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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the

editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or

on the IS0 list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about I1SO’s adherence to the WTO principles in the Technical

Barriers to Trade (TBT), see the following URL: Foreword — Supplementary information.

The committee responsible for this document is ISO/TC 27, Solid mineral fuels, Subcommittee SC 4,
Sampling.

This second edition cancels and replaces the first edition (ISO 13909-5:2001), which has been
technically revised.

ISO 13909 consists of the following parts, under the general title Hard coal and coke — Mechanical
sampling:

— Part 1: General introduction

— Part 2: Coal — Sampling from moving streams
—  Part 3: Coal — Sampling from stationary lots
—  Part 4: Coal — Preparation of test samples

—  Part 5: Coke — Sampling from moving streams
—  Part 6: Coke — Preparation of test samples

Part 7: Methods for determining the precision of sampling, sample preparation and testing

—  Part 8: Methods of testing for bias

© 1SO 2016 - All rights reserved ,
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Hard coal and coke — Mechanical sampling —

Part 5:
Coke — Sampling from moving streams

1 Scope

This part of ISO 13909 specifies procedures and requirements for the desi i
1 sign and
of sampling schemes for the mechanical sampling of coke from moving streamgs and t}?es trit:eltlfxl;;nseg;

sampling used.

The diversity of types of equiprpent for sampling and the conditions under which mechanical samplin
is performed make it inappropriate to specify standard designs for samplers which will be applicable tg

all situations.

2 Normative references

Thq following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 13909-1:2016, Hard coal and coke — Mechanical sampling — Part 1: General introduction
1SO 13909-6, Hard coal and coke — Mechanical sampling — Part 6: Coke — Preparation of test samples

1SO 13909-7, Hard coal and coke — Mechanical sampling — Part 7: Methods for determining the precision
of sampling, sample preparation and testing

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

1SO 21398, Hard coal and coke — Guidance to the inspection of mechanical sampling systems

3 Terms and definitions

For the purposes of this part of ISO 13909, the terms and definitions given in ISO 13909-1 apply.

4 Establishing a sampling scheme

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

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

a)
b) define the lot;
c) define the precision required;

the method of combining the increments into a sample, or number of sub-lot samples

d) determine :
sample preparation (see ISO 13909-6);

and the method of

©1502016 - All rights reserved
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i ion and
€) determine or assume the variability of the coke (see 4.3.2) and the variance of preparati

testing (see 4.3.3). Methods for determining variability and the variance of preparation and testing
are given in ISO 13909-7;

: i in the
f) establish the number of sub-lots and the number of increments per sub-lot required to attain t
desired precision (see 4.3.4);

g) define the sampling interval (see Clause 5);

h) ascertain the nominal top size of the coke for the purpose of determi

ning the minimum mass of
sample (see 4.4 and Table 1)

’

NOTE The nominal top size may initiall

y be ascertained by consulting the consignment details, or by
visual estimation, and may be verifi

ed, if necessary, by Preliminary test work,
i) determine the minimum average increment mass (see 4.5).

4.2 Design of the Sampling scheme

4.2.1 Material to be sampled

4.2.2 Parameters to be determineqd on samples

The samples for moisture and physical tests may be collected Separately or as one sample, which is then
divided. In this part of ISO 13909, 3 sample which s collected for the determination of moisture (and
Possibly also for genera] analysis) is referred to as the moistyre sample; a sample which is collected
for physical tests only is referred t

0 as the physical sample, If a sample is used for the determination of
moisture and for physical tests, jt Isreferred to as a common sample,

In mechanica] sampling of coke, the only sample which can, in certain circumstances (see 4.2.6), be
processed automatically beyond the divided-increment Stage is the moisture sample,

In order to _achieve the desireqd precision, it may be necessary to take different numbers of increments
for the moisture and physica] samples, Where 3 tommon sample ig taken, the greater number of
Increments sha]] pe used.

4.2.3 Division of lots

-lots, e.g. coke despatched or delivered over a
time, a ship loag, 5 train load, 3 wagon load, or coke pProduced in a certain period, e.g. a shift
It maily be necessary to divide 3 lot into a number of sub-Jots in
results,

For {ot's sampled over long periogs, it may be expedient to divide the lot into a series of sub-lots,
obtalnmg a sample for each,

4.2.4 Basjs of Sampling

Sampling may be carrieq out on

ln.time-basis Sampling, incrementg are take
with a fixed Speed cutter, wh

either 5 time-basis o a mass-basis,

men ‘€n at fixed time intervals with an increment mass, collected
ichis Proportional tg the flow rate at the time of extraction.

©1502016 - All rights reserved
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In _ . . - .
intclanizz basis sampling, increments are taken at fixed mass intervals, using a belt weigher/mass
grator, and fixed mass increments are extracted using a variable speed cutter or sample preparation

system which produces a fixed mass divided increment.

s-basis sampling may seem to offer the advantage of consistent

The conditions under which mas
are those in which it is most difficult to

increment mass, for example highly variable flow rates,
implement in practice.

Time-basis sampling is by far the simplest to implement and is the basis of this part of [SO 13909.

4.2,5 Precision of sampling

'Il‘he required precision fora lot for each parameter to be measured shall be decided. The number of sub-
ots and minimum number of increments per sub-lot collected shall then be determined as described in
all be determined as described in 4.5.

4.3.4, and the average mass of primary increments sh
the worst case (see 4.3.2). The precision of

hall be assumed as
f replicate sampling (see ISO 13909-7).

For single lots, the quality variation s
sing the procedure 0

sampling achieved may be measured u
known cokes, the worst-case quality variation shall be assumed.
k shall be carried out to confirm that the desired precision has
been achieved using the procedure of duplicate sampling as described in ISO 13909-7.

he number of sub-lots and increments shall be

If any subsequent change in precision is required, t

changed as determined in 4.3.4 and the precision attained shall be rechecked. The precision shall

also be checked if there is any reason to suppose that the variability of the coke being sampled has
plies to the precision of the result when the

increased. The number of increments determined in 4.3.4ap
sampling errors are large relative to the testing errors, e.g. moisture content. However, in some tests,

e.g. Micum Index, the testing errors are themselves large. In this case, it may be necessary to prepare
two or more test portions from the same sample (see ) and use the mean of the determinations to

give a better precision.

