in 4.4.8.2 and 4.4.8.3 ggnerally give an overestimation of the required number of
increments. This is because they are based on the assumption that the quality of coal has no serial correlation; however,
t to some degree. In addition, because a certain amount of preparation and testing is

serial correlation is always presen . 4 v |
required when measuring the increment variance or the sub-lot variance, the preparation and testing errors are included

more than once.

make provisions for the worst case anticipated and then tend to
ually occur when the system is in operation. On implementing a
new sampling scheme, a check on the actual precision being a.chieved shoqld be cqrrjed out using the
methods described in ISO 13809-7. This can be necessary to achieve the required precision, in which case
the number of sub-lots is calculated using the procedures given in 4.4.82 and 4.4.8.3.

The designer of a sampling scheme should
use higher values for ¥ and Vg than may act

4.4.8.2 Continuous sampling
. ub-lots required for practical reasons (see 4.4.8.1) and then estimate the number of
Determine & numbert?fpsrecision frgm Equation (12), obtained by transposing Equation (4):

increments for a desire

4% (12)
n-—-———-—E—'—’,"’
N P|_ "4J/PT

13
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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 » 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, rec
Equation (12) and repeat this process until » is a practicable number. ' dleulate n from

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

Ne 4(Vy +nyVpy)
n1P|_2 (13)
Adjust N upwards if necessary to a convenient number and recalculate ».
Take n as 10 if the final calculated value is less than 10.
Examples of calculations for continuous sampling from moving streams fo

precision, Py, and preparation and testing variance, Vpy, for ash assuming ¥,
for unwashed coal are given in Table 1. I

I a range of values of overall
=5 for washed coal and n=10

A worked example of a calculation for overall precision, mass of i
. c Lo ) increme
of increments per sub-lot is given in Annex A. RIS, number of sub-lots and number

©150 2006 - 4 rights reserved




pansasal siubu IV 8002 0S1©

Sl

Table 1 — Examples of calculated number of increments per lot and sub-lot for ash for specified conditions 2

P =02%
Lot and sub-lot characteristics
Ver=0,05 Ver=01 Ver=02
Mass of tot | 112ss of Number of Number of increments Number of increments Number of increments
sub-lot sub-lots Washed coal Unwashed coal Washed coal Unwashed coal Washed coal Unwashed coal
t t Sub-tot Lot Sub-lot Lot Sub-lot Lot Sub-ot Lot Sub-lot Lot Sub-lot Lot
150 000 10 000 15 50 750 100 1500 100 1500 200 3000 b b b b
100 000 10000 10 100 1000 200 2000 b b b b b b b b
50 000 5000 10 100 1000 200 2000 b b b b b b b b
40 000 4000 10 100 1000 200 2000 b b b b b b b b
30 000 3000 10 100 1000 200 2000 b b b b b b b b
20 000 2000 10 100 1000 200 2000 b b b b b b b b
10 000 ‘ 1000 10 100 1000 200 2000 b b b b b b b b
8 000 500 16 45 720 91 1456 83 1328 167 2672 b b b b
6 000 500 12 I 852 143 1716 250 3000 500 6 000 b b b b
5000 500 10 100 1 000 200 2000 b b b b b b b b
4 000 250 16 45 720 91 1456 83 1328 167 2672 b b b b
3000 250 12 71 852 143 1716 250 3000 500 6 000 b b b
2000 200 10 100 1000 200 2000 b b b b b b b b
1000 100 10 100 1000 200 2000 b b b b b b b b
8  Conditions: Overall Py ranges from 0,2 % to 0,6 % ash and preparation and testing variances, I, of 0,05, 0,1 and 0,2 for ash content assuming ¥, =6 for washed coal and J°; = 10 for unwashed coal.
b Smaller 5y or more sub-lots required.

:€828L Osl
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Table 1 (continued)

P =03%
Lot and sub-lot characteristics
V= 0,05 Vpr = 0,1 Ver =02
Mass of lot Mass of | Number of Number of increments Number of increments Number of increments
sub-lot sub-lots Washed coal Unwashed coal Washed coal Unwashed coal Washed coal Unwashed coal
t t Sub-lot Lot Sub-lot Lot Sub-lot Lot Sub-lot Lot Sub-lot Lot Sub-lot Lot
150000 | 10000 15 17 256 35 525 21 315 42 630 36 540 73 1095
100000 | 10000 10 29 290 57 570 40 400 80 800 200 2000 400 4000
50 000 5 000 10 29 290 57 570 40 400 80 800 200 2000 400 4000
40 000 4000 10 29 290 57 570 40 400 80 800 200 2000 400 4000
30 000 3000 10 29 290 57 570 40 400 80 800 200 2000 400 4000
20 000 2000 10 29 290 57 570 40 400 80 800 200 2000 400 4000
10 000 1000 10 29 290 57 570 40 400 80 800 200 2000 400 4000
8 000 1000 8 38 304 77 616 63 504 125 1000 b b b b
6000 | 750 8 38 304 77 616 63 504 125 1000 b b b b
5000 | 500 10 29 290 57 570 40 400 80 800 200 2000 400 4000
[ 4000 | s00 8 38 | 304 77 616 63 504 125 1000 b b b b
[ 3000 | s00 | 6 | 5o | 3%4 118 708 143 858 286 1716 b b b b
[ 2000 | 250 | 8 | 38 | 304 77 | 6 63 504 125 1000 b b b b
[ 1000 | 100 | 0 | 2 [ 200 | &7 | s70 40 400 80 800 200 2000 400 4000
= 10 for unwashed coal.

@ Conditions: Overall 7, ranges from 0.2 %

b Smaller Vpy or more sub-lots required.

fo 0,6 % ash and preparation and testing variances, /oy, of 0,05, 0,1 and 0,2 for ash content assuming V; = 5 for washed coal and I’

(3)900z:£8281 OSI
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Table 1 (continued)

P, =04%
Lot and sub-lot characteristics
Ver=0,05 Ver=011 Ver=02
Mass of lot | Massof | Number of Number of increments Number of increments Number of increments
sub-lot sub-lots Washed coal Unwashed coal Washed coal Unwashed coal Washed coal Unwashed coal
t t Sub-lot Lot Sub-lot Lot Sub-tot Lot Sub-lot Lot Sub-lot Lot Sub-lot Lot
150 000 10 000 15 10¢ 150 18 270 10 150 20 300 13 185 25 375
100 000 10 000 10 14 140 29 290 17 170 33 330 25 250 50 500
50 000 10 000 5 33 165 67 335 50 250 100 500 b b b b
40 000 8 000 5 33 165 67 335 50 250 100 500 b b b b
30 000 6 000 5 33 165 67 335 50 250 100 500 b b b b
20000 4 000 5 33 165 67 335 50 250 100 500 b b b b
10 000 \ 2000 5 33 165 67 335 50 250 100 500 b b b b
8 000 \ 1000 8 19 152 37 296 23 184 45 360 42 336 83 664
6 000 \ 1000 6 26 156 53 318 36 216 71 426 125 750 250 1500
5 000 1000 5 a3 165 67 335 50 250 100 500 b b b b
4 000 500 8 19 152 37 296 23 184 45 360 42 336 83 664
3000 500 6 26 156 53 318 36 216 71 426 125 750 250 1500
2000 250 8 19 152 37 296 23 184 45 360 42 336 83 664
1000 200 5 33 165 67 335 50 250 100 500 b b b b
2  Conditions: Overall Py ranges from 0,2 % to 0,6 % ash and preparation and testing variances, Vet 0f 0,05, 0,1 and 0,2 for ash content assuming ¥, = 5 for washed coal and Iy = 10 for unwashed coal.
b Smaller Vpr or more sub-lots required.
c

This is the minimum value, the calculated values are less than 10. Due to uncertainties in the variability of the fuel, a minimum of 10 increments per sub-lot shall be taken.

(3)900z:¢8281 OSI
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Table 1 (continued)

P =06%
Lot and sub-lot characteristics
Ver=0,05 Vor=0,1 Vo =02
Mass of lot | Massof [ Number of Number of increments Number of increments Number of increments

sub-iot sub-lots Washed coal Unwashed coal Washed coal Unwashed coal Washed coal Unwashed coal

t t Sub-lot Lot Sub-ot Lot Sub-lot Lot Sub-lot Lot Sub-lot Lot Sub-lot Lot

150 000 10 000 15 10P 150 10¢ 150 10¢ 150 10¢ 150 10¢ 150 10¢ 150

100000 | 10000 10 10¢ 100 12 120 10¢ 100 13 130 10¢ 100 14 140

50 000 10 000 5 13 65 25 125 14 70 29 145 20 100 40 200
40 000 10 000 4 16 64 32 128 19 76 38 152 31 124 63 252
30 000 5000 6 10 60 20 120 11 66 23 138 15 30 29 174
20 000 5000 4 16 64 32 128 19 76 38 152 31 124 63 252
10 000 2500 4 16 64 32 128 19 76 38 152 31 124 63 252
8ooo | 2000 4 16 64 32 128 19 76 38 152 31 124 63 252
6000 | 1500 | 4 16 64 32 128 19 76 38 152 31 124 63 252
5000 | 1000 | 5 13 | 65 25 125 14 70 29 145 20 100 40 200
a000 | 1000 | 4 | 16 | 64 32 128 19 76 38 152 31 124 63 252
3000 | 750 | 4 | 1 | e | 2 128 19 76 38 152 31 124 63 252
2000 [ s00 | 4 [ 16 | 6 | 3 128 [ 19 76 38 152 31 124 63 252
1000 [ 250 | 4 | 6 | ea | 32 | 128 | 19 76 38 152 31 124 63 252

This is the minimum value, the calculated values are less than 10. Due to uncertainties in the variability of the fuel, a minimum of 10 increments per sub-lot shall be taken.

Conditions: Overall I’L ranges from 0,2 % to 0,6 % ash and preparation and testing variances, /5y, of 0,05, 0,1 and 0,2 for ash content assuming ¥, = 5 for washed coal and I, = 10 for unwashed coal.

:¢8¢8l Osl
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4.4.8.3 Intermittent sampling
Initially decide on the number of sub-lots, Ng,, and the minimum number, Ng, s, required to be sampled for

practical reasons (see 4.4.8.1) and then estimate the number of increm i
. e . e - i
precision in a lot from Equation (14), obtained by transposing Equation (7): nis n each sub-lot for & desired

4v,

N
Ng P2 —4(1— NSSLLS )VSL - 4Vpr

"= (14)

A value of infinity or a negative number indicates that the errors of i i

. L A Indic. preparation and testin
.requured precision cannot be achieved with this number of sub-lots. In such cases or if » :s ?mir;cst?;;blth?t by
increase the number of sub-lots to be sampled by one of the following means. ylarge,

a) Choose a larger value for Ng s, the number of sub-lots actually sampled, re
2 / ) , recal i
process until the value of » is a practicable number. Y g culate n and repeat this

b) Decide on the maximum practicable number of increments per sub-lot
Equation (15): p , nq, and calculate Ng g from
4N(ﬂ+VSL +VpTJ
n

NPLZ + 4VSL (1 5)

Ngis =
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 10.

