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INTERNATIONAL STANDARD

I1SO 1988-1975 (E)

D FIELD OF APPLICATION

1 SCOPE

This International Standard specifies methods of sampling
hard coal, fdr both routine and special purposes, to provide
samples for jgeneral analysis and for the determination of
total moistufe, It also outlines the principles to be taken

into considefation when taking the sample and preparing it
for analysis.

The principlps of this International Standard may also be
used for takling samples for the determination of physical
characteristi¢s, such as particle size and density, and the
of rheological properties. For physical

nd for rheological properties tt'1e top ;ize of
laboratory sample may have to be different

moisture sample (see 2.9).
NOTES
1 The term Thard coal’ refers to all coals so defined by the ECE

classification (see 1ISO/R 1213). It may include certain.coals known
in the French glassification as ""hard lignites”.

2 Attention s drawn to ISO/R 1213, Vocabulary of terms relating
to solid minenal fuels — Part | : Terms relating.to coal preparation,
and Part 11 : Tferms relating to coal sampling)and analysis, the terms
and definition§ in which apply to this International Standard.

2 INTRODUCTION

2.1 Guide o the reader : Layout

This Interndtional Standard is a comprehensuve document
dealing with—a sam

accordingly lengthy. The followmg notes are given as a bnef
guide to the layout.

Clauses 2 and 3 refer to general problems which arise in the
sampling of coal and should be studied thoroughly. One of
the clauses 4 to 7 — whichever is appropriate depending on
the location of the coal — should be followed to obtain
detailed instructions for sampling from the particular
location. Annex A describes typical items of sampling
equipment which may be required.

After reading clause 2, it will be apparent that certain
decisions have to be made before sampling can start and an
outline of the sort of instructions which may have to be
devised for the sampling operator is given in annex B.

Clause 3 gives general principles
procedure of replicate sampling which isuse
whether the desired sampling precision-has

and %escribes

the
to determine
een attained.

This procedure, once understood, isvery simgle to operate;

the numerical checks on the results-obtained
........ Pyt |

annex G.

The whole of the above Tefers to taking the

are described

in annex C and the theory mpderlying it i explained in

ample. When

the gross sample has\been obtained, laborgtory samples

must be preparéd from it and instructio

hs for these

procedures aregiven in clauses 8 and 9. A procedure for

checking errors of sample preparation is give

h in annex D,

and the theéory underlying this procedure is| explained in

annex H\ I there is any doubt as to whether
hod is suitable, should be stud

method is suitable annex E

the sampling
ed since this

gives® instructions for testing sampling procedures for bias.

2.2 General procedure for collecting a sample15
i

The object of collecting a sample of coal i
portion which serves for the determination o
of the coal concerned. Normally coal consists

to obtain a
the qualities
bf particles of

varied shapes and sizes, which may have diffgrent physical

and chemical properties. In order that the
represent the coal from which it is taken, it
taking a definite number of portions, known

distributed throughout the whole of thg
refers to the quantity of

sampled. The term “increment”
the coal obtained by a single operation of
instrument.

An essential condition of sampling is that the
the coal to be sampled should be exposed, sq

sample shall
ks collected by
hs increments,
coal being

the sampling

whole bulk of
that all parts

are equally accessible to the sampling implement and have

the same chance of being included in the sam(

proposed :

a) systematic sampling : increments are
in time or in position over the unit;

b) random sampling : the increments

le.

s have been

spaced evenly

are spaced at

random in time or in position over the unit;

c) stratified random sampling :

the unit is divided by

time or quantity into a number of equal strata and one
or more increments are taken at random from each

stratum.

Systematic sampling would lead to serious bia
a periodic variation
frequency of taking increments; experience

s if there were

in quality coinciding with the

shows that a
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strictly periodic variation is unlikely to occur in practice
without the knowledge of the technician concerned. The
chance of bias arising from such a coincidence is therefore
very small.

Stratified random sampling and random sampling are
difficult to operate as routine procedures for automatic or
manual use; they would give better results only if the
periodic variation mentioned above occurred without the
knowledge of the technician.

In a few cases random samplmg technlques have been

cross-section. When sampling stationary coal, the essential
condition that each part of the coal is equally accessible to
the sampling implement is not fulfilled; for example, when
coal is sampled in a wagon there is no possibility of the
particles in the bottom corners of the wagon being taken.
Consequently a distinction is drawn in this International
Standard between coal in a stream (whether moving or
stopped) and stationary coal.

Experience has shown that satisfactory samples can be
taken from stationary material in wagons, ships and even in
stockpiles, provided that special precautions are taken to

accepted but t ity on
the principle of| systematic sampling. Care must, therefore,
be taken to avoid any possible coincidence between the
taking of the ingrements and a periodic variation of quality.

Bias, i.e. a tendency to obtain results which are persistently
too high or pefsistently too low, occurs very easily during
sampling and is| difficult to detect; the greatest care should,
therefore, be taken to prevent its occurrence. The two main
causes of bias ate :

a) the selection of increments from an unrepresentative
part of the ¢oal being sampled; for example, from only
one side of a|belt;

b) the collection of increments in such a way that they
are not repfesentative of the coal in their immediate
vicinity; for| example, by using a scoop which is too
small to colléct the larger pieces of coal.

To avoid bias, |it is essential that the dimensions of the
sampling equiprpent and the mass of increment should be in
accordance witT the maximum dimensions of the coal (see
3.3). If bias is quspected it may be possible to improve\the
accuracy by changing the shape and/or location, of the
sampling implement, or by changing to anothef\sampling
system, but inl practice it has been found~that neither
accuracy nor precision (see 2.5) can be improved merely by
increasing the |mass of individual increments above the
minimum specified. A change in the(recision of sampling
may be effected by altering the number of increments, but
this will not alter any bias which(is)inherent in the sampling
system.

The most favolirable sitiation, in which the whole of the
coal is exposed for sampling, is when it is being conveyed
on a belt or similar_device so that it passes the sampling
point in a streagm:If the belt is stopped and a section of
adequate lengthis taken across
all the coal particles in this section can be taken so that
there will be no bias due to causesa) and b) above.
Sampling from a stopped belt is normally the most
satisfactory way of ensuring that the sample is free from
bias and it is therefore recommended as the most reliable
reference method, which should be used for checking other
methods.

In many installations it is not possible to stop the belt
without considerable interference with the work of the
installation and other methods of sampling must be used.
The next most satisfactory methods are those by which
cross-sections of a moving stream are collected, but it is
necessary to ensure that each increment is a representative

2

avoid bias. As stationary material tends to |[be highly
segregated the sampling points must be caréfully selected
and the number of increments collected must be |arger than
from moving material.

References in this International Standard to statipnary coal
imply coal which is in a wagon, ship or |stockpile.
References to a moving stream)imply coal whigh is being
handled by a belt or other.conveyor; whether th¢ conveyor
is moving or not at the time of sampling |is of no
significance in this definition.

Whatever method./ of sampling is adopted, careful
considerationis ‘required to find a point where¢ unbiased
incrementsccan’ be collected with safety and withiout undue
physical ~strain. It is frequently desirable |to make
permanent arrangements such as the provision of a special
platform for the safety and convenience of thp sampler.
Special arrangements are also desirable for the femoval of
the samples, where they are taken from an exposgd point to
an enclosed location for further treatment.

If increments are collected manually a trained sampler
should be employed and the instructions givén to him
should be as complete and as simple as p@ssible; in
particular, the position of sampling and the timgs at which
increments are taken should be specified and not|left to the
personal judgement of the sampler (see 2.12). It|is for this
reason that mechanical sampling is preferable o manual
sampling, but it is necessary, in the first place, to fheck that
the sampling machine is unbiased.

2.3 Differences between suppliers and customers

The supplier is always handling the same type qr types of
coal of which the general characteristics are kngpwn; he is,
therefore, usually interested in the average charadteristics of
ifi i than the
characteristics of an individual consignment. If a customer’s
supplies are loaded at random the average analyses over a
period may be a better estimate of the quality supplied to
him than an analysis taken from an individual consignment.

So far as sampling is concerned a customer does not usually
know any more about a coal than its reputed quality and
must regard the coal as a single consignment the
characteristics of which are not known. If he receives the
same type of coal regularly, he may be in a similar position
to the supplier — though generally conditions will be
somewhat different because the coal may have suffered
segregation or mixing by being loaded into wagons, barges
or ships.
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When coal from the same source is sampled regularly and
random errors only are present, the difference between the

means of the sample values obtained by supplier and

customer should tend towards zero as the number of
consignments sampled increases.

2.4 Samples for moisture

determination

general analysis and for

In some circumstances it is necessary or convenient to
collect separate samples'’ for the determination of total
moisture and for general analysis. In other circumstances, it

I1SO 1988-1975 (E)

The characteristics of coal vary considerably, so that a
specified sampling procedure will provide different

iei Aiff + snale For axamnle the nracicion
precisions for different coals. For example, the precision

obtained by taking a certain number of increments from a
uniform product from a single seam will be much better
than if the same number of increments were taken from a
product of the same average quality, but derived from a
number of different seams. In order to ensure that results
are not worse than a particular limit of precision, it is
therefore necessary to specify the number of increments
appropriate to the most variable coals that have to be
examined, This means that in the majority of cases the

' more cl Fo Tz . sammf . 0T precision obtained will be better than the sgecified limit. It
moisture gnd general analysis; for example, it may be

necessary fo take a common sample when an automatic
sampler is|in use, or a separate moisture sample when the
coal is very| wet.

This internationai Standard gives figures for the coliection
of two separate samples, one for ash and one for total
moisture. |f it is desired to collect a common sample, the
mass of safnple specified for ash may need to be increased
according to the instructions given later.

25 “Accyracy” and “Precision”

No method of sampling, sample preparation, or analysis can
be perfect,[since the true value can never be known exactly.
The accuracy of the experimental results obtained from a
method ofFampling is the closeness with which they agree
with the trjie value. But, as the true value is not known, it is
necessary |to assess the closeness with which the
experimental values agree among themselves. This is known.
as the precision.

This meang that it is not possible to determine the accuracy
of a serieq of determinations, but only thejr“precision.
Provided that there is no bias in the method) the precision

will be the| same as the accuracy. For gonvenience in this
Internationgl Standard, the word ("precision is used
hereafter.

2.6 Precisfon of sampling

This Internpational Standard.is/based on a reference standard
precision fqr moisture afnd.ash (see 3.1.4).

Experience| shows<that when a sample is collected which
provides tHis precision for ash, a precision better than this
will usually /be“obtained in the determination of other
common characteristics

is strongly recommended that the smethg
carmnlina [dacaribhad in 2 BE) chauldh ko) iien
QATTIMIINY  (UTOLITIUTU 11T V.J] DITUUITUTNUT UDT!
sampling precision so that, if nécessary,

increments can be adjusted to the_minimum

to give the required precision“\(see annex F).

2.7 Sample preparation

When the sample‘or samples have been
usually necessary to prepare from them 1{

id of replicate
H 4~ Aliaa~l slan
PH LU UIITUR UIc
the number of
humber needed

collected it is
lwo laboratory

samples, one “Mfor the determination of psh and other

chemical\characteristics, the other for the dg
total moisture.

Thewobject of sampie preparation is to treat
that the small sample of coal received in the
analysis will be representative of the origing

termination of

the sampies so
laboratory for
| gross sample.

The laboratory general analysis sample sho

Id consist of at

least 60 g of coal with a top size of not morg than 0,2 mm.
The mass of the moisture sample depends on| the method of
moisture determination which is to be us¢d, but will be

300 g or more.

Instructions for the preparation of the mois|
given in clause 8 and for the preparation
analysis sample in clause 9.

2.8 Treatment of sample

When a separate moisture sample is taken
should be placed as quickly as possiblg
impermeable containers provided with w

ure sample are
of the general

the increments
in metal or
ell-fitting lids,

which should be replaced after each increment has been

inserted. The sample should be kept in a cg
storage, preferably at a temperature which is

ol place during
not above that

of the sample when it was taken.

In this International Standard it is assumed that when
sampling to the reference standard, the variance of sample
preparation and analysis will be approximately one-fifth of
the total variance and the remaining variance will be due to
sampling. Thus, for a coal having an ash of 10 %, a precision
of £ 1 % absolute (95 times out of 100) is equivalent to an
overall variance of 0,25, arising from a sampling variance of
0,20 and a sample preparation and analysis variance of
0,05.

For a common sample, the same procedure should be
followed until the moisture sample has been extracted as
described in clause 8.

For an ash sample, the increments may be kept in sacks,
but they must be protected from contamination or loss and
treated by the methods of clause 9.

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

1) In the remainder of this International Standard a sample which is collected for the preparation of the general analysis sample is referred to
briefly for convenience as an ash sample and the other sample is referred to as a moisture sample. If a single sample is taken for the

determination of ash and moisture, it is referred to as a common sample.
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2.9 Physical and other tests

A number of physical tests are frequently carried out on
coal, of which the most common are float and sink analysis
and size analysis. The results of all physical tests are
affected by the size distribution of the coal and, provided
special care is taken to avoid breakage, the procedures of
this International Standard are applicable to the collection
of samples for physical tests. In particular, the minimum
mass of increment needed for physical tests will be the
same as the minimum mass of increment needed for the
determination of ash or moisture content as specified in

sampling operator. It is important that the sampling
operator should receive instructions which are simple, easily
understood and capable of only one interpretation. 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.
Instructions should be set out under the headings listed in
table 1, which also lists those parts of the document which
should be consulted before preparing the instructions for
the sampling operator.

Before the sheet of instructions can be prepared, the

this Internationa[Standard:

For all*physical |and other tests the total mass of sample
required depend$ on the test involved and will generally be
greater than the mass of sample required for ash and
moisture. Thesel masses are (or will be) given in the
appropriate 1SO |publications and reference should be made
to these to determine the appropriate mass.

For these testf the sample should be collected in
accordance with|this International Standard, but either the
mass of the individual increments or the number of
increments should be increased to give the greater sample
mass. It is prefefable to increase the number of increments
rather than the rlass of individual increments; but it may be
more convenier|t on some occasions to collect larger
increments.

For certain tests| for example, coking or other physical test,
it may be necessary to use the coal in its original state, or at
sizes other thanl the 0,2 mm referred to above. In such
cases, sub-clause|2.7 is not relevant.

2.10 Report

The sampler shoyild prepare a report stating the number and
size of incremen)ts, details of the sampling prfocedure, full
details of the cgal and the precision adopted: This report
should be attaghed to the sample of otherwise made
available to the recipient of the final resdlts.

2.11 Theories df sampling

There are many| theories of\sampling, some of which have
been found to dive an adequate explanation of the factors
involved in some ,circumstances, whereas others are
satisfactory in other circumstances, but none is satisfactory
in all circumstdqnces. For this reason, this International

supervisor himsetf musttave imformatiomr o thefgllowing :
a) for what purpose is the sample required ?

b) what is the estimated maximum size, quality and ash
content of the coal ?

c) what analyses are required (for example moisture,
ash, physical tests) ?

d) is a separate moisture sample to be taken; or a
common sample ?

e) from wher®)is’the sample to be taken (from| a stream
of coal, wagons, ship or stockpile) ?

f) is the coal to be treated as a single consignment or as
a regular’delivery ?

gli*what is the size of the consignment (is|it to be
sampled as a whole or in 1 000 tonne lots ? ) pnd what
information is available on its heterogenity ?

h) is the reference standard of precision adeqyate, or is
a different precision required ?

j) is the precision to be checked by reglicate or
duplicate sampling ?

Table 1 gives references to the relevant sub-clausgs, clauses
or annexes of the document required for varioug methods
of sampling.

Examples of suitable instructions are given in anng¢x B.

TABLE 1 — References to information requireg

Reference : For sampling from
Information required

Standard is based primarily on practical experience,
including a substantial volume of experimental data
collected in several countries. The theoretical basis for the
procedures is discussed in the annexes, where the derivation
of the empirical formulae is also dealt with.

2.12 Instructions for sampling operators

This International Standard gives methods and principles of
sampling which should cover all sampling problems likely to
be encountered in international trade. It has been
necessary, therefore, to describe a large number of
alternative methods, with the result that the document is
lengthy and is too complicated to be handed directly to a

4

Streams | wagons | ships—| stockpiles

General considerations 4.1 5.1 6.1 7.1
Collecting the sample 4.3 5.3 6.3 7.3
Sampling equipment annex A | annex A | annex A | annex A
Mass of increment 3.3 3.3 3.3 3.3
Number of increments 4.2 5.2 6.2 7.2
Treatment of sample 2.8 2.8 2.8 2.8

Preparation for
analysis 8and9 | 8and9 | 8and9 | 8and 9

Precision 3.1 3.1 3.1 3.1

Check on precision annex C | annex C | annex C | annex C
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3 FUNDAMENTALS OF SAMPLING

3.1 Precision

3.1.1 General

In this International Standard, all references to precision
are related to 95 % probability.

This means that determined values (for example for ash or
moisture) on samples taken from the s of

ISO 1988-1975 (E)

If only a single consignment of a coal is being sampled, it is
not possible to reduce the number of increments in this
way, but by applying replicate sampling the actual precision
obtained can be determined.

3.1.4 Reference standard of precision

The reference standard of precision for coals of all
quantities and all forms of sampling is £ one-tenth of the
true ash for values up to 20 %) ash and + 2 % absolute for
higher values. The same standard is used for moisture
content. This standard is set out in table 2 and represents

the same qgyality from a single source) can be expected to
lie within the specified limits of precision 95 times out of
100 : in thg absence of bias these limits would be spread
uniformly about the time value. Conversely, applying these
limits to a sjngle value, there is a 95 % probability that the
spread includles the time value.

the deviation from the true value (ash. |or moisture)
corresponding to the sum total of efrors| arising from
sampling, sample preparation and analysis.

TABLE 2 — Reference standards of precision fgr sampling

3.1.2 Preci

The standa

jon and number of increments

d of precision selected is to some extent

arbitrary sijce taking more increments will give a better

precision. S
3.2.5), any
adjustment

bject to the limitations discussed below (see
desired precision may be attained by suitable
bf the number of increments.

Neverthelesg, it is convenient to select a reference standard
of precision to which can be related the number of
increments [necessary for different types of sampling or
different types of coal. The references in 3.2.4 and .inm
clauses 4 to|7 to an “initial number of increments” imply
the numberl of increments required for this reférence
standard of precision, which is set out in table 2.
Instructions| are given in 3.2.4 for adjusting’ the initial
number of increments if a different precisiontis,required.

In general, Ynless there are special reasons to the contrary,
the referencg¢ standard of precision should be adopted.

3.1.3 Replicate sampling

By using thq procedure of.replicate sampling, it is possible
to test the| precision{ obtained by a particular sampling
scheme.

In particulay,
adjustments
As explained in 26 the recommended number of
increments is determined by the requirement to attain the
reference standard of precision when sampling the most
variable coals. With other coals, therefore, this number of
increments should give a better precision than is usually
required. If repeated consignments of the same coal are
being sampled, the application of replicate sampling may
enable the initial number of increments to be reduced
progressively for successive consignments until the desired
precision is attained with the minimum number of
increments.

the apphcatlon of repllcate sampllng allows

ICharacteristic Type of coal Standard of precision
Ash Less than, 20 %“ash + one-tenth™ of the true
ash
Maoresthan 20 % ash + 2 % absqlute**

Less than 20 % moisture |+ one-tenth* of the true
moistureg

Moisture

More than 20 % moisture | + 2 % absdlute **

*\ For example, a coal of 15 % ash or moisture shquld give a result
between 13,5 and 16,5 %.

**  For example, a coal of 25 % ash or moisture shauld give a result
between 23,0 and 27,0 %.

3.1.5 Other standards of precision

If a standard of precision other than thoge in 3.1.4 is
required, the sampling procedure set Jout in this
International Standard should be followed, bdit the number
of increments should be adjusted as describeJ; in 3.2.4 and
the standard of precision stated. The mass|of increment
must be neither increased nor reduced. Increase will not
improve the precision and reduction may intrqduce bias.

3.2 Number of increments

3.2.1 Principle

The number of lncrements to be taken from g consignment

: n precision is
a functlon of the varlablllty of the coal in the consignment,
irrespective of its mass. This variability depends on the
amount of segregation present, the size range and whether
the coal is cleaned or uncleaned. The numbers of
increments specified in tables 3 and 4 take account of these
differences as well as of differences in the technique of
sampling. Moreover, the variability of the coal in large
consignments is wusually greater than that in small
consignments and for this reason the recommended number
of increments for reference standards of precision is applied
only to consignments of up to 1 000 tonnes.