At the start of regular sampling of un
When sampling is in operation, a chec

4.2.6 Bias of sampling
as far as possible, that the parameter to be

nce in sampling to ensure, ‘
d sample preparation process or by subsequent storage prior
f coke intended for physical testing and

to avoid breakage 0
This may require, in some circumstances, a

It is of particular importa
measured is not altered by the samplingan
to testing. For example, care shall be taken
loss of moisture from the moisture sample during storage.

limit on the minimum mass of primary increment (see 4.3.and
lots over an extended period, it may be

termination from
mber of sub-lots (see 4.3.4).

ples by dividing the lot into a nu

The use of on-line crushing and division of the moisture sample for moisture determination should be
treated with caution becaugse of the risk of bias caused by loss of moisture in the processing (see 6.2.2).
ot recommended. If the bias is unacceptable, the sample shall

d out by manual methods. It should be

Ilnn ;l)articular, the crushing of hot cokeisn ] aration carrie
eleftint tate and the sample pre i
he uncrushed s vitable, whether due to breakage or loss of moisture from hot
moisture loss to a minimum.

accepted, however, that someé bias is inevita :
coke. The object, therefore, shall be to restrict such degradation oF
ed, it shall be checked for bias in accordance with the

When a coke-sampling scheme is jmplement
methods given in ISO 13909-8.

for moisture de

When collecting samples
ding time of sam

necessary to limit the stan

4.3 Precision of results

43.1 Precision and total variance
analysis, errors are incurred and the experimental

. e preparation and 0 i
In all methods of samplmgﬁsr?lf;‘tll’w dps for any given parameter will deviate from the true value of that

results obtained from Suc

©1S0 2016 - All rights reserved
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parameter. While the absolute deviation of a single result from the “true” value cannot be determined,
it is possible to make an estimate of the precision of the experimental results. This is the closeness
with which the results of a series of measurements made on the same coke agree among themselves,
and the deviation of the mean of the results from an accepted reference value, i.e. the bias of the results
(see ISO 13909-8).

It is possible to design a sampling scheme by which, in principle, an arbitrary level of precision can be
achieved.

NOTE The required overall precision for a lot is normally agreed between the parties concerned.
The theory of the estimation of precision is given in 1SO 13909-7. Formula (1) is derived:
l—/'— +Vor
P=2 T — W

where

PL is the estimated overall precision of sampling, sample preparation and testi
f n
a 95 % confidence level, expressed as a percentage absolute; B for the lotat

Vi is the primary increment variance;
Vpr  isthe preparation and testing variance;
n is the number of increments to be taken from a sub-lot;
m is the number of sub-lots in the lot.
If the quality of a coke of a type not previously sampled is required, then,

scheme, assumptions should be made about the variability (see 4.3.2). Th
for a particular lot by the scheme devised can be measured by the proced

in ordgr to devise a sampling
€ precision actually achieved
ures given in I1SO 13909-7,
If the same type of coke is sampled regularly, sampling schemes can be laid do ’ .
from previous sampling. The procedures given in ISO 13909-7 can be used t‘c;vré:\filsr:egtiata de'rlved
scheme, thus keeping the sampling costs to a minimum. e

4.3.2 Primary increment variance

The primary increment variance, V}, depends upon the type and nominal t i

. P op siz
of pre-treatment and mixing, the absolute value of the parameter to be detzrmi‘;:; ok, the degree
increment taken. and the mass of

The variability for moisture is usually higher than that for ash and hence,
number of increments for moisture will be adequate for ash. If, however, 3
for ash, the relevant primary increment variance shall be applied for each s

for the sa
higher pre
ample,

me precision, the
Cision is required

The value of the primary increment variance, V},
Formula (1) can be obtained by either

a) direct determination on the coke to be sampled using one of the methods described inISO 1
3909

required for the calculation of the precision using

-7, or
b) assuming a value determined for a similar coke from a similar coke handli
Ng and sampling s
ystem.

If neither of these values is available, a value of 5 can be assumed initig)]

sampling has been carried out, using one of the methods described in 150 139%)’9?;“1 checked, after the

©150 2016 - Al rights reserved
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4.3.3 Preparation and testing variance

The value of the preparation and testing variance, Vpr, required for the calculation of the precision
using Formula (1) can be obtained by either:

a) directdetermination on the coke to be sampled using one of the methods described in ISO 13909-7, or
b) assuming a value determined for a similar coke from a similar sample-preparation scheme.

If neither of these values is available, a value of 0,2 can be assumed initially and checked, after the
preparation and testing has been carried out, using one of the methods described in ISO 13909-7.

4.3.4 Number of sub-lots and number of increments in each sub-lot

43.4.1 General

The number of increments taken from a lot in order to achieve a particular precision is a function of
the variability of the quality of the coke in the lot, irrespective of the mass of the lot. The lot may be
sampled as a whole resulting in one sample, or divided into a number of sub-lots resulting in a sample
from each. Such division may be necessary in order to achieve the required precision.

There may be other practical reasons for dividing the lot, such as:
a) for convenience when sampling over a long period;

b) to keep sample masses manageable;

i.e. to avoid bias after taking the increment, particularly
to standing. The need to do this is dependent on factors
such as the time taken to collect samples, ambient temperature and humidity conditions, the ease
of keeping the sample in sealed containers during collection, and the particle size of the coke. It is
recommended that, if moisture loss is suspected, a bias testis carried out to compare the quality
of a reference sample immediately after extraction with the sample after standi.ng for the normal
time. If bias is found, the sample standing time should be reduced by collecting samples more

frequently, i.e. increasing the number of sub-lots.
The quality of the lot shall be calculated as the weighted average of the values found for the sub-lots.