4.4.9 Mass of increments

The reference mass of increments can be found in Table 2. These values were established empiri
should be used as a starting point. pirically and

Table 2 — Reference increment mass

Nom I:;;:\If lt’zr size Reif:ﬁ:;e;:tafs; °f! Nom ig‘:;llf tt:;r size Reifr?::?::r:teenmtafisr of
sampling sampling
mm kg mm kg
150 9.0 25 1,5
125 7.5 22,4 1,3
100 6.0 20 1.2
g0 5,5 16 1,0
80 5,0 11.2 0,70
75 4.5 10 0,60
70 4,0 8 0,50
= 20 5,6 0,50
60 3,5 4 0,50
%0 3.0 2,8 0,50
— 5 3.0 2 0,50
-—-———’SF- _&9_-—-——- 1 0,50
— 5 1.5 <0,5 0,50
served 19
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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 parti izes i
being sampled. particle sizes in the mass of fuel

The minimum mass of a sample (primary as well as after division) is dependent o i .
fuel, the precisiop rquired for the parameter concerned and the relatim?ship of thgtt;‘:r:;rg;g?lt top Slze of‘the
Some suchhrelatnonshc;p applies a-tr :II stages of preparation. The attainment of this mass doeg gg{t l(g?itsslz(lef‘
guarantee the required precision. This is also dependent on the number of i i ' '
variability (see 4.5). of increments in the sample and their

Values for the minimum mass of samples are shown in Table 3 and for -
Table 4. the reduced minimum sample mass in

©1S0 2006 - Al rights reserved
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Table 3 — Minimum mass of sam
ple for general analysis (coal), determinati i
content (coal), coke sample and size ana(lysis)icoal ;r::jn:‘t)l:en) of total molsture

1 2 3 p - -
Coal
h;?zr:i:fa ;:2{’ General analysis Samples for = Samples fi s arg core
amevan | dserminiton ot | L% | anesisora: | s e
mm kg kg @ . o precusnokn of2%¢
150 2600 500 2000 6750 1 710
125 1700 350 1000 4000 1000
%0 750 125 500 1500 400
6735 i s 375 950 250
3 300 60 250 =00 p_—
50 170 35 175 po— —
2 125 % 125 200 50
® 8 7 90 130 30
31,5 55 10 60 p —
22,4 32 30 p” -
16 20 15 5 >
= Z 22 8 3 0,70
= = 2 8 2 olso
- ° 15 4 L 0:25
>0 3 1.2 2 0,50 025
4 1,50 1 2 0.25 n
28 0,65 0,65 2 0,25 0.25
2 0,25 0,65 2 0.25 025
1 0,10 0,65 2 0.25 025
<05 0,06 0,65 2 0.25 025
a o : .
corssponding mass of coal sampled ot o due to the partulste nature of the coal to 0,01,
:ubjelg;':? aur:n ag‘sac:ztgfrsg'\ai::: glfe;égrkt;lal moisture analysis, which is approximately 20 % of the minimum mass for general analysis,
¢ Minimum masses for coke samples.
o Minimum masees 0 o0 e ot bsi oot dolominaon of ovarize, 6. he ful above roiralop e
The precision for other size fractions is normally better than this. op size.
NOTE 1 For fuels with top sizes > 150 mm, see Clause B.2.
i g e S ———
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Table 4 — Reduced minimum sample masses for large sizes

p 2 3 4
Nominal General analysis
topfii:le of sampless;:gl ecsommon Coke samples Samples for size analysis
visi ivisi ivisi
mm kg ::ecism kg pDrgéis;?onn kg ;'yjrglcl:?s:?onn
150 470 0,47 375 0,46 950 2,7
125 470 0,38 375 0,33 950 2.1
%0 470 0,25 375 0,23 950 1,3
75 470 0,20 375 0,20 950 1,0
heterogencous cokes, WHIs! hey 22!:&353"&2‘?éfé&'?éﬂ'ﬁf?ﬁ‘i&ﬁ?e‘l‘:m’"i“‘"‘"'“ can be pamnown of
the determination of, for example, oversize, to 1 % division precision, Particularly 2: 'vg‘;ylacrag: :zklgadequate or

The minimum mass of a divided increment shall be sych that t ;
increments in the sub-lot shall, at each stage, be greater than the mg:sccz\r;\blqed masses of all the divided
purpose for which the sample has been taken and the no given in Table 3 Corresponding to the

- L minal top s; .
satisfy this requirement, the divided increment shall be crusheq p’r)iorﬁg' f:jr::‘::’;‘ff?ment Masses are too low to
ivision,

Note that in each case, the overall division precision i

S determi
each division stage. ned by the sum of the division variances for
The minimum sample mass, mg, for other desired levels of divisi )
Equation (16): division precision may be calculated from
Py 2
mg =”’O,S P_
R )
(16
where

My s is the mass given in Table 3;
Mg s the resulting mass for the sample to be taken;

Pp  is the default division precision value (e.9.0,2 9 ash, g
! » due to t

Pgp s the desired division precision for the particul ;
8 $ampling g
age,
When a fuel is regularly sampled under the same cir.
required parameters shall be checked (see 4.4.1) and tﬁ:"r‘nstances. the Overg| .
masses shall not be reduced below the mini asses m Precisi

mum requj ) be ag; On obtained for all the
the test method. quirements |5 down, ?dlUSte

rcélaCCOI’dingly_ However, the
. evant sta ifyin

Where samples for special tests (see 4.3.6) are to be extr ndard specifying
increments collected should be that required for Cted from,

there is not sufficient fuel left for the general sam le YSis or tota) On sample the initial f
. i ' mber 0
number of increments shall be increased b Ple after Moist tial nu

€ inc y taking exira ; xtractio '€, whichever is ter. If

the common sample is described in 8.7. Xra lncrements' ?-écti Mass of Sample tgi?/gr:e:y this
o :

N of a special test sample from

When preparing fuel to produce samples for m
and size distribution of the test samples requir

ultiple use
) acc
ed for each testOUnt Sha| alsg be tak
' €N of the individual masses
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45 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, Vprt, for ash assuming ¥, = 5 for washed
coal and ¥, = 10 for unwashed coal are given in Table 1.

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

4.6 Determination of acquired precision by replicate sampling

4.6.1 General

plicate sampling, it is possible to test the precision for a specific lot obtained by a
With this procedure the same number of increments as usual is collected but
ced into a number of different sample containers to give a number of replicate
sub-samples. From each of these a separate laboratory sub-sample is prepared and a test is carried out on
each so that eventually there are a number of different sub-sample values for ash or any other characteristic
tested. It is noted that each replicate sub-sample is composed of a smaller number of increments than normal.

By using the procedure of re
particular sampling scheme.
successive increments are pla

4.6.2 Method and calculation

Establish the parameter to be analysed, e.g. ash (dry basis), and establish the sampling scheme for the
required precision in accordance with 4.3.

Instead of forming a sample from each sub-lot, combine the total number of increments, ny, as replicate
samples. The number of replicate samples, Ngg, shall be not less than the number of sub-lots, Ng,, used in
the calculations and not less than 10. If there are ten such samples and the sample containers are labelled A,
B,C,D,E, F,G,H,IJ then successive increments go into the containers as follows: A,B,C,D, E, F, G, H, |,
J,A,B,C,D,..

A typical 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; x2
%

A 15,30 234,09

B 17,10 292,41

c 16,50 272,25
D 17,20 295,84 |

E 15,80 249,64
F 16,40 268,96 J

G 15,70 246,49
H 16,30 265,69 [
I 18,00 324,00 |
J 16,70 278,89 il
Total 165,00 2728,26 {
|
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The number, j, of replicate samples is 10.

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

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

s=V

= 0,800

The best estimate for the precision, P, achieved for the lot is given by Equation (17);

P 2s

r_—NRS a7n
i.e.

2x0,8
P= — = 0,506

NTi)

4.6.3 Precision obtained using normal sampling scheme

If it is desired to design a regular sampling scheme base
precision obtained (in accordance with 1SO 13909-7), the
of replicate samples (instead of the number of sub-lots) can be
the increment variance estimated. The procedures given in 4
sampling scheme.

4.7 Size analysis

Within the scope of this International Standard, the fi
Nl i ) uels to be sam S )
S i) con Gt o oo e SO ot i feences i ize, sz
, ete) 0 case. Furthermore ained on a particular si
ehall be foka ore, when sa rar 'ap ular sieve,
shall b N into account, whereas they are non-existent if sizing]?Ise ::rlfizlr?: |§ gy Slslon emrors
. €d without any preceding

p

. -fall dro
The minimum masses of sample for size analysis are g PS shall be kept to a minimum.

(precision of 2 %). The masses have been calculated owen In Table 3, colum

oversize, i.e. the fuel above the nominal top size, Precisio: ftt';re lt)r? Sis of the
Other s;j

NS S (precision of 1 %) and 6

ze frac:?re‘:ision of the determination of

lons ig 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 systematic sampling. If this cannot be done, a bias is invariably introduced that can be of unacceptable
proportions. 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;

o) falling stream;

c) moving belt;

d) stockpiles (building/reclaiming),

e) grabs/front-end loaders;

f) bargesftrucks/railcars (loading/unloading).

Annex B presents informative methods of sampling from fuel in stationary lots and of sampling from 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 increments shall be

taken at the same interval until the handling operation is completed.

The time interval, Ar expressed in minutes, between taking primary increments is determined from
Equation (18):

ar < S0t (18)
9max”
where

m is the mass of the sub-lot, expressed in metric tonnes;
sl

q is the maximum flow rate of the fuel, in metric tonnes per hour;
max

is the number of primary increments in the sample (see 4.5).
n

5.3 Sampling by mass interval
t mass interval

ents shall 0° takeq A e ol f the sub-lot. If the calculated number of increments has
o chhang;ic'igd lIigrs‘gbtehei ?:aoTnFé)lllgtgeg. additional increments shall be taken at the same interval
re the han

tion is completed.

throughout the mass of the lot or the sub-lot. This

Primary increm
interval shall no
been taken befo
until the handling opéera

25
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The mass interval, Am, expressed in tonnes, between taking increments is determined from Equation (19):

m
Am =5

(19)
where

mg is the mass of the sub-lot, in tonnes;
n is the number of primary increments in the sample.