1) In this International Standard, all references to ash are on the “dry” basis.
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3.2.2 For reference standard of precision

The number of increments to be taken to attain the
reference standard of precision when sampling from moving
streams, wagons, ships and stockpiles for ash and moisture
is given in clauses 4 to 7 respectively. For convenience the
numbers are also given in tables 3 and 4.

TABLE 3 — Initial number of increments for sampling for ash

3.2.5 Warning

In 3.1.2 it is stated that the standard of precision is
arbitrary and that any standard, either better or worse than
the reference standard, may be obtained by suitable
adjustment of the number of increments as indicated in
3.2.4. The adjustments are, however, based on certain
assumptions about the behaviour of the coal (see annex F).
Deviations from this typical behaviour will not introduce
significant errors provided that the precision aimed at is of
the same order as the reference standard, but it is generally
inadvisable to attempt to attain a precision of numerically

Number of increments : For sampling from
Condition cjmveyors wagons and | sea-goin
ofcoal | .14 falling | V29 90Ing | ockpiles
barges ships
$treams
Cleaned 16 24 32 32
Uncleaned 32 48 64 64

TAB|LE 4 — Initial number of increments
for sampling for moisture

Number of increments for

Condition of coal all methods of sampling

Unwashed or dry| coal; washed
graded coal 16

Washed smalls 32

The number of increments given above is the initial number
of increments for the standard precision, but it may- be
adjusted for thg mass of the consignment or for a different
standard of predision (see 3.2.3 and 3.2.4).

3.2.3 Larger cgnsignments

For consignments over 1 000 tonnes;, \there are two
alternative procé¢dures :

a) preferably the consignment-should be divided into a
number of portions, each ¢f.1000 tonnes or less, from
each of which a separate~sample with the specified
number of infrements.is.taken;

b) alternatiJely,coné'sample only may be taken, but the
initial numbpr”of" increments for the particular case

less than 0,5 % absolute, particularly with statiopary coal.
If a better standard is required, it is advisable te’pttain this
by averaging the results of several samples, sq that the
average results for a week or a month will have the desired
“high’’ precision.

Moreover, to be on the safe_side; the initial qumber of
increments should never be- reduced below 12,| whatever
standard of precision is required.

3.3 Minimum mass Of increment

3.3.1 Principle

The minimum’ mass of increment is defined in sfich a way
that bias‘should not be incurred. The mass of jncrement
must, be’'such that it is large enough to ensure thaf the large
particles of coal are not excluded, and that the pdrticles are
present in the same proportion as in the unit of foal being
sampled.

The minimum mass of increment is therefore dependent
mainly on the size of the coal being sampled. Ingeneral, it
is inadvisable to collect increments larger than |specified,
unless it is unavoidable, as for example whpn taking
sections from a moving or falling stream; the incrdased mass
of sample makes the problem of reducing |t to the
laboratory sample more difficult. The numbers of
increments must not be reduced merely beca'[:se larger
increments have been taken.

3.3.2 Forcoals up to 150 mm top size

1) The minimum mass of increment, P kp, should
be determined from the empirical formula
P (kg) = 0,06 D (mm), when D is the nomipal upper

isal)
should be muitiBtied—bv—thetolt ¢ : size'’, except that P should never be less than 0,5 kg.

\/consignment mass (in tonnes)
1000

3.2.4 Adjustment of increments

If replicate (or duplicate) sampling is carried out, the initial
number of increments may be reduced in accordance with
the test so that the desired standard is attained with the
minimum number of increments (see 3.5).

2) In addition, the following conditions should be
satisfied :

a) When sampling from a stopped belt :

The minimum width of the cross-section taken should
be 2,5 times the upper size of the coal.

b) When sampling from a moving stream :

the minimum opening of the sampling implement
should be 2,5 times the upper size of the coal.

1) The square mesh sieve size such that not more than 5 % of the coal is oversize.

6
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c) When sampling from a wagon, ship or stockpile :

the minimum width of the sampling scoop, or the
minimum diameter of the probe used, should be
2,5 times the upper size of the coal.

d) The relevant dimension in a), b) and c¢) should
never be less than 30 mm.

3) Manual sampling of coal of 80 mm or more is
recommended only when the coal is stationary.

ISO 1988-1975 (E)

Thus 29 increments of 10 kg are collected from the coal
less than 150 mm, rejecting the pieces over 150 mm.

At the same time about 30 or more pieces over 150 mm are
collected. The mass of 30 such pieces will be about 150 kg.
These are crushed by blows at right angles to the bedding
planes until all coal is less than 80 mm in size. The coal is
thoroughly mixed and then quartered to give a portion of
about 30 kg (i.e. 3 increments).

3.3.5 Sub-division of overweight increments

requirements of 3.3.2 (1 to 3) should be

minimum mass of increments should be 10 kg.

ddition the following procedure should be
1)

ortion by mass of the material over 150 mm in
should be estimated, or preferably obtained
size analysis. One method of size analysis is
in 5.4.7. If a suitable screen is not available the

The initial number of increments required should be
read from table 3.

The inifial number of increments should be multiplied
by the| above proportion to give the ndumber of
incremepts for ““large’” coal (i.e. over 150 mm).

The number of increments for ““smal*,'coal (i.e. under
150 mm) is obtained by subtraction!

The indrements from the “‘small” coal (i.e. the coal
under 160 mm in size), each.of 10 kg, should be taken
accordirng to the sampling-system in use.

tribution from{the “large’” coal is obtained in

These should: be reduced to a size below 80 mm and

eaualto-the
G t

When increments consist of the full cross:section of a coal
stream, they may be much heavier than the [minimum mass
required, particularly when an automatic spmpler is used,
and it is then permissible to add only a given proportion of
each increment to the gross sample. Sub-divlision should be
carried out by a suitable sample’ divider and| the increment
should preferably be crushed before the diision is carried
out. It is essential that the same propgrtion of each
increment should bé:taken and the division [should be such
that the amount,added to the sample is, on average, not less
than the minimdm mass of increment appfopriate to the
original size‘of\eoal.

The apparatus for division may be coupled aitomatically to
mechanical sampling equipment, but the [whole of the
procésses after collection, including storage, must be
enclosed and draught-proof to prevent loss of moisture.

3.4 Organization of sampling schemes

been decided, the number of increments 1o be collected
should be determined as described in 3.2. The mass of each
increment should be determined as described|in 3.3.

When the precision required for a given quarIity of coal has

3.4.1 Single consignment

If coal is to be sampled from an isolated copsignment, the
required number of increments, each of the appropriate
mass, should be taken from the consignment{ns described in

clause 4, 5, 6 or 7, whichever is relevant. Thie result should
be of the required precision, but if it is desired to confirm
this the procedure of replicate sampling dgscribed in 3.5
should be applied.

3.4.2 Regular consignments

required number of increments times 10 kg.

3.3.4 Example

An uncleaned coal has 21 % ash and is to be sampled from a
moving stream. According to table 3, 32 increments should
be taken. It is estimated that 10 % by mass of the coal
consists of lumps above 150 mm. Therefore, 3,2 (say 3)
increments are required from pieces above 150 mm and the
remainder from coal less than 150 mm : each of the
increments should be of 10 kg in accordance with 3.3.3.

1) This procedure is unsuitable for mechanized sampling.

If the coal to be sampled is part of a regular series of
deliveries from the same source, the required precision will
usually be related to a certain period, for example the
weekly mean may be required to a precision of £ 1 in terms
of ash percentage. The coal handled during the period is
considered to be made up of a number of units of coal, for
example a shift’s production, a day’s production, a wagon
load. The units can be fixed at will. When sampling regular
consignments from a stream, there are two possible
methods of arranging the collection of the increments
during the period; they can be collected either continuously
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or intermittently. However, when sampling from wagons,
ships or stockpiles a coal which is received regularly,
continuous sampling should normally be used.

3.4.3 Continuous sampling

In “continuous” sampling every unit is sampled and the
_same number of increments should be collected from each
unit. Thus the number of increments required to give the
specified precision should be divided by the total number
of units in the period to give the number of increments for
each unit. This number of increments, each of the

3.5 Replicate sampling

3.5.1 General

As explained in 3.4, a check on the precision which has
been obtained can be carried out by adopting the procedure
of replicate sampling. With this procedure, the same
number of increments as usual is collected but successive
increments are placed 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

appropriate mas$, should be taken from each unit as
described in clauge 4, 5, 6, or 7, whichever is relevant. The
increments from] each wunit should be pooled and a
laboratory sampl¢ prepared therefrom, so that one result is
obtained for eachl unit. There are as many sample results for
each period as thlere are units. The average should be of the
required precision, but if it is desired to check that the
required precision has been attained with the least possible
number of increfnents, it is possible to do so by using the
procedure of dupjicate sampling described in 3.5.3.

3.4.4 Intermittent sampling

It is often convgnient to collect increments from some of
the units of codl, but not from others. Thus it may be
desired to collec{ samples on, say, 2 days but not on other
days in a week. This is called “intermittent”” sampling. The
same number of [increments is taken from every unit that is
sampled. The nymber of units to be sampled should be
decided and thg total number of increments required
should be divided by this number of units to give the
number of increrpents to be taken from each unit sampled:
The units to be| sampled may be chosen at random_for
example, if the [sample is to be taken on only 2 days a
week, the days fqr sampling should be varied each'week.

The necessary ntimber of increments each of _the specified
mass should be 1Taken from each selected unit as described
in clauses 4 to 7. The increments frem each unit are put
together and a |aboratory sample ‘prepared therefrom so
that there is ong analysis for eagh _unit sampled. There are
therefore as many sample results per period as there are
units sampled, biit the number of units available is greater
because there ar¢ some which are not sampled. In this case
it is not possible[to say\that the average of these results will

have the requir¢d-precision until information about the
variation betwee s i le_This can be obtained h\’l

and at i there are
a number of different sub-sample values for @sh or any
other characteristic tested. It will be noted “that each

replicate sub-sample will be composed of asmallef number
of increments than normal.

Replicate sampling cannot be used ‘to test whethpr bias is
absent since if it were present-all the results would be
equally affected by it. Thecprecision of the samipling as
assessed from replicate sampling, therefore, appligs only if
it has been established th@t'no bias is present. A procedure
for testing a sampling procedure for bias is [given in
annex E.

Unless a large tumber of sub-samples is considered, there is
a large marginof error attached to the calculated grecision.
Thus it.js\generally preferable to test whether the desired
precision.* has been attained instead of calculdting the
precision.

When a coal is regularly sampled at the same pdint, it is
possible to test whether the desired precision has been
attained and, if not, to adjust the sampling procedure
progressively so as to attain the desired level.

When sampling from a stream of material, it is necgssary to
make a distinction between “‘continuous’ sampling and
“intermittent” sampling (see 3.4.3 and 3.4.4). In
continuous sampling, a sample is taken frdm each
consignment or “‘unit” of coal received. The average quality
of the coal over a period is then known with a precision
that is directly related to the precision of each sample and
the number of samples taken. With intermittent ampling,
some units are not sampled and the precision of the period
average then depends on the variation in quality from unit
to unit as well as on the precision of each samplefresult. It

It is recommended that replicate sampling should be used :

following the procedure described in C.3.4 of annex C,
preferably in conjunction with duplicate sampling. If the
variation between units is too large, it may be necessary to
introduce ‘‘continuous’’ sampling to achieve the desired
precision.

“Intermittent” sampling cannot be carried out when
sampling from ships or stockpiles and in such cases it is
improbable that regular sampling can be carried out in any
form since it is usually necessary to regard the coal in a ship
or in a stockpile as a single consignment. Nevertheless, the
conditions of continuous sampling might apply occasionally
if coal from a single source were regularly received by ship
or by barge.

8

a) WHEN SAMPLING SINGLE CONSIGNMENTS :

to provide a retrospective check as to whether the
desired precision has been attained and, if not, to
calculate the actual precision;

b) WHEN SAMPLING REGULAR CONSIGNMENTS :

to determine whether the desired precision has been
attained and, if not, to adjust the procedure so that the
required precision will be attained in the future with the
least possible number of increments.

The testing procedure is different for single consignments
and for regular consignments.
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3.5.2 Single consignments

1) PRINCIPLE

For a single consignment the sample is collected in six
replicate sub-samples and each is analysed separately. A
statistical test is carried out on the six results to
determine whether the desired precision has been
attained. The procedure is described in annex C.

2) PROCEDURE

Determine the initial number of increments to be taken

ISO 1988-1975 (E)

between two successive increments for A. When the
whole of the sample has been collected, prepare a
laboratory sample from each of the duplicate
sub-samples in accordance with clauses8 and 9.
Determine the moisture, ash or any other characteristic
required on each duplicate sub-sample.

Continue this procedure of duplicate sampling and
analysis for ten consignments. Tabulate the results and
carry out the statistical tests described in annex C.

Once a satisfactory sampling level has been achieved, it is

necessary to take nnl\’l occasional cnmplac H duplicate as

by referdnce to table 3. IT this is not divisible by six,
increase (t to the next multiple of six. Check whether
there wil] be sufficient coal in each of the samples to
provide lpboratory samples for ash (and, if necessary,
moisture)); if not, increase the number of increments to
the next|multiple of six until there will be sufficient
coal.

Provide sjx sub-sample containers labelled A to F, then
collect tHe specified number of increments in the usual
way; place the first increment into the container
labelled A, the second increment into B and so on; the
seventh ipcrement is again placed in A, the eighth in B
and so ofh. Proceed in this way, placing the increments
successivdly into the six containers, so that each has the
same nunjber of increments in it.

When thd six replicate sub-samples have been collected,
prepare |aboratory samples from each container in
accordang¢e with clauses8 and 9. Determine the
moisture,[ ash and any other characteristic required on
each of these. Thus six results are obtained for ‘each
characterf{stic.

Tabulate fthe results and carry out the statistical analysis
as describpd in annex C.

3.5.3 Reguhar consignments

1) PriNkiIPLE

For regulpr consignments,~each sample is collected in
duplicate] however, since)the coal is regularly received
there will|be a numbet-of such duplicate samples. From
the series|of duplicdte)results, statistical tests are carried
out to defermine“whether the desired precision has been
achieved. [Theprocedure is described in annex C.

Although Lthe” sampling procedures for continuous and — greater number of increments,— |

intermittent sampling are the same, the testing of the
results differs — see annex C.

2) PROCEDURE

Determine the initial number of increments to be taken
by reference to table3. Provide two sub-sample
containers labelled A and B, then collect the increments
in the usual way, place the first increment into
container A, the second into B, the third into A, the
fourth into B and so on.

Proceed in this manner so that alternate increments are
placed successively into the two containers. The
increments for B should be taken approximately midway

described in annex C.

3.5.4 Determination of characteristics-other 1
and ash

During replicate sampling, p.a&0 number
sub-samples will be obtained: These are reducd
divided as separate laboratory samples, wh
tested separately for ‘ash, and possibly f

than moisture

bf different
d, mixed and
ich are then
pbr moisture,

depending on which ¢haracteristics are being checked.

Usually it will{not be necessary to carry ou
check on théother characteristics and accor
laboratory.samples may be put together an
mixed in‘order to provide one sample for the d
of the'6ther characteristics.

4 SAMPLING FROM A STREAM OF COAL

4.1 Scope

This clause describes the method of sampling f
of material, whether moving or stationary. It
reference method of removing a section fro|
belt, against which any other method may be ¢

4.2 Number of increments

4.2.1 Isolated consignments

The initial number of increments for an ash

a statistical
Hingly all the
i thoroughly
etermination

rom a stream
includes the
m a stopped
hecked.

or moisture

sample, for consignments of up to 1000 tognnes from a

single source (for example a single seam at
given in table 5. For larger consignments see
is any doubt as to the condition of the coal,
assumed that it falls into the class which

colliery), is

3.2.3. If there

it should be
requires the

TABLE 5 — Initial number of increments
for sampling from a stream of material

Number of Number of
Condition increments for Condition increments for
of coal sampling of coal sampling
for ash for moisture

Cleaned 16 Unwashed or 16

dry coal;

washed graded

coal
Uncleaned 32 Washed smalls 32
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4.2.2 Regular consignments

For both continuous
~Or DOTN continugous

+
sufficient increments sh uld e t aken from each unit or, for
intermittent sampllng, from the selected units, so that the

I.Uldl ll\jllll)el UI Illbl Ulllelllb ldkell over IIIU PBIIUU Wlllbll tll
sample is required to represent is that given in table 5.

For continuous sampling the precision specified in clause 3
will then refer to the period chosen. It is strongly
recommended that the method of replicate sampling
described in 3.5 should be applied and the number of

samples will be obtained if part of the coal is excluded. It is
therefore important that the sampler should be able to
reach the whole cross-section of the stream in safety and
without undue physical strain.

l__.._ -  nem aa ~
Increments must be taken while there is a normal load on

- w
the belt at the point of sampling; special care must be taken
not to take increments from the beginning or end of a flow.

The method of sampling depends on whether the coal is
sampled

increments of thEnext delivery adjusted, If necessary.

For intermittent sampling, it is essential to use the methods
of 3.5. Unless these methods are used there will be no
information abdut the unit to unit variation, the results
obtained will glways be less precise than specified in
clause 3 and the Jprecision achieved will not be known.

4.2.3 Common 'I:amplg

Where a moisturle sample is to be extracted from a common
sample, the initlal number of increments collected should
be that required for ash or moisture, whichever is the
greater. If there| will not be sufficient coal left for the ash
sample after the removal of the moisture sample in
accordance with| clause 8, the mass of sample given by this
number of incrgments must be increased, if necessary by
taking extra incrgments.

4.3 Taking the sample

4.3.1 Referencé method

Some methods [of sampling tend to collect too many’ of
either the large ¢r the small particles and hence aré\liable to
introduce bias. | The method of taking an increment by
removing a sectipn from a stopped belt (see(4.4) is the only
way of ensuring that all the particles/are. collected and
hence that the $ample is free from bias. Therefore, this is
the reference m¢thod against which“any other method may
be checked. It [should always be used to check sampling
machines because these are Pparticularly subject to bias,
although many |models free \from bias have been devised
(see annex A).

43.2 General

b) from a point of discharge of a continlious]y moving

cfrnnm

S oan

c) from a moving stream on a belt;

d) from a moving stream which”is discontinuous (for
example a bucket conveyor].

Automatic sampling maghinés should be used if possible
(see 4.5.1) preferably, at(a point of discharge (b)|or, if this
is not possible, from.aimoving stream (c).

For coals of 80'mim top size and above, manuall sampling
from a moving* stream may be dangerous and the belt
should be stopped if possible, or a sampling machine should

| NP |
DT uTu/

4:4° Sampling from a stopped belt

If it is practicable to arrange to stop the belt pefiodically,
increments can be collected from the whole cross-pection of
the stream without difficulty. A suitable fram¢ may be
placed on the stationary belt so that it is in contact with
the belt across its full width; all coal lying inside [the frame
should be swept off into a container. Any large| pieces of
coal obstructing the insertion of the frame are pusLed

a) at the left side of the frame, into the samplg;

~

b) at the right side of the frame, out of the sample.

4.5 Sampling from a point of discharge of a conjtinuously
moving stream

This is the most reliable method of obtaining sgtisfactory
increments when the coal is in motion. The increments may

It is important that the interval of time between successive
increments should not coincide with any natural
periodicity, either known or possible, in the quantity or
quality of the coal being sampled, since this would
introduce a bias. Such a periodicity may arise from the
mining cycle or system of working and particular care
should be taken to avoid this. If the increments are taken at
equal intervals of time, their masses should be proportional
to the flow density; otherwise, they should be equal in
mass.

Increments should be taken from the whole width and
thickness of the coal stream. If possible this should be done
in a single operation and the width of the section should be
at least 2,5 times the maximum size of the coal. Biased

10

be taken by means of sampling machines or by hand.

45.1 Sampling machines

Sampling machines, controlled by hand or automatically,
are available which will traverse a falling stream of coal at
constant speed. They should be adjusted carefully to ensure
that the whole thickness and width of the stream is taken.
The increment must not fill the sample container
completely. The sample must be retained in a closed
container. Sampling machines which have been proved to
be free from bias are preferable to manual sampling
methods because they always behave in the same way and
eliminate the subjective influence of the sampler.
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Machines of any design should have their performance
tested against a reference method, i.e. a belt which has been
temporarily stopped for this purpose in accordance with
4.4. A procedure for checking for bias is described in
annex E. It will usually be found possible to arrange a
special trial of this nature purely for test purposes — if
necessary by arranging a telephone system so that
interlinked belts can be stopped and the load of coal on the
sample belt stopped or reduced to avoid difficulty in
restarting; however, care must be taken to avoid taking an
increment from the beginning or end of a flow.

ISO 1988-1975 (E)

4.5.4 Duplicate sampling from wide streams

If the width of the stream is too great to be sampled as a
whole, successive increments for the A and B samples
should be taken from the same part of the stream followed
by successive increments from the other parts of the
stream. In principle the two sub-samples should be identical
as regards the methods of taking the increments which
compose them.