¢) to maintain the integrity of the sample,
in order to minimize loss of moisture due

e variability of the coke, the number of increments

As stated i the precision is determined by th : )
ted in 4.3.1, p ting variance. By transposing Formula (1), it can be shown that

and sub-lots and the preparation and tes By 2
the number of incrempentl:; per sub-lot fora desired precision for alot can be estimated from Formula (2):

4V, 2)

mPZ = 4Vpr
Determine the number of sub-lots required fqr practical reascirfls ?nd then.esgimate the "umt,’e,r .of
increments in each for the desired precision using 1 (2).-1Fnisa pracgcla le number, the initial
scheme is established. However, if n is 1ess than 10, take 10 increments per sub-lot.

ase the number of sub-lots using one

gtoa convenient mass or time, recalculate n and repeat this

n=

the followi :
If n is impracticably large, incre of the following methods

mber correspondin
practicable number;

cticable number of increments per

a) increase mtoanu
process until nisa

b) decide on the maximum pra

sub-lot, n1, and calculate m from

© IS0 2016 - All rights reserved
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4V, 4+ 4n,V,
m=|—+fl1—PT_

(3

2
n Py
Adjust m upwards, if necessary, to a convenient number and recalculate n.

NOTE This method of calculating the number of increments required per sub-lot for a certain precision from
the primary increment variance and the preparation and testing variance will generally give an overestimate of
the required number. This is because it is based on the assumption that the quality of coke varies in a random
manner. In addition, because a certain amount of preparation and testing is required when measuring the
increment variance, the preparation and testing errors are included more than once.

The designer of a sampling scheme should cater for the worst case anticipated and may then use
higher values for V; than may actually occur when the scheme is in operation. When the sampler is
commissioned, the precision of the result can be estimated and adjusted (see I1SO 13909-7), b
increasing or decreasing the number of increments in the sample, keeping the same increment mas's st)),
that the required precision can be achieved at minimum cost.

Example 1

The lot is 35 000 ¢ of 40 x 20 mm coke delivered in one day. The primary increment variance and
preparation and testing variance for moisture content have been determined as follows

Primary increment variance for moisture content, V; = 5.
Preparation and testing variance for moisture content, Vpr = 0,10.
The required precision, PL = 1,0 % moisture content.

a) Initial number of sub-lots
For convenience and to avoid the sample standing for too long, take three shift samples, (i.e. m = 3).

b) Number of increments per sub-lot

n= 4x5
3x12 -4x0,10
Therefore, split the lot into three sub-lots and take 10 increments from each

=7,7 using Formula (2)

Example 2
The lot is 100 000 ¢ of 100 x 25 mm coke delivered as 5 000 t/day over twq 8-hour shift
1Its.

The primary increment variance, Vi, for moisture content is unknown, so initially
assume avalue of 5.
Required precision Py, = 0,25 % moisture content.

Preparation and testing variance for moisture content, Vpr, from experience
assume a value
a) Initial number of sub-lots 0f0,20.

For the preliminary calculation, assume a daily sample is constituted, j
the risk of moisture loss by overnight storage of sample increments 18.m=20,in order to avoid

b) Number of increments per sub-lot

4x5

= - = 44,4 using Formula (2)
20x 0,25 —4x0,2

n

This number will result in too large a mass to crush as a sip
[almost 2 tonnes for a typical increment mass of about 45 kg y
the number of sub-lots to 40, i.e. one per shift.

gle moist
sing Egm,u! lrlae (Sga)mple for each sub-lot

. Therefore, increase

©150 2016 - All rights reserved
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4x5

40x0,25% -4x0,2
Hence, take 12 increments per shift, i.e. one every 40 min, resulting in a moisture sample of about
540 kg for each sub-lot. However, if the equipment available for crushing the sample is not robust
enough for this sample mass, further increase the number of sub-lots.

=11,7=12

n

Example 3
The lotis 9 000 t of 40 x 25 mm coke.
The primary increment variance for moisture content V= 5.

The preparation and testing variance for moisture content, Vpr, from experience is assumed to
be 0,20.

The desired precision Pt = 0,5 % moisture content.
a) Number of sub-lots

For convenience, split the lot into 2 sub-lots, i.e. m = 2.
b) Number of increments per lot

n= 4x5 =20 . 667
2x(0,5)% —4x0,2 —0,3
This negative number indicates that the errors of preparation and testing are such that the required

precision cannot be achieved with this number of sub-lots.

It could be decided that 40 increments is the maximum practicable number in a sub-lot and from

Formula (3).
4x5+4x%x40x0,2

me= =

40x0,5°
This gives a practical sampling method of dividing the lot into six sub-lots of 1 500 tonnes each,

taking 40 increments from each.

52=6

4.3.4.2 Moisture sample

moisture content may vary in the range 0,2 to 5 depending on the absolute
range of the coke and the extent of cutting, screening and mixing
it has undergone prior to sampling. For example, a closely graded, h.ighly cut small-sized industrial coke
sampled on delivery to the customer would have a much low?r variance than an uncut coke sampled at
the wharf or a very large coke on despatch from the producer’s works. It may be known from experience

what level of variance is to be expected.

he number of increments initially required be sufficient to give a mass of
Table 1, subject to a minimum of 10 increments.

The sampling variance for '
value of the moisture content, the size

It is recommended that t imbe
sample greater than the mass given in

The variance for ash and other chemical properties is usually less than for moisture content. However,
it is often desired to obtain a higher precision for the ash result and hence the number of increments

should be calculated for each and the greater number taken for the moisture sample.