The mass interval between increments shall be equal to or smaller than that ca|
increments specified in 4.5 in order to ensure that the ny culated from the number of

. mber of increments is at least the minimum number
specified.
5.4 Stratified random sampling

5.4.1 General

Stratified random sampling means that, for each time or mass interval, the ac

i i : tual taking of the i t is
displaced by a random amount of time or mass, respectively, sybi wual taking the increment i
bef?:re that interval has expired. Y, Subject to the limitation that it shall be taken

During stratified random sampling, it is possible that two increme
though they are collected in different mass or time intervals, nts are collecteq very close together even

5.4.2 Stratified random sampling by time interval

The sampling interval shall be determined as in 5.
each sampling interval, a random number betwee

and the increme ;
| n zero and g Nt mass as in 4.4.9, Prior to the start of
shall be generated. The increments shall then be tg

> Sampling interval, ip, 5 i
ken after the time Indicated by the’ randgﬁgﬂ;ggrmute&

5.4.3 Stratified random sampling by mass interval

random number.

5.5 Extracting the increment

Suitably trained and experienced sam

plers shall car .
equipment. Y out extraction of the | . :
Increments using appropriate

Increments should be extracted in a single operation without overf|
' o

Wing or spillage ¢ , ,
The aperture of the sampling device shall be at least three 9¢ from the sampling device.
minimum dimension of 30 mm (see Clause 6) and Imes the

lar er, a "'Ominal to
not excluded from the increment. ger, as Necessa

Si 1 a
Iy, to ensure P size of the fuel, with

hat the larger particles are
Large and hard pieces of fuel or rock shall not be

Do not allow wet fuel to adhere to the sampling eq

Pushed ag;
uipment.

Side delip
erately when an increment is extracted.
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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 parti

liable to intrqduce bias. The method of extracting an increment by ?emoving a who’l)e cgzz-:;‘gﬁ:nfcrzgnalr:
s@opped 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 normai

load at the point of sampling.

If it is practicable to arrange to stop the belt periodically, increments can be extracted f
- A - ! rom the whole -
section of the stream without difficulty. Safety measures to prevent the stopped belt from stc:?t;sg

unexpectedly shall be in place.

Stopped-belt increments shall be extracted with a sampling frame (see 6.2.7), or equivalent
cross-section of the fuel on the belt at a fixed position. )' ? »from & complete

The width of the complete section shall be at least three times the nominal top size of the fuel t
03 .. . » O be
with a minimum dimension of 30 mm. The frame shall be placed on the stationary belt so that it is isaégg:ggi

with the full width of the belt.
Particles obstructing the insertion of the end plate on the left-hand side shall be pushed into the increment

yvhile those obstructing the insertion of the end plate on the right-hand side shall be pushed out of the
increment or vice versa. Whichever practice is used initially, this practice shall be implemented throughout the

test.

All pieces of 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 Falling stream

Samples are taken from a transfer point for a continuously moving stream.

The sampler shall be able to reach the whole cross-section of the stream in safety and handle the resulting
increment without undue physical strain. For systems with a capacity of approximately 100 t/h and more, this
method should not be used. '

be extracted from a falling stream by means of a sampling device that is moved across the
far as possible at a constant rate, less than 0,6 m/s. The aperture of the samplin
the nominal top size of the fuel, with a minimum dimension of 30 mm (seg
o ensure that the larger particles are not excluded from the increment.

Increments may
width of the stream, as
device shall be at least three times
Clause 6) and larger, as necessary, t

ce shall traverse the full cross-section of the stream. The fuel near the periphery shall be

The sampling devi . -uon
nted and if layering takes place with different types of fuels or size distribution, these shall

adequately represe!
be adequately represented.

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, &.0. 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.

This may be achieved by passing

27
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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 buildi
Sampling of stationary stockpiles is not recommended. However, if it i
Annex B should be used, but the results are merely indicative of the q

snt?\ up olr relclaiming from the stockpile.
Ne only alternative, the procedures in
uality of the fuel. i

Increments shall be extracted from the working face of the stock
(see 5.6.5) or from a single, discrete load delivered to the sto
stockpile. When extracting increments from a working face, the sy
safely the weight of personnel and equipment.

pile, from the bucket of a front-end loader

ckpile before being pushed i i
nto the main
rface shall be sufficiently compacted to bear

A manual probe/auger or a scoop shall be used to extract increments. The

scoop shall be at least three times the nominal top size of the fuel with é mi i
Clause 6) and larger, if necessary, for a scoop to ensure that the 'incre o
Probes and augers shall not be used for fuels that require size analysis
as possible over the working face or the surface of the load in the front-'

perlurg of the probe/auger or
mum dimension of 30 mm (see
ment never fills the scoop completely.

Increments shall be
spaced
end loader bucket, P s eveny

Selected front-end loader buckets of fuel can also be disch

ar
the fuel can be sampled by either full-depth sampling or by t 9ed onto a clean Su

aking incremants o rface, if required, and then

the freshly e
When extracting increments, the manual probe/auger or Scoop shall be ing ; Y erpasedtuel
of the fuel after the top surface of the fuel has been removed. Large pieceert?d o) oot angles to the surface
pushed aside when an increment is extracted and no portion of the incremes ? fuel should not be deliberately
of the scoop from the surface. Owing o the difficulty of insertion. probe/n should be lost during extraction
with a particle size of up to about 25 mm. A full column of fye| shall b Ser shall be used only for fuels
increment is taken. € extracted so that a representative

5.6.5 Grabs/front-end loaders

When the fuel is handled by grabs or front-end loaders, the o .
the grabs or front-end loaders. nly solution can be to extract the increments from

It is important that the sampler co-ordinate the extracting o i
of the grab or front-end loader. 9 ofthe increments Unambiguously with th t
e operator

thres times the nomnal top 516 of the e, w5 e, 2PETUIE of the propey
» WIth a minimum j . auger or g

necessary, for a scoop to ensure that the 'Iarg'er particles ar;n sgt?"ggc?f 30 mm Clgﬁzz 2;12:"1; [e at least

augers shall not be used for fuels that require size analysis. Incre uded from ¢ e incre arger, as

over the surface of the front-end loader bucket or the grap ments shal| pe spaced as me"tl' Probes and
: evenly as possible

With large grabs and front-end loaders, each grab, or fron.

one of which is taken. Sampling successive grabs or fr:rt\:nd loader load may be diyi .

rotation. end loader loads Vided into sections, only

* €ach section shall be taken in
Selected grabs and front-end loaders full of fuel can

be sampled either by full-depth sampling or by ta
grabs or front-end loaders of fuel should be selecte
obtained.

be dischar.

M ged on ¢

King increme 0 aclean
nt Surface

d 10 ensure o, O™ the freshy and then the fuel can
3tthe requireq v, SXPOSed fuel. Sufficient

o Number of increments can be
When extracting increments, the manual probe/auger or scoop sh
Shall|

of the fuel. Large pieces of fuel should not be deliberat P be ing

no portion of the increment should be lost during ext?;ct%lshed aside werled at right angles to the surface
difficulty of insertion, a probe/auger shall be used only for fy |n Of the SCoo P an increment is extracted and
column of fuel shall be extracted so that a repres ©Is wit P from the Surface. Owing to the

entative incy, - Particlg g;
€ment is taken, Si2e of up to about 25 mm. A full
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5.6.6 Barges/trucks/railcars (loading/unloading)

Sampling of fuels during its loading or unloading i i
. dur g is based on progressively extracting i
::)L:’gggrbof points dnstnbute.d over the freshly exposed surfaces. It is not permitted to sar%p?: rt?\g]?g;ss g? rfr&"a
ioae arges, tru_cks or rallgars before these are unloaded, due to possible segregation or weather infl d
uring transportation. Sampling of the full depth is permitted only when probed (see 6.2.4) nences

Sampling of fuels in barges shall be based on extracting incremen i istri

\éanours layers of the fuel in the hold, which are exposedgfrom time ttz tfirr?:;.l :s'::glgg:g(g ;ﬂl:;figésg:'blﬁ?:agvzr
than:]p Ilgg shall be done from sequential layers during (un)loading. If it is not possible to reach all of the fu f' .
the hold, the sample can be senous!y biased. Sampling the top surface of the fuel in barges, truck lcars
immediately after these are loaded is permitted, provided loading by layering of fuels of diff'erent :u(;rlitriaelécg{:

not take place.

When extracting increments from a working face, the surfac i
walht of parsoanel and equipment . e shall be sufficiently compacted to bear safely the

A manual probefauger or a scoop shall be used to extract incr

: ements. The a
scoop shall be at least three times the nominal top size of the fuel, with a minimpfrguésn:;;?:n p(;rfogg/auger .
plause 6) and larger, as necessary, for a scoop to ensure that the larger particles are not excluded ?‘m e
increment. Probes and augers shall not be used for fuels that require size analysis. fom the

increments shall be spaced as evenly as possible over the surfa is i
r > ; ce. It is import i
during handling often results in the accumulation of lumps, e.g. near one or mporeavr\]/taltlg gfo :I?etzitldszg;eegnac};g;

on the handling system.

When extracting increments, the manual probe/auger or scoo shall be i i
of the fuel after the top surface of the fuel has been removed?Largel:J?elges: r(t;?ua; l;%?(;tuznglstsbto (tjh?'bs ey
pushed aside when an increment is extracted and no portion of the increment should be lost dursa taction
of the scoop fror_n the surface. Owing to the difficulty of insertion, a probe/auger shall only be tlgg: );tractlon
with a particle size of up to about 25 mm. A full column of fuel shall be extracted so th:t a rep?'es:rratg:s:

increment is taken.

5.7 Moisture/common sample

A moisture sample is a sample taken specifically for the purpose of determining t i
sample is a sample collected for more than one intended use. A physical sample ig aos:zlmr:gstt:l:;? CO{?mclm
for the determination of physical characteristics, e.g. physical strength indices or size analysis pecifically

Where a moisture sample is extracted from a common sample, the initial number of in
. : : - ' cr

should be that required for ash or moisture, whichever is the greater. The number of incre%ne?:tsssi)gr?: tgd

increased only if there will not otherwise be sufficient fue! left for the ash sample and/or the samples fo:j oth e

intended uses after the removal of the moisture sample. As a consequence, when it is necessary to increase;

the number of increments, the sampling interval should be decreased.

s that make it necessary or convenient to collect separate samples for the

There can be circumstance _
e and/or for the other intended uses: for example, a separate moisture sample

determination of total moistur
when the fuel is very wet/visibly wet.