Thus duplicate samples may be taken from a stream of
uniform depth in two parts, as follows :

4.53 Sampling by hand

Increments may be taken from a falling stream by means of
a hand sco¢p or ladle which is moved across the width of
the stream|at a constant rate. When sampling by hand
alternate in¢rements should be taken by crossing the stream
in opposite firections.

The increment should not fill the sample container
completely.

4.5.3 Samgling wide streams

Sampling wjde and high-capacity streams is best done by
mechanical methods. Where these are not available and it is
impossible o sample across the whole of the width of the
stream in orpe movement without over-filling the container,
the stream]should be sampled systematically taking thé
increments from parts of the stream in turn.

The following scheme shows a method df jtaking
increments from a wide stream of uniform depth in two

parts :

€tc.

This schem¢ can be €xtended for falling streams to any
number of portionstdepending on the width of the stream.
Three positjonscwill normally be sufficient, but for very
wide stream$ four'or five positions may be necessary.

A B A B
A B

etc:

This scheme can be extendedJfor falling sfreams to any
number of portions depending“on the width [of the stream.

4.6 Sampling from a moving belt

Sampling from a meving belt may be necgssary if it is
impossible to sample satisfactorily at a point of discharge.
This proceddre“demands skill and good juddement on the

part of the'sampler. Care should be taken to e
whole thickness of the stream is sampled. Thd
move(ajlong with the flow and should sweep
the ‘conveyor, otherwise there will be a tend
behind some of the small coal. This method
where there are several layers of different
conveyor belt.

If it is impossible to sample the whole width

nsure that the
scoop should
the bottom of
ency to leave
is unsuitable
coals on the

of the stream

from one side, increments should be taken alternately from

both sides of the belt (see 4.5.3).

Belts moving at high speeds or carrying he
dangerous; manual sampling from moving bel
recommended only when the speed of th
greater than 1,5 m/s, the height of the coal
than 0,3 m and the flow is not greater than 2
hour.

Sampling machines are also available which
increment from a moving belt.

avy loads are
Its is therefore
b belt is not
is not greater
DO tonnes per

will sweep an

4.7 Sampling from discontinuously moving streams

Such devices are discharging conveyors, bucket elevators,

The stream must be sampled by passing the scoop through
it once and then withdrawing it in such a way that the full
scoop is not passed a second time through the stream; this
may be achieved by inverting the scoop, passing it to the
back of the stream and withdrawing it through the stream;
alternatively the scoop may be filled in passing from front
to rear provided that it can then be withdrawn away from
the stream — for example, by moving it sideways.

Whichever method is used the increment should not fill the
sample container after it has traversed the stream.

It may be necessary to support the handle of the sample
container across a bar when it is passed into the falling
stream or to erect a special gantry with adequate supports.

bucket conveyors or aerial ropeways. Sampling may be
carried out provided that the mass of the contents of a
bucket is not less than the mass of increment required, a
condition that is fulfilled in nearly all cases. Increments
should be collected from the coal stream at the point of
discharge or at any point by stopping the line. The whole
contents of a bucket should be taken as an increment. With
large buckets, each bucket may be divided into sections if
each is larger than the specified mass of increment; one of
these only is taken, but in successive buckets each section
must be taken in rotation.

4.8 Apparatus

For suitable sampling devices, see annex A.

11
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5 SAMPLING FROM WAGONS

5.1 Scope

This clause describes the method of sampling from railway
wagons when the preferred procedure of sampling from a
conveyor belt during loading or unloading cannot be used.

5.2 Number of increments

5.2.1 Ash or moisture sample

d) sampling
side-tipplers.

from wagons being emptied by

The method of sampling should be recorded in the report.

5.4 Sampling from the tops of wagons

5.4.1 Sampling by probes

Owing to the difficulty of insertion, a probe can only be
used for coals up to about 25 mm. Probes suitable for larger

The initial nunpber—of—mcrements—to—be—takermr—from
consignments up| to 1 000 tonnes is shown in table 6. For
larger consignments, see 3.2.3.

The increments ppecified in table 6 should be distributed
uniformly over the whole consignment and, as a minimum,
one increment ghould be taken from every wagon even
when the numbgr of increments specified is less than the
number of wagons. When the number of increments
specified is gredter than the number of wagons in the
consignment, th¢ number of increments taken from each
wagon should bg determined by dividing the total number
of increments by the number of wagons; if after this
division there is f remainder of increments, these should be
distributed unifoymly over the consignment.

TABUE 6 — Initial number of increments
for sampling from wagons

Number of Number of
Condition increments for Condition increments for
of coal sampling of coal sampling
for ash for moisture

Cleaned 24 Unwashed or 16

dry coal;

washed graded

coal
Uncleaned 48 Washed smalls 32

5.2.2 Common sample

Where a moistur¢ sample is to be,extracted from a common
sample the initial number of increments collected should be
that required forf ash or ma@isture, whichever is the greater.
The mass of each increment or the number of increments
should be increaged if there will not be sufficient coal left
for the ash samp|edafter the removal of the moisture sample

coal may be developed. The aperture of the probe should
be not less than 2,5 times the upper size of the copl, with a
minimum dimension of 30 mm. A probe which penetrates
to the full depth of the coal must be used. Care ghould be
taken to ensure that a full column of/coal is extrjacted, so
that a representative increment is removed. Largeland hard
pieces of coal or rock should /ot be deliberately pushed
aside when an increment is ¢glected and no portipn of the
increment should be lost, during extraction of the probe
from the wagon. In (addition, contaminatior] of the
increment by particles falling in from outside |the hole
should be prevepted/ Wet coal should not be aljowed to
adhere to the probe, but the probe must not be heated to
stop wet coal ‘sticking to it. The effectiveness offa probe,
and whether it is free from bias, depends on the pature of
the coal\being sampled and the method of loading.[Tests for
bias should be carried out (see annex E).

54.2 Sampling by scoops

It is not always possible to insert a probe to the full depth
of the wagons and it is then necessary to cpllect an
increment from the bottom of a shallow hole mage in the
coal. Care is needed in digging the hole. The coal dug out of
the hole should be thrown clear and the angle ofthe sides
should be less than the angle of rest, otherwise lalfge pieces
will trickle down the sides and the increment will contain
too much large coal. The increment, of the minimum mass
given in 3.3, should be taken from the bottom of the hole
with a shovel (see annex A).

Alternatively, with some coals the hole may be dufy with an
auger, the last portion extracted being the irjcrement.
Again, care should be taken to ensure that the wdlls of the
hole do not collapse and that no portion of the incfement is

lost from the auger. Sampling by these methods is not
regarded—as satisiae.(e(.y_gmee_tbe_whele_ei_ﬂ;e_ei, i al is not

in accordance withctatse-8-
5.3 Taking the sample

5.3.1 General

The following methods of reaching all the coal in a wagon
are available :

a) sampling from the tops of wagons by means of
probes;

b) sampling from bottom or side door wagons during
discharge;

c) sampling from the exposed faces of wagons as they
are being tipped into bunkers or ships;
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exposed for sampling, and tends to give biased results.
These methods should be adopted only when all other
methods are impossible.

5.4.3 Coals which are visibly wet — Moisture or common
sample

Water tends to descend to the lowest level. Consequently,
for coals which are visibly wet the holes for moisture
samples should be dug to one half the depth of the wagon.
This method is laborious and should be avoided if possible.
It gives unbiased results only if the coal is thoroughly
drained and should not be used while drainage is actually in
progress.
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5.4.4 Coals which are not visibly wet— Moisture or
common sample

For coals which are not visibly wet the holes should be at
least 0,3 m deep to avoid contamination of the sample from
the surface.

5.4.5 Sampling for ash only

When sampling from wagon tops for ash only, the
increments should be taken from the bottom of holes at
least 0,3 m deep, whether the coal is visibly wet or not.

1ISO 1988-1975 (E)

5.5 Sampling from wagons during bottom discharge

In this method the coal is being sampled while the wagons
are unloaded. As large a container as can be handled is
swung into the stream, the position of entry being varied
from wagon to wagon. Owing to the rapid fall of coal, it is
difficult to obtain increments from all parts of the stream
and mechanical aids are required to render the method
reasonably safe.

In general, the same sample should be used for both ash and
moisture since there is insufficient time to take two

5.4.6 Position of the increments

increments from the same wagon. This methlod is difficult

to operate and is dangerous. Other methods

ould be used

The positio

ps of the increments should be varied from

wagon to wagon so that all parts of the surface are correctly

represented.
different sch
designs or siz

It is recomm
into squares
being depen
should be ta
be taken frd
(see 5.10 ang

There are various methods of doing this and
emes may be preferred for use with different
es of wagons.

ended that the surface of the wagon be divided
each of side about 1 m, the number of squares
dent on the size of the wagon. Increments
ken from the squares in random order, but can
m any position within the appropriate square
5.11).

Care should pe taken to see that the coal near the periphery

of the wagon

As indicated
used for thd
barges. All

is adequately represented.

in clause 6, the same type of scheme should be
positions of increments from the surface of
schemes used should be tested for bias (se€

annex E). THis method is inapplicable if the wagon has béen

loaded in lay|

5.4.7 Samp
When the cd

prs with different types of coal.

ing of large coals

al includes particles larger than ™50 mm, the

number of ipcrements specified in tablé 6 should be taken

in proportio
150 mm. To
coal should

taking not I¢

N to the mass of the pieces above and below
determine the percertage of large pieces, each
be mechanically tested every 3 months, by
ss than 10 tondes)of the coal before loading

if possible.

5.6 Sampling from bottom door-wagons

In wagons with eight doors;.only the four ceptre doors are
used; in those with only fourdoors, all are usefd. The wagons
may be sampled either“from exposed fages or during
discharge.

5.6.1 Exposed.face method

Two doors\side by side are opened and part [of the coal is

discharged”into the bunker. The doors are then shut and

boltedsleaving two sloping faces at rest in th

figure 1 and increments are taken from the nu

e wagon; it is

bered areas.

assumed that the faces are numbered in are}as shown in

The doors to be opened are taken at opposite ends of the

wagon in alternate wagons.

Elevation

Exposed faces

into railway wagons. This should be passed over a
horizontal sfeve with apértures 150 mm X 150 mm : the
coal which [does net\pass through the sieve should be
weighed and pxpressed as a percentage of the whole mass. If
the coal sizg varies appreciably in the 3 months, a test
should be caried out every month

Increments should be taken from the wagons and from the
areas according to the system described above. At each
position a hole should be dug to a depth of 0,3 m. Any
large pieces in the hole should be removed and collected in
boxes, which should be kept separate from the increments.
If there are no large pieces in the hole, they should be taken
from the next hole according to the sampling plan. The
total mass of large pieces should be at least 8 kg. The large
pieces should be reduced to 80 mm, divided and mixed into
the sample in proportion to the appropriate percentage as
determined by the mechanical sizing test described above.

The number of increments from the smaller coal in the hole
should be taken in accordance with the normal procedure.

Plar:
1 2 7 8
Exposed
. faces
3| 4 V— —- -»\— 9 | 10
5 6 11 12

)

Areas about TmX 1m

FIGURE 1 — Exposed faces in wagon
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5.6.2 Discharge method

Inaramantes ara nn
increments af

Winm A ae

a +h +hn +ha
om underneath the vwayuii ad the

e doors; the method described in

stream of coal falls from tl
5.5 should be used.

5.7 Sampling from wagon side-tipplers

When wagons are side-tippied the coai is sampied from the
exposed surface of the coal after the wagon has been partly
emptied. The wagon is half-emptied so that the bottom is
just visible, leaving a face at rest. The wagon is then lowered

e, 184 att dl 1658

where numbers refer to the positions to be used for taking
the increments.

In order to obtain the required number of increments, one
or two will be required from every wagon; the position
numbers and the numbers of the wagons to have
2 increments should be selected at random (see 5.11).

5.11 Random samples

One method for obtaining random samples is as follows :

slightly to prevént the face slipping. A suitable number of
sampling areas re allocated to this face as in wagon top

eamnlina and th
Sarvipiing ana uy

nte ara cnllactad fram thao
Ill\.al\?!llclll.a are UUIICU{C\J LARSIRE} I.IIU 'JU"|I.°

in the same marner as above. It may be necessary to erect
special gantries pn rollers which can be pushed forward or
retracted; alterngtively, use a scoop with a iong handie.

5.8 Sampling fgr moisture

A wagon loaded| with washed coal will gradually lose water
by drainage a it is therefore undesirable to sample
for moisture until equilibrium is reached, which may take 2
or 3 days. However, if a sample is required for other
purposes, or if|it is desired to determine the moisture
content at a particular time, a sample can be collected
before equiiibriym is reached.

Even when eqgdilibrium has been reached as a result of
drainage, the Ipwer layers of coal in the wagon will
normally contaih more water than the upper layers because
of gravitation arld evaporation from the surface. Increments
taken from neaf the top of the wagon after any drainage
has taken place will therefore be biased with regard to their
moisture contenft. The bias will normally be such asto give
a low moisture| figure, unless the coal has been\recently
subjected to a he¢avy fall of rain or snow.

5.9 Duplicate spmpling

When every wapon is sampled, duplicate sub-samples are
formed by placing alternate~increments into different
containers. When some wagons are not sampled, the
increments fron) alternate_wagons sampled are placed into
different contairjers to form the two sub-samples.

5.10 Example

Provide a set of discs, one disc for each positio*, suitably
marked; for example, a set of discs numberfed “1|to 18 for
the example in 5.10. The discs should e placefl in a bag
close to the sampling point, together- with diagram
painted on a fixed board showingithe locatiohs of the
points over the surface of the wagon:’On sampiing from the
first selected wagon, the sampling operator shoujd remove
from the bag one, two or ‘three discs, to corres\Eond with

the number of increments _to be taken from this wagon. An
increment should be collected from each area indlicated by
the discs. The discs~should be placed in a second bag after
use. For the second”wagon the same procedure i§ used, the
discs being removed from those remaining in the first bag.
This process continues until all the discs are used up. The
position_©f the bags is then reversed and the procedure
continued, so that the order of the positions from which
increments are taken is always different.

This procedure can also be used for selecting the iwagons to
be sampled, when some are sampled and some arg not. For
example, suppose 36 wagons are to be sampled out of a
consignment of 100. A set of discs numbered 1|to 100 is
placed in a bag and the sampling operator draws| from the
bag 36 numbered discs in succession. The selegted discs
may be hung on hooks on a reference board and the wagons
numbered serially with chalk as they pass. THe wagons
corresponding to the numbers drawn should be sampled.

6 SAMPLING FROM SHIPS

6.1 Scope

The following example shows a typical procedure. A
further example is given in annex B.

A sample of 48 increments is required from a train of
40 wagons, each approximately 3 m wide and 6 m long.

Each wagon should be divided into 18 sections (3 X 6) as
follows :
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This clause describes the method of sampling from
sea-going ships and barges where the preferred procedure of
sampling from a conveyor belt during loading or unloading
cannot be used.

6.2 Number of increments

6.2.1 Ash and moisture sample

The initial number of increments to be taken from a
consignment in a sea-going ship of up to 1 000 tonnes from
a single source is given in table 7. For larger consignments,
see 3.2.3. For a consignment in a barge the numbers given
in table 8 should be used, which are the same as for wagons.
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TABLE 7 — Initial number of increments
for sampling from sea-going ships

ISO 1988-1975 (E)

Usually, however, it is necessary to sample from the hold of
the ship, and it is essential to employ a trained and
experienced sampler who works under the direction of an
expert. The size distribution of the cargo should be

- estimated so as to ensure that the increments taken are

representative.

It is important to note that segregation during loading often
results in the accumulation of lumps near the walls of the
hold. It is necessary to take this into account when making
an estimate of the size distribution.

Number of Number of
Condition increments for Condition increments for
of coal sampling of coal sampling
for ash for moisture

Cleaned 32 Unwashed or 16

dry coal;

washed graded

coal
Uncleaned 64 Washed smatis 37

TABLE 8 — Initial number of increments
for sampling from barges

Number of Number of
Conditior increments for Condition increments for
of coal sampling of coal sampling
for ash for moisture

Cleaned 24 Unwashed or 16

dry coal;

washed graded

coal
Uncleaned 48 Washed smalls 32

6.2.2 Common sample

Where a noisture sample is extracted from a common
sample the|initial number of increments collected is that
required for ash or moisture, whichever is the greater.\The
mass of eaclh increment or the number of increments.should
be increased if there will not be sufficient coal left for the
ash sample[after the removal of the moisture sample, in
accordance with clause 8.

6.2.3 Mixtyre of coals

If it is known that different coals are loaded into different
holds, each coal should be.-§ampled separately. If no
information| is available omythe origin or characteristics of
the coal, egch hold shauld be considered as a unit and
48 incremer]ts should be)taken from each.

6.3 Taking|the'sample

Fhesamptersskittimestimating the size distiibution should
be regularly checked by such means as are’convenient. One
suitable method is to use a grab to remove a|portion of the
cargo of substantial size and to check the sampler’s estimate
of the size distribution of the contents by |a size analysis
carried out on the whole of thisyportion. Alternatively, his
estimate can be checked by that of an expert who is not
actually responsible for earrying out the samgling.

When sampling from:a sea-going ship the opportunities for
sampling are often 1imited since delays dufing unloading
must be avoided.® For this reason, procedurgs that are not
ideal may have to be adopted on occasions. So that the
sample, will contain the same proportion |of lumps and
smalls as‘are present in the cargo, the percerntage of lumps
should’be estimated; then the smalls and IumrLs are sampled
separately. The lumps are picked by hand until a reasonable
mass is available. From every lump one pr two pieces
perpendicular to the bedding planes are knqcked off with
the aid of a hammer, these pieces are coILected and an
amount is added to the sample of the smalls according to
the estimate of the proportion of lumps|in the cargo.
Reference should also be made to 3.3.3 regarding other
procedures for taking increments from large doal.

In collecting each increment care should be taken to ensure
that it represents the coal in the vicinity and| in particular,
that large particles are not allowed to roll frpm or into the
scoop when the increment is extracted.

When sampling fines, a probe is preferable tp a scoop (see
5.4.1).

Care should be taken to ensure that the incrégments are not
contaminated because of prevailing atmosphefic conditions.
As the top layer is liable to be affected by ra|n, or dried by

the wind, it is desirable to collect incrementg 0,2 to 0,3 m
below the surface unless thic hac bnnn whcovered very

6.3.1 General

This recommendation for the sampling of coal in sea-going
ships and barges is based on collecting increments from a
number of points distributed over various layers of the coal
in the hold which are exposed from time to time as the ship
is unloaded.

If during loading or unloading the coal is moved by
conveyor, the sample should, preferably, be taken from
some point in the conveying system where bias can be
avoided more easily. The procedure set out in clause 4
should then be followed, but in view of the segregation that
occurs during the loading of a ship, the number of
increments indicated in table 8 should be taken.

recently.

6.3.2 Position of the increments

The position of the increments should be distributed over
the surface of the coal and the procedure of 5.4.6 and
5.11 should be used.

6.3.3 Sampling from barges

If the depth of coal in the hold is less than 4 m, it should be
sampled in one stage during the unloading. The sampling
should be carried out when the unloading has partly
uncovered the bottom of the hold.

15
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6.3.4 Sampling of fines from barges

For the sampling of fines from a barge, a longer probe of a
type such as is described in annex A can often be used with
advantage. In this case 2 increments, comprising a complete
cross-section, should be taken from each hold. The position

of the increments should be varied from hold to hold.

6.3.5 Sampling

from coasters or sea-going vessels

Coasters or sea-going vessels should be sampled in two or
more stages, there being one stage for each 4 m of the

depth of coal in
which sampling
three stages.

The first stage
sufficient of thd
permit an estim
and lump coal in

At each stage ir]
evenly distribut
taking particula
covered satisfact

6.3.6 Sampling

If free moisturg
towards the bott
moisture conten
This increase of

should be carried out when it is done in

of sampling should not take place until
surface of the coal has been removed to
hte to be made of the proportions of fine
the consignment.

crements should be collected from points
d over the exposed surface of the coal,
care that all portions of the surface are
Drily.

for moisture

is present in the cargo this will settle
om of the hold so that a steady increase in
will occur through the depth of the coal.
moisture with depth makes the collection

of a moisture sample particularly difficult when sampling is

carried out in
Increments shou
namely, at an uf
the centre level,

First stage
unloaded

one stage (for example from barges).
d then be taken at three different levels;
per and lower level, each equidistant'from
ind at half-depth (see figure 2).

