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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, govern-
mental and non-governmental, in liaison with ISO, also take part in the work.

Draft International Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by
the ISO Council. They are approved in accordance with ISO procedures requiring at
least 75 % approval by the member bodies voting.

International Standard ISO 3713 was prepared by Technical Committee ISO/TC 132,
Ferroalloys.

Users should note that all International Standards undergo revision from time to time
and that any reference made herein to any other International Standard implies its
latest edition, unless otherwise stated.

© International Organization for Standardization, 1987 ®
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INTERNATIONAL STANDARD

ISO 3713 : 1987 (E)

Ferroalloys — Sampling and preparation of samples —

General rules

1 Scope and field of application

This International Standard gives general rules for sampling
and sample preparation of all types of ferroalloys.

The methods given in this International Standard are applicable
to increment sampling of consignments supplied both in bulk
and in a packed form during loading or unloading, and to
sampling of consignments in stationary stockpiles.

This International Standard specifies the methods of both
manual and mechanical sampling.

It should be read in conjunction with the relevant International
Standards for individual types of ferroalloys.

2 References
ISO 4551, Ferroalloys — Sampling and sieve analysis.

ISO 7087, Ferroalloys — Experimental methods for the evalu-
ation of the quality variation and methods for checking the pre-
cision of sampling.

ISO 7347, Ferroalloys — Experimental methods for checking
the bias of sampling and sample preparation.

3 Definitions

For the purpose of this International Standard, the following
definitions apply.

3.1 lot: A quantity of a ferroalloy produced and processed
under conditions which are presumed uniform.

3.2 consignment: A quantity of a ferroalloy delivered at one
time. A consignment may consist of one or more lots or parts
of a lot.

3.3 packed unit: A part of a consignment definitely
separated and placed into a box, a barrel, a container, etc.

3.4 increment: A quantity of a ferroalloy obtained by a
sampling device at one time from a consignment supplied in
bulk or in a packed form; also a quantity taken by the increment
division method.

3.5 sub-sample: A quantity of a ferroalloy consisting of
several increments taken from a part of a consignment; also a
composite of several increments after having been individually
crushed and/or divided as necessary.

3.6 gross sample: The quantity of a ferroalloy consisting of
all the increments taken from a consignment; also the com-
posite of all the increments or all the sub-samples having been
individually crushed and/or divided as necessary.

3.7 divided sample: A sample obtained by the method of
division.

3.8 test sample: Any sample for the determination of the
size distribution or chemical composition which is prepared
from each increment, from each sub-sample or from a gross
sample in accordance with the specified method for the type of
sample.

3.9 representative quality characteristic: The content of
an element or elements, or the size composition, the quality
variation of which determines the parameters of sampling of a
given ferroalloy and which is liable to payment in accordance
with technical requirements for a given ferroalloy.

3.10 division: A process of decreasing the mass of a sample
according to the prescribed rules for the purposes of obtaining
the required mass of a test sample.

3.11 precision: The greatest permissible error of the esti-
mation of the average value of a representative quality
characteristic expressed as twice the standard deviation (as a
percentage) of this characteristic.

3.12 random sampling: A method of increment sampling in
which each part of a ferroalloy sampled has equal probability of
being taken.
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3.13 systematic sampling: A practical method of random
sampling in which increments are taken at specified regular
intervals in terms of mass, time or space; the first increment is
taken at a randomly selected first interval.

3.14 two-stage sampling: A practical method of random
sampling by two stages. Selection of primary units of sampling
(for example, packed units or parts of a consignment) is carried
out at the first stage.

3.15 nominal top size: The upper level of the particle
ranges specified in International Standards for technical
requirements and conditions for delivery of individual types of

ferroallovs.,

Lanlys

3.16 top size: Particle size expressed by the aperture size of
a sieve on which not more than 1 % of a sample is retained.

4 General
4.1 Heterogeneity of consignment

4.1.1 A consignment of a ferroalloy as the subject of sampling
is characterized by heterogeneity expressed by the standard
deviation g; of a representative quality characteristic between
increments.

4.1.2 Heterogeneity (quality variation) of a consignment shall
be determined experimentally for each type of ferroalloy, type
of sampling and method of constituting a consignment in
accordance with 1SO 7087.

4.1.3 The method of constituting a consignment is specified
in the relevant International Standards on technical re-
quirements for ferroalloy delivery.