© 1S0 2016 - All rights reserved
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Table 1 — Minimum mass of sample

Nominal top size Minimum mass
m kg
>125 2000
125 1000
90 500
63 250
45 125
31,5 60
22,4 30
16,0 15

11,2 8
10,0 6
8,0 4
5,6 2

4 1

4.3.4.3 Physical sample

The cokes to be sampled within the scope of this part of ISO 13 i . .
physical strength, size, size range, and size distribution. In adgd(:?i(:,r:l“r::: lb'dt. f{arge differences in
e.g. Micum test, porosity, percentage retained on a particular sieve, mea;'n siZeYEt ifferent parameters,
on the samples. Sample preparation errors may be zero when the test is done' -, can be determined
large when division of the sample takes place. on the whole sample or

Furthermore, it is usually not possible to determine the individual incr
‘ i i eme i
the Micum test, because the increment mass is too small. ntvariances for tests such as

It will be found with many physical tests that the only way to achieve the reqy;
quired precision will be ei
ither

a) todivide the lot into sub-lots, or

b) to prepare two or more test portions from the sample, taking t
the sample. g the mean of the test results for

The precision for the particular parameter required shall then be checked and
adjusted according to the procedure specified in ISO 13909.7, nd the number of increments

4.4 Minimum mass of sample

For most parameters, particularly size grading and those that are particle-ci
of the result is limited by the ability of the sample to represent 3] the pa c _e-slzg related, the precision
being sampled. barticle sizes in the mags of coke

The minimum mass of sample is dependent on the nominal to
for the parameter concerned, and the relationship of that
relationship applies at all stages of preparation. The attainme
the required precision. This is also dependent on the num
variability (see 4.3.4).

P size of
Paramettelle tc oke, ﬂ?e Precision required
ntof this mag © Particle sjze, Some such

Increments jp, th elf, guarantee

€ sample and their
The masses specified in Table 1 are for guidance on the minimum mgag f
cokes. While they can usually be re_duced for the moisture sample s for unknown g het
determination of, for example, oversize to 1 % precision of sa » they may pe inadeqf:f g(feneoxs
e for the

mplmg and divic:
large cokes. d division, Particularly on very

Ol
$02016 - oy rights reserved




ISO 13909-5:2016(E)

When a coke is regularly sampled under the same circumstances, the precision obtained for all the
required quality parameters shall be checked in accordance with ISO 13909-7 and the masses adjusted
accordingly. However, the masses shall not be reduced below the minimum requirements laid down in

the relevant analysis standards.

Account shall also be taken of the uses to which the sample is to be put and the numbers, masses and
size distribution of the test samples required.
4.5 Mass of primary increment

The mass, my, in kilograms, of an increment taken by a mechanical cutter with cutting edges normal to
the stream at the discharge of a moving stream can be calculated from Formula (4):

Cbh _3
m, = x 10
L™ 36v )

c

where
C is the flow rate, in tonnes per hour;
b is the cutter aperture width, in millimetres;

vc is the cutter speed, in metres per second.

For a cross-belt sampler, the mass, my, in kilograms, of increment can be calculated from Formula (5):

b 1073 (5)
3,6vg

ml =
where

C s the flow rate, in tonnes per hour;

b is the cutter aperture width, in millimetres;

vg is the belt speed, in metres per second.

The minimum average mass of primary increment to be collected, m,, is calculated from Formula (6):

' m
m= ©
n
where
ms is the minimum mass of sample (see Table 1);

n is the minimum number of increments taken from the sub-lot (see 4.3.4).

In most mechanical systems, the mass of primary increment collected [see Formulae (4) and (5)] will

ired mass. In some systems, the primar
essary to make up a sample of the required ma: tems, y
igr::f:gei)(t‘;e:set?:grr;?gre div);ded, either as taken or after reduction, in order to avoid the mass of the

sample becoming excessive.

f the cutter complies with the requirements of 6.5 or 6.6, the extraction of an

d whatever the flow rate at the time. Even if flow rates
and hence of mass less than the average, will not be
£ 1SO 13909 does not specify an absolute minimum

Providing the design 0 . .
increment from the coke stream will be unbiase

are variable, increments taken at low ﬂl?‘w ratisb
subject to extraction bias. Therefore, this par

increment mass.

© 1SO 2016 - All rights reserved
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Under some conditions, e.g. high ambient temperature, increments which are smaller than those
corresponding to the design capacity of the system may suffer from disproportionate changes in
quality, e.g. loss in moisture, and precautions need to be taken to prevent this, If such losses cannot
be prevented and are found to cause bias, such means as buffer hoppers shall be used Alternativel

increments can themselves be retained temporarily in a buffer hopper until there is suf.ficient mass t%
ensure passage, without introducing bias into the system, through an on-line preparation system. O

no account shall a primary sampler be switched off at low flow rates to avoid low mass incren{ents e

When measuring primary increment variance (see 1S0 13909-7:2016, Clause 6
the design of the sampling scheme, use increment masses that are close to thos

the system, based on similar coke from similar sampling systems, After impler:eer)l(tgiicotsigct)}?e take?.by
scheme, the precision of the result can be estimated and adjusted (se € sampling

r e IS0 1 - i i
decreasing the number of increments in the sample, keeping the same incremgr?t0 r?n:s); by miereasing or

) at preliminary stages in

4.6 Size analysis

Within the scope of this part of ISO 13909, the coke products to be . e L
in size and amount of fines. In addition, the parameters to be deterr;?rﬁ;lc)lled L exhibit differences

. . . . e -
particular sieve, mean size, etc.) may differ from case to case, Furthermorép‘,‘,rhC entage I‘Etal_m'ad. ona
applied, division errors shall be taken into account, whereas they are non-exis'tent?? sample division is
without any preceding division. I sizing is performed

Take these factors into account when applying the techni
a particular precision (see 4.3.1 to 4.3.4). In the absence
initially take 25 increments per sample.

ques for calculatin

: g numb i
of any informatio ers of increments for

N on increment variance etc,,

The precision for the particular parameter required shall then be ch
adjusted according to the procedure described in 1SO 139097, sckedand the number of increments

Minimization of degradation of sarpples used for determination of size distribyti
bias in the measured size distribution. To prevent particle degradati ceribution is vital to reduce

- . . radation, it i .
drops to a minimum. Trial tests should be made in accordancegvvith thOn. Itis essentia] to keep free-fall
determine the degree of degradation.

e method given in ISO 13909-8 to
5 Methods of sampling

5.1 General

Sampling shall be carried out by systematic sampling on 3 time.pa.
preparation vary in accordance with the type of sampling emplo;,r:g (gzzllség;le Proced
3909-6)

Itis essential that each increment taken from a stream represents the fy) id
widt

ures of sample

han
The consistency of loading of the belt should be controlled, as fap d depth of the stream.
efficient as possible. The flow should be made reasonably yn 3S possible, sq th