- about 1/6 of cargo

Provided that the full depth of coal is exposed, the upper
level should be chosen 0,1 to 0,2 m from the top and the
lower level at an equal distance from the bottom. If this is
not possible (because the bottom has not been exposed, or
because the top coal has been removed) then the distance
between the upper and lower levels should be as great as
possible, subject to the condition that they are equidistant
from the centre. Equal numbers of increments should be
taken from the lower, centre and upper levels.

6.3.7 Sampling from grabs or conveyors

en the coal In a ship or barge is unfoaded by|means of
grabs or conveyors, it may be preferable to use thg sampling
scheme recommended in 4.7. However, (the npmber of
increments recommended in table 7 or -8, as appropriate,
should be collected.

6.4 Example

The following example shows a method of samplihg from a
barge.

A sample of 48 incréments is required from a|barge of
width 5 m and length’20 m.

The barge shoild be divided into 100 sections (5[X 20), as
follows, and\48 of the positions should be sglected at
random;,

1 —_——————_——_———— — — -t 96
2 97
3 98
4 99
5| +—4+————— — — ——] ——{— [100

Equidistant levels

Upper level

Second stage — about 1/2 of cargo

unloaded

Third stage — about 5/6 of cargo

unloaded

see 6.8.5
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Half-depth level

Lower level

FIGURE 2 — Sampling the hold of a vessel (moisture and ash)
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7 SAMPLING FROM STOCKPILES

7.1 Scope

This clause describes the method of sampling from
stockpiles where the preferred procedure of sampling from
a conveyor belt during stocking or unstocking cannot be
used.

7.2 Number of increments

7.2.1 Ash or moisture sample

ISO 1988-1975 (E)

usual methods of sampling stationary material, using
relatively small probes or digging holes to traverse the
layers, are not adequate to fulfil the basic requirement of
sampling, that the whole of the consignment shall be
equally accessible. Moreover, the coal in the top layer of a
stockpile is almost always different in quality from the rest,
due to exposure, segregation and other causes.
Consequently, if in the course of stocking or lifting it is
possible to take a representative sample from a conveyor or
from a falling stream, this method of sampling is to be
preferred and the procedure described in clause 4 should be

used except that the number of increments

The initial ntllmber of increments to be taken from a pile of

up o 1 000
For larger co

onnes from a single source is shown in table 9.

hsignments see 3.2.3.

ABLE 9 — Initial number of increments

T
for sampling from stockpiles
Number of Number of
Condition increments for Condition increments for
of coal sampling of coal sampling
for ash for moisture
Cleaned 32 Unwashed or 16
dry coal;
washed graded
coal
Uncleaned 64 Washed smalls 32
7.2.2 Common sample

Where a md
sample the i
required for
mass of each
be increased
ash sample {
accordance W

7.2.3 Mixtu

If a stockpile]
separate area

isture sample is extracted from a common
hitial number of increments collected _is(that
hsh or moisture, whichever is the greater.’ The
increment or the number of increments should
if there will not be sufficient cealleft for the
fter the removal of the moaisture sample in
ith clause 8.

e of coals

is known to consist.of different coals piled in
of the total pile,'a separate gross sample must

be taken fronmp each such atea:

If the samp

ing is carried out by digging holes in the

indicated in table 9.

The position of the increments should, be)spat
as possible over the surface of the stockpile. |
especially in the case of large sto€kpiles, to w
to indicate the sampling positians on a scal
map of the area and to mark-the positions bef

In all cases the sample can-only represent that
depth of the coal from.which it is collected.
to use trained and/experienced samplers.

7.3.2 Sampling for ash

In order*that the sample will contain the samd

should be as

ted as evenly
 is advisable,
brk to a plan,
b drawing or
bre sampling.

part and that
t is essential

proportions

of large) pieces and small pieces as are estin'Iated for the

stockpile, and at the same time to mainta
increments at a reasonable mass, it may be
break some of the large lumps perpendicular tg
planes and to add a proportion of the broke
sample.

In collecting each increment care should be tal
that it represents the coal in the vicinity and,

n individual
necessary to
the bedding
h coal to the

en to ensure
n particular,

that large particles are not allowed to roll frofn or into the

scoop when the increment is extracted.

When sampling coal of up to 25 mm part
increment should be taken with a probe (see ar
should be taken that the full column of coal
and that no particles are lost when the probe

When sampling coal of more than 25 mm pa

cle size, the
nex A). Care
is taken out
is extracted.

ticle size, or

when it is impossible to sample with a probe, i
to dig holes by means of a shovel or a grab

is necessary
redger. The

stockpile, fof example by means of grabs, increments of
very differept- masses may be taken from different
positions. Consequently, if the coal is not uniform or has
come from different sources, the increments should not be
put together, but each should be prepared and analysed
separately. For each increment, the value of the required
characteristic should be determined; the value for the whole
pile should then be obtained by taking an average of the
increment values, weighted according to the masses of the
different coals from which the increments were taken.

7.3 Taking the sample

7.3.1 General

This recommendation for the sampling of coal in stockpiles
is based on collecting increments spaced as evenly as
possible over the surface and layers of the stockpiles. The

angle of the sides should be less than the angle pf rest of the
coal so that no particles will trickle down thd sides. Holes

i e bottom of
each hole an increment should be taken by shovel so that
samples of approximately the same mass are collected from
different layers.

7.3.3 Sampling for moisture

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

Stored coal gradually loses water by drainage until
equilibrium is reached. After rainfall or snow, the moisture
content will not change below a certain depth. This depth
depends on the size distribution and the arrangements made
during stocking, for example, continuous rolling during
stocking, covering with dust coal, or rolling the dust coal.
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The moisture content of samples collected from the surface
of the stockpile largely depends on the weather. It will
always be too low unless the samples are collected after
rainfall or snow. Hence it is necessary to dig holes to such a
depth as will avoid the surface layer.

8 SAMPLE PREPARATION FOR DETERMINATION OF
TOTAL MOISTURE

loss of moisture. In all other cases, it is preferable to use
mechanically operated dividers to which access of air is
restricted.

8.2.2 Methods available

The method of sample preparation depends on the method
of analysis to be used and whether a preliminary air-drying
is necessary. Three alternative methods') are permissible
for the determination of total moisture in hard coal, each
of which may be preceded by a preliminary air-drying if
necessary :

8.1 Types of samples-to-be-tested

The sample to pe treated will be either a special moisture
sample or a commmon sample (see 2.4). If the sample is a
common sample, it is necessary to extract a moisture
sample from it|and leave the remainder for treatment as
the ash sample.

The moisture sample may be removed

a) before anly reduction is carried out, or

b) at variouf stages of the reduction process.

The method tp be adopted depends on the apparatus
available for reduction and the preference at the laboratory.

For a special mpisture sample, proceed as described in 8.3.

For a commo
described in 8.
methods descri

sample, extract the moisture sample as
.1; then treat this moisture sample by the
ed in 8.3.

8.2 General principles

8.2.1 Precautigns against loss of moisture

One of the r;’:in difficulties in ascertaining tthe total

moisture is to
sample during
preparing the
therefore be taH

oid changes in the moisture content of the
the handling which is necessary while
final sample. Every precaution should
en to avoid loss of water-due to the use of

unsuitable contpiners and by evaporation during handling,

particularly wh
samples should
cool place befd
any interval bet

Care should als
reduction, by

bn the coal is extremely wet. All moisture
therefore be Kept“in closed containers in a
re and after\preparation as well as during
veen stages.of sample preparation.

b bectaken to avoid loss of moisture during

appreciable hedt

using equipment in which there is no

amount of air passing through the mrII Machmes that crush
are preferable to those that grind, as the latter have a
greater tendency to generate heat.

In addition, care should be taken to avoid loss of moisture
when carrying out sample division and all such operations
should be carried out as quickly as possible. If the coal is
“visibly wet” and has not been milled, increments should
be collected from a flattened heap as this will lead to less

1) Described in 1SO 589, Hard coal — Determination of total moisture.

Method A — sample heated with toluene
Method B — sample dried in an oven inpnitrogen
Method C — sample dried in an ovenin air

Methods A and B are applicable to all hard poals and
require a sample of not less(than 300 g of copl of size
3 mm.

Method C is applicable) only to coals whicH are not
susceptible to oxidation2) and requires a sampgle of size
from 20 to 3 mm\with a mass of 1 kg for 20jmm coal,
0,6 kg for 10 mm‘coal or 0,3 kg for 3 mm coal.

If the coal 5. *visibly wet”’, a one-stage method of moisture
determination is used provided that a closed mill is
available; otherwise a two-stage method is used. |f the coal
is apparently dry a one-stage method is used.

8.3 Procedure

8.3.1 Arrangement of scheme

The procedure differs according to the origin of t’Te sample,
the particle size and mass of the sample to be trjeated and
the method to be used for the moisture determination.
The possible schemes are shown in figure 3, for Methods A
and B, and figure 4 for Method C: figure 5 gshows the
procedure of removing the moisture sampld from a
common sample. For ease of reference the initipl samples
are labelledP, Q, R and S in figures3 anfd 4, and
corresponding references are made in the text.

For Method C the particle size of the moisture sample
depends on the particle size of the original sgmple, the
apparatus available, the preference of the laboratgry and on
whether the sample is to be removed from

g4 common

3 3 etermined by the
procedure to be used for crushmg the ash sample and the
size at which this sample is divided. If the original sample is
over 20 mm, it must be reduced.

If the sample is to be reduced to 3 mm, this should be done
for preference in a closed mill, which reduces coal of any
moisture content (i.e. whether visibly dry or visibly wet) to
this size without loss of moisture. With other types of mill,
it is difficult to reduce the sample to 3 mm.

2) For the purposes of this International Standard, such coals are presumed to be those included in clauses O to 5 inclusive of the International
Classification of Hard Coals by Type, adopted by the United Nations Economic Commission for Europe.
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Therefore, if a closed mill is not available, the sample
should be reduced to 10 mm and divided to 1 kg before
being reduced to 3 mm. In this case, if the sample is
"visibly wet"’ it should first be air-dried and the loss in mass
determined, this being the first stage of a two-stage method.

8.3.2 Reserve sample

It is recommended that a reserve sample should be collected
so that, in the case of dispute or if the results of the first
moisture determination are lost or invalid, this sample may
then be examined. The reserve sample should be collected
in the sam¢ way and at the same time as the final sample
for_the detprmination of moisture. If the division is done
mechanically, two sample containers should be used. If not,
twice as mgny increments as are specified above should be
taken and placed alternately into two containers, one for
the moisture sample and one for the reserve sample.

1SO 1988-1975 (E)

The sample should then be divided to 1kg (see
figure 3, path R).

The 1 kg sample should be reduced to 3 mm in size
and then divided to 300 g.

The 300 g sample should be placed in a bottle fitted
with an air-tight stopper and the bottle labelled,
giving details of the sample.

¢) For meTHOD C (see 8.2.2)

1) Preparation of sample of 20 mm or 10 mm coal

If more thhn one reserve sample is required, appropriate

steps

shoulfd be taken to collect the necessary number of

inter-leaved|increments.

8.3.3 Sample preparation for one-stage moisture
determinatipn

This procequre may be used for coals that are ““visibly dry”
and also for coals that are “visibly wet” prepared in a

closed mill.

a)

SAMIPLE DIVISION

Preferably sample division should be done mechanically
or with a riffle. Suitable mechanical sample dividers and
riffles arp described in annex A.

If suitabjle dividers are not available, or if the.sample is
too damp to flow freely through the dividers, use the
following procedure : The sample should® be carefully
mixed, formed into a cone and the cone flattened. At
least ten| increments of equal mass, sufficient to give the
required| total mass, should be“extracted from positions
evenly spaced over the flattened pile (see table ‘’Mass of
moisturg sample”’, figure )\

b)

FoR METHODS'A.AND B (see 8.2.2)

1) CJosed milhavailable

The dlosed mill should be conditioned by crushing in

e of ‘the coal from which the sample was taken.
The product-should-be-discarded-and-thenthe-whole
of the moisture sample should be passed through the
mill and reduced to 3 mm in size.

The sample should be divided to 300 g (see figure 3,
path S).

The 300 g sample should be placed in a bottle fitted
with an air-tight stopper and the bottle labelled,
giving details of the sample.

2) Closed mill not available, coal “visibly dry”’

If the maximum particle size exceeds 20 mm, the
sample should be reduced mechanically so that it just
passes 10 mm. If the coal is smaller than 20 mm, this
reduction in size is not necessary.

If the maximum particle size of thi coal exceeds
20 mm, the sample should be_reduce¢ mechanically
to 10 mm in size. If the coal.is “"visibly|wet”, a closed
mill should be used, or the'coal shodld be air-dried
(see 8.3.4). The sample-should then|be divided to
600 g.

If the maximum, particle size of the cdal is 20 mm or
less, the sample_should be divided to give a mass (in
kilograms)” not' less than 0,06 times [the maximum
particlesize (in millimetres).

The container should be labelled, giving details of the
sample.

2) Preparation of sample of 3 mm coa

If the sample required is of 3 mm coJI, it should be
prepared in the same way as described [for Methods A
and B in 8.3.3 b).

8.3.4 Sample preparation for two-stage moisture
determination

This sub-clause only applies if the coal is “visibly wet" and
a closed mill is not available, so that |a preliminary
air-drying is necessary. This constitutes] a two-stage
procedure,

a) For mMeTHODS A AND B (see 8.2.2)

The sample should be air-dried as descfibed in 8.4.2.
After air-drying, the procedure of 8.3.3 ) 2) should be
followed and the label on the bottle contajining the 300 g
sample thus obtained should also show the percentage
loss of moisture on air-drying.

The sample should be air-dried as described in 8.4.2.
After air-drying, the procedure of 8.3.3 c) should be
followed and the label on the bottle containing the final
sample should show also the percentage loss of moisture
on air-drying.

8.4 Methods

8.4.1 Extraction of moisture sample from common sample

This sub-clause applies only if the sample is a common
sample and the moisture sample has to be removed from it.
This may be done before or after reduction, as convenient.
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When the coal is reduced before the sample is removed, this
reduction forms the first part of the preparation of the
generai analysis sampie (in accordance with ciause 9), as
well as of the preparation of the moisture sample. Whether
the coal is reduced or not, the residue after removal of the
moisture sample is treated as the ash sample, in accordance
with clause 9, and the next process may be a further division
or a further reduction.

This procedure will give one sample for moisture and a
second sample for general analysis, which is normally the

~ + muraminmd e s
1 L [}

"Visibly dry” coals may be crushed to 10 mm before
extracting the moisture sample. |If the sample is to be
ieft at 10 mm for Method C, 800 g of coai is required
(see figure 4, path Q); if the sample is to be further
reduced to 3 mm, for Methods A, B or C, 1kg is

required (see figure 3, path R, and figure 4, path R).

The sample should be reduced further immediately or

piaced in a ciean container and seaied.

c) EXTRACTION OF ONE SAMPLE FOR MOISTURE
AND GENERAL ANALYSIS

convenient

However, when § closed mill is available and reduction to
3 mm is being pfactised, it may be preferred to take oniy
one sample for poth moisture and general analysis (see c
below).

a) EXTRACTION OF MOISTURE SAMPLE BEFORE
REDUCTION

Without previpous mixing, the gross sample should be
tipped on a plate to form a cone and then flattened. The
moisture sample (see figure 3, path P, and figure 4,
path P) shouldl be extracted by taking ten increments,
each increment being taken from a different position
and the positipns being evenly spaced over the flattened
pile. It is esgential that this operation be performed
quickly to preyent loss of moisture.

The mass of gach increment depends on the maximum
particle size of the coal, as follows :

For coal ug to 256 mm — 0,5 kg
For coal ug to 50 mm — 1,0 kg
For coal ud to 80 mm — 1,5 kg

For coal over 80 mm — 5,0 kg

For coal over|80 mm, the resulting®0 kg sample should
be reduced |[to about 80 mni,~mixed, coned and
flattened.

The sample phould then\(be divided to 15 kg. The
remainder of the 50 kg'sample should be returned to the
original sampl

o

If air-drying Jor_further reduction is not carried out

If the common sample is reduced to 3 mpi/ir| a closed
mill, one sample may be taken for moisture and general
anaiysis. However, in this case the mass'retained must be
increased so that two laboratory samples (of up[to 100 g
each) may be taken for moisturé’determindtion and
sufficient coal left to fulfil the requirements of|clause 9.
This will require the following masses (but see 9.1.1) :

Condition A
300 g for ash + 200 g for moisture = 500 g

Condition B
2 kg for ash«t 200 g for moisture = 2,2 kg

8.4.2 Determination of loss of moisture on air-drying

Air-drying should be carried out at a temperature hot more
thani10 to 15°C above that of the atmosphere. In
countries with hot climates the temperature at which
air-drying may be carried out should not exceed 4§ °C. It is
necessary to permit free circulation of air above th¢ samples
but dust should be excluded. The procedure for gir-drying
differs according to the form in which the coal is| received
for this purpose.

METHOD a)

If air-drying is to be carried out immediately after & stage in
the course of sample preparation, a dry tray SIOUId be
weighed (m) and the coal to be air-dried should be placed
directly into the tray. The coal should be spread evlenly to a
depth not exceeding 20 mm (except for lumps grepter than
this size). The tray plus coal should then be weighed (m,).
The coal should be allowed to air-dry until the ¢hange in
mass of the tray plus coal over a period of 1 h is [less than
0,1 % of the initial mass of the coal {(m, —m,). [The final
mass of the tray plus air-dried coal should be noted (m3).

immediately the sample container should be sealed.

b) EXTRACTION OF MOISTURE SAMPLE AFTER
REDUCTION

When a closed mill which will crush to 3 mm is available,
the whole of the common sample — whether “‘visibly
wet’’ or “visibly dry’”” — may be reduced to this size;
then the moisture sample of 300 g should be extracted,
as described in 8.3.3b) 1) (see figure 3, path R, and
figure 4, path S).

If a closed mill is not available, ““visibly wet’’ coals must
be air-dried as described in 8.4.2, then treated as ‘‘visibly
dry”’ as described in the next paragraph.
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Calculation of results :

The percentage loss of moisture on air-drying, M, is given
by the formula

m-s—m
M=—2—""x 100
my —my

where
my is the mass, in grams, of the dry tray;
m, is the mass, in grams, of the tray plus coal;

m3 is the mass, in grams, of the tray plus coal after
air-drying.
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MeTHOD b)

If the sample is delivered in a sealed tin and air-drying is
required, the container and coal should be weighed as
received, before opening the tin. After weighing, the coal
should be transferred to a dry tray and spread evenly to a
depth not exceeding 20 mm (except for lumps greater than
this size). The tray plus coal should then be weighed. The
container, the lid and the coal should be allowed to air-dry
until the change in mass of the tray plus coal over a period
of 1h is less than 0,1 % of their original combined mass.
Any dried coal should be brushed from the container and

1SO 1988-1975 (E)

b) mixing in order to achieve homogeneity;

c) a decrease in the mass of sample by dividing it into
two or more parts, sometimes referred to briefly as
“division”’.

Figure 6 shows the procedure.

Reduction must always precede division. The above

operations constitute one stage of sample preparation, the

completion of the stage being marked by the process of
division.

lid into the
should be r
returned to

tray and the dry empty container and its lid
p-weighed. The coal from the tray should be
the container, the lid replaced and the whole

Two kinds of error can occur in the cou
preparation :

se of sample

re-weighed.
Calculation ¢f results :

The percentge loss of moisture on air-drying, M, is given
by the formuyla

mq—mg

M= x 100

my —mj
where

m, is thle mass, in grams, of the closed container plus
coal before air-drying;

m, is thle mass, in grams, of the dry empty container
plus lid;

mg is the mass, in grams, of the closed container plus
coal afterfair-drying.

8.4.3 Partidle size reduction

If a closed nmill system is used, some of the coal from which
the gross safnple was extracted should be-passed through
the system :Fo condition the interior surfaces, before the
actual moistlire sample itself is milled,

Information [ about equipment and-~apparatus is given in
annex A.

9 SAMPLE|PREPARATION FOR GENERAL ANALYSIS

9.1 General principles

The object |of~sample preparation is to prepare a small

a) systematic errors;
b) errors of division.

Systematic errors cause a-bias in the results which will
normally always be of the\same sign. Errors ¢f division are
random and may be -sometimes positivg, sometimes
negative, larger or smaller.

Systematic errors ‘are caused by extraneous fnaterial being
added to the(sample or, conversely, by some [of the sample
material, s$uech as dust or moisture being los; such errors
can be*avoided by care in handling and |by operating
according to instructions, for example, by the use of
suitable equipment in suitable sample preparafion rooms.