4.2 Overall precision

4.2.1 The overall precision (Bspy = 2agpym) of the estimate
of the representative quality characteristic of a consignment
consists of the aggregate of the sampling precision (85 = 2ag),
the sample preparation precision (8p = 20p) and the measure-
ment precision (8 = 2a).

422 The true value of the representative quality
characteristic of a consignment at the confidence level of 95 %
shall be within the interval (x + Bgpw), where x is the
arithmetic mean of paired measurements.

4.2.3 The representative quality characteristic against which
the precision is established is specified in the International
Standards on sampling individual types or groups of ferro-
alloys.

4.2.4 |If a sample is taken from a consignment by random
sampling and if this sample is prepared and analysed by stan-
dard methods, the overall precision of the determination of the
representative quality characteristic of a consignment, Sspu,
may be expressed by one of the foilowing methods.

When determining a chemical composition:

a) If a gross sample is constituted and a duplicate analysis
is made,

|52
Bspm = 2 V;'+ od + (1)

where

o; is the measure of the heterogeneity or the standard
deviation of the quality characteristic between in-
crements taken from a consignment at random;

n is the minimum number of increments taken from a
consignment;

op is the standard deviation of the sample preparation;

oy s the standard deviation of the analysis method of
the quality characteristic.

b) If K sub-samples, consisting on average of n/K in-
crements, are constituted and a single analysis is made on
each sub-sample,

B !, i + 02 + a2 (2)
=N —+ 0 a c

SMT KTV kDT M

where K is the number of sub-samples taken from a con-

signment.

c) If each increment is subjected to a single analysis,

1
BSDM=\/_FZ \/"'iz*’a%"‘oﬁn - Q)

When determining a size composition, if a gross sample is con-
stituted, divided and subjected to a single sieving,

’ 2
'BSDM=2 a—.i'+0'2 ... (4)
n DM

where gy, is the combined standard deviation of division and
sieving.

4.2.5 The value of the overall precision of the determination
of the average quality of a consignment is specified in the rele-
vant International Standards on sampling of individual types or
groups of ferroalloys. It satisfies the requirements of ferroalloy
consumers and, at the same time, ensures sampling acceptable
from an economic point of view.

4.3 Sampling and sample preparation

4.3.1 Sampling and sample preparation shall be carried out in
accordance with the International Standards on sampling
individual types or groups of ferroalloys.
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Other methods of sampling and sample preparation may be
used by agreement between the interested parties, provided
that their precision is in accordance with that given in the
respective International Standard.

The evaluation of the precision of the sampling method shall be
made experimentally in accordance with ISO 7087.

4.3.2 It is necessary to ensure that the methods of sampling
do not introduce any bias. The evaluation of the bias shall be
carried out experimentally in accordance with ISO 7347.

4.3.3 Sampling a ferroalloy consignment shall be carried out
in the following order (see figure 1):

a) identify a consignment or a part of a consignment to be
sampled;

b) determine the nominal top size in accordance with the
order for a definite type of a ferroalloy;

c) determine the mass of an increment;
d) determine the number of increments;

e) determine the place and method of increment
sampling;

f) constitute a gross sample or sub-samples;
g) crush and divide the gross sample, sub-samples or

increments to a test sample in a definite order when deter-
mining chemical composition.

5 Sampling
5.1 Types of sampling

5.1.1 Depending on the condition of a consignment,
sampling may be of the following types:

a) sampling from a consignment supplied in bulk;

b) sampling from a consignment supplied in a packed
form.

5.1.2 Depending on the methods used, sampling shall be
divided into the following types:

a) mechanical sampling;

b) manual sampling.

5.1.3 Increment sampling shall be carried out during loading-
unloading or any other displacement of a consignment.

For consignments, parts of a consignment or packed units of
small masses, increment sampling may be carried out from a
ferroalloy in a stationary state. In such a case, it is necessary to
ensure beforehand that the whole of the ferroalloy is available
for taking increments.

ISO 3713 : 1987 (E)

5.1.4 When sampling non-crushable ferroalloys, increments
shall be taken from lumps by drilling, milling or shaping. The
detailed descriptions of these methods are given in the Inter-
national Standards on sampling these types of ferroalloys.