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
th increasing depth of the fuel.

content occurs wi
when collecting samples for moisture determination from lots over an extended

ding time for samples.
preferable that increments, then, be extracted in sub-lots representing

c) It can be necessary,
period, t0 limit the stan

ns, it is highly

Under all these conditions | )
tricted time periods.

the different levels of res
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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 sampli
the sampling scheme established according to the most variable coal. y sep mpling schemes) and

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

If insufficient knowledge about the lot is available to sample separatel
or if they are not identifiably separated or stowed separately, the lot should be divi i

lots. Each sub-lot should be prepared and analysed separately. The values of théi l&ﬁgégq ?. number of sub-
lot should be reported. If necessary, for some parameters that can be averaged r::l lcs for each sub-
characteristics for the whole lot can be obtained by taking a weighted average of the s%b lot vzlu\IeGIUes of the

- S.
It is preferable to separately sample and analyse different quality fuels .
before mixing takes place. y » or fuels from different sources, just

y the different fuel qualities or sources,

5.9 Random selection of increments

All the possible sampling areas (grabs, front-end loaders, barges, barge-|
or stockpiles when sampling from horizontal surfaces) shall be ideﬁt?ﬁ:?d:ngr parts thereof, trucks, railcars
sampled are selected by one of the following methods. Numbered. The areas to be

a) Generate a random number for each increment required from .
or 3 set corresponding to the total identified:

b) Provide a set of numbered discs, one disc corresponding to e :
follows. 970 each sampling area, and then proceed as

1) When selecting grabs, front-end loaders, barges or bar
discs in a bag and draw sufficient discs from the bag to 33;1 ';?ézs‘;v?{rt\wks or railcars (units), place the
Attach the selected discs to a reference board and sample th ith the tota| number to b é sampled

on the selected discs. 0se units corresponding to the numbers

2) :I’Vh.en fellect;?g samlplingt harc-zda.s wjthinbunits Or on stockpiles (see Fi
orizontal surfaces, place the discs in a bag close t . igure 1 .
fixed board showing the locations of the a?reas ac%g;etﬁ:";z'r';‘g Point and prgvi?er asz’i‘;plrlgg ggna'l
selected unit or the first horizontal layer of the stockpile draace of the fuel. To Samp% the first
coincide with the total number of increments to be extracte d'fromvtvh sufﬁglent discs from the bag to
increment from those areas corresponding to the numbers on the at unit or that layer and extr %
a second bag after use. For the second unit or layer, follow theselec:ted discs. Plage these d.ac an
from those remaining in the first bag. Continue this process fors bsame Procedure by grawi iscs in
discs are used up and then swap the bags over so that gj ubsequent ynitg orl awing discs
placed in the first bag. SCS are drawn from the s until all the
second bag and
This procedure can also be used for selecting the
some are not. For example, suppose 50 units are
numbered 1 to 100 is placed in a bag and the samplin
discs in succession. The selected discs may be hung Onghope
series of different units (e.g. railcars), the units may be 00ks on g eren
case of sampling from grabs, the total number of grg Numbereq seriall
shall be counted. The units corresponding to the nUmbeVOIumes shouyl Y

'S drawn Should p

nits to be sampleg

t0 be sampleg out” When so

tof a
WS fro

me are sampled and

:: of 100. A set of discs

§ the bag 50 numbered

" t(; bc;\arlg and in case of a
chalk as t

e estimey hey pass. In

ed and e
e sampled. ach grab
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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 unitora horizontal layer of a stockpile

NOTE This procedure ensures that the order of the sampling areas from which increments are extracted is always

different.

6 Sampling equipment

6.1 General

Clause 6 describes equipment (devices/tools) for the extraction of increments and equi
: . equipm ividi
samples. This equipment shall be such that the sample obtained is representative a?md ﬁt sel?ct;uflgr fﬂi‘éid{ﬂg

following requirements.

e, which determines the minimum mass of increment, shall satisfy the

a) The width of the sampling devic
bject to a minimum dimension of 30 mm:

condition given in Equation (20), su

W= 3D (20)

where
W is the minimum width of the cross-section, the width of the opening of the sampling device

expressed in millimetres;
D is the nominal top size of the fuel, expressed in millimetres.
b) The capacity of the device shall be such that during the extraction of a single increment, it i

and it can contain at least the required minimum mass (see 4.4.9). » itis not overfilled

¢) The width of the entry aperture of the device shall be at least three times the nominal top size of the fuel

or 30 mm, whichever is the larger.

ce is being used for falling streams, the length of the entry aperture shall be such as to ensure

d) |If the devi
th of the stream is intercepted.

that the whole wid

e) Large and hard pieces of fuel or rock or shale shall not be pushed aside during the extraction of

increments.
f) None ofthe fuel shall be lost from the device during the extraction and handling of the increment.

g) 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).

©180 2006 Al rights reserved .
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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 extractin

g 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 design of a shovel is shown diagrammatically [see Fi

gure 2 b)]. Shovels are constructed from sheet
steel of approximately 2,5 mm thickness and should be fitted w

ith a handle of appropriate length.
6.2.3 Scoops

Suitable designs of scoops [see Figures 2 c) and 2 d)] are shown diagrammatically. Scoops are made of
about 2,5 mm sheet steel and should be fitted with a handle of appropriate length.

The scoop used for the flattened heap division method (see Figure 8) shall be f|
the entry shall be at least three times the nominal top size of the fu
height of the heap and the depth shall be sufficient to allow the req

oe flat bottomed and the width of
el. The side walls shall be higher than the
uired mass of increment to be extracted.

6.24 Probes

Probes take the form of tubes which are inserted vertically or at s|j

"y or at slight angle into the fuel, In
is sometimes difficult and the tube tends to empty when it is withdr

sertion into the fuel
awn.

Probes are used for sampling fuels of up to 25 mm nominal top size.
Three designs are described:

— Figure2e): The probe consists of two half-tubes that are designed to slide togethe
g cylinder. Such probes can be used in various lengths up to 3.5m; gI]ong gr:)%;z":r a:al\?s.iseescz
to use for fuel up to 15 mm nominal top size. ' e

— Figure2f): The probe consists of a c:.ylindrical tube that is slightly tapere is ali .
Flgure 2 that the taper tends to grip the fuel contained in the t{:b P Uamand is siit along an axis so
rotate the tube in order that it can be inse
clean.

sing a handle, it is possible to
rted. The tube can be awkward to empty and

— Figure2g): The probe consists of a channel, the two edges of which
g ’ can slide along the grooves. The channel is inserteq openhtahvee glg?oyes.' and a plate that
grooves and the complete device is withdrawn, + 7 Plate s inserted along the
6.2.5 Augers

An auger [see Figure 2 h)] consists of a single spiral blade mounteq ona -
into thg be[d of fuel with a screwing motion. hand crank. The auger is inserted

Augers are used for sampling fuels up to 25 mm nominal top sjze
6.2.6 Manual cutter

A manual cutter [see Figure 2 i)] is a sampling device that can e Move

. d .
with mechanical assistance. Manual cutters are not suitable for sampiin through g fay)
the cutter will occur.

9i ng stream, manually or
N any operation where overflow of
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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

a) Ladle for smalls up to 25 mm

,
PR

=

b) Shovel

Figure 2 (continued)

33
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d) Scoop

Figure 2 (continued)

34
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1 trip dog for discharging o Probe

Figure 2 (continued)
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=1 300

=080

Key
2  slightly tapered tube
f) Probe

Figure 2 (continueq)
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7 Handling and storage of samples

7.1 Sample size

The size of the samples to be handled and stored has to conform to the minimum masses and relevant
nominal top sizes given in this International Standard (see Table 3).

7.2 Time

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

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

7.3 Divided sample

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

each duplicate sample.

7.4 Containers

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

If common samples or moisture samples are required, the sample containers shall be impervious to water and
vapour and have sufficient mechanical strength to ensure that the integrity of the sample is not impaired

during removal and transport.

les are required, the containers for such samples shall give adequate protection against

If general test samp C ; . ‘
le material, but they are not required to be fully impervious to water and

contamination and loss of samp
vapour.
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Dimensions in millimetres

3
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-] £ =y ml A
d \\ w‘
1
o
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O
\
GY r
[
300 N
Key
1 handle
2 ld
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 sha|| give ade

; A - Quate protecti i
loss of sample material, but they are not required to be fully impervious to wat o Soton against

- ater and vapour. Such s
should be carefully handled in all stages and under all circumstances to prevent breakage and/or degragglgﬁs

i I be kept in a cool place dyr;
Common samples and moisture samples shal : uri
temperature that is not above that of the sample when it was taken, and the
quickly as possible after taking the sample.

Ng any storage, preferably at
Moisture shall be determined as
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7.6 ldentification/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 recommended that the information described in Clause 9 be shown on the labeltag or accompanying
documents.

8 Sample preparation

8.1 General

Clause 8 describes the preparation of samples of coal and_coke from the combination of primary 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 Figure 4.

Individual increments are usually combined to form a sample. A s.in.gle sample may be constituted by
combination of increments taken from a complete sub-lot or by combining increments taken from individual
parts of a sub-lot. Under some circumstances, e.g. size analysis, the sample consists of a single increment,

which is prepared and tested.
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| Increments |

Sample

Test sample(s)

i

a) Example 1

| Sub-lot |

HEEEENEER TTTTTTT 7T

Increments

Increments
! |
m Sample Sample
|
—]
Test sample(s) Test sample(s) Test sample(s)
\

Test sample(s

b) Example 2
Figure 4 — Examples of the constitution of test Samplesg

When combining samples, the mass of the indi.vidual samples shall be direct|
fuel from which they were taken to obtain a weighted mean of the qu

Y Proportio
combination, division shall be by fixed-ratio division (see 8.3).

i nal
ality characteristic to the mass of the

for the sub-lot. Prior to

8.3 Division

8.3.1 General

Division can be carried out mechanically or manually. When_ever POssible, me hani

to manual methods to minimize human error. Examples of dividers gre shéwn? anical methods are preferred
6 d). " Figures 5 a), 5 b) and 6 a) to
Mechanical dividers are designed to extract one or mor,

It € parts of
small mass. When the smallest mass of the divided sg

th ,
Mple that cq- [uel in a

Umber of cuts of relatively
. a ;
divider is greater than that required, further passes through the Sam: t{e_ Obtaine.

further dividers can be necessary.

d in one pass through the
I subsequent passes through
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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.