Errors of sample division arise because part off the sample is
retained and the remainder is rejected; in [general these
errors will be increased the smaller the proporgion of coal is
retained, and vice versa. In principle, to reduce random
errors, it is desirable at each stage of divisioh to retain as
large a mass of coal as possible but in practice, to reduce
the quantity handled, it is desirable to retajn as little as
possible. The stages of sample preparation shquld therefore
be selected in such a way as to give sufflciently small
variance of sample preparation without havingd to retain too
large a mass.

The amount of coal which should be retainedq after sample
division depends upon the maximum particle size of the
coal at which the division is performed, its ash content and
the precision required for the sample prepargtion process.

It is preferable for all stages of sample preparation to be
carried out mechanically.

sample, représentative of the nriginal sample which can be
sent to the laboratory for analysis. This analysis sample
should consist of coal milled to a top size of not greater
than 0,2 mm. The mass of the analysis sample depends on
the analysis required. Normally 60 to 150 g is sufficient but
30 g may be adequate in some cases. However a greater
mass is required if certain caking tests are to be carried out.

The process of sample preparation involves several distinct
operations, which may sometimes be preceded by drying :

a) a reduction in particle size by milling??, sometimes
referred to briefly as “‘size reduction’’ or “‘reduction’’;

1) Sometimes referred to as crushing or grinding.

9.1.1 Two-stage preparation

Two stages of sample preparation should be used (except as
provided in 9.1.2). In the first stage the coal is reduced
from its initial size to an intermediate size; in the second
stage it is reduced from that size to an intermediate size; in
the second stage it is reduced from that size to the final size
of 0,2 mm required for analysis. Thus it is necessary to
select only one intermediate size between the initial size
and the final size of 0,2 mm. This intermediate size would
normally be 10 mm or 3 mm.
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In the first stage the gross sample should be reduced to the
selected intermediate size, then divided to a reasonably
smail mass; in the second stage the sampie shouid be
reduced to 0,2 mm then divided to the final mass required
for the general analysis sample.

It is essential that the mass retained at the intermediate size
should be sufficiently large to ensure that the variance of
sampie preparation is as smaii as is required and the reievant
masses for certain intermediate sizes are given in table 10.
Two conditions are specified :

stage, provided that the coal is uniform. Thus, the
appropriate masses given in table 10 must be increased by
approximateiy 50 % (see tabie 11).

When a common

H H ok~
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TABLE 11 — Minimum mass of sample retained after division
in the three-stage preparation

CONDITIONLA applies to cleaned coal containing less
than 10 % of psh.

CoNDITION|B applies to all other conditions.

TABLE 10 — Minimum mass of sample retained after division
in two-stage preparation

Upper size of cgal* Minimusm maes of sample retained
H HE %
after reduction Condition A Condition B
mm kg kg
10 1.5 10
03 2
1 0,15 0.6

* This is the nonpiinal size, such that 99 % of the coal is undersize.

** Intermediate [sizes are little used but if necessary may be
obtained from thig table by interpolation.

Condition B; thgse lower masses may be used for particular
coals if they have been shown by using theprocedure of
annex D to givg a sample preparation vafiance which is
sufficiently low.

Condition A Iows lower masses to be retained “than

The errors of sample division at a size of 0,2 mm are small
and can be disrpgarded provided-that the sample has been
adequately mixed. Thus, a vafjation is permissible in the
second stage. The sample may~be reduced from the chosen
intermediate sizp to 1 mm, _and divided to the appropriate
mass given in table 10 i it.is then reduced to 0,2 mm, mixed

and divided to the mass required for the laboratory sample.
An outline of th is—g in-figure-6-

Upper size of coal* Minimum mass of sample retained
Condition A Condition B
mm kg kp
10 25 1Pb
0,45 B
1 0,25 1
*  This is the nominal size, such.that 89 % of the coal igundersize

** Intermediate sizes are'little used but if necessary may be
obtained from this table by interpolation.

9.2 Procedure

9.2.1 vAcrrangement of scheme

As>indicated in 9.1.1, sample preparation is|[normally
carried out in two stages, each consisting of dirying (if
necessary), size reduction, mixing (if necessary) ahd sample
division.
Choose the intermediate size which is to be [used for
division at the end of the first stage, this being preferably
the size of 3 mm.

In the second stage, two alternatives are permitted, of
which the first is preferred.

a) reduce the sample to 0,2 mm in size and ﬂren divide
it to the mass required for the laboratory sample.

or alternatively,

b) reduce the sample to 1 mm, then divide|it to the
appropriate mass in table 10. Then reduce it tp 0,2 mm
in size, mix thoroughly” and divide it to |the mass
required for the laboratory sample.

9.1.2 Three-stage preparation

Three-stage preparation should be used only if the initial
size of the coal is 120 mm or greater. In this case two
intermediate sizes should be selected from table 10.
However, if the sample preparation is carried out in three
stages the total errors will be correspondingly higher and
will exceed the value assumed unless larger masses are taken
at each stage. To a first approximation the variance is
inversely proportional to the mass of sample taken at each

The possible schemes of sample preparation are shown in
figure 6.

9.2.2 Precautions

The place set apart for the treatment of samples should be
enclosed, roofed over and free from draughts. Samples
should be treated as soon as possible after being taken. If
they cannot be treated immediately, they should be stored
in a place where the atmospheric conditions are not
markedly different from those in the sample preparation

1) Mixing can be omitted if a mechanical divider is used, but is always preferable if a lower variance of sample division is desired.
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room. All surfaces with which the sample comes into
contact should be clean and made of material which will
not contaminate the sample. Precautions against loss are
important, especially in the handling of fine coal, which is
easily blown away. Equipment for extraction of dust in
suspension in the room may be sometimes necessary to
maintain a satisfactory standard of health and cleanliness,
particularly when workers are subject to continued
exposure.

9.2.3 Extraction of moisture sample

ISO 1988-1975 (E)

After reduction, the sample should be divided to the
required mass of 60 g or 150 g or more as described in 9.3.4
either by a mechanical sample divider or by mixing and
then dividing, using a riffle for both operations.

9.2.7 Final preparation of the ash sample

The sample received in the laboratory should be reduced as
described in 9.3.2 so that it passes a 0,2 mm sieve.!’

The sample should then be placed in an airtight container,
which is then sealed. A label should be attached to the

If the moisture sample is to be extracted from the common
sample, thd methods described in 8.4.1 should be used to
obtain the moisture sample before or during the
preparation| of the ash sample.

9.2.4 Dryig

If at any sthge of the procedure the coal seems too moist to
pass freely |through the equipment, the sample should be
dried as desgcribed in 9.3.1. If drying can be avoided in the
first stage |of the sample preparation, the procedure is
simplified.

9.2.5 Firs]stage of sample preparation

The whole ¢f the gross sample should be passed through the
first mill. 1 may be necessary to use a stamp or maul_to
break up the large lumps before feeding the coal into the
mill, but ng other form of hand reduction is permitted, (see
9.3.2).

Care should be taken to ensure that the coal\is sufficiently
dry to pasp through the milling and dividing equipment
used (see P.2.4). The equipment should be conditioned
with a part jof the sample used, to avoid loss of moisture.

If possible,| the coal should be-milled to pass 3 mm in the
first stage |n order to reduce/the mass of sample retained
for the nekt stage as well as to minimize errors due to
sample division.

The mass df sample-for coal of size greater than 10 mm is
so large thdt areduction to a size larger than 10 mm should
only be usedi ecial ci

After milling, the sample should be divided as described in
9.34 by a suitable sample divider, to the mass
corresponding to the selected size as given in table 10.

9.2.6 Second stage of sample preparation
In the second stage of sample preparation, the sample is

reduced in particle size as described in 9.3.2 to 1 mm or
0,2 mm.

container giving full details of the original |sample and its
subsequent method of treatment.

9.3 Methods

9.3.1 Methods of drying

The purpose of drying\the ash sample is to] ensure that it
will pass through the'mills and sample dividing equipment
freely and without loss or contamination.

Drying may/bé carried out at any stage pf the sample
preparation. procedure at which it may bd found to be
necessary: Care should be taken that sagples are not
oxidized during drying, or exposed to the action of warm
or‘overheated mills during reduction. The sample should be
dried until it is visibly dry. The temperatures and times of
drying in table 12 should be sufficient to dry the sample
but, if necessary, a longer drying time may bq used.

TABLE 12 — Drying times

Time

Temperature
P hodrs

15 °C above ambient but not
exceeding 25 °C

30°C

45 °C*

105 °C* (high rank coals
only**)

preferably not|to exceed 24

* |f caking or swelling tests are to be carried fout on the coal
sample, drying should not be carried out at a tefnperature above
30°C, unless it has been established by experien¢e of the coal in
guestion-th o-drying-procedurs uss ignificantly affect

the results of the tests.
**  For the purposes of this International Standard, high rank coals
are defined as those included in clauses O to 5 inclusive of the

International Classification of Hard Coals by Type, adopted by the
United Nations Economic Commission for Europe.

In order to achieve these temperatures, a cabinet or oven
may be used and the rate of air change should then be not
less than once per minute. The samples should be spread
out in a uniform layer, to give a concentration not
exceeding 1 g/cm?2.

1) The sample should be milled so that at least 99 % passes a 0,2 mm sieve (see 9.3.5).
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If a common sample is taken for ash and moisture, the
drying then forms part of the determination of total

l"UIb[UH‘.‘, (ne fﬂBIHOU ()l dll' urylng In InIS case IS SPECITIEQ
in 8.4.2, together with details of the necessary calculation.

If a closed mill
a ¢igsed min

P e
is no need to dry the sampl e during the first stage of
preparation.

If drying is carried out during the second stage there is no
need to take into account any loss of mass, as the moisture
sample will have been removed previously.

Hand methods of mixing are not recommended. In
particular, methods which involve forming the sample into
a conical piie usually lead to segiegation rather than mixing.
The hand mixing of fine material less than 2 mm in top size
is particularly difficult, as fine, dry material tends to

segregate and to be lost as dust.

9.3.4 Methods of sample division

Sample division is the process whereby a sample of required
mass is extracted from a laraer samnle of coal without

9.3.2 Methods qf particle size reduction

The particle size|should be reduced mechanically, using the
mills described ig{ A.6.1 of annex A. In the second stage of

PR NVIOF I oty I D Ay I e T |

plcpdldllul!, POV Ei “opEraitcua min Snouiu pe usea dllu ”lg”
speed mills are prleferable.

The precautions hecessary with high speed mills are given in
A.6.1 of annex A

Samples which pre intended for analysis should not be
sieved to remove| the oversize for re-crushing. This is a bad
practice since tHe material which is difficult to crush is
usually shale angl it cannot be satisfactorily mixed back
with the milled cpal.

As mentioned aljove, errors of sample division are greatly
increased by the| presence of coarse material. Accordingly,
it is essential that the 99 % pass level should be used for
checking mills (sqe 9.3.5).

The mills should|be thoroughly cleaned at regular interval§
and should be clpaned each time a different kind of coal'is
to be milled. THe use of a stream of compressed air or an
industrial type Jof vacuum cleaner is suitable-for this
purpose.

Hand reduction yith stamps or mauls should only be used
to break oversizd particles to the maximum feed of the mill
in the sample | preparation room,~‘or in exceptional
circumstances (for example, din)field work, though
preferably portaljle mills should\be-used).

9.3.3 Methods df mixing

The errors of safnple division can be considerably reduced

change in particle size. The division may be<cafried out
either by a mechanical sample divider or a-rifffe| In both

racoe tha affantivaly o
cases the oalnplca are eivecCtiveiy €O

number of small increments.

d by-takifig a large

i o
¥ G.

<

Each stage of sample divisiopzmay be carried out [either in
two OF more passes {for t:)(al‘l‘lpn’-." when USiﬁg a riffle, three
passes are required to (divide a sample to a fpne-eight
fraction), or in a single pass (for example wher using a
rotary sample divider,/a one-twenty-fourth fractioph may be
taken in one pass). If the total capacity of the regceiver of
the sample divider is less than the mass of the grosp sample,
each pass will have to be carried out in a series|of steps.
Thus a.pass’is defined as the passage of all the sanjpie once
through & sample divider and a step as the passage gqf part of
thezmaterial once through the sample divider.

Coal which is visibly wet may not run freely, or may tend
to adhere to the sides or containers of sample dividers or
riffles. In such circumstances, it may be necessary, before
sample dividing, to dry the sample as described in 9.3.1.

a) DIVISION BY MECHANICAL SAMPLE QIVIDER

The main advantage of mechanical sample d|viders is
that they extract a part of the coal by a large nimber of
increments. If less than about fifty increments are taken
by the sample divider, the accuracy may be subgtantially
reduced, so that the part to be collected should not be
too small a fraction of the whole. In such circumstances
it may be preferable to carry out the divisioph in two
passes.

b) DIVISION BY RIFFLE

by a thorough mMiXing of the sampie prior 1o aivision.
Mixing can be carried out by one of the following
methods :

a) passing the sample through a riffle three times in
succession and re-uniting the two portions after each
riffling;

b) the use of mechanical mixers (applicable to the
second stage of sample division);

c) in a rotary divider, a mixing pass can be obtained by
removing the segmental receivers and substituting a
cylindrical container. In general, however, mechanical
sample dividers mix the sample adequately and no
additional mixing pass is necessary.
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With a riffle the sample is divided into two parts of
approximately the same mass. One part is used for
further division, the other part may be rejected.
Subdivision to any required mass can be carried out by
successive passes.

The coal should be fed steadily into the riffle from a
sample container, ensuring that the coal is evenly
distributed over all the slots. The coal should be allowed
to fall freely, i.e. not towards one side of the riffle, and
the rate of feed should be controlled so that the slots are
never choked. When a stage of sample dividing requires
two or more steps or passes, the sub-sample retained at
each step or pass should be taken alternately from each
side of the riffle.
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Care should be taken that loss of moisture does not
occur from a moisture sample when division is carried
out by a riffle. Closed riffles should be used for dividing
moisture samples, or for dry coals to prevent loss of
dust.

9.3.5 Methods of checking mills

It is essential to confirm that the mills are milling the coal
sufficiently finely. Accordingly, the mills in use should be
tested regularly, say once a week. This is best done by
passing through the mill f ” iffi r
coal which i{ handled at the laboratory. The coal should be
treated by the normal procedure and the milled coal should

ISO 1988-1975 (E)

then be sieved over a 0,2 mm sieve to confirm that 99 % by
mass will pass. If it will not, the mill should be adjusted or
repaired, as necessary, until the operation is satisfactorily
performed.

Coal which is used for testing in this way should not be part
of a normal sample which is to be used for analysis.

9.4 Equipment

Equipment is required for reducing particle size, mixing and

ividi | viz., mills, mixers echanical sample
dividers and riffles. Descriptions and essentipl details are
given in annex A.
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A.1 SCOPE

This annex describes typical e used in

u
the collection of coal samples, their transport and their
preparation for analysis.

xamnles of eauinment
amples ot equipment

A.2 INTRODUCTION

The annex is divided into clauses, each describing in general
terms one type of equipment; schematic drawings are also
provided to illustrate the principles involved.

b) for preparing analysis samples from laboratory
samples;

c) for preparing analysis samples from gross samples.

The performance of machines for the reduction and
division of samples must be such that the samples remain
representative, i.e. that mass or moisture is not lost and that
the sample does not become contaminated.

Sample preparation machines should ensure the following :

a) when laboratory samples are prepared from larger

A.3 GENERAL REQUIREMENTS

A.3.1 Samplin

Depending on the conditions under which the coal samples
are coilected, pampiing equipment is required for the
following purpoges :

2 An
daj CO
b) collection of samples from conveyor belts;

c) collection of samples from coal loaded in railway
wagons or other means of transport, or in stockpiles.

Composite equipment consists of appropriate sample
coiiecting and sampie preparation machines combined into
a single unit byl means of which, in a continuous chain of
operations, coallincrements are collected and prepared into
samples.

The sampling equipment used must be such that the sample
obtained is reprpsentative : it must also fulfil the following
requirements :

a) the capagity of increment-collecting vessels.must be
such that dyring the collection of a singte increment
they are not| filled to more than three-quarters of their
capacity;

b) the IengIh of the collecting -vessel and of the
traversing eqyiipment must be, such as to ensure that the
whole width pf the coal streamnis traversed;

c) the width of ,th& inlet aperture of the
increment-collecting .eqliipment must not be less than
2,5 times th¢ top ‘size of the coal, or about 30 mm,
whichever is the-larger;

samples : a particle size reduction to less than [3 mm and
a division of the sample into the requifed-rjumber of

laboratory sam

nles of t uired macs*
apoy Y mpies ot t i

n
LA G SU TIA s,

b) when analysis samples are preparéd from laboratory
samples : a particle size reduction to less than 0,2 mm
and the production of the required number of|analytical
samples of the required mass;

c) when analysis samples are prepared frlom gross
samples : a particle size reduction to less thdn 0,2 mm
and the production of the required number of|analytical
samples of therequired mass.

A.4..HAND EQUIPMENT FOR THE COLLECTION OF
INCREMENTS

This clause includes tools for sampling by hand, but not
those which require a source of power for their pperation.

A.4.1 Augers (see figure 7)

Augers are used for sampling washed smalls up to[256 mm in
size in wagons and stockpiles. An auger considts of two
fixed curved blades mounted on a cross-piece attpched to a
steel or aluminium tubular stem 1 m long. The tyo blades,
which together form part of a cone, fork and ifterlace at
the leading end; the auger is inserted into the bed of coal
with a screwing motion.

A.4.2 Ladles'’ (see figure 8)

A suitable design of ladle for use with falling |streams is

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

e) none of the coal collected for the sample must be
lost during the removal of the sample;

f) the sampling equipment must not become clogged
with moist coal while the sample is collected.

A.3.2 Sample preparation
Sample preparation machines are required :

a) for preparing laboratory samples from gross samples;

shown diagrammatically. The 1adte opening should be at
least 2,5 times the top size of the coal to be sampled; ladles
are not suitable for sampling moving coal larger than about
80 mm in size.

A.4.3 Scoops (see figure 9)

Suitable designs of scoops for use on conveyors or with
stationary coal are shown diagrammatically. The scoop
opening should be at least 2,5 times the top size of the coal
to be sampled; scoops are not suitable for sampling moving
coal larger than about 80 mm in size.

1) A ladle is a container with an open top; a scoop is a container with an open side.

32


https://standardsiso.com/api/?name=3e4dde79d5340662ebe4eb8dd06214a4

A.4.4 Testring

A ring of 150 mm diameter fitted with a handle, to enable
the sampler to determine the proportion of lumps over this
size when sampling large coal.

A.4.5 Sampling frame (see figure 10)

The device is an aid to sampling on a stopped belt. The
frame should be inserted into the coal until it is in contact
with the belt across its full width and the increments
collected by sweeping off the whole of the coal lying

ISO 1988-1975 (E)

slid along the grooves and the complete apparatus is
withdrawn.

d) The probe is a tube of circular cross-section,
equipped with apertures as shown in the diagram. This
probe is pushed down into the coal, then twisted round
so that the action of twisting causes the probe to fill
itself. There is a danger that the probe may form an oval
hole during the twisting; this can be prevented by the
use of a rod of wood which completely fills the probe
and seals the apertures; when the probe has reached the

between the|sides of the frame.

Any large IUmps bisected by the frame on the left hand side
are pushed into the sample and those on the right hand side
out of the sgmple, or conversely.

The distancg between the sides of the frame should be at
least 2,5 times the maximum particle size. The height of the

bottom of the co_aJ_t.h_e_LQ_d_|5_\13L|_r.h_dLmL\Lﬂl as the probe
is twisted, in such a way that it mfaintains contact
between the apertures and the coal,\and the probe is

gradually filled. In this design Ithe’ sample will not
necessarily be suitable for the detection off heterogenity.

A5 POWERED EQUIPMENT FOR THE QOLLECTION
OF INCREMENTS

device must
the belt.

be greater than the thickness of the layer on

A.4.6 ProtIs (see figures 11 a) to 11 d)

Probes are
to 26 mm
without the
wagon can
necessary td
cylindrical t

ed for sampling coal of small particle size — up

it present — over the whole depth of a pile

need to disturb the pile; for example, a loaded
be sampled in this way without it being
unload the wagon. They take the form of

ubes which are inserted vertically or at a slight

angle into the coal until they touch the bottom of the pile;

When using
sometimes V|
it is withdra

The internal
where d is t
On opening
layer, thus d
record of thé

this equipment, the insertion into the coal-is

pry difficult and the tube tends to empty~when
vn.

diameter of the device should be-at least 2,5 d,

ne largest dimension of the coal being sampled.
the probe the sample can be_analysed layer by

btaining its composition_ahd giving a complete
heterogeneity of the.coal.

Various types of power operated automatid
available commercijally and this clause descri
which illustrate’ different general
samplers mady/bé provided with a secondary

samplers are
es only those

principlds. Automatic

crushing and

reductionsystem to reduce the mass of the lange increments

normally -taken.
storeddin closed containers.