5.2 Mass of an increment

5.2.1 The minimum mass of an increment is specified in the
International Standards on sampling individual types or groups
of ferroalloys.

5.2.2 In manual sampling, the minimum mass of an increment
shall be established on the basis of the nominal top size in a
consignment to avoid any bias.

5.2.3 When sampling a stream of a ferroalloy with a
mechanical sampler, the mass of an increment may be
calculated from the equation

dmb ... (5)

where
m; is the mass, in kilograms, of an increment;
q,, is the average flow rate, in kilograms per second;
b is the width, in metres, of a sample cutter;

v is the rate, in metres per second, of the sample cutter
movement.

5.2.4 The masses of the increments taken from a consign-
ment shall be almost equal.

NOTE — The words “almost equal”’ mean that the coefficient of the
variation of the increment masses taken from one consignment shall be
under 20 %.

5.25 When it is difficult to take increments of equal masses,
for instance, from a moving stream, a gross sample or sub-
samples shall be constituted from divided samples of almost
equal masses.

5.2.6 When sampling by time, the masses of increments
taken from a consignment shall be proportional to the flow
rate.

5.2.7 When each increment is individually analysed, the
masses of increments may be unequal.

5.3 Number of increments

5.3.1 The minimum number of increments to be taken from a
consignment shall depend on the planned precision of sampling
Bs and the consignment heterogeneity ;.
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5.3.2 The precision of sampling 85 shall be determined ac-
cording to the method of constituting a consignment and its
mass, and is also established in the International Standards on
sampling of individual types or groups of ferroalloys.

5.3.3 For a consignment supplied in bulk, the minimum
number of increments shall be established using the equation

20:\2 N — n
= [= ... (6
n (ﬁs)N—'l (6)

where N is the number of increments constituting a consign-
ment.

NOTES

1 Equation (6) is derived from the equation

2 2 _
(@) _gGN-n )

- n

N
2 Ifn/N < 0,1, then T will be assumed equal to 1.

5.3.4 For a consignment supplied in a packed form, the
minimum number of packed units to be selected at the first
stage of two-stage sampling shall be calculated using the
equation

Mo + (M, — 1) X g, X gy,

M, 5 (8)
(M — 1) x (Bg/2)2 + af,
where
M, is the number of packed units to be taken from a con-

signment at the first stage of sampling (primary sampling
units);

M; is the number of packed units in a consignment;

o, is the standard deviation between the packed units of a
consignment;

o, is the standard deviation between the increments
within a packed unit.

When the values of o,, and g, are known, the minimum

number of increments to be taken from each selected unit shall
be calculated using the equation

ny = 2 ()

where ng is the number of increments to be taken from a
packed unit selected (secondary sampling units).

NOTES

1 Equation (8) is derived from the equation

2 2
Bs)? _ M- My o op
2 M -1~ M, Mpng

(8a)

ISO 3713 : 1987 (E)

My M, - P
2 If V < 0,1, then ] will be assumed equal to 1.

t t
ﬂ_s ’ = ﬁ + aev (8b)
2 M, Myng T
3 M, = Mp, calculate ﬁ% as follows:
ﬁ_s ’ = ‘76\/ = ﬁ (8c)
2 Mo s . C

5.3.5 In International Standards on sampling of individual
types or groups of ferroalloys, the minimum number of packed
units and/or increments is given in a tabular form or graphs ob-
tained using equations (6) or (8).

5.4 Mechanical method of increment sampling

5.4.1 When loading-unloading wagons, ships, bunkers for
storage, etc., with continuous transport means, sampling shall
be carried out from a falling stream with mechanical samplers at
equal intervals by mass or time.

5.4.2 The number of cuts made when taking a gross sample
with mechanical samplers shall be not less than the number of
the planned increments.

5.4.3 Intervals between taking increments shall be equal for
the whole consignment and calculated by time or mass of a
ferroalloy in accordance with the mass of a consignment and
the number of increments.

5.4.4 |Intervals by mass shall be calculated using the equation

m
Am; < =< .. (10)
n

where

Am; is an interval by mass, in kilograms, between in-
crement sampling;

mc is the mass, in kilograms, of a consignment.
NOTE — If systematic sampling of the whole consignment gives a bias,
it is necessary to divide the consignment into a number of parts equal

to the given number of increments and take increments randomly from
each part.