Mapual 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 it into halves,
one of which is retained and the other normally is 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.

NOTE Closed types of riffle dividers fitted with a feed gate allow actual placement of the feed evenly before opening
the slots.

The slot 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 fuel might rest

shall have a slope of at least 60° to the horizontal.

The fuel 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 feed shall be

controlled such that the slots are never choked.

When a stage of sample division requires two or more steps or passes, the sample retained at each 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 number of slots

Figure 5 — Examples of riffles
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b) Rotating cone type

a) Rotating disk type

Key

feed hopper

slide gate

vibratory feeder
removable canisters
turntable

OB ON =

Figure 6 — Examples of dividers
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L/
VARV

/&

6

c) Container type

d) Rotating chute type
Key

feed hopper

slide gate

vibratory feeder
removable canisters
turntable

drive (enclosed)

O bh WN -

Figure 6 (continued)

8.3.4 Mechanical methods

8.3.4.1 General

Mechanical sample divigion may be carried out on an individual inc
thaf( has been crusheq, if necessary, to an appropriate nominal top sfemer?t. Multiple incr.
division or by fixed-ratio division. 12e, Division shall beer!:ﬁms or a sample,
either by fixed-mass
The ysgs :10 ﬁvh:ch :)hetsia:mp_k-:‘t is to be ;tmt ;nd éhe Numbers, mass nd
required shall also be taken into account when deciding on the min; Size digtrity 4
Minimypm, Istribution of th

Mas e test samples
NOTE 1 The procedures described for fixed-ratio division are fthe Sample.
however, provided that the mass of the divided sample is propo Mples

: toi
rtio Mpley
cuts can be kept constant by making the feed rate of each divisjon :?A;%:t?e Mass ¢ ’:‘anté %ther Procedures can be used
em

the sj

ed. For example, the number of
ass of fuel to be divided.
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The cuts shall be of uniform mass throughout division. In order to i i

: \ . achieve this, the flow of fuel to t ivi
sha!l be unufqrrp gnd the cutting aperture shall be constant. The method of feeding the dividerh 2::!?dber
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

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 th i icle si
of moisture, (or rej ) on the basis of particle size or by loss

NOTE 2 In order to avoid moisture loss, in some circumstances totally enclosed dividers can be necessary
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 order to minimize bias, the first cut for each mass to be divided shall be made at random withi
cutting interval. For secondary and tertiary dividers, the cycle time shall not be evenly divisible intc:r:htgec)félset

time of the cutter that precedes it.

For fixed-mass division, the interval between taking cuts shall be varied proportionally to the mass of fuel to be
divided, so that divided samples having almost a uniform mass are obtained. The mass shall be fixed for the

whole sub-lot.

For fixed-ratio division, the interval between taking cuts shall be constant irrespective of the variations of
masses of fuel to be divided, so that the divided sample masses are proportional to the mass of the feed. The

ratio shall be fixed for the whole sub-lot.

8.3.4.2 Division of individual increments

The number of cuts for dividing an increment shall be determined as follows.
division, the minimum number of cuts for dividing primary increments shall be four. An

a) For fixed-mass ) !
cuts shall be taken from each increment in the sub-lot.

equal number of
b) For fixed-ratio division, the minimum number of cuts for dividing a primary increment of mean mass shall
be four.
c) For subsequent division of individual ;iivided primary increments, a minimum of one cut shall be taken
from each cut from the preceding division.
Examples of procedures for division of individual increments and subsequent sample division are shown in

Figure 7.
Values for the minimum mass of samples (primary as well as after division) are shown in Table 3 (see 4.4.10).

47
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Primary Primary Primary
increment 1 increment 2 increment n
| cuts (minimum4) | | cuts (minimum4) 1 T Cuts (rminimum 4y |

I One cut from each |
previous cut
[ 1

| One cut from each |

| previous cut
[ 1

Divided
increment 1

Divided
increment 2

| One cut from each I
| previous cut |
1 1

Divided
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 i
. Primary i
|ncrer|nent 1 increment 2 inz’:r:wzglt n
[ ICUts . I [ o 1 l [
I 4) Cuts (4) Cuts (4)
| | J L | [ L1 | |

Divided Divided i
increment 1 increment 2 incDrlevlfeerc\jt n
Particle size Particle size
: Barti -
'reductlon reduction fergﬁ'ciii'ﬁe
(if required) (if required) (if required)
|IIIIIIllII—IIIIIIIIIIIIlIIIIII
Cuts (10) Cuts (10) Cuts (10)
IlIII|IIIJ_JIIIII|IIIIIIIIIIIIIII
‘ Divided Divided Divided
increment 1 increment 2 increment n

Constituted
sample

t

Sample division
(minimum 60 cuts) '

Divided sample
(minimum mass as i
givenin Table 3) .

e of two-stage division of individual increments

Examples of procedures for division of increments and samples
.

b) Exampl
Figure 7 —

8.3.4.3 Division of samples
ded increments shall be divided by taking a minimum of

The sample constituted from all increments Of divi

60 cuts.
i ugh! mixed and it can be_e
B tt;)oroegucy;d to 20. If the mass is

stablished that the required precision can
too low, an alternative manual method of y

If, during preparation, the S
be achieved, the number of cuts can er

division should be used.
. and those that are particle-size related, the precision of the
ysis ly represent all the particle sizes in the mass of fuel

For most parameters, particularly size anal dgquate
result is limited by the ability of the sample foa imum m ss after division does not, of itself, guarantee the
' m! dent on the number of cuts taken during division

being sampled. The @ f the reqUIl’edis also depen

ttainment O \
required precision, b€

cause division precision
(see 8.3.4.2).
49
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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 sam i - )

is retained and the other is normally rejected. The device is normallf I;?c'ygtg’l;?: salt(;nt? halves, one 9f.Wh'°.h

usually fed manually, the fuel being evenly distributed along its length. Adjacent slotrsI f'eegirospiggiltee ?;Vls!on, 1
ceivers.

For a description of ariffle, see 8.3.2.

8.3.5.2 Flattened-heap method
The procedure, which is illustrated in Figure 8, is as follows,

a) The sample is mixed thoroughly and spread to form a rectan : .
which is a smooth, non-absorbent, non-contaminating surfac%'eﬁfe”r,‘,'fm!“ thick
times the nominal top size. If the mass of the fuel is greaier th num 1
2m x2,5m, two or more heaps of equal mass shall be formed and
heap.

Ness on a mixing plate,
a hickness shall be three
can be formed into a heap of

Separate samples taken from each

For wet fuels, thorough mixing, which might resuit in loss of moisture, should b d
' € avoided.
b) A matrix is marked on the spread sample to give a minimum of
at random, from each of the parts by inserting a scoop with a bunﬁpxp?a?qttlal Parts. An increment is taken,
The increments are combined into a divided sample. € to the bottom of the matrix layer.

The increments shall be of uniform mass. The minimum mass re

of the divided sample (see Table 3) divided by the number of panqmred for each nominal top size is the mass

s of the flattened heap.
The scoop shall be flat bottomed and the width of the entry shall be 5
the fuel. The side walls shall be higher than the height of the heap

tleast three times the nominal top size of
the required mass of increments to be taken.

a
nd the depth shay be sufficient to allow
Itis essential that these operations be performed quickly if loss of moj
oOisture is to e
Prevented.

The scoop sample should be taken with the aid of a bump plate, which s i

flattened heap until it is in contact with the bottom of the sample I ec he nserted vertically through the
bottom of the spread fuel and moved horizontally until its open eng co)r/n r. The scoop g then inserted to the
plate. The scoop and bump plate are lifted together to ensure that o D Sontact with the vertical bump
mixing plate and that none fall off during lifting. Particles are collecteq off the top of the

50
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a) Spread the crushed sample into a rectangle witha b) Arrange into 20 equal parts, e.g. i i
> 1 h t t , €.g. into five equal pa
maximum thickness three times the nominal top size. lengthwise and four equal parts breadthu?ise. parts

c) Take a scoopful of samples at random from each of d) Detail of taking an increment b,
the 20 parts by inserting the scoop to the bottom of the glate shown l: c)y using the bump
sample layer. Combine the 20 scoopfuls into a divided )
sample.
Key

1 bump plate

Figure 8 — Flattened-heap method

8.3.5.3 Strip-mixing and splitting method

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

d on a mixing plate, yvl:\ich.is a smooth, non-absorbent, non-contaminating
surface, into a strip at least 10 times as long as it is wide by distributing the fuel along the length of the
strip as evenly as possible, working randomly from end to end and from both sides of the strip. End plates

are used to ensure that size segregation only occurs laterally,

a) The fuel sample is forme

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

b) Increme
than three times the nominal top size of the fuel.

not less
A special apparatus for the cutting-out of increments may be constructed if desired.
Normally 20 increments are required. Fewer increments may bg taken, sgbject to a minimum of 10, where the
arly prepared under the same conditions and it has first been established that the

same quality fuel is regul _
required precision can be obtained (see 4.4).

xing achieved in the formation of a strip, the same precision as that

of the efficient lon itudinal mi
A v hieved with fewer increments.

NOT!
E ed heap method can be ac

obtainable with the flatten
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Key

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

Figure 9 — Strip-mixing and splitting method ang device

8.4 Reduction

8.4.1 General

Mechanical equipment shall be used to reduce the particle

; - ize, but
breakage of large material to meet the maximum feed size acce

man N )
ptable to ual crushing is permitted for the

the ﬁrst-stage mill
The test sample shall be reduced to the particle size specified in the relevant test metn
Mmethod,

The mill settings should be checked regularly by sieving and determini
AN rmining the Nominal top size produced by

8.4.2 Reduction mills

The particle size produced depends on the speed of the mifl and its deg; .
the required particle size of the reduced sample can be achieved withlgn' M"!s shall be designed such that
sample or retention of material from previous samples that might conta ou using extreme settings. Loss of
minimized. Heating of the sample and air-stream effects sha|| be minim'mlna € Succeeding sampleé shall be
used for the determination of total moisture, calorific value and for mking'izgt-sparticularly where the sample is

There shall be no contact between the metal surfaces of the mill in org
sample. Totally closed, high-speed (> 20 Hz) ball mills shaj| not be
influenced by the hardness of the coal, but the effect depends ¢

er i .
useq _;0 avoid localized heating of the

N the speg ran‘;el?article size of the output is
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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 pm top size using a small high-speed hammer mill with a screen.

8.5 Mixing

a sample prior to its division reduces errors due to sample preparation. In
hieve and some methods of hand mixing, e.g. forming and reforming into a
effect, leading to increased segregation. Mixing can also result in loss of

In theory, thorough mixing of
practice, this is not easy to acl
conical pile, can have the opposite
moisture.