It is important that samples should be

All mechanical or automatic sampling equipment should be

checked by comparing the samples obtained
taken manually by skilled personnel,
from bias.

The types are classified according to the samp
which they relate.

Machines for sampling from falling streams
bucket of width equal to the full width of th
cutting through it in a direction either paralle
angles to the movement of the belt. It is essg

with samples

to ensure freedom

ing system to

hould have a
e stream and
to or at right
ntial that the

For the samfpling of dry dust_the same types of probe can
be used but [should be equigped with a device to permit the
injection of |a jet of watef at the base of the probe before
withdrawing|it.

Four designg are“described :

a) The w e
drawn steel plate, which are desngned in such a way as to
slide together to form a closed cylinder. Such probes can
be made in various lengths up to 3,5 m; long probes are
easiest to use for coal up to 15 mm.

b) The probe consists of a cylindrical tube which is
slightly tapered and is slit along an axis in such a way
that the taper tends to grip the material contained in the
tube. By means of a handle it is possible to give a rotary
movement to the tube in order that it may be inserted.
The tube may be awkward to empty and clean.

c) The probe consists of a channel, the two edges of
which have grooves, and a plate which can slide along
the grooves. The channel is inserted open, the plate is

box passes through the stream at uniform meed and that
the slot width should be properly related to thie size of coal.

In addition, this type of sampler usually passgs through the
stream twice to collect an increment (from front to back
and reverse) and the container must be of such a size that it
is not full at the end of its travel. The change in direction at
the back of the stream must take place whele there is no
falling coal.

The bucket usually tlps at the| end of each

e ed down a chute.
Alternatlvely, the bucket may fill on one movement and
then tip, or close for its return.

A.b.1 Falling stream — Breeches chute (see figure 12)

This device takes increments from a falling stream of coal
by diverting the whole stream into one or the other leg of a
breeches chute. Movement of the flap governing the
direction of flow is usually time-controlled and the
proportionality of the mass of sample to the mass of
consignment depends on the period during which the flap is
allowed to remain in its alternative positions. If the flow
rate is erratic it may be necessary to control the device
according to the quantity conveyed (for example by means
of a belt weigher).
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The flap must move with a rapid ““snap’” action so that
the time taken for the flap to traverse the stream is
negligible compared with the time for which the whole
stream is diverted. Such action can be satisfactorily
obtained by compressed air operation, or for small-sized
coal by electromagnetic operation.

A.5.2 Falling stream — Slotted vessel (see figure 13)

A vessel with an aperture in the form of a rectangular slot is
drawn through a falling stream of the material to be
sampled, usuall i i

direction of thg conveyor. The slotted vessel traverses the
whole width of| the stream and a continuous “ribbon’’ of
the material is ¢ollected. The width of the slot must be at
least 2,5 times the upper size of the coal, otherwise bridging
will occur; the dlevice is not therefore usually employed for
coals larger than{20 mm.

The mass of ingrement collected depends on the quantity
conveyed per ynit time and the rate of passage of the
slotted vessel tiough the falling stream, The volume of the
vessel must be such that it is not overfilled when the layer
of coal on the beglt is at its maximum.

A.5.3 Falling sfream — Swinging arm (see figures 14 a) and
14 b))

Swinging arm kamplers are designed to sample at the
discharge end a conveyor and are suitable for positions
where the verticpl height or headroom is limited.

a) In this arrangement a heavy bucket is allowed to
swing once, |ike a pendulum, through the full width of
the stream jof material. The increment collected\'is
discharged into a sample hopper. Power for~"the
operation of [the sampler is sometimes derived\from the
drum of the conveyor and the device mjay ‘*be set to
operate autgmatically either at equal intervals of time
or, if a belf weighing machine is ificorporated, after
specified masses of coal have passed.

b) A furthef type of swinging-arm sampler consists of a
rectangular frame with a nUmber of holes of sufficient
dimension dfilled through~the top surface. The arm
swings acrosy the fullwidth of the stream and the coal
passing throygh the_holes falls on to a small conveyor
carried withjn the‘frame. This belt discharges into a
chute or storage’hopper.

A.5.4 Falling stream — Ram operated cart (see figure 15)

This device is intended for taking a sample from a falling
stream. The sample collecting device is a moving cart of the
full width of the stream, with a removable bottom. It is
propelled by a ram and in its idle position it is clear of the
falling stream at the top. When the ram operates, the cart is
pushed through the stream from the front to the back with
the bottom open. The bottom is then closed and the cart is
withdrawn by the ram so that it passes through the falling
stream and collects the sample. When it has reached the
“home position” at the end of “up’’ stroke, the bottom is
automatically opened so that its contents are dumped into
a hopper. From this hopper the coal is fed to a crusher and
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then to a feeder from which a second sample is collected by
a rotating nozzle, the remainder of the coal being
discharged. The coal can then be fed down further chutes
past further dividers until the final laboratory sample is
prepared. The ram can be operated by pneumatic, hydraulic
or mechanical power. The unit can be installed at the head
of a conveyor without major alterations.

A.5.5 Moving belt — Scraper arm (see figure 16)

conveyor causes fines to be segregated to the bot
material on the belt, it is essential to have, tHe sampler
properly adjusted to the belt curvature across its width, to
avoid taking a biased sample. The shape: of the|scraper is
also important since in sweeping through the stream of coal
it creates a ““bow-wave’ in front\of it; the tendency is to
push aside the large coal piecésyand thus reject them. The
speed must also be carefully(adjusted.

When properly adjusted the scraper arm is satisfpctory for
coal up to 50 mm ingize, the mass of increment epending
on the load on the belt and the width of the scraper. The
device may be sét to operate automatically eithgr at equal
intervals of. time or, if a belt weigher is incorporpted, after
specified masses of coal have passed.

A.56' Bucket elevator — Box car or drawer (see(figure 17)

This device is suitable for positioning at the discharging
point of a bucket elevator and consists off a vessel
for holding the contents of at least one whole [bucket or
sometimes of two buckets. The device is not sénsitive to
segregation and is useful for all sizes of coaf, but its
efficient operation and the accuracy of the sample depends
on uniform filling of the individual buckets. It shquld be set
to function at equal intervals of time or after the jpassage of
a specified number of buckets. A deflecting pl3te directs
the contents of the selected buckets into the car.

A box car may also be used in connection with h breeches
chute.

A.6 EQUIPMENT FOR SAMPLE PREPARATIQN

or drying

wet samples) may be divided into three classes :
a) size reduction apparatus;
b) sample mixing apparatus;

c) sample dividing apparatus.

A.6.1 Size reduction apparatus

The equipment for reducing particle size should be
mechanical and such machines are called mills for the
purposes of this International Standard. High speed mills
are desirable to ensure a product of specified size even from
hard coals of high ash content, or coals with shale.
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Reduction mills vary in type from jaw crushers to roll
crushers and from plate mills to high speed impact
pulverisers, which are particularly suitable for the finer
stages of milling (to 0,2 mm).

All types of mill should be made of heat-resistant material.
Those parts of mills coming into contact with coal should
be of wear-resistant material in order to prevent
contamination of the samples and to avoid overheating,
which would induce oxidation of the coal or loss of
moisture from it. Mills should be easy to clean.

ISO 1988-1975 (E)

For quantities up to 0,25 kg, mixing for 1 min is sufficient;
for larger quantities, mixing for 4 min is required.

A.6.2.2 Riffle

A riffle may also be used for mixing samples (see A.6.3.1).

A.6.3 Sample dividing apparatus

Sample division is accomplished either b

riffles or by

High speed[mills tend to become heated and samples must
not be allowed to remain in them long enough to be
affected. I{ a mill is used for a series of samples, it should
be allowed to cool between samples in order to avoid
oxidation and loss of moisture with subsequent samples.

Modern high speed mills can be seriously damaged by the
presence of extraneous iron or other ferrous material in the
sample. A jmagnetic separator placed on the chute leading
to the machine is a convenient safeguard against this.

The efficiepcy of mills used for grinding to 0,2 mm should
ensure that|at least 99 % of the sample will pass this size.

Although High speed pulverisers are the most efficient with
a wide range of coals, they entrain air with the samples due
to the fan-like effect of the rotating hammer; to avoid the
loss of fine|material or dust, it is essential either to limit the
air flowing|through the mill by using closed inlet and outlet
hoppers or py fitting a breather bag to the mill outlet.

A new type of totally enclosed slow speed conical mill is‘of
particular interest in that it crushes the sample between a
tungsten carbide rotating cone and a fixed jacket'and is
superimposed on a dust-tight rotary sample .divider (see
A.6.3). An pdvantage is that the product is fairly uniform in
particle siz¢ and remarkably free from fines)

The mills should be cleaned at regular intervals and always
before use| on a different coal;~the use of a stream of
compressed air or an industrial-type vacuum cleaner may be
found suitaple for this purpose,

A.6.2 Sanpple mixing-apparatus

The appardtus should not cause breakage of the coal nor
produce dpist /nor allow loss of moisture. It should be
conditioneqi with the coal being used or with another coal

power driven rotary dividers. The latter hav
that they take a very large number of $mal
that it is virtually unnecessary to mix)the
before taking the analysis sample; as a
measure mixing is carried out‘before the
division for a high ash coal, or when very
sample division are desirable.

Dividers should be cohditioned with the co4

with another coal of'similar moisture content.

A.6.3.1 Riffles (see figure 19)

A rifffe’is a non-mechanical sample divider

e the advantage
increments so
sample except
precautionary
final stage of
low errors of

| being used or

by the use of

which’ the coal fed onto it is divided into two halves, one

being retained and the other rejected, fd

r example by

allowing the coal to fall through a set of parallel slots of

uniform width.

Adjacent slots feed opposite containers.
portable and for sample division is usually fe

A riffle should be symmetrical (so that a p.

The device is
i by hand.

irt-sample may

be taken from either side). All surfaces on which coal might

rest should be inclined at not more than 30°
The receivers should fit closely against th
riffle, to minimize loss of dust. It is essentig
which is appropriate to the upper size of
divided as serious errors may be introduceg
the riffle are either too large or too small, o
of slots on each size is insufficient to gi
number of divisions for each half of the sam
the slot width should be about 2,5 times th
the coal; a suitable slot width for an upper s

to the vertical.
e body of the .
| to use a riffle
the coal to be
if the slots in
r if the number
e an adequate
ple. In general,
e upper size of
ze of 10 mm is

25 mm and for an upper size of 3mm is 10 mm. The

buld be at least

number of slots for each half of the riffle sh

of similar moisture content.

Three types of mixer have been found satisfactory — the
paddle mixer, the drum mixer and the double cone mixer.

A.6.2.1 Double cone mixer for coal of 1,0 — 0,2 mm size
(see figure 18)

A double cone mixer is suitable for mixing the residue from
the first stage of sample division. It has a short cylindrical
portion, an inclined baffle plate and a closure plate at each
end secured by a wing nut. An axle passes through the
centre of the mixer and rotates in bearings mounted on a
suitable support. The mixer is rotated by hand at about
60 rev/min.

etghtand-preferably-more—Effective-mixingof the sample is

obtained by passing the whole of the coal through the riffle

three times before sub-dividing.

A.6.3.2 Mechanical sample dividers

Most mechanical sample dividers are of the rotary type, in
which a receiver is placed on a turntable so as to intercept a
falling stream of coal once or twice in each revolution or,
alternatively, to collect a continuous ribbon from a falling
stream of coal produced by allowing the coal to fall from
the hopper onto the apex of a cone. The slot or dimension
where the coal passes from the reservoir should be at least
2,5 times the upper particle size.
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Other mechanical dividers may be used, provided that the
sample is effectively collected by a large number of
increments and that bias does not occur.

a) DousBLE
figure 20 a))

CONE SAMPLE DIVIDER (see

A stream of coal from a hopper is allowed to fall onto a
rotating cone; one or two slots in the cone allow the
stream to fall directly into a sample receiver for a part of
each revolution. Within limits the width of the slots can
be varied so that the proportion of sample retalned can
be adjusted pe
opening should always be at least 2 b times the upper
particle size of the coal. The divider is rotated at about
60 rev/min. Tlhere are models suitable for coals up to
10 mm in size

b) RoTARY|saAMPLE DIVIDER (see figure 20 b))

The rotary shmple divider consists of a number (for
example twelve) of containers shaped like segments
mounted on |a rotating turntable, revolving at about
60 rev/min. The bottom edge of the input reservoir must
be large enough to prevent coal bridging the outlet. The
minimum siz¢ of the opening at the point where it
intercepts the|coal must be at least 2,5 times the upper
particle size pf the coal. Thus, a number of separate
increments afe collected in each revolution and the
proportion of|sample retained may be chosen by taking
the relevant fumber of containers; for example if there
are twelve spgments, one container is retained for
1/12 fraction | two containers for 1/6 fraction and so on.

There are moglels suitable for coals up to 1,5 mm in size;
6 mm in size|lor 10 mm in size, while a smaller version
can be used td divide samples of 0,2 mm in size.

A.7 GENERAL EQUIPMENT

A.7.1 Weighing|machines

Any type of weighing machine~which will weigh to a
precision of 0,1% of its maximum load is satisfactory
provided that thp maximum foad is not much greater than
the amount usudlly being.weighed. Platform scales with dial
readings are recommended. For large samples a scale of
100 kg capacity |reading to 100 g is suitable; for samples of
medium mass a|scCale of 25 kg reading to 25 g; for small
samples a scale o

A.7.2 Air-drying cabinet (see figure 21)

The principles of the air-drying cabinet are shown in the
figure; a stream of air is passed over a number of trays on
which the coal is spread out in thin layers. The inlet air may
be heated, in which case there should be thermostatic
control of the temperature.

A.7.3 Sample containers (see figure 22)

Containers used for moisture or common samples should be
water-tight and made of impermeable non-corrodible
material, of adequate strength with well fitting lids.
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Containers of metal or of plastics material have been found
suitable. Lids incorporating a rubber gasket and tightened
down to the body of the container by means of levers or
screws are recommended.

A.8 COMPLETE SAMPLING EQUIPMENT

This clause gives details of some possible arrangements
for complete sampling equnpment by which samples of coal
analysis.
Slze reduction may also be lncluded to these arfangements.

A.8.1 Falling stream — Moving shutter (see.figure|23)

This arrangement incorporates a'(complete [sampling
apparatus, with equipment forhsample reducfion and
division. The coal usually flows, down an inclined chute
fitted with an automatic shufterover a trap-door which can
divert the coal down ai vertical chute. This shutter is
periodically (about every.7 min) opened for aboi‘ 4t05s
by a cylinder of compressed air. The incremenft is then
conveyed on a sampling belt at a speed of 80 mn}/s over a
magnetic drum>where extraneous iron can be removed. An
automatic shutter subsequently diverts a part of|this coal
into another chute at the base of which there is & grinder.
The samiple passes through the latter and is then divided by
passing over a grating, a certain proportion of the sample
being collected in the ground condition in a gollecting
device. Alternatively, by a manual shutter the coal can be
fed into the sample collecting jars in the yncrushed
conditions.

Arrangements are made, as will be seen in the fjgure, for
unwanted material and for scrapings off the sample belt to
be returned to the original circuit.

A.8.2 Falling stream (small coal) — Moving orjifice (see
figure 24)

This device incorporates a moving box with a slit which can
traverse the discharge of fine coal by means of a frolley. It
moves across the stream at pre-arranged intervals ¢f 15 min
and takes a section across the discharge.

This is fed into a box, the contents of which are discharged
through a tapered tube. Under this tapered tuhe can be
iti i i i i o that a
fraction of the sample is taken into the sample container
while the collecting pipes are under the tapered tube. The
residue is returned to the main stream.

This equipment cannot be used for wet coal, including
slime.

A.8.3 Falling stream — Swinging flap (see figure 25)

This type of equipment may be used for the collection of
increments from a falling stream of coal of up to 50 mm
size and for preparing the gross sample into the required
number of laboratory samples weighing 0,5 kg each. The
particle size of the laboratory samples is less than 3 mm.
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The equipment consists of a flap (3) with an increment
collector which can be swung across the stream, a
mechanism (2) by means of which the collecting device is
operated, a hopper for accumulating the collected
increments, a hammer mill {8) for reducing the original
particle size of the gross sample to 3 mm maximum and a
two-stage divider for reducing the mass of the ground
sample. If required a worm feed is installed between the
hopper (7) and the mill (8).

The collecting device (3) periodically traverses the whole
width of the falling stream of coal and dumps the collected
increments i
into the hopper (7).

The gross sample is ground to 3 mm in the mill (8) and
prepared so 3s to obtain one to four laboratory samples in
the two-stage| dividers.

A.8.4 Falling stream — Moving bucket (see figure 26)

This type of [sample collecting machine is intended for the
collection of [coal samples from a falling stream.

The maching consists of an electric motor (4), reducing
gear (8), divjding sprocket (7), idling sprocket (6), two
endless chaims (2), bucket (1), limit switch (5), and the
frame (3) on| which all the components of the equipment
are mounted.

This maching will deal with coal up to 200 mm in size with
a moisture cgntent of up to 8 %, in a stream of capacity up
to 500 tonne$ per hour.

The machine(is about to 4 to 5 ml long and about 1 to 2(m
wide.

A.8.5 Falling stream — Slotted vessel (see figuce 27)

This type of kample collecting machine is intended for the
collection of goal samples directly from conveyor belts.

The equipmept consists of an electric-motor (5), reducing
gear (6), dfiving sprocket (4},\idling sprocket (2),
scraper-type | collecting vessel(3), limit switch (8), a
hopper (9) iy which the iféréments are collected and a
frame (7) on|which the_cemponents of the equipment are
mounted.

The equipmept will(deal with coal up to 200 mm in size

ISO 1988-1975 (E)

part of the tubes shown in figure 28. When the cradle is
tilted back to its normal position the coal flows down the
tube into a container from which it may be discharged or
fed into crushing and reduction apparatus.

The section of the wagon from which the sample is taken is
determined by the angle of the tube, the location of the
openings in the tube relative to the top of the wagon and
the flow characteristics of the coal being dumped.

DIVISION

APPARATUS

A.9.1 Machine for preparation of.'3 mm [samples (see
figure 29)

This machine is intended for “the preparation of coal
samples by reducing their( particle size to 3 mm and by
dividing them into the‘required number gf laboratory
samples of the required mass.

The machine consists of a hopper (2) for cpllecting the
sample, a belttype feeder (1), a hammer| mill (3), a

bucket-type. dfum divider (4) and a riffle (6) f
two labaratory samples. There is also a worm
for removing the unwanted portion of the ori
andthe’necessary electrical equipment. The a
deal “‘with coal of up to 150 mm in size wit
content of up to 12% and will give a fin
particle size 3 mm. The mass of the labora
obtained is not less than 500 g and the mill will
to 2 tonnes of coal per hour. The overall
machine is about 3 m long and 3 m wide.

A.9.2 Machine for the preparation of 0,2 mm

or producing
conveyor (5)
ginal sample,
paratus will
a moisture
| sample of
tory sample
deal with up
size of the

samples (see

figure 30)

This machine is intended for the preparation of samples
from coal of a size up to 150 mm and fdr automatic
determination of the moisture content of the sgmple.

The machine consists of a hammer mill (3), a divider (2), a
drying chamber (4) for drying the laboratorly sample, a
hammer mill (5) for reducing the particle |size of the
laboratory samples to the size required for the analytical
samples, and a divider for the analytical samples (6).

with a moistyré-content of up to 14 %, in a stream with The sample preparation procedure involves the following
capacity up L—ﬁmwmm—ﬁm-mm—mmmmmmm a size of

conveyor belt is between 0,8 and 1,0 m and the apparatus is
about 1,2 m long and 2,4 m wide.

A.8.6 Wagons — Sampling tubes (see figure 28)

The automatic wagon sampler consists of one or more steel
pipes mounted on the side of a dumper cradle (or side
tippler) on the side which tips downwards.

The tubes extend a certain distance above the side of the
wagon and the section extending above the cradle slopes
towards the centre of the wagon in the cradle. As the
wagon of coal is tipped, the coal flows over the sampling
tubes and a portion of it flows into openings in the sloping

3 mm, reduction of this product to a mass between 0,5 and
0,85 kg, drying the reduced sample of particle size 3 mm to
an air-dry condition and grinding the 3 mm sample to the
laboratory sample of particle size 0,2 mm. It is possible for
this machine to be fitted with a device for the automatic
determination and recording of the moisture content of the
milled sample by electrical means.