5.4.5 Time-intervals shall be calculated using the equation

_GOmC

amn

At

(11)

where

At is the time-interval, in minutes, between taking
increments;

g is as defined in 5.2.3.
NOTE — Intervals between taking increments should be calculated by

time only in the case when the stream of a ferroalloy is constant in
time.
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5.4.6 The first increment within the first interval shall be taken
randomly.

5.4.7 |f the planned number of increments has been taken but
displacing a consignment has not finished, sampling shall be
continued until the displacement of a consignment is over.

5.4.8 When taking samples from a belt of a stopped con-
veyor, an increment shall be taken from an established point in
the direction of the stream movement. The sampler used shall
take the whole of the width and thickness of the stream over a
defined length.

NOTE — This length should be sufficient to take an increment of the
minimum mass and be not less than three times the nominal top size of
a ferroalloy.

5.5 Manual method of increment sampling

5.5.1 In manual sampling, an increment shall be taken in a
single motion at one time with a special scoop (see 7.2.1)
suitable for taking samples of constant masses.

When it is difficult to take an increment in a single motion, it
shall be taken in several motions from one place selected at ran-
dom. To take increments of constant and almost equal masses,
it is necessary to use a container for increment sampling
(see 7.2.2).

5.5.2 When sampling a stationary consignment of less than
10 mm in particle size, an increment may be taken with a probe.
In this case, the mass of the ferroalloy taken by a probe at a
single motion shall be not less than the specified minimum
mass of an increment.

5.5.3 When sampling for the determination of the chemical
composition of a consignment consisting of lumps of more
than 100 mm in particle size, an increment shall be taken by
splitting off pieces having, if possible, the bottom and top sur-
faces of an ingot; the pieces shall be taken from not less than
four large lumps selected at random at the point of sampling.
An increment of the planned mass shall be constituted of the
split off pieces. It is recommended that a special container for
increment sampling (see 7.2.2) be used. When using this
method, it is necessary to ensure that it does not introduce any
bias.

5.5.4 When sampling for the determination of the chemical
composition of a consignment consisting of particles of dif-
ferent sizes, the size distribution of an increment shall corre-
spond to that of the consignment which is known from the
results of a sieve analysis (see ISO 4551) or from past
experience.

5.5.5 In manual sampling of a ferroalloy in a stationary state
the points of sampling shall be disposed in a definite order on
its surface. A crater shall be made at each point of sampling
and an increment shall be taken with a scoop along the walls of
the crater upwards in a straight line. The ferroalloy taken shall
not over-fill the scoop. When using this method, it is necessary
to ensure that it does not introduce any bias.

5.6.6 When loading-unloading a ferroalloy with devices of
cyclic action, increments shall be taken by hand from a new
surface formed or from a ferroalloy poured out of a grab onto a
special surface.

5.5.6.1 The number of grabs out of which samples are taken
shall be not less than the planned number of increments.

5.5.6.2 Intervals between the grabs out of which samples are
taken shall be calculated using the equation

m
r=— ... (12)
mgn

where
r is an interval by the number of grabs;

my is the mass, in kilograms, of a ferroalloy displaced with
one grab during one cycle.

5.6 Sampling a consignment in a packed form

5.6.1 Sampling a packed consignment shall be carried out in
two stages (two-stage sampling). At the first stage, the
planned number of packed units, M,,, shall be selected. At the
second stage, the planned number of increments, ng, shall be
taken from each packed unit selected (see 5.3.5).

5.6.2 Packed units shall be selected by systematic sampling or
by random sampling, using tables of random numbers if the
packed units are numbered.

5.6.3 If the number of packed units, M;, in a consignment is
less than the planned number of packed units, M, increments
shall be taken from all the packed units. The number of in-
crements taken from each packed unit shall be determined by
dividing the planned number of increments to be taken from a
consignment by the number of the packed units in it. The
results of dividing shall be rounded up to the nearest whole
number.

5.6.4 The methods of sampling increments from packed units
shall comply with 5.5. Before increment sampling, it is re-
commended that the contents of a packed unit be poured out
onto a clean surface.

5.6.5 If the mass of a ferroalloy in a packed unit is insufficient
for taking the planned number of increments, the whole mass
of the packed unit shall be taken as a sample.

5.7 Methods of combining increments

5.7.1 Increments taken from one consignment shall be com-
bined into one gross sample.
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