One method that can be used is to pour the sample through a riffle (8.3.5.1) or a container-type sample divider
[see Figure 6 c)] three times, reuniting the parts after each pass. If mechanical sample dividers are used in the
course 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.
Weigh the whole of the sample in its container on a balance which can be read to an accuracy of at least
0,1 %.

a)

b) Spread the samplein a thin layer that shall not exceed a thickness of 1,5 times the nominal top size of the
fuel on a steel plate in a warm, well-ventilated room and allow the sample to attain equilibrium with the

atmosphere at ambient temperature.
mes to attain equilibrium at different ambient temperatures up to 40 °C are given in

commended in Table 6 will normally be sufficient; but, if necessary, a longer drying time
d that any increase is kept to a minimum, especially for fuels susceptible to oxidation.

The recommended ti
Table 6. The times re
may be used, provide

Table 6 — 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 temperatures above 40 °C §hall not be used on samples likely to be susceptible to oxidation or if the
sample is used for any of the following tests:

a) calorific value,
b) caking properties,

c) swelling properties,
d) air-drying as partofa determination of total moisture.

tures above normal ambient temperature, a cabinet or oven with appropriate air-change
ed. If drying has been carried out at such temperatures, the sample shall be cooled until
t normal ambient temperature is achieved before reweighing. The cooling period

For drying tempera
facilities shall be us
moisture equilibrium @
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required depends on the drying temperature. For example, 3 h is normally suffi
dried at 40 °C. If the change in mass of the sample over a period of 1 h is less t
the sample is considered as air-dried.

cient if the sample has been
han 0,1 % of its original mass,

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

When air-drying is used, the percentage loss of moisture in this operation shall i
reference to the method of sampling and preparation used. "% recorded on the label with 8
After the moisture of the partially dried sample has been determined as ibed i

(coke), calculate the total moisture, My, as a percentage, from Equation (Z%tzescrlbed " 8.7.2 (coal) or 8.8.2.3

My=X+M 1-X
100 21
where
X is the loss on partial drying, expressed as a percentage;
M is the moisture, determined as described in 8.7.2 (coal) o
percentage. ) or 8.8.2.3 (coke) ang expressed as a

8.7 Coal — Preparation of test samples

8.7.1 Types of test samples

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

b) samples for general analysis (i.e. not to be used for determining total Moisture):

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

d) samples for size analysis;

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

The methods of preparation depend on the purpose for which the origina sample w

8.7.2 Preparation of samples for determination of tota| moisture as collected.
The test sample for the determination of moisture shall be Prepared to

air-drying is performed at any stage of preparation, the percent logs j
calculation of total moisture, as specified in ISO 589:2003, 8.2. "

Meet the re

Mass is req quirements of ISO 589. If

orded ang included in the

NpTE 1 A major problem with .the preparation of test samples for the determi

bias due to inadvertent loss of moisture. The ampunt of this loss ig depeng €Mination of moisty . ]

sealing of the sample containers, the level of moisture content of the sam lem On such factors e conteng Is the risk of

the reduction and division procedures used. ple, the ambient co d;iirt]he t?‘ffectlveness of the
S, the type of coal and

Precautions shall be taken to minimize changes in moistyre duri

unsuitable containers. All samples for moistt_Jre determination shall b
under cover, before and during preparation as well ag e
preparation.

ng .

Shall be i p’iiD:éaron and due to the use of

uring any inte a'ed containers in a cool place
val between steps of sample
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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.

It is recommended that samples stored for moisture determination should be weighed before storage to allow
determination of any moisture loss that takes place during storage.

If the coal is so wet that water separates from the coal in the sample container, the whole of the sample and
the container shall be air-dried and the loss in mass recorded and included in the calculation of total moisture.

If the particle size of the sample is so large that the mass given in Table 3 (see 4.4.10) makes its air-drying
impracticable, the sample shall be crushed and divided before air-drying. Crushing shall be kept to the
minimum necessary to allow division to a manageable mass, but in any event not less than 2,8 mm.

Care shall be taken to minimize changes in moisture during reduction by using totally enclosed equipment in
which there is no appreciable heating and by reducing to a minimum the flow of air through the mill.

The preparation process shall be tested for relevant bias using the procedures given in ISO 13908-8, by
comparison with the method of drying samples without reduction.

An example of a scheme for the preparation of a sample for a two-stage moisture test is given in Figure 10.

8.7.3 Preparation of samples for general analysis

alysis sample preparation is to prepare a test sample that passes a sieve of
212 pm conforming to the requirements of ISO 3310-1. The mass of the test
sis required, but is typically between 60 g and 300 g.

The objective of general an
nominal size of openings —
sample depends on the analy:

Sample preparation is normally carried out in two or three stages, each consisting of drying (if necessary),
size reduction, mixing (if necessary) and division.

aration for general analysis is carried out only to ensure that the

ir-dryi i nection with prep ' ' ut c
;:;grg\r? é:i: figl;ntt?:;:gh the equipment. Loss of moisture during the preparation is of no relevance and
consequently it is not necessary to measure the loss of mass.
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Sample for moisture

Weigh
air-dry
reweigh

Key
© Reduce to particle size specified 650 g
Divide to mass specified -
Moisture-
test sample

Figure 10 — Example of a two-stage moisture-test-samp|e preparation
Air-drying may be carried out at any stage, provided that it doeg not affect the

example, if the sample is used for the determination of calorific valye coking prope
the maximum drying temperature shall be 40 °C. If drying can be avoided during th
the procedure can be simplified.

quality of the sample. For
rties or swelling properties,
e first stage of preparation,

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

NOTE 1  If the coal is wet, it might not be possible to crush it so finely, beca .
feeders, etc. Use of blocking of chutes, dividers, mills,

If possible, reduce the coal to a nominal top size of 2,8 mm in the fi

iy rst stage i
sample retained for the next stage as well as to minimize potential e us nord

er to minimi
rrors due to sa Nimize the mass of

mple division.
NOTE2 It might be necessary to use a stamp or a maul to break oversize i
crushing device. Particles to the maximum feed size of the

If the original nominal top size of the coal is too large, or if the coal is tog wet i
required. In this case, the retained sample from the first stage shall be passeq ti-n an intermediate stage can be
the nominal top size to 2,8 mm. rough a second mill to reduce

The sample shall be divided by means of a suitable sample divider 1o the m
top size in accordance with Table 3 (see 4.4.10). ass Corresponding to the nominal

The sample is reduced and divided in one or two further stages to the nom; i
the test sample and finally thoroughly mixed. nal top size and mass required for
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N!echanical or manual division may be used, the former being preferred. For mechanical division, a suitable
divider to give 60 g to 300 g of — 212 pm coal is required. For manual division, a riffle may be used or the
sample shall be spread out and 60 g to 300 g taken by hand in not less than 20 increments from various parts

of the flattened heap.

An example of a scheme for preparation of general analysis is given in Figure 11.

Sample for
general analysis

General-analysis
test sample

1 — Example of preparation of general-analysis test sample

Figure 1

8.7.4 Common samples
it is mo

re convenient to take a common sample for both moisture and general

In some circumstances.

analysis. - |
’ hanically operated divider. The extraction of the

ent stage of the preparation procedure consistent with the
hall be treated in accordance with 8.7.2 in order to
it of the preparation prior to extraction, the loss of

d included in the calculation for total moisture as

xtract the moisture sample by use of amec

It is preferable toe . t conveni
. carried out at any
moisture sample m?}é,bgrior o extraction, the sample s

requirements Ofertent loss of moisture. If air-drying is p2

avold an inaive drying shall be measured. recorded an

mass during
specified in 1SO 589:2003, 8.2.
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If the common sample is visibly wet and it is impossible to air-dry the entire sample, use a manual method.
Extract a moisture sample by collecting ingrements by the flattened heag method (8.3.5.2) or by the strip-
mixing and splitting method (8.3.5.3). Avond.furt.her treatment of the moisture sample before air-drying to
reduce the risk of bias in the moisture determination. Further treatment after air-drying shall be carried out as

described in 8.7.2. The residual coal after.extrgction constitutes the sample from which the general-analysis
sample is prepared and is treated as described in 8.7.3.

Examples of schemes for the preparation of separate test sam

- samples for moisture and for general analysis from
a common sample are given in Figures 12 and 13. Sometimes

! a single test sample may be prepared for both
moisture and general analysis.
Common sample Common sample
visibly dry

air-dry

Moisture-
reweigh

test sample

650 g
60gto300g
General-analysis Moisture-
test sample test sample Gen eral-analysis

test sample

Figure 12 — Examples of preparation

of test
for moisture an Samples fy,,

d genera| analysjg " 2 C°Mmon sample

© IS0 20086 ~ All rights reserved
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Physical sample

Dry to
< 5% m/m
moisture

Dried sample

—

ISO 18283:2006(E)

Size-analysis Physical-test
test sample sample for
other tests
|
Test samples for
mechanical-
strength tests

Figure 13 — Example of preparation of samples for size analysis and/or other tests
As a result of the extraction, the common sample has been divided into two parts, one for preparation of the
moisture-test sample and one for the preparation of the general-analysis test sample. Each part shall fulfil the
requirements for minimum mass specified in Table 3 (see 4.4.10) and further treatment of the parts shall be in
accordance with 8.7.2 and 8.7.3, respectively.

ample

If the mass of the size-analysis sample is more than twice that given in Table 3 (see 4.4.10) for the
appropriate nominal top size, it may be divided to a mass r}ot less than given in the table, provided that the
requirements for division (see 8.3) aré satisfied. During division, precau.no'ns §hall_be taken to avoid breakage.
An example of a scheme for preparation of test samples for size analysis is given In Figure 13

coal is greater than one-third of the cutting aperture of the sample divider,
oversize material may of 1he bygsieving out and the whole of this oversize portion subjected to size
analysis. The undersize coal should be divided to a mass not less thar!\) 'th:tt gl:en'm Table 3 (see 4.4.10) for
th opriate nominal top size. The divided sample should then be subjected to size analysis and the resuits
e appropriate A9 d according to their relative proportions in the original

combined with those from the oversized coal, weighte
sample.