This equipment will deal with coal up to 150 mm in size
with a moisture content up to 15%; a sample weighing
150 kg can be completely dealt with in 25 min. The
operation of the mechanism is intermittent as and when the
sample collects. The machine is about 2 m long and 1,5 m
wide.
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200 mm

FIGURE 8 — Ladle for smalls up to 25 mm

FIGURE 7 — Auger
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Dimensions in millimetres

FIGURE 10 — Sampling frame
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/

Trip dog for
discharging

w’.g!c o1 dn yibua

—————— e e e e

|
FIGURE 11 a) — Probe — Design a)
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Dimensions in millimetres

~ 1 300

Slightly tapered tube

« » Plan

FIGURE 11 b) — Probe — Design b)

41


https://standardsiso.com/api/?name=3e4dde79d5340662ebe4eb8dd06214a4

ISO 1988-1975 (E)

(o ubisag — (2 L1 3HNOIL

w\_l\.HH.
_ o
| | ST 1
_ Y !
T
_ '
I
!
s o ] ] A >
S S g1
/ -
a1eid jo "
a|pueH ) |
| P
I i

Apoq agoud jo 1i0ddns saddn

@
o
\ Y
“ 1—‘
_ 00€ ~
L
@ \ |
Ll . /
: 002 L 2e{dipue aqoudl Jo Apoq jo yibuar -
- J— ; N
_ 1 T j— i 1y
s H—) R
i

&

v doss e se Bunoe
aoaid Buuayibuang

cLe

saslawijjiw Ul suoisuawiq

42


https://standardsiso.com/api/?name=3e4dde79d5340662ebe4eb8dd06214a4

ISO 1988-1975 (E)

Dimensions in millimetres

o - ¢ int. 59
1)
1
(@]
©
N
o
=4
o
e
[ l«— Wooden rod
|
°
[ ¢ 55 3
B ™
3 g |
o <lay Il 1a ¢ c
| S P i | A
[
[
[
|
|
8 r
J Section C-C
(@]
Ire)
Section A-A |
| “Wooden rod

FIGURE 11 d) — Design d), window probe
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FIGURE 12 — Falling stream(= Breeches chute

FIGURE 13 — Falling stream — Slotted vessel
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FIGURE 14 a) — Falling stréeam — Swinging arm
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Dimensions in millimetres
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111

IR

300

383

625

144

L max. =1 630

¢>32,JC T =
N 325 2 @

a4

320

50 50

L60 x60 x8 L
L =300

20

FIGURE 14 b) — Falling stream — Swinging arm
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| I

—
Cutter supports Cutter cart (wheels not shown)
hydraulic drive
N
S
—

"7} lew————Cutter dump position r ~——
|

Dust gate — ram operated \\:

) /—

e = —t— -

/— Feeder ! O |7
I—_T —_—\‘_J
j

(\// N

Feeder

Cutter open on dqwn

|‘ Crusher\m stroke, closed on {ip
=

L

S

[ stroke — opens to[dump

) p4 N

SN

l Second Feeder
sampler \;{W’

, Feeder

Third sampler

- ——— = o
- - -

46

X7 U

--a— Rpject

Sample

FIGURE 15 — Falling stream — Ram operated cutter
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FIGURE 16 — Moving belt,— Scraper arm
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K
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FIGURE 17 — Bucket elevator — Box car or drawer
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Baffle plate

Length 400 mm
Maximum diameter 330 mm

FIGURE 18 - Double cone mixer

FIGURE 19 — Riffle

Feed hopper .
/—To motor drive
Rotating cone

—
Adjustable slot —\_( i % %t

Sample reject

FIGURE 20 a) — Double cone sampler divider
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Five times the size of the largest particle

?
Lip provides handle
b
B
[
- A
Side pljte bent over Large sample divider with hopper Stand to adapt large turntable
to forn] clip suitable for hand feeding for use with medium sized receiver
d
c
. Height of Diameter of Height pf
Capacity . . .
Type receiver receiver containgr
A
\TI"“'/ c kg mm mm mm
{ A 35 450 450 400
7 280 300 190

B
T T T50 130 150
\ /
\l KEY
\ . interchangeable orifice

a

b distributing zone
High speed sample divider fed ¢ sample receiver segment
from crusher via a chute d feed funnel

FIGURE 20 b) — Rotary sample dividers
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Dimensions in millimetres

Rubber insert

51

029

Lid
¢ 270

¢ 380
FIGURE 22 — Sample container (galvanized iron)

Handl
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Devices marking ends of stream

Motor reducer with

travel reversing device

— Discharge of fine coal

Dne increment every 15 min

olume of increment ~ 1 000 ¢m3

$peed of truck = 0,1 m/s

$tream =~ 800 mm

Division by mearis,of rotating arm 12 rev/min

\ / LMotor reducer

Vessel for final sample ———{

FIGURE 24 — Falling stream (small coal) — Moving orifice
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I = length of tHe collecting device, slightly
exceeding the width of the coal stream

b = width of injet aperture

x = lever of thel collecting device

Designation of pa

Chute

Chute cover
Hopper

Mill

Funnel

O ONOOHWN=

Delivery drun
Operating methanism
Collecting deyice

nts

Apparatus fof opening the chute

10 Distributing qone

11 Dividing sectgr

12 Hollow shaft

13 Sector funnell

14 Beaker
15 Container

16 Electric motdr with reducing gear

17 Chain drive
18 Intermediate

container

19 Housing of tHe 1st stage of the divider

20 Chute of the
21 Hose

54

1st stage of(the divider

16

I-H

~

FIGURE 25 — Falling stream — Swinging flap
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Dimensions in millimetres

Orifices

___—=Collecting tube

CradleT»

/—

Collecting device

a) Cross-section of dumper cradle

¢ 250 steelpipe

NS

Upper opening

T

N\

Lower opening

[\

b) Detail of tubes b\_/ b\/

FIGURE 28 — Wagons — Sampling tubes
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e
rd hopper

2 Divider

~

Designation of parts
i Disca

| I ——6

4 Drying chamber
5 Hammer mill

3 Hammer mill
6 Divider

FIGURE 30 — Machine for preparation of 0,2 mm samples
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ANNEX B

EXAMPLES OF INSTRUCTIONS TO SAMPLING OPERATORS

B.1 EXAMPLE 1 — FALLING STREAM

a) The sample is required for boiler trials.

e) The size of the consignment is 1800 tonnes, in
3 train loads of 33 wagons; each wagon is 3 m
wide X 5 m long; the coal is 1,75 m deep; each train load

b) The coal is washed smalls with particle size less than is to be sampled separately.

o -
25mmandr +ometenth of the
c) The analyses required are moisture, proximate true ash content; duplicate sampling is to,b€_employed.

analysis, ulti

d) A separatp moisture sample is required.

e) The sample is to be taken from a falling stream.

ate analysis and calorific value.

Proceed as follows for each train load :
1) Take 48 increments (table-3).

2) The minimum mass of _each increment $hould be

f) The size pf the consignment is about 800 tonnes in 0,90 (say 1,0) kg (see 3:3:2).
one lot. 3) Sampling should.be carried out from wagons tops
g) The ash |is to be determined to *0,5% but the using a probe inserted to the depth of the copl.
moisture to| the reference standard for moisture; ;
replicate sampling is to be employed, taking six 4)_ Take 2increments from 15waggns and
sub-samples. 1 increments from each of the qther wagops. Select
the 16.wagons as follows : Provide two bokes P and
Proceed as follows : Q. Jn box P, put a set of discs numbered|1 to 33.
| P . Sefect a disc from box P, record the numbgr and put
1) Take 128 increments (32 for a separate moisture the disc into box Q. Continue in this Way until

sample; P6=16X 6 for general
calculated [from 3.2.4, and table 6).

2) The minimum mass of each increment to be

1,5 kg.

3) Place 96 increments in rotation into 6 containgrs,
such that| these hold 16 increments each, to. form
6 sub-samples for general analysis;
container,| capable of being sealed-'between the
insertion | of increments is required
32 incremgnts (evenly spread over\the consignment),
to provide|a separate sample for\moisture.

4) Use a|sampling ladle.'with a width of at least

65 mm.

seventh 1{ 4] 7| 10]13
to hold 2 5| 8| 11|14

as 15 numbers out of 33 have been selected| Number
the wagons with chalk and take 2 incremgnts from
the wagons with the selected numbers.

5) Divide the top of each wagon into 1% areas as
follows :

3 6 9 | 12| 15

6) Take either 1 or 2 increments from eagh wagon
from the positions 1 to 15 selected at rgndom as

5) Sampl|ng should\be carried out at the point of described above by using discs numbered 1 to 15 in

discharge ¢f the stream.

6) Label [each” of the seven containers for later

box P; each disc should be put into box Q|until the
15 have been used; then start again.

7) Place the increments alternately intd sample

identificatton:

7) Prepare a sampling report.

B.2 EXAMPLE 2 — WAGONS

a) The sample is required for routine control

containers labelled A and B.
8) Repeat the whole procedure for each train load.

9) Prepare a sampling report.

B.3 EXAMPLE 3 — BARGE

b) The coal is dry uncleaned slack with particle size less
than 15 mm and with about 25% ash (dry basis), a) The sample is required for trade purposes.

ascertained from past records.

b) The coal is washed fines (0 to 10 mm) ash content

c) The analyses required are moisture “‘as received’’ and below 10 %, moisture content 8 to 10 %.

ash.

d) A common sample is required.

60

c) The analyses required are moisture ‘““as received”,
ash, volatile matter and calorific value.
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d) A common sample is required.

e) The size of the consignment is 400 tonnes, divided
over 8 compartments of a barge in which the coal is
loaded approximately 3 m high.

f) The ash content is to be determined to the reference
standard of £ one-tenth of the true value.

Proceed as follows :

table 3).

I1SO 1988-1975 (E)

see 3.2.3 and 3.2.4 and table 3; the number of 675
will be sufficiently close and can be distributed more
easily).

2) Divide them over the holds as follows :

Hold 1: 75 increments
" 2:150 "

" 3:200 "

" 4:150 ”

1) Take 36 increments (minimum number 32; " 5:100 "’
Totat 675 TcremeTTts

2) The minimum mass of each increment should be
0,5 kg,

3) Collect the increments with the aid of a short
probe |(see annex A) and store them in a closed
container.

4) Sample the compartments in twos after they have
been sp far unloaded that the bottom is just visible.

5) Take 12 increments at each of 3 levels, 0,2, 1,5
and 2,8 m above the bottom respectively; i.e. take
9 increments from every two compartments, 3 from
each lepel.

6) Lalpel and seal the container and state date and
place gf sampling, origin and particulars of the cargo
(size) and the name of the barge.

7) Prepare a sampling report, giving details of the
coal, sgmpling method employed, number and mass
of incréments, etc.

B.4 EXAMPALE 4 — SHIP

a) The sample is required to control.whether the
consignmgnt has the warranted quality.

b) The cpnsignment is run of mine ‘eoal of size under
80 mm with about 15 % of ash (dry.basis).

c) The analyses required dre,“moisture, ash, volatile
matter and calorific value,

d) A conlmon samplefis-required.

e) The size of the'consignment is 10 800 tons, divided
over 5 holds :

Holdh1 contains about 1 200 tonnes

B.5 EXAMPLE 5 — BARGES

3) The minimum mass of each inérement should be
5 kg.

4) Collect the incrementsOwith a scgop, at least
200 mm wide, and store.them in a clos¢d container.

5) Sample every hold Jin 3 stages (see figure 2) and
take one-third of thé.increments in each $tage.

6) Label the €ontainers and state data[and place of
sampling, jorigin and particulars of the cargo and the
name of)the ship. Prepare a sampling feport giving
details. of the coal, sampling method employed,
number and mass of increments, etc.

a) The sample is required to be accurately determined
for experimental trials.

b) The coal is under 12 mm in size.

c) The coal is a mixture of six washed ahd unwashed
coals and middlings with ash contents fron] 6 to 35 % —
a reputed ash content of say, 25 %.

d) The analyses required are moisture “‘as received’’ and
ash.

e) A common sample is required.

f) There are 12 barges each with four holds and each
barge contains about 100 tons of coal; the height of the
coal is 2,5 m; each barge is to be sampled separately.

g) The moisture and ash are to be determined to the
referenee—of :tandurds-e-f-pﬁeehieﬂ;—d-»pﬁeaﬂz sampling is

2 2400
"3 e " 39200 to be employed.
"4 "’ Y 2400 " Proceed as follows :
"5 ” " 1600

The depth of a hold is approximately 12 m.
f) The precision required is * 1 unit in ash percentage.
Proceed as follows :

1) Take 675 increments (the actual number is
calculated as

1) The minimum mass of each increment should be
0,75 kg.

2) Imagine that each hold is marked out into 6 parts
on its length and 6 parts on its width making
36 squares altogether (see figure 31).

3) In each hold of 36 squares make 6 insertions with
a probe to the bottom of the barge for sample A and
the same number for sample B, using pattern 1 of
figure 31.
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4) Place the set of 6 increments from the first hold
into a container labelled A then the second set of
6 increments from this hold into a container B.
Repeat this procedure for the other three holds of the
same barge. Thus, each container will hold
24 increments : 48 increments will have been taken
from the whole barge.

5) Analyse samples A and B from the first barge
separately for moisture and ash thus obtaining two
moisture figures and two ash figures.

8) Label each of the containers clearly to indicate
whether it is an A sample or a B sample and from
which barge it is taken.

9) Report the figures for subsequent statistical
analysis.

In each barge there are 64 central areas and
80 peripheral areas, a percentage of 45 and 55
respectively. Thus in each hold there is the same
density of increments taken from the squares, around
the edge of the hold and from the centre of the hold.

6) Repedt the same procedure on the second barge
using pattern 2 given in figure 31.

7) Repedt the procedure on the other barges taking
the incr(j'nents from successive barges from the
positions jndicated on the successive patterns given in
figure 31.

Fhus—from—tihre—centrat aqua'l'e',H"‘_A_Uf-B-i"\CrementS
are required on average and from the)peripheral
square 13 on average, giving a total afy24 irjcrements.

Note than in each system of 60X.6 each horizontal
row contains one position ferdncrement A and one
position for increment B; similarly for eagh vertical
column of 6.
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24 positions for the probe for sample B

B=

24 positions for the probe for sample A
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FIGURE 31 — Scheme of sampling from barges using twelve stratified random patterns
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ANNEX C

METHODS OF CHECKING PRECISION BY MEANS OF REPLICATE SAMPLING

C.1 INTRODUCTION

An estimate of the precision of sampling, though not of its
bias, can be obtained by taking the sample in a number of
parts (replicate sampling) and comparing the results

Calculate the ratio ;

D  expected mean difference between duplicates

d observed mean difference between duplicates

obtained from tHese parts.

Sub-clause 3.5 describes the collection of samples in a
number of parts|and this annex describes the treatment of
the results.

C.2 CONTINUQUS SAMPLING

C.2.1 Outline of procedure

The precision yhich is being achieved is checked by
comparing the| mean difference between duplicates
obtained from fen successive pairs of duplicate samples
with the theorefical value that would be obtained if the
desired precision| was being achieved. If it is necessary, the

number of incr
the same coal ca

C.2.2 Recording

Record the resu

ents to be taken for further samples of
then be adjusted.

results

Its as in table 13 and calculate for each

sample the mean value and the difference between the

duplicates. Whe

n the results of ten pairs 6f)duplicate

samples are avalliable, calculate the mean( difference, d,

between duplica

C.2.3 ““Rogue”

S.

results

A “rogue” is a result which appears to be in disagreement

with others from
that there has
preparation. The

the same<«oal and which arouses suspicion
been & mistake in sampling or sample
following test is used to decide whether

such a result shorld be'rejected.

This—Tatio s used 1o check whether sampting Jis at the
desired level, as follows :

a) if the ratio D/d is greater than’N2;0, tpo many
increments have been taken;

b) if the ratio D/d is between2;0)and 0,67, there is no
evidence that the number of/increments is incorfect;

c) if the ratio D/d is less than 0,67, too few infcrements
have been taken.

C.2.5 Adjustmentprocedure

If condition b)\applies take a further series of ten duplicate
samples; if t00 many or too few increments hfave been
taken, .adjust the number of increments accdrding to
table 15.and take a further series of ten duplicatd samples.
Continue duplicate sampling, the number of increments
being adjusted if necessary, until two successive sgts of ten
results give values of the ratio D/d lying between 2,0 and
0,67.

C.2.6 Check procedure

Thereafter duplicate sampling may be carried jout as a
check. It is not necessary to take every sample in duplicate;
for example one sample in five may be taken in Huplicate
or, alternatively, a group of ten duplicate samples may be
taken periodically. When ten duplicate samples Have been
taken, test the results as described in C.2.2 to (?[2.4. For
this purpose ignore the routine samples which are not taken
in duplicate.

If, for any set of ten duplicate samples, the ratiq D/d lies
outside the limits 2,0 and 0,67, adjust the nuymber of
increments and resume full duplicate sampling yntil two
successive sets of ten give the ratio D/d between 2,0 and

If a difference between duplicates is greater than 3,5 times
the mean difference, then reject that difference and take a
further sample in duplicate before analysing the results. In
the test report any results considered to be ““rogue’’ results
should be noted.

C.2.4 Testing results

When ten samples have been taken in duplicate, the results
are examined. The observed mean difference between
duplicates, d, is compared with the theoretical value, D,
that would be expected if the desired precision was
achieved. The appropriate value of D should be obtained
from table 14.
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0,67. Then resume check sampling.

C.2.7 Application to other characteristics

Table 14 and the tests can be used for any characteristic.
For convenience the precisions quoted are those which will
normally be encountered when determining the percentage
of some constituent of the raw coal. The value of D for a
given number of units is, however, simply proportional to
the precision required. For example, to obtain the calorific
value of coal to * 50 calories look in the row of table 14
which gives values for a precision of * 0,5 and multiply the
values by 100. Thus if the determination of calorific value
is wanted to an accuracy of +*50 for each unit, the
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appropriate value of D is 40. If the mean calorific value
over 15 units of coal is required to within * 25 calories the
vaiue of D is 77.

NOTE — The sampling precision is tested after ten duplicate samples

have been obtained irrespective of whether the precision of each
naveé oeen 0OoWaineG regspecuve wnemwer e precision eacn

individual sample or that of the average of any number of samples is
required.

C.2.8 Example

Coal is being received at a plant where heat balances are

PRy ‘.l_- Py Y TP 4.|_- “__‘.L S

I1SO 1988-1975 (E)

C.3.2 Recording results

Record the results as shown in table 16; calculate the mean

value of and the differences between each pair of duplicate

values : Calculate the mean difference between duplicates,
mam ] dle o mmow mmnnm snmanla

d and the range, ¢, of the mean saimpie vu!uco |.6., the
difference between the greatest and least.

C.3.3 “Rogue” results"’

The following tests are used to decide whether a result is a

quUIIEU EvVe
required to be wnthm 0,5 %. Duplicate samples are taken
each day frdm the coal going to the furnace and the mean
difference bptween dupiicates after 10 days is found to be
0,48 %.

tH ettt Y

ean ~F "ll: .....d

thnse f sl ’,.
, e carll vl alnipies

From table [14 we find that
required to fa precision of *0,5 %, the value of D is 2 0.
Thus D/d =|4,2 and too many increments are being taken
from each |unit. The number of increments taken in
subsequent Jamples is therefore halved, in accordance with
table 15, anq duplicate sampling is continued.

For the nex{ two sets of ten samples d is found to be 1,2 %
and 2,2 %, gjving values of D/d of 1,7 and 0,9 respectively.
Sampling is ]:erefore continued at this level. At this plant it

was decided| to keep a check on the precision by taking
duplicate samples 1 day per week. It will be noted that ten
daily samplg¢s were sufficient to show that the average
figure whicH would be obtained at the end of the month
would be fnore precise than was needed and that.d
reduction infthe number of increments could be made.

C.3 INTERMITTENT SAMPLING

(This section is only applicable in certain cases when
sampling from a stream of coal or from wagons).

C.3.1 Outlipe of procedure
The precisiof related to one-period is affected by :
a) The number of unjts sampled in this period;

b) The qumber of increments in the sample taken from
each unit

The variation—between the unit values contributes—to—the

“rogue’’ and should be rejected :

a) If a difference between duplicates' is| greater than
3,5 times the mean difference, d, obtained| by excluding
that difference, then reject that differende and take a
further sample in duplicate, before analysing the results.

b) If the value of c is feduced to one half|of its original
value by excluding one) mean sample valde, reject that
sample value and*take a further sample| in duplicate
before analysing the results.

C.3.4 Testing results — Number of units

When(ten duplicate samples have been taken, test the
results by comparing the observed range,| ¢, with the
theoretical value, C, which would be obtained|if the correct
number of units was sampled. Calculate |C from the
equation

C=kA
where A is the required accuracy and the |value of k is
obtained from table 17.