; | ifor
stream at all times, by means of controlled loading or suitabje devgeg:ir }t\he
Chas

It is essential that the increment does not completely fj)| or

mechanized sampling devices, the increment mass m °
to produce the calculated minimum sample mass, H
(see ISO 13909-6) may be necessary to divide the incre

at sampling is as
‘a’:;(c)llﬁ Cross-section of the
OPpers, ploughs, etc.

verflow i
ay be considerab|y }:fg:: rtnhplm

ence, a System
of prim i
ment to 5 Manageab)e m:?s, l
All processes and operations upstream of the sampling location shall b
€ examj

which could produce periodic variations in belt loading or ; ned
operation of primary samplers. Such periodicity may quality anq which for characteristics

8 device. With
an that necessary
Ncrement division

X . May arise fr. may coinei i
systems in use. If necessary modify the sampling interval, op e?nm lthe cycle of Ogef'g?c'de with the
remove the possibility of bias. Ploy stratjg ions or feeder

ed randop, Sampling, to

10
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5.2 Time-basis sampling

5.2.1 Method of taking primary increments

In order that the i
increment mass is proportional
speed of portional to the coke flow rate i ; .
p the cutter shall be constant throughout the sampling of the enttit:elrs]u??g??sgcaﬁl ssa]r)nplmg, the
- e ]

Primary increme
nts shall be taken at pre-set ime i
calony | ; pre-set equal time intervals throughout t
incrementsllsl;;?lll)ir of increments has been taken before the handling hz;gs beenhcz:gt lo A sub-lot.. o
e taken at the same interval until the handling operation is complet?ag ted additional

5.2.2 Sampling interval
The time i i i
e interval, At, in minutes, between taking primary increments by time-basis sampling i
ing is

determined by Formula (7):
60mg
Gn (7)

At <

where

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

G is the maximum flow rate on the conveyor belt, in tonnes per hour;

is the number of primary increments in the sample (see Clause 4).

ould ensure that, for all cokes using the system, the time taken
t shall be less than the time between increments under

n

fThe designer of mechanical systems sh
or the sampling or processing of an incremen

maximum flow rate.
y of any bias being introduced, a random start within the first

In orc!er to minimize the possibilit
sampling interval is recommended.

5.2.3 Mass of increment
average flow rate (total mass/operating

ment corresponding to the
average increment mass calculated from

The mass of the primary incre
not less than the minimum

time) of the coke stream shall be

ate of the coke stream at the time it is taken

The mass of the increment shall be propol‘tiom|l to the flowr,

5.3 Stratified random sampling

5.3.1 General
Cyclical variations in coke quality may occur during systematic samplfng. Every effort shall be made
f the cycle with the taking of increments in systematic sampling. If this
that may be of unacceptable proportions. In such

ch, for each time interval, the actual

to eliminate coincidence 0 .
; jably be introduced
bject to the limitation that it shall

cannot be done, a bias wi : 4 Y whi
circumstances, stratified random sampling may be adopted in whi
taking of the increment is displaced by 3 random amount of time, su
be taken before that interval has expired.
ndom sampling,
h they areé collect
he primary sampler be 0
mum flow rate.

it is possible that two increments will be collected very close
t time intervals. It is therefore necessary that

ed in differen
t a minimum of two primary

During stratified ra
f sufficient size to accep

together even thoug
the discharge bin of t
increments at the maxi

11
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5.3.2 Time-basis stratified random sampling

The sampling interval shall be determined as in 5.2.2 and the increment i i

SO mass a
start of each sampling interval, arandom number between zero and the sa > In 8.2.3. Prior to the
minutes, shall be generated. The increments shall then be taken after the
number. The mass of the increment shall be proportional to the flow rate

rpplil}g interval, in seconds or
time indicated by the random

of the coke (see 5.2.3).
5.4 Reference sampling
Reference samples shall be taken by the stopped-b
(see ISO 13909-8). pped-belt method to enable checking for bias

6 Design of mechanical samplers

6.1 Safety

From the initial stages of design and construction of a system, it j

. , 1t is i
given to the safety of the operators. All safety codes applicable at theeS:iE:ntla}ll that due consideration be
installed shall be respected. € where the equipment is to be

6.2 Sampling System

6.2.1 General

It is important that the coke-handling plant be designed an i
and satisfactory samP_ling and operating conditions for the gag‘ gI{neered o provide adequate space
sampler should be designed at the same time as the coke-handling g <™ !deally the mechanical
existing plant, it is essential that engineering expediency is not rallglovlv d

e

Plant, If the sampler i
: er
would malfq the sampler bla.\sed and that any subsequent chan gesd to cause a,fy Col:da;ggid “t,?liia
and reliability of the sampling system. Designers shall take heed o(f) R,Ot alt;fect the overal] performance
€c

out during operation. Facilities for taking replicate sampj ecks that .
at the design stage. Plés and stopped.pe|t samp?inr;es;iltlobl;g caln;;eg
include

The design c_)f the mechanical sampler shall be related to the t
characteristics to be determined and the maximum numb YPes of coke tq be h
anticipated as discussed in Clause 4. T mass ang fre andled, the quality

Quency of increments
The procedure adopted shall be such that bias is kept to 5 minimum 4
m durj

i i ; ngthe taki
The methods of taking primary increments are given i axing of the increments
from the mechanical sampler, calculated from & In Clayse 5, The m

ass .
average increment mass [see Formula (6)]. If the or (3] shall be ¢q Of the increment obtained

mass i .
(see ISO 13909-6) may be included to reduce the maassssolfs tr}rll: :h Sreater than";ﬁ?sretd With the minimum
amp :

letoa en a divisj
From the number of increments required from a sub-]ot asd Mmore Manageable 5 :lzi:nitage
time taken to handle the sub-lot, a calculation can be rrlla de s;ermined fro .
then be designed so that sample processing can be carried the samplingi »and the length of
sampling interval. €d out in |egg tha Nterval, The scheme shall

€ Sma .
From the mass of increment and the number of increments o ést anticipated
of coke that will be collected can be calculated, Thj S giv

glven in the sa
sample-handling system.

mplj
used tg desigﬁ tlln\g zgh

s should he
n‘f"l‘e: the total mass
If it is decided, having considered the risk of biag (see Ple containers and
moisture sample (see ISO 13909-6), then a crusher apg < ), t;) uSe on.jing ¢
The mass of each crushed and divided increment sha]] pe gregt: dl}‘: ider Sha“alr)n Ple breparation for the
F'than 1 € addeq t
8atthe ayepqg. the sampler.
rage flow rate,
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6.2.2 Checking for precision and bias

The mechanical sampler shall be checked for bias by comparing the analysis of a sample taken by
stopped-belt sampling and off-line preparation with that taken from the same coke by the mechanical
system (see ISO 13909-8). This is of particular importance when moisture is to be determined on the
crushed sample. If preparation components are added to the sampler, they shall also be checked for bias.