8.7.5 Preparation of size-analysis s

If the nominal top size

8.7.6 Preparation of samples for other tests
nominal top size and mass of the test

cept that the
f a scheme for preparation of such test

8.7.4, ex
n 873 of An example 0

. i i
Preparation shall be as described ) test ethod.

sample shall be as rgquired in the rel
samples is given in Figure 13.
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Primary increment

—

Primary increment
division

— ]
| ]

Physical sample Moisture and

general-analysis
test sample

Dry to
<5 % m/m If
. Record
moisture necessary mass
dry loss
Dried sample
) . Physical-test
Slze-analyfls sample, e.g for
test sample bulk density
Test samples for Record
mechanical- mass
strength tests loss

Key

Reduce to particle
size specified

Divide to mass
specified

Figure 14 — Constitution and
P"eparation of
Sampleg

General-analysis
test sample

8.7.7 Reserve sample

if a reserve sample is taken for examination in the event of g i

I i Spute or ;
i the sa orj
lost or invalid, it shall be collected at me time anq Prepareq i, the sn ;ZS:, the resylts of the first tests are
ay

as the ordinary sample.
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itis recommgndgd that the reserve sample be divided as little as possible and no further than to the maximum
mass that it is still practicable to store. It should not be reduced further than to the nominal top size consistent

with the mass given in Table 3 (see 4.4.10 and 4.5).
8.8 Coke — Preparation of test samples

8.8.1 Types of test samples

The methods of preparation depend on the purpose for which the original sample was collected. Three types
of samples are usually required:

f) sample for determination of total moisture;
g) sample for general analysis;

h) physical-test sample.

Additional samples may be required for testing for special properties. Where samples are used for the
determination of other special properties, it is necessary to set aside part of the sample, either prior to
preparation or after an appropriate stage in the preparation.

A schematic diagram showing the alternative ways of constituting and preparing the various types of test

samples is shown in Figure 14.

8.8.2 Preparation of samples for determination of total moisture

8.8.21 General

The test sample for the determination of moisture shall be prepared to meet the requirements of ISO 579 or
ISO 687, as appropriate. If air-drying is performed at any stage of preparation, the percent loss in mass is
recorded and included in the calculation of total moisture.

NOTE1 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 coke, and

the reduction and division procedures used.

to minimize changes in moisture during preparation and due to the use of
ples for moisture determination shall be kept in sealed containers in a cool place,
paration as well as during any interval between steps of sample

Precautions shall be taken
unsuitable containers. All samp!
under cover, before and during pre
preparation.

If excessive standing time causes bias, the number of sub-lots should be increased to overcome these
problems (see 4.5).

may be necessary in order to minimize moisture loss in any subsequent division stages,
rocedure described in 8.6. When carrying out division prior to air-drying of a sample
to minimize change in moisture. To this end, all divisions shall be carried out as
echanically operated dividers with fimited ingress of air shall be used.

Preliminary air-drying
in accordance with the p
or increment, take care
quickly as possible and m
that are too moist to flow through a samp[e diyider and for which it is also impossible to air-dry the
:3;: szam £°Etf;'§e§e necessary to divide the sar_nple by golle_cUng increments from a flattened heap (8.3.5.2) or by strip-
mixing andpsp;litting (8.3.6.3.). This divided sample is then air-dried.
ded that samples stored for moisture determination should be weighed before storage to allow

. n .
géf’eiﬁﬁﬂﬁ?gﬁ of any moisture loss that takes place during storage.

; water separates from the coke in the sanpple cont_ainer. the whole of the sample and
If the coke is S0 Wl th:;:_dried S o in mass recorded and included in the calculation of total moisture.

the container shall be
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If the particle size of the sample is so large that the mass given in Table 3 (see 4.4.10) makes its air-
impracticable, the sample shall be crushed and divided before air-drying. Crushing shall be kept
minimum necessary to allow division to a manageable mass. P

drying
to the

Care shall be taken to minimize changes in moisture by using totally enclosed equi ment i . .
appreciable heating and by reducing to a minimum the flow of air through the mill(.] pment in which there is no
The preparation process shall be tested for relevant bias usin

the proc i i
comparison with the method of drying samples without reduction.g procedures given in ISO 13909-8, by

8.8.2.2 Procedure

The procedure for the preparation of a 1kg sample for the determinati ; .
schematically in Figure 14. mination of total Moisture is shown
In the case of smail coke, having a top size of 20 mm or less, only the -

8.8.2.1 is required. Y e Process of sample division described in

Precautions shall be taken to prevent loss of moisture during these o i .
enclosed space, roofed over and made free from draughts. perations, which shall be carried out in an

The total time taken to crush and divide the coke shall not exceed 15 mj

and mechanically. In addition, the mass of sample crushed a ri therefore, crush the coke quickly

t one time shall not exceed 70 kg
Samples that are visibly wet and those for which the moi

sture is
before reduction and division (see 8.6). expected to exceed 15

% are partially dried
8.8.2.3 Reduction and division of moisture-test sample

The primary increments or divided primary increments shajl be fed thro i
nominal top size to 16 mm. The time taken to crush 50 kg sha)| not exceed l;—,SJh 8 Jaw crusher to reduce the
occasionally to ensure that this time is not exceeded. Min. The process shall be timed

Precautions should be taken against loss of moisture by undye ventilation or |
rloss of sa

L L Mple as dust.
Starting with the masses given in Table 3 (see 4.4.10), the crushed
1 kg using mechanical dividers of the cone or container type [see Fi Sample sha| pe

€ jaw crusher js i
oceed concu.u:rlesmij 'SC,'Jarged directly into the feed bin of
Y. Precautiong shall be taken against

divided into a mass of

The divider may be installed so that the product of th
the divider so that the reduction and division may pr
undue ventilation.

For manual division, the strip-mixing and splitting procedy
or a closed riffle may be used. re (3-3-5.3), the ﬂattened_heap procedure (8.3.5.2)
ure (8.3.5.

The 1 kg sample taken as described in 8.8.2 shall be removed to th,

determination of moisture one of the methods specified in 15 579 0? I'ggorator
687

If a second sample is needed as a reserve or check sample, duni;

same time either by modifying the division procedure or by tak'in Uplicate 1 kg

manual division. 9 alternate inc

syhl;l"a Closed container. For the
be used, as appropriate.

rseamples shall be taken at the
Ments when carrying out the

8.8.3 Preparation of samples for general analysis

8.8.3.1 General

A procedure for the preparation of a 60 g test sample for genera|
of Figure 14. The material used may be the 1 kg sample of coke ;r:za'? s Shown in sch
as ! SChematic form as part
fied in the determination of
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:iorgzldmoisture (see 8.8.2). Alternatively, a separate 1 kg sample may be prepared as described in 8.8.1 and

For some methods of reduction to — 212 pm, it can be necessary to red
' , uce -
intermediate size, e.g. — 4 mm. i ce the coke from =16 mm fo &n

The 1 kg sample shall be reduced to pass a —212 ym sieve b i ing i
: | y any suitable means such as crush
crusher with chromium steel rolls. The coke shall be crushed in successive passes. The rolls shall Lllae g;gp:t‘alz

of crushing to - 212 pm without causing contamination.

Alternatively, the coke may be reduced using a totally enclosed planetar i i i
atively, : y ball mill or ring grinder. T
materials in contact with the coke shall be of such hardness that no contamination of the sarg\p?e occurs 23

abrasion.

Mechanical or manual division may be used, the former being preferred. For mechanical division a suitable
divider to give 60 g of — 212 ym coke is required. For manual division, a riffle may be used or the sample shall
be spread out and 60 g extracted by hand in not less than 20 increments taken from various parts of the hea

using a small-scale version of the technique described in 8.3.5.2. P

nd it is preferred that mixing be carried out using a mechanical device, such

The sample shall be well mixed a
the sample shall be placed in an air-tight container for storage. A glass jar

as a mixing wheel. After mixing,
with a screw on lid is suitable

8.8.3.2 Preparation errors

The process of sample preparation, which involves two distinct operations of reduction and division, may lead
to errors due to contamination, segregation and loss of fines.

The contamination error arises from the abrasive nature of coke, which tends to wear the surface of mild steel,
cast iron, porcelain and, if a rubbing action is involved, most of the surfaces used in grinding equipment. This
error may be as high as 3 9 of ash if the dried moisture sample is reduced to — 212 pm by rubbing on a cast-

iron surface.

ce in the ash of iron oxide derived from a ferrous grinding

usually implies the presen f
phorus content if cast-iron surfaces are used.

Although contamination |
lve an increase in the phos

surface, it may also invo

eliminated, but it can be reduced to negligible proportions, if the
sed. Methods of size reduction other than those recommended,
nsatisfactory and shall not be used.

The contamination error can never be entirely
recommended methods and equipment are u
such as rubbing against a metal surface, are u

Equipment also used for other samples shall be flushed with some excess sample material to remove any

bituminous or high-phosphorus material.

i f coke and because of the difficulty in mixi

arises from the heterogeneous pature o dificulty in mixing

kee"i?,rwhich there is a wide rangé of sizes. Therefore, the coke shall be mixed thoroughly in
esentative sample.

The segregation
uniformly any cO

order to obtain a repr
The segregation error increases with both the ash in the coke and the size at which division occurs.
h-ash cokes if the particle size is reduced to — 212 um, the size required

igi hig
It can be made negligible evqn.fpr
for general analysis, before division occurs.

_test sample

8.8.4 Physical h
. tion of size, physical characteristics or both. It is
i used for the determination O ysical ch
iy phys:cal-teslteiz(r)nnplaencr’n :r):e:aeration procedures be such that breakage Is minimized.
co

essential that
n those given in Table 3 (see 4.4.10).

The sample may be divided to a mass not less tha
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8.8.5 Samples for special properties

Samples required for special tests shall be extracted from an appropriate stage in the preparation process and
prepared to the size and mass specified in the relevant International Standard test method.

Some examples of tests that can be required in this context are Shatter Index (ISO 616), mechanical strength
(ISO 556), reactivity tests (ISO 18894), density (ISO 567 and ISO 1013) and particle size distribution (1SO 728
and SO 2325).