Calculate the ratio C/c :

a) If C/c is less than 0,6, too few units have been
sampled;

b) If C/c is between 0,6 and 1,8, there is rjo evidence to
suggest that the number of units sampled is|incorrect;

c) If C/c is greater than 1,8, too many units have been
sampled.

The decision must be made on the results of ten samples,

total variation; thus there is no point in taking a large
number of increments from each unit (to determine the
unit values to high precision) if there is an excessive
variation between the units. Consequently the number of
units sampled is checked to ensure that the desired
precision is being obtained and then the number of
increments in each sample is checked to ensure that the
number of increments taken from each unit is correct. The
two factors are checked separately and each is adjusted as
appropriate.

1) See C.2.3.

irrespective of whether it is desired to know the precision
of each individual sample, or of the mean of any number of
units sampled.

If condition b) applies, test the number of increments using
the procedure given in C.3.6.

When testing the number of units, but not taking duplicate
samples, the procedure is the same as the above except that
the first ten sample values should be used instead of the ten
mean values of the duplicate samples.
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C.3.5 Number of units — Adjustment

If condition a) or c) applies, more or less units must be
sampled and there is no point in adjusting the number of
increments; adjust the number of units in accordance with
table 18. If the adjustment to the number of units indicates
that all units should be sampled, adopt continuous
sampling. Continue with this procedure of checking the
number of units and then, if necessary, checking the
number of increments until two successive sets of ten
samples fulfil the conditions of C.3.4 b) and C.3.6 b).

If only the number of units has been changed, but not the
number of increments, there is no need to revert to full
duplicate sampling.

When ten duplicate values have been collected, calculate a

P N T TYH 4 thn latact unliia ~F ~ 1
new Il ure IUI udllu Lo dlUll. VVll.Il the iatest vaiue ot C. it
g

the ratio ¢/d is within the limits of 2,3 and 9,3, the new
value of d can be used for testing.

C.3.9 Intermittent sampling of consistent coals

C.3.6 Testing nesults — Number of increments

When indicate by C.3.4 b), examine the results of ten
duplicate samplgs and calculate the ratio ¢/d. This is used to
check whether the correct number of increments has been

taken from eacH unit as follows :

wanien Las

a) If the ratio c¢/d is greater than 9,3, too many
increments hpve been taken from each unit;

b) If the ratio ¢/d is between 9,3 and 2,3, there is no
evidence that the number of increments taken from each
unit is incorrct;

c) If the rafio ¢/d is less 2,3, too few increments have
been taken fijom each unit.

C.3.7 Number jof increments — Adjustment

If condition b) applies, take a further series of ten duplicate
samples; if condition a) or c) applies, adjust the number of
increments accqrding to table 19 and take a further series
of ten duplicatg samples. Continue duplicate sampling until
two successive| sets of ten samples give values of ‘the
ratio ¢/d lying petween 2,3 and 9,3 and also satisfy” the
condition of CJ3.4 b). Thereafter duplicate sampling may
be carried out a$ a check, as described in C.3.8"

C.3.8 Check pfocedure

After the initiall period, the values for all samples should be
listed and the [range, c, calculated-for each group of ten
successive samples. If some of/the’samples have been taken
in duplicate thg mean of thelduplicate values is taken as the
sample value.

For each group, compare the range, ¢, with the last mean
difference of tep successnve dupllcate samples, d. If c/d lies
outside the pri
number of increments and resume fuII dupllcate sampllng
until two successive sets of ten duplicate samples give values
of ¢/d lying between 2,3 and 9,3.

If ¢/d remains satisfactory, compare ¢ with C; if C/c lies
outside the limits of 0,6 and 1,8, compare ¢ with the
previous values for c. If it differs from previous values by a
factor of 3 or more, then it is probable that the natural
variability of the coal has changed. In this case, use table 18
to calculate the number of units to be sampled.

If, on the other hand, ¢ differs from previous values by a
factor of less than 3, the last few values of ¢ should be
averaged before calculating the number of units to be
sampled.
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o studyimgthe mm_wll duplicate
samples, it is found that the range, c is lessqthan 3 %, it is

recommended that the ¢/d ratio be not(used put that a
fixed standard of precision for each sample be pimed for.
This may be conveniently fixed at® 1%, so that the D/d
test for continuous sampling may ‘be Used (see (¢.2.4) with
D=0,8.

C.3.10 Application to other characteristics

The test described-in C.3.4 and C.3.6 can be uspd for any
characteristic : table’ 17 requires no modification

C.3.11 Example 1

A grade of coal was being sampled at a colligry once a
week, samples of 24 increments being taken from units of
approximately 20 tonnes, the total daily tonfage being
250 tonnes; i.e. the proportion of units being sampled each

week was =0,013.

20
250 X 6
The quarterly ash figure was required to within £(0,5 %.

The results of the first ten duplicate samples, taken so that
each day of the week and each time of th¢ day was
represented, are given in table 16.

For 15 samples per quarter and a proportion of 0,013 of
the units being sampled, k (table 17) would be 6,0, making
C=3,0% ash, and C/c =0,29. This shows th3at too few
units were sampled. Therefore the units to be sampled
should be increased by 50 % (table 18). For conyenience, it
was arranged to take samples on 2 days each week.

A second set of ten duphcate samples were taken, two

. etg-taken—eac . 8 pte! consisting
of 24 increments. The results of this set of ten duplicate
samples showed that the new number of units sampled was
satisfactory, but that too many increments were being
taken from each unit. Therefore the number of increments
in each sample was reduced to 16. The results of the next
two sets of ten duplicate samples were tested and showed
that this scheme (two samples per week, 16 increments per
sample) was satisfactory.

C.3.12 Example 2

In the example given in C.2.8, continuous sampling was
carried out at a plant to provide a precision of + 0,5 % ash
at the end of a month.
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It was considered that continuous sampling unnecessarily
occupied a man'’s full time and it was decided that a sample
should be collected for a period of 1 h twice a day, i.e., for
one-quarter of a coaling period, and that each sample
should contain half the number of increments previously
taken for a full day’s sample. This was carried out
experimentally for 2 weeks, the following results being
obtained (ten samples were taken each week, in such a

ISO 1988-1975 (E)

achieved. These limiting values, W, and Wy, are

determined from the equations :
WL =g1A
Wy =g,A
where A is the required precision and g, and g, are

constants that depend on the number of replicate samples
taken; the values of g, and g, are obtained from table 21.

a) If wis below the lower limit W\, it may be assumed
that a higher precision than that desired has been

manner that each part of the working shift was
represented).
1pt-week 2nd-week
-c = 3,56 % ash c = 5,0 % ash
d = 1,3 % ash d = 0,8 % ash
cd F 26 c/d = 6,2
k = 12,6 k = 12,6
c = 6,3 % ash c = 6,3% ash
Clk F+ 1.8 Ce = 1,3

The value o
50 samples

f k is that given in table 17 corresponding to
per month and a proportion of 0,3 of units

sampled (this entry is the nearest to the actual conditions,
i.e. 40 sampjes per month and a proportion of 0,25; an

interpolated

value for the actual conditions would be 11,0).

It is seen tIIt the value of C/c is more than 0,6 in both

cases so th

the final precision may be assumed to be

* 0,5 % ash gr better.

that taking

o samples a day for a period of 1 h provides

Also both vq;es of ¢/d are within the limits; thus it appears

the precisio
greater tota
continuous s.

C.4 SINGL

required. Furthermore, it appears that/no
mass of sample need be collected_than if
hmpling were carried out.

E CONSIGNMENT

C.4.1 Outline of procedure

An estimate

pf the precision achieved by sampling a single

consignment| can be obtained”provided that at least six
replicate subtsamples haverbeen taken. The range between
the highest gnd lowest\replicate values is calculated. This

observed dif

ference_is then compared with the theoretical

value that wWould be obtained if sampling were of the
correct precifion, so that it is possible to say whether the
correct precision has been achieved or not. Alternatively, it
is possible to calculate the actual precision which has been

obtained.

obtained. This does not call for any actign at the time
but if a consignment of the same codl is|received later
smaller number of increments may be taken. The
number originally taken should be'reduced py 33 %.

b) If w is between the twé)limits it may be assumed
that the desired precision has been obtdined and no
further action is necessary.

desired precision ‘has not been obtained apd the actual
precision achieted may be estimated by the method of
C.4.4. If (the/same coal is received again, it will be
necessary. to increase the number of increments and the
numbetoriginally taken should be increased by 50 %.

c) If w is greatef<than the higher limit ll}/u, then the

C.4.4 Determination of precision achieved

Calculate the squares of the sub-sample vallies and sum
them as shown in the example of table 20. [Calculate the
standard deviation S of the mean from :

2
s=/_1_(G_M_)
nin-—1) n

where
n is the number of replicate sub-samples;
M is the sum of the sub-sample values;
G is the sum of squares of the sub-sample \Jalues.

b

The precision of the mean is given by * t§ where t is

obtained from table 22 using f= (n — 1).

C.4.2 Recording results

Record the results as in table 20 and calculate the range, w,
the difference between the highest and lowest sub-sample
values. The squares of the values need not be calculated
unless the procedure of C.4.4 is to be used.

C.4.3 Testing results

Compare the range, w, with the lowest and highest values
that would be expected if the desired precision was

In the particular case of six sub-samples, the precision
becomes

2

047 [6-2L
0, 5

C.4.5 Comparison of the two methods of calculation

The methods of C.4.4 may have to be used in disputes or in
other special cases, when the methods of C.4.3 have shown
that the required precision has not been attained. On most
occasions, however, the methods of C.4.3 will be
appropriate.
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C.4.6 Application to ships

These tests can

be used when several holds of a ship are

sampled separately. However, it is essential that the figures

used to test or
from at least six

A consignment
16 % ash, was
64 increments.
required precisi
from table 21
W, =2,45 and
lies between the
that the sample
of £0,5 %.

If, on the other
the expected ¢
calculated as fol

estimate the precision must be obtained

separate sample values

of washed smalls in a ship, nominally of
sampled by taking six samples, each of

€
bn was £ 0,5 %. The values of g obtained
are g, =12, g,=49 and therefore
W,_ =0,60. The range, w, is 1,9 and thus
limits 2,45 and 0,60. We therefore assume
has been collected to the required precision

hand, we do not use the information about
recision, the precision of the mean is
ows :

98,3)2
::0,47\/613,19—( 6 J

10,47 /1613,19 - 1 610,48

10,8

The precision of *0,8 % is thus worse than the £ 0,5 %

assumed by the
information the
first approach s

former approach. In the absence of further
figure of £ 0,8 % should be quoted; but'the
hows that the precision of + 0,8'% is not

68

sufficiently different from the desired precision of £ 0,5 %
to assume that the desired precision was not obtained.
There is thus no contradiction between the methods of
approach. Apparent difficulties of this type are inevitable
when basing estimates of error on so few degrees of

freedom.

1D EAT
mncui

4]
O

~
L.

Circumstances may arise when it is necessary to estimate
the precision achieved rather than to compare it with an

H e overall
reliability of a sampling procedure. Results are'réquired for
this purpose from at least ten pairs of dapjicatp samples
having the same sampling characteristics: The| standard
deviation of a single result is calculated from

2
s=/_1__ [},dz_(Zd)]
/2 (n—NT| n _|

S is the standard.deviation of a single result;

where

d is the difference between pairs of duplicates
n is thesnumber of pairs.
The precision of a single result is calculated from :
A=%tS
where
A is the precision of a single result;

t is Student’s t, numerical values of which at|the 95 %
probability level are given in table 22.



https://standardsiso.com/api/?name=3e4dde79d5340662ebe4eb8dd06214a4

TABLE 13 — Results of continuous duplicate sampling —
Ash content, %
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TABLE 16 — Results of duplicate intermittent sampling —

Ash content

Sample Duplicate values Mean Difference Sample Duplicate values Mean Difference
N op sample between N P sample between
Higher Lower value duplicates o Higher Lower values duplicates
1 G 105 108 0.6 1 11,0 108 10,9 0,2
2 124 1.9 12,1 0.5 2 104 10,0 10,2 0.4
3 125 122 124 0.3 3 20,0 19,8 19,9 0.2
4 106 103 104 0.3 4 15,5 15,3 15,4 0.2
5 125 1.6 121 0.9 5 15,1 14,9 15,0 0,2
6 12:6 e ALY 0.2 6 18,6 16,2 17,4 2,4
-7 12,2 1.8 12,0 0.4 7 16,6 14,2 15,4 24
8 108 100 104 0.8 8 19,7 18,0 18,9 17
9 8.2 7.9 8.1 0.3 9 17.1 14,4 15,7 2,7
10 10,8 10,3 10,5 0,5 10 9,7 9,2 9,5 0.5
TOTALS |P=113,1|Q=1083| R=1107 | T=48 Totals 153,7 (1) | 14284L)| 1483 || 109 (k)
Mean = R/10|= 11,1 Mean =M/10= 14,8 %

Mean differen

ce between duplicates d = 7/10 = 0,48

(A check on the calculations can be carried out since

Range of sample‘values,c =19,9—-9,56=10,4 %
Mean difference between duplicates, d = K/10

= 1,09 %

sinceP—Q=T=4,8 (A check’an’'the calculations can be carried out
and P+ Q=2R=221,4) sincéH—-L =K
and H+ L =2M)
TABLE 14 — Continuous sampling — Values of D
TABLE 17 — Values of k
Number of units for which the stated precision
Precision is needed Proportion Number of units sampled in the period
required £ units being considered
1 2 3 4 5 10 | 15420 [25(30 | 50 otu
sampled | 1 15 13|45 |10]|15 |20 |28 |30/ 50
+0,25 0,2p|0,28(0,35|0,40|0,45/0,63(0,77/0,89(1,0{1,1| 1,4
+05 04[|06 |07 |08 |09 |137015 [18 [2.0[2.2] 2.8 0,05 1,5]2,212,7(3,1|13,4|149| 6,0| 69 7| 8,4]10,9
+0,75 |o6| |08 [1,0 [1.2 [1.8 19 |23 |27 |3.0[3.3] a2 0.10 [1.6123128/3.2/36|51| 62| 7.2| 80| 88114
£1,0 |og|[1.1 [1.4 [16418 |25 |31 |36 la0laa] 56 030 118/25/3.1136/40/56| 69| 80| 809 9,8/ 126
15 [1.2[]1.7 |21 4247(2,7 |38 |46 |54 [6.0]66| 85 050 120/28/35/40/4564 78| 9,0/1041/111,0/14,2
£20 |16[[23 [2882 [36 |50 |62 [7.1 |80l 11,3 060 [2.213.1/38/4,4149/69| 84| 9,7|1109|11,9| 15,4
0,70 2,4134|4,1|48(53]75] 9,2(10,7(1109]13,1]16,9
0,80 2,713,8|4,6/5,3(6,0|8,4110,3{11,9|/13)3| 14,6/ 18,8
0,90 3,114,4|5,316,2(16,919,7 |111,9(13,8(15,4|16,9| 21,8
TABLE 15 — Continuous sampling — Adjusting the number
of increments
D/d greater than 2,0 D/d less than 0,67 TABLE 18 — Intermittent sampling —
D/d Decrease number D/d Increase number Adjusting the number of units
of increments by of increments by Decreas :
e ncrease
2,0t0 2,6 33% 0,67 to 0,50 50 % Cl>18 number Cle<06 number
’ of units by ’ of units by
> 2,6 50 % < 0,50 100 % 33% 50 %
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TABLE 19 — Intermittent sampling —
Adjusting the number of increments

TABLE 21 — Values of g

n 6 7 8 9 10
c/d>9,3 c/d<23
91 1,2 1,5 1,8 2,1 2,4
Decrease number Increase number
c/d X c/d .
of increments by of increments by g2 49 5,4 5,9 6,4 6.9
<11,2 33 % >18 50 %
> % < /
1.2 50% 1.8 100% TABLE 22 — Values of t
5 6 yi 8 9 10 15 20 | 25 50 o
TABLE 20 — Results of consignment sampling — Ash content
- 2,5712,45(2,3712,3112,26(2,23|2,13 (2,09 2,06 2,01 1,96
Sub-sample N¢. Sub-sample value (Sub-sample value)2
1 15,3 234,09
2 171 292,41
3 16,5 272,25
4 17,2 295,84
5 15,8 249,64
6 16,4 268,96
Totals M = 98,3 G =1613,19
Mean =M/n =16,4 %

Range of sub-sample values, w = 17,2-153=19%

Sum of sub-san
Sum of squares

70

ple values, M = 98,3
of sub-sample values, G = 1 613,19
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D.1
As described

ISO 1988-1975 (E)

ANNEX D

METHODS OF CHECKING SAMPLE PREPARATION ERRORS

INTRODUCTION

in clause 9, sample preparation should be

carried out in two') (or possibly three) stages, each stage

consisting of
and division

a reduction in particle size, possibly mixing,

f the sample-into-two-parts—aone—ofwhich—i
p WO—pPaFs;—oRe—o+W

D.3 TO CHECK PROCEDURE AS A WHOLE

The first step is to check that the overall

variance of

preparation and analysis does not exceed the value of
0,05 A2 required for this International Standard. The exact

value—of 006542 will not ba ohtainad ood
vaHde—e+—u; 09 A<—whi—hoet—pe—optathea—and

Py
THE 1S

retained and|one rejected. All the errors occur in the course

of the two d
0,2 mm size
portion.

Tlhe

visions, in the selection of the final 1 or 2 g of
and in the determination of the ash of this
same remarks apply to all other

determinatiofs, but for convenience the remainder of this

annex refers
satisfactory

to ash only. Moreover, if the variance is
or ash it will normally be so for the other

characteristics of the proximate and ultimate analysis.
Errors in mdisture and calorific value, however, should be

checked. All

This
preparation
arising in thg

methofl of checking the precision of

Characteristics may be checked if desired.

sample
s designed to estimate the random errors
various stages of the process; the important

factors are tHe size distribution of the sample after crushing

and before d

vision, and the mass remaining after division.

The errors arp expressed in terms of variance. Separate tests

are necessary

to ensure that bias is not introduced either by

contaminatioph or losses during the sample preparation

process. The

brocedure described is simple to carry out, and

the results aJe simple to analyse, but it is not the bést

statistical de
the analysis
complicated;
of a statisticig

It is assumed
milled to L m
The sample

ign; such a design is shown in figure 34,-but

required is different and considerably) more

if it is desired to apply this scheme, ‘the advice
n should be sought.

that the original sample weighs X kg. This is
m, then divided to Y kg(This is the first stage.
is then milled to 0;2)mm and divided to

between 60 and 150 g. This is_the)second stage. A diagram
of the procedpre is shown in figure 32.

D.2 REQUIRED“VALUE OF VARIANCE OF SAMPLE
PREPARAT ; 2

The methods of sample preparation recommended in
clause 9, using the masses specified, should achieve for the
most variable coals a variance of sample preparation of
0,04 A2 or less, a variance of 0,01 A2 being allowed for
analysis; where A is the overall precision of sampling,
sample preparation and analysis. This gives a total variance

of 0,05 A2.

provides a test of whether the difference
determined value and 0,05 A2 is significant:

the method
between the

This is done by taking two portionsat the first division of

the sample; these are thereaften treated entird
to give the two analysis samples (figure 3
samples provide an unbiased estimate of th
sample preparation and analysis. Ten pairg
samples are obtained in.this way.

Let the mean difference between the ten pairg

h; then h should\lie between 0,37 A and 0,13 A4.

Provided that two successive sets of ten dup!
fall between these upper and lower limits
assumed that the procedure is satisfactory.

Ifthe difference is below 0,13 A, the variand
no adjustment is necessary since it is always
have the variance as low as possible.

ly separately
D). The two
b variance of
of analysis

of results be

cate samples
it may be

e is low, but
desirable to

If the mean difference is greater than 0,37 A, the variance is

too high and the values given in table 10 (givin
sample to be retained at various stages of
preparation process) will not be valid. TH

g the mass of
the sample
erefore, the

variance of the errors arising at each stage should be

estimated as described in the following clause,
may be taken to improve the procedures as
necessary.

D.4 TO CHECK STAGES SEPARATELY

D.4.1 Procedure

so that steps
shown to be

errors at different stages if the test described
shows that the variance of the procedure as a
high. The same procedure may be used to

to measure
in clause D.3
whole is too
measure the

errors at different stages when installing a new piece of
equipment or when considering the introduction of a new

kind of procedure. Particular care

is needed

in the

interpretation of the results, especially in estimating the

errors at each stage of division.

1) Hereinafter assumed to be two. If three stages are used, the checking procedure is similar, but the advice of a statistician should be sought.

2) Based on that given by R.C. Tomlinson, Journal of the Institute of Fuel, London1954, 27, 515.
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