The precision of the sampling shall be checked using the methods described in ISO 13909-7 and, if
necessary, adjustments made to the number of increments and/or sub-lots to achieve the specified
precision. To this end, the scheme shall be designed so that increments can be processed separately
and included alternately in two samples to produce duplicate samples. It is not permitted to prepare

duplicate samples from a number of increments already compounded.

6.2.3 Operation of sampler

A fully automatic mechanical sampler shall be capable of operating unattended and all adjustable
controls shall be accessible to authorized persons only. The system shall be readily accessible
throughout to facilitate inspection, thorough cleaning, repairs or check experiments, e.g. tests for bias.

It is recommended, for maintaining good control, that a counter showing the number of operating
cycles of the primary sampler and a remote indication that the sampler is running, stopped or shut

down under fault conditions, should be provided.
is suspected, the sampler shall be observed in operation,

When modifications are made or change :
periment carried out as necessary (6.2.2).

corrections made if required and a check ex

6.3 Location of sampling equipment

The location of the sampling equipment shall be chosen according to the following criteria.

ed at a position which allows access to the whole lot, at the stage
ent of quality and quantity is required.
ses which are unacceptable for the projected system,

uitable holding facilities upstream of the sampling
e.g. surge hoppers with adjustable gates.

a) The sampling system shall be locat
in the process where the measurem

b) If variable flow rates result in incremer}t .mas
consideration should be given to prov1dlng y
system in order to obtain a more uniform flow,

signing mechanical samplers

6.4 General requirements for de
constructing a mechanical sampler are as follows.

The principal requirements when designing and

able of collecting unbiased increments.
such conditions of sampling that are stipulated in the
sitating that sampling be interrupted for cleaning or

a) Itshall be cap

ty under all

b) It shall maintain this capabili
ithout neces

relevant specifications and w
maintenance.
Jer shall be designed so that:

o withstand the most adverse operating conditions

In order to meet these requirements, the samp

a) the sampling device is sufficiently robust t

expected,
fficient capacity to retain completely, or to pass entirely, the increment

b) the sampling device has su

without loss or spillage,
manner that facilitates material flow and minimizes the need

X . ] operateina
) the sampling device shal OPc ear blockages,

for cleaning to prevent and
material entering cutters which are in the parked

i ided, e.g-
ple is avol ed, .8 2 sampled,

d) any contamination of the sam ' oo
position or when a change is made in the type of coke

13
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e) degradation of the constituent particles is minimized i
. ed if a : . . .
determination, and sample is taken for particle-size

f) any changes in moisture chemical or physical -t
ange: , properties o i
B vecsive air flow through the equipment) are lTlini};niZed r loss of fine coke (for example, due to

6.5 Design of falling-stream-type samplers

6.5.1 General

When designing a sampling device, the cutter veloci
' ocity, cutter apertu
'{jhe cuttetrhto the co}:efstrea;n ﬁre important design criteria. Tgese Crr?tin'd the angle of presentation of
ecause the presentation of t e cutter to the stream and cutter 1 'na shall be conslidered jointly,
aperture presented to the particles in the stream. velocity affect the “effective” cutter

The design objective is to ensure that the m i
ean trajectory of the i
; a i i

23:;2?1‘!30%;5 piI:nz :tf' thle clutFer aperture as possible to maximige i‘;l‘cles in 1Ehe stream is as close to
the cutter a e};turlt)a at iow any lmlporta_“t in this regard, because the e effective cutter aperture. The

. p Increasingly oblique angles as the cutter velgci p?rtlcles il the stream intarcept
effective cutter aperture. This places an upper limit on the Velocity increases thereby reducing the

a ’

. cceptable cy
Examples of different types of falling-stream samplers are sh tter aperture.
own in Figure 1

NOTE Other primary sampling devices whic}
J e :
may be acceptable, providing that they are capable o{;léfoc;{er?;t‘;?]éhe I;Ylnt:iples lai
unbiased incre

d down in thi
i his part of 1SO 13909

©1
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d) Swing arm types

Figure 1 — Examples of falling-stream samplers

A cutter intended for sampling from a falling stream of coke shall be designed in accordance with th
e

following requirements.
take a complete cross-secti

g edges shall describe either the same 1 3 i
planeorthes i
|d preferably be normal to the mean trajectory of S:gifﬁ/;;?grlcal

a) The cutter shall on of the stream.

ng cuttin

b) Theleadingand the traili
face shou

surface. This plane or sur

© 150 2016 - All rights reserved
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¢} The cutter shall travel through the coke stream at a uniform velocity;

Le. the velocity shall not
deviate by more than + 5 % from the preselected reference velocity at an

y point,
d) The design of the cutter aperture shall be such that all

parts in the stream are exposed to the
aperture for the same length of time.

e) The width of the cutter aperture shall be at least three times the nominal top size of the coke to be
sampled. The cutter aperture of a primary cutter shall not be less than 30 mm, If the cutter aperture
is tapered, as is the case with some swing-arm-type samplers,

e.8. the type shown in Figure 1 d),
the minimum width requirement given above shall apply to the width at the narrow end.

f) The effective capacity of the sampling cutter shall be dete
maximum flow rate of the coke stream. Under these conditio
retain or entirely pass the increment without loss or s
aperture ever being blocked up or restricted by materia

rmined on the basig of

Itions, the sample cutter s
pillage and withoy

lalready collected,

the expected
all completely
t any part of the cutter

6.5.2 Cutter velocity

Primary cutters are used f:o sgmple streams of large capacity where there is 3 relativ .
density and wide size distribution. ely high flow