Requirements concerning particle size, sample size and other factors in these standards should be taken into
account in the preparation of the test sample if the standard is cited in the sampling protocol,

8.8.6 Reserve sample

If a reserve sample is taken for examination in the event of a dispute or in case the result
lost or invalid, it shall be collected at the same time and prepared in the same way as the zr%fi;:?yﬁ;tn:ifés e

9 Packing and marking of samples and sampling report

Samples shall be packed in non-absorbent, air-tight containers and ti

htly sealed.
labelled in such a way as to identify them uniquely. 9Nty sealed. All samples shall be

A complete and final report or certificate, duly signed, stating all relevant infor,

mati .
preparation and sample distribution shall be issued. tion on the sampling, sample

Any deviation from prescribed methods and the reason for the deviation s

hall i
any anomalies observed during sampling. be stated in the report, as shall

Relevant information from the sampling report shall be attached to the sam

| ; .
to the person(s) in charge of subsequent sample preparation, analysis and tzsig%f) rotherwise made available

It is recommended that the following information be shown on the labe| or ;
sampling report or certificate: accompanying documents in the

a) title, e.g. “Report of Sampling”, “Sample Preparation” and “Distributi "
only); 'on of Samples” (report/certificate

b) name and address of the client (report/certificate only);
c) type, grade and nominal top size of the fuel and name of the ot (identity of the ship or traj
rain, etc.);

d) method of sampling, with refqrence to the appropriate parts of this Internati
publication date (e.g. "sampled in accordance with ISO 18283:2006"):; national Standard and its

e) mass of the lot and the number of sub-lots;

f) mass of fuel represented by the sample(s), and the lot or sub-lot Number(s):
g) sample, lot and sub-lot number(s);

h) place, date and time of sampling;

iy place, date and time of sample preparation,

j) name(s) of the sampler(s);

k) type of sample and its intended uses, e.g. common sample, Moisture sampl
€, etc.;
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I) final mass of sample and its nominal top size, as collected before any sample preparation;

m) description and number of test sample(s), e.g. test sample for general analysis, test sample for moisture,
etc.;

n) weather or other condition that can affect the results;

o) any other relevant information, e.g. percentage loss by air-drying of the moisture sample, sealing of the
samples, etc.;

distribution of test samples and minimum period of storage of arbitration and reserve samples (report/

p)
certificate only).
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Annex A
(informative)

i isi ass of increments,
le of calculation of preclsml_1, m
E:r?lrlr;gr of sub-lots and number of Increments per sub-lot

A.1 Introduction

ling scheme has to be established prior to sampling in order to obtain the required minimum sample
;:1:::1 g::)gending on nominal top size of the fuel and the

desired degree of Precision of the resuits.
The following parameters are used in the calculations:

P the overall precision of sampling of the lot

(Characterizes the precision for the lot, either as a

specification which has to be reached or for the result which has been Obtained);

Pg the sampling precision for the sub-lot at 95 % confidence leve| expressed as 9 absolute;
SL

' analytical Parameter j
dependent on increment mass, top size of fuel, etc.; j

N the number of sub-lots (to achieve

a required precision for
whole lot into several sub-lots and t

a lot, it ma
0 sample angd analyse th e

Necessary to split the
€M separately).

n the number of increments per sub-lot.

in equation for calculating sampling precision, PLis Equation (4
Ir:tear.nza)l?s uc.i,ed for calculating the required number

d ) (see 4.4, . X ce
of primary incrementsf n. 4.4.3), while Equation (12) (s

V,
PL =2 ﬁ.;._Pl

Nn N @
4%
n= N- PL2 ~4lpr (12

. ision, the number of sub-jot

ending on the chosen pr. ecision, | . 'Ots the . .
E;gulatedgif a value for the primary increment variance is gjyep, (eithgl:zseéeoé Primary increments cacne t:)er
initially assumed). fMination, by experien
: f increments yields a negati
calculation for the number o r 2 Negative o , -
Iofftzﬁb-lots should be increased. Otherwise, Preparation gngy testing 8?10? defineq valy
to reduce the preparation and testing variance, Ver, which

€, preferably the number
if the final calculated value for the number of Primary

incremanncr21Y is more 2r1ied out with a higher precision
Incremengg is le

Ore i . as 10
S8 than 1, 'CUlt to achieve. Take #
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A.2 Example

bles for different sampling schemes are shown. Before

In Table A.1, the results for calculations of varia
tablish the following parameters:

c .
ommencing these calculations, it is necessary toes
— nominal top size of the fuel to be sampled;

— ot size;

— overall precision, P, required for the entire lot;
— preparation and testing variance, Ve
— primary increment variance, V).

Referring to each row in Table A.1:

a) row “a" specifies the number of sub-lots;
b) row “b” calculates the sub-lot size given the lot size and the specified number of sub-lots;

ment mass pased on Table 2 (se

increments that need to be taken from each

e number of primary
f5and 10 to achieve the required overall precision;

c) row “c” specifies the reference incre e 4.4.9);

d) row"d" uses'Equation 12 to calculate th
sub-lot for primary increment variances 0

general analysis;

the reference increment mass by

he minimum mass of sample for
the

e) row “e” specifies t
ot samples by multiplying

f) rows “f calculates the mass of sub-
number of primary increments.

~5and ¥,=10 are worked out for somé different numbers of sub-lots. The
that there is @ non-conformance with an aspect of this International

lot samples.

:%Jable A.1, calculations for V)
res between brackets indicate

Standard, in this case, the mass of sub-
hed and unwashed coal

Table A.1 — Calculations of variables for different sampling schemes for was
R Results for the specified conditions ®
ow | Ref .
erence Description Washed coal (/] = 5) unwashed coal (/= 10)
5 6 10
| 2 — Number of sub-fots 2 4 | 5 __1_0_.._____2..--___.4-—— - -
b — : 00| 2 000| 10000 5000 | 4000 | 3000|2000
— Sub-lot size 10000 |5 000 40 __’;___ - S S 5
¢ Table2 |Reference increment 3 3 3 3
——— mass, kilograms _,__..-_..-—-_.-—-—-———-—-——-—-——-—"
———-—-""'--‘"""‘— 67 53 29
d | Equation (12) | Number of primary 67 | 45 | 33 14 | 333 o
—— increments __,,____-—_.—-—-—-—77-6-‘—-;;5—-—1-7—5" ‘1';'6"'
© Table3 | Minimum mass of 170 | 170 170 | 170 170 |
samples for general i
f analysis ____...-.-——————;2“)" “'ggg"" 273 | 201 (159) | 87
Row c times |Mass of sub-lot s01 | (139 (©9) | |
row d sample, in kilograms.
for (V=10 |
i ) on and testing variance, Vpr = 0,05.

NO . N ]
minal top size, 50 mm; overall precision for th tot,
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A.3 Interpretation

Table A.1 clearly shows that considerable effort is necessary to sample a highly variabl ; .
precision, particularly when the number of sub-lots is small. Hence, there can bge gonsideraeblglzldyaltht o
increasing the number of sub-lots. ntages in

However, it is important to ensure that the mass of sub-lot samples meets the mini

. . mum i
Table 3. In case of washed coal (V] = 5), this is not achieved when the lot is divide o 5 o uirements of

d up into 5 or more sub-lots.

In case of unwashed coal (V)

= 10), the minimum sample mass is i T .
6 or more lots. p not achieved when the lot is divided up into

In these cases, increase the mass of primary increments above the refer
. o ence m : .
achieve the minimum sample mass. ass specified in Table 2 to

In both cases, it is possible to divide the lot into only a few sub-lots, but in such

cases the sample mass can
ere the lot is divided up into

become very high. See, for instance, the case of unwashed coal ("1=10), wh
ass is obtained.

2 sub-lots. In that case, an amount of around 1 000 kg sample m
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Annex B
(informative)

Methods of sampling large fuels and fuels from stationary lots

B.1 General

lots does not provide representative test samples. When analysed, these samples

Sampling of stationary
efore, the use of this method does not comply with this International

provide only indicative test results; ther
Standard.

B.2 Large fuels

When the fuel includes particles larger than 150 mm after sampling in accordance with this International
150 mm in the sample can be considered as a separate sub-sample.

_f:l:':]andard, the mass of the material over
e proportion by mass of the material over 150 mm in the fuel should be obtained from i i

i 1 a particl
analysis done at 150 mm. Other sizes can be chosen based on the fuel or on requirements. P e-slze

e crushed, if necessary, using a hammer and divided separately and preferably
the sub-samples may be mixed after division and preparation to uniform top

f over and under 150 mm to one sample.

Each sub-sample shall b
tgstgd separately. Alternatively,
size in the proportions by masses 0

B.3 Sampling from stationary lots

B.3.1 General
here the fuel is not being handled.

tionary lot. This is @ static situation W

It can be necessary to sample a sta
ry lot. Only the

ng may be to get an indication of certain parameters of the stationa

The purpose of this sampli
ry lot can be sampled.

outer surface of the stationa

B.3.2 Extracting the increment
d be carried out by suitably trained and experienced samplers. The

d (see Clause 6).
eration, without overflowin

the surface is sufficiently

The extraction of increments shoul

appropriate equipment should be use
g or spillage from the sampling device.

Increments should be extracted in @ single op
compacted to bear safely

m’he" extracting the increments. it should be assured that
e weight of personnel and equipment.

A manual probe or auger shall be used. The apertur 30 mm
nominal top size of the fuel, with a minimum dimension of

r shall be at |east three times the

e of the probe or auge
(see Clause 6).

ile. The fuel in the top layer of
Increments shall be spaced as evenly as possible OVer the surfacet ofe ;heo::;orzkg:a}egation et Causes.
15 Imgoriant i mote tht s different I qualty fro o tﬁe a%cumuiation of lumps at the bottom of
e o o oo tal segregation during anding re§ults 4 imate of the particle-size distribution.

the pile. It is necessary to take this into account when making @
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Divide the surface of the stockpile into a number of squares using an imagina i
squares is dependent on the size of the surface. Increments should be exst;ractrgdgfrrlgnfytitee r: tareq fomer of
position within the appropriate square (see 5.9). auares from any

When extracting increments, the manual probe/auger or scoop sh i .

of the fuel after the top surface of the fuel has been removed?Laertle t:?elg:: rct:fa(:ua;tl rs'?.ht %ngles to thg surface
pushed aside when an increment is extracted and no portion of the increment should t?”' not bg delubera(ely
of the scoop from the surface. Owing to the difficulty of insertion, a probe/auger sh "e ost during extraction
with a particle size of up to about 25 mm. A full column of fue| shall be extract oy be used for fuels
increment is taken. acted so that a representative

Drainage and water spraying shall be taken into account when sampli
stockpile. pling from a freshly exposed surface of a

B.3.3 Sample storage

The increment should be placed as quickly as possible in metal or i

Ting i, which ahours e apaens - poslte i me hasr t;:\::rir::agle containers provided with well-

protected from direct sunlight and precipitation during collecting of samplee 1e_d. Sample Shoraners shal be

cool place during storage, preferably at a temperature that is not above thatsc;f tn: : ampll c whonst oo kept in a
ample when it was taken.

For samples where the moisture content is not important, e.g. for deter

be kept in sample bags, but they shall be protected fr Mination of th

Om contamination or loss, © ash. the increment may

A label giving a clear and sufficient description of the sample should be attacheq to th
0 the sample container.
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