For falling-stream cutters, experimental work on ores[l) has shown that, whe ;

material étream of low belt loading (low stream density), where the parti;}esisrigglijnigg_h;tter ogeneous
narrow, bias may be introduced when the cutter speed exceeds 0,6 m/s anq Jor the tl ution is very
less than three times the nominal top.size of the material. The ratio of cutter aperture is
top size of the material will decisively influence the capability of the cutter t,

th: cutttlfr width to the nominal
. . ota i :
since the greater this ratio, the less will be the tendency to selectively rejec Lunbiased increments,

tthe larger particles.
Modern commercial coke-handling systems have cut
capacity where there is a relatively high stream densit
circumstances, cutters operating at speeds up to 1,5 m/s
the ratio of the cutter aperture to coke nominal top size i

ters which sample

. co
y and wide partige- coke streams of large
have been shown to p
Saminimum of th,
Irrespective of the cutter speed and aperture, cutters shall be shown .
unbiased increments. to be capable of collecting

6.6 Cross-belt-type primary samplers

6.6.1 Operation

The principle of operation of a cross-belt sampler is shown in Fj -

an axis parallel to the gentre-lme of the' belt, and as the cutter travel‘ses. h € sample cutter pivots on

rotary motion, the leading edges of the side plates cut out the increment and ihfug Width of the belt in a
e back

For cross-belt samplers, the relationship between ¢y Plate pushes it off.

relative to the coke is important, since the higher the
the larger will be the effective aperture and the mo
Furthermore, the higher the cutter velocity, the shorte
as a plough, will hold back the stream of coke.

oci
velocit

cutter velogity i« : 'Y and cutter velocit

re favoyr YIS in relatjop Y

_ able wiy] to the belt velocity,
r will be the time dur?ntg v?,}fiig‘ming conditions.

the Cutter, acting
For these reasons, and also because the density of the Materia] ¢

. - e 0
than in cases of sampling from falling streams, it s undesirap}e to | Sampleq jq con

>S . N m siderably higher
cutter velocities as those applying ;tobflallcigg stre?lr)n samplers, Op yp,q ("POS€ Such Strict limitai’ioni on
velocities may result in an unacceptable degree o reakage of the cok

7] t e us :
better to use the cross-belt sampler at a slower speeq With the bg| ¢ st:l-)ln such ci € of high cutter

be

Cll"cumsta A

. ped (j, . istances, it may be
stopped-belt sampler). (le. USing it as a mechanical
Irrespective of the cutter speed and aperture, cutterg shal] pe sh

unbiased increments. own tq be ¢

apable of collecting

©
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Key
1 cutter
2 N
belt supported to maintain curvature

Figure 2 — Example of a cross-belt sampler

6.6.2 Design of cross-belt samplers

Cross-belt samplers shall be designed in accordance with the following criteria.

a) The cutter lips shall be parallel and shall cut the stream in a plane normal to the centre-line of the

conveyor.

oss-section of the stream, either normal or angled.

b) The cutter shall take a complete cr
am at a uniform velocity, not deviating by more than 10 % at

) The cutter shall travel through the stre

any point.
st three times the nominal top size of the coke

ter shall be at lea
er shall be 30 mm.

d) The cutting aperture of the cut
tter aperture of any cutt

being sampled. The minimum cu

sufficient capacity to accommodate the increment mass obtained at the

€) The cutter shall be of
maximum flow rate of the material.

f) Since fines will tend to be segregated t0 the bottom of the coke on the belt, in order to avoid selective

ich is matched by the cutter side

sampling, the belt curvature shall be profiled to form an arc wh
plates and the gap between t ide plates and/or back plates shall be adjusted to the

minimum required to safeguard ag act and consequential damage to the belt. In
addition, the back plate shall be fitte resilient skirts to sweep off the bottom

layer of coke.
g) Any flexible blades, brushes or skirts fitted to the cutter shall be regularly adjusted so that they
! conveyor belt, to ensure that the complete

maintain close contact with the surface of _the moving
coke cross-section in the path of the cutter1s collected from the belt.

ainst direct cont
d with brushes and/or

17
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h) Reinforced skirting shall be fitted to the sample chute receiving cross-
material from outside the sample cutter from falling into the sa
contaminating the increment as shown in Figure 3.

belt increments to prevent
mple collection chute and

A

S
D 1 [}
o

Key

1 sample

2  throat skirting
3  sample cutter

Figure

6.6.3 Maintenance of sampling equipment

Sa'mpling systems shall .be designed to allov_v safe inspectiop

with !SO 2139?. The equipment ghall be readily accessible thl‘ol:) hthe Main compo '

c]eanmg, repairs or check experiments. Safety codeg shall pe Shout to facilit ; Ments in accordance

Inspection and maintenance of the equipment sha) be carrj g respecteq in th ate Mspection, thorough

manufacturer to ensure reliable operation. cdoutat the 1'nter\§ré ?eslgn of access points
als .

recommended by the
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All mechanical systems are subj

I'm ject to wear. Such wear may eventually cause a sampler, which had
originally bgen checked satisfactorily for bias, to produce biased samples. It is essential therefore
that mechanical sampling systems be the subject of planned maintenance schemes and be inspected
frequently to ensure that components have not undergone undue wear or are broken.

The person carrying out the inspection shall be provided with a check list of items to be noted. This
check list shall include at least the following items:

a) observation of the taking of an increment;

b) excessive spillage in the area of the mechanical samplers which may cause contamination of
the sample;

q) any mechanical changes made to the mechanical sampler or to the coke-handling system
immediately upstream of the sampler;

d) for cross-belt samplers, the wear on the brushes and/or resilient skirts of the cutter;

e) for cross-stream samplers, cutter speeds should be checked.

7 Handling and storage of samples

rements as quickly as possible in sample containers and take

Place the increments or divided inc
uring sampling. Seal the containers immediately

appropriate precautions to minimize moisture losses d
after sampling is completed.
from each sub-lot shall be placed in a separate container or set of

The increments or divided increments ¢
e container or set of containers shall be provided

containers; if duplicate samples are required, a separat

for each duplicate sample.
re samples are required, the sample containers shall be impervious to
fficient mechanical strength to ensure that the integrity of the sample

will not be impaired during removal to the sample preparation site.
s are required, the sample containers for such samples shall provide
tamination and loss of sample material.

If physical test samples are required, the sample containers for such samples shall give adequate
prote}::tion against 1025 of sample material. Such samples should be carefully handled at all stages and

under all circumstances to prevent breakage and/or degradation.
1l be kept in a cool, dry place during any storage, and the
kly as possible after sample collection.

If common samples or moistu
water and vapour and have su

If general-analysis test sample
adequate protection against con

Moisture samples and common sgmples sha
moisture content shall be determined as quic
lly and permanently identifiable.

The sample in each sample container shall be fu
the container be provided with two waterproof tags, each marked

i this purpose, . . .
EI}(I)LE ;ns 0]; xal;:?li]og;aiﬁ kfov!", h ageqﬁate identifying mforfngtlon, one tag being placed on the outside of the
container and one kfeing placed inside the container; if a plastic Inner liner is used, the latter tag should be placed

inside this liner.
ful that the sample containers be properly and identifiably

rcumstances where it is use
x, lead or tape.
cuments shall give the information detailed in ISO 13909-1:2016,

NOTE2 There are ci
security-sealed, e.g. with wa

The label and/or accompanying do

Clause 8.

Refere les shall be kept available under good custody under conditions which minimize
eree samp :

degradation for as long a$ required.

© IS0 2016 - All rights reserved 19
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8 Sample preparation

Sample preparation shall comply with the requirements of ISO 13909-6.

9 Minimization of bias

9.1 General

The results obtained from samples taken mechanically may be biased fo
be grouped as follows: I'many reasons, but these may

a) the primary increment is not representative of the coke in the strea imi
during sample division, which is a special case of sampling); (similar causes of bias arise

b) changes are brought about to the sample during its handling and storage

Testing for bias is described in 1SO 13909-8.

9.2 Spacing of increments

If there is a relationship between the sampling interval and cyclica] :
avoided, stratified random sampling shall be used (see 5.4) yclical plant operations which cannot be

In order to avoid the bias caused by the non-random sampling of front runpj
primary increment samplers and sample dividers, the starting time of the fir nings or tailings, both for
independent of the starting time of the flow of coke. stincrement or cut shall be

9.3 Incorrectly extracted increments

This derives from incorrectly designed and installed cutters and inag

requirements applying to their design (see 6.5 and 6.6) shall therefore be fi)lleo(wgée Mmaintenance, The
meticulously,

9.4 Preservation of integrity of sample

9.4.1 General
Special problems arise with coke samples for the following reasons,

a) Coke is a friable substance and virtually any handling, inclyg;
: . . - ] i .
size degradation. This degradation may have a significant effell% r:eChamca] sampling, produ
size measurements, but also on physical tests such as the icu. Ot only on the resuitg . clcis
sampling, and the number of drops and drop distances, prior m test, Ag such, the locac;ioc: oi’

. t i
sampling report. ® sampling, shoulq be noted on the

b) Cokeis often despatched hot from the producer’s works and, theref,
Samples shall be taken before despatch and, under such c'rcumst?:' continuously loses moist
isture.

i le, whether cru : ces, .
moisture loss from the samp shed or uncrushed, is pry Ctic;ltll; llJI'eventlon of further

¢) Contaminants such as phosphorus have metallurgical sj Mpossible to achieve.

gnifica .
Contamination shall therefore be prevented. Nce even jp

ver
Y low Concentrations.

The bulk of the material itself will almost inevitably undergo changes both i
' In sjze

use. Such changes may well be the subject of sampling/testin ; an :
avoidable bias at any given sampling position should not be to%e?a{:rclses. Theref d Moisture, before

e . ore, t .
bulk of the coke will itself undergo subsequent change, Every practic.. LESPite the » *Ne existence of
that the sample retains the quality that it had at the time it Wa?taf{t;ﬁable Step sha] I%C;S::l):hty that the
: €n to ensure

20
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9.4.2 Precautions to reduce bias

The following precautions shall be taken.

a) qu physical test samples, in order to minimize breakage, the design shall be such as to require the
minimum practicable drops for the coke, to use shock-absorbent material to line chutes/containers

and to break falls.

b) For moisture samples, sample containers shall be constructed of impermeable non-absorbent
materials and sealed as far as practicable to prevent loss of moisture by evaporation. The sample
shall be stored for the minimum time before the moisture is determined and, in any case, not more
than 24 h. Where coke is sampled hot, individual increments should not be crushed. The sample
shall be stored in a sealed container to cool.

d in such a way that material other than the

¢) Sample containers and chutes shall be designe
airborne dust, water sprays, etc. shall not affect

increments cannot enter them. Thus coke spillage,
the quality of the sample.

d) The materials used for construction of components shall be such that no significant contamination

of the sample can be caused by abrasion.
cleaning to avoid the risk of contamination by preceding

samples. This is particularly important where single lots are to be sampled or changes in the type of
coke from one consignment to the next are envisaged. If complete self-cleaning cannot be achieved,
an increment of coke of the same type as to be sampled shall be passed through the entire system and

discarded in order to remove any contamination.

As far as practicable, the system shall be self-

10 Verification

tion and use (see 6.5 and 6.6). After installation, proper
of the sampling system in accordance with IS0 13909-8.

ear at predetermined intervals as partofa

Proper design shall be verified prior to installa
design shall be verified by conducting a bias test

Sampling systems should be rechecked for bias and cutter wi

routine maintenance plan.

NOTE The time intervals between these routine bias tests will depend on the throughput and type of fuel

and on any modification/alteration of the system.
tinely inspected in accordance with ISO 21398 to ensure that they

Sampling syst be rou
Pling systems should & o0 Mforn to the requirements of this part of ISO 13909.

are operating correctly and conform
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