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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.
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Copper, lead, zinc and nickel concentrates — Sampling
procedures for determination of metal and moisture
content

WARNING — This document can involve hazardous materials, operations and equipment. It
is the responsibility of the user of this document to establish appropriate health and safety
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Normative references
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document sets out the basic methods for sampling copper, lead, zinc dnd nickel ¢
moving streams and stationary lots, including stopped-belt sampling,.to provide

ant International Standards. Where the concentrates are suscéptible to significal
composition, a common sample that is sufficiently representative, i.e. unbiased and
se, is used for moisture determination and chemical analysis-to eliminate bias (see
arge agglomerates (>10 mm) present in the primary samplé-are crushed prior to fur
pssing. Sampling of concentrates in slurry form is specifically excluded from this docui

bed-belt sampling is the reference method for céllecting concentrate samples ag
lanical and manual-sampling procedures can be coimpared. Sampling from moving st
rred method. Both falling-stream and cross-beltsamplers are described.

pling from stationary lots is used only where sampling from moving streams is not g
bdures described in this document, for sampling from stationary lots, only minimize
matic sampling errors.
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Fitutes requirements_of\this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme
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Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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31

representative sample

quantity of concentrate representing a larger mass of concentrate with both precision and bias within
acceptable limits

3.2
lot
quantity of concentrate to be sampled

3.3
lot sample

3 + + ot £l laos
quantlty of goneentratet epreserrattve-or e 10t

3.4

sub-lot
subdivided parts of a lot which are processed separately, each of them producing a subsample whjch is
analysed separately, for example for moisture determination

3.5
subsample
quantity of ¢oncentrate representative of the sub-lot

3.6
sampling
sequence offoperations aimed at obtaining a sample representativeof a lot

Note 1 to enffry: It comprises a series of sampling stages, each stage’usually comprising operations of seldction
and preparatjon.

3.7
selection
operation by which a smaller quantity of concentrate’is taken from a larger quantity of concentrat

D

3.8
increment
quantity of ¢oncentrate selected by a sampling device in one operation

3.9

division
operation of decreasing sample”mass, without change of particle size, where a representative part of
the sample ils retained

3.10
constant-mfass division
method of divisioficin which the retained portions from individual increments or subsamples dre of
uniform mags

3.11
proportional division

method of division in which the retained portions from individual increments or subsamples are a
constant proportion of their original mass

3.12

preparation

nonselective operation without division such as sample transfer, drying, comminution or
homogenization

3.13

sample processing

whole sequence of selection and preparation operations which transforms a stage i sample into a
test sample

2 © ISO 2018 - All rights reserved
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3.14
comminution
operation of reducing particle size by crushing, grinding or pulverisation

3.15
stage i sample
sample obtained at the ith stage of the sampling scheme

3.16
moisture sample
representative quantity of concentrate from which test portions are taken for moisture determination

Note [l to entry: Alternatively, the whole moisture sample may be dried to determine its moisturéepntent.

3.17
laboratory sample
sample that is processed so that it can be sent to the laboratory and used for\further prdcessing and
seledtion of one or more test samples for analysis

3.18
common sample
repr¢sentative quantity of concentrate which is dried to determine its ' mass loss and subsequently used
for further processing and selection of one or more test samples-fér chemical analysis

3.19
test sample
repr¢sentative quantity of concentrate obtained from adaboratory sample when additional preparation,
such|as drying or hygroscopic moisture determination, is needed prior to the selection of pne or more
test portions

3.20
test portion
repre¢sentative quantity of concentrate taken from a moisture sample, a laboratory sample or a test
sample which is submitted to moistufe,determination or analysis in its entirety

3.21
syst¢matic sampling
seledtion of increments in which the concentrate being sampled is divided into equal strata pnd the first
incrgment is taken at random within the first stratum, the interval between subsequent increments
being equal to the stratum size

3.22
stratified random sampling
seledtion of \in¢grements in which the concentrate being sampled is divided into equal fstrata, each
incrgmentbeing taken at random within each stratum

3.23
agglomerate
cluster of particles that are held together by chemical or physical phenomena

3.24
nominal top size
aperture size of a test sieve that retains 5 % of the mass of concentrate

3.25

moisture determination

quantitative measurement of the mass loss of the moisture test portion under the conditions of drying
specified in ISO 10251

© ISO 2018 - All rights reserved 3
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3.26

chemical analysis
quantitative determination of the required chemical constituents of the analysis test portion

3.27
error

difference between the true value and the value obtained for an individual measurement in any
quantitative measurement

3.28
bias

t t' t' 11 3 1 £ £ Jrc Lot £ £l o & i 1 pa | PP | £,
statisticallyrstghrreatrcatrrererceoetweeirtne- meairor cnetestresturtsantanaceepreatrererence

Note 1 to ent

3.29
precision

closeness off

Note 1 to ent

3.30

interleaved
samples corj

containers

4 Sampl

4.1 Gene
The basic r

stream or sf
deviation fr

relied on to

Sampling sH

on a time b
introduced

to, any mulf
random sanj

The method

scheme and
the total va

example mi}

Fy: See also ISO 13292.

agreement between independent test results obtained under stipulated conditions

"y: See also ISO 12744.

samples

ling theory

ral

ratum shall have the same probability of being selected and appearing in the sample
om this basic requirement can (result in a bias. An incorrect sampling scheme cann
provide representative samples.

hsis (see 7.3), but only where it can be shown that no systematic error (or bias) cou
Hue to any periodicvariation in quality or quantity that may coincide with, or approxi

pling within fiXed time or mass intervals be carried out (see 7.4).

s for sampling, including sample processing, depend on the final choice of the sam|

lancé;to an acceptable level, while at the same time eliminating any significant biase
nimizing degradation of samples used for determination of size distribution.

ould preferably be carried/out on a systematic basis, either on a mass basis (see 7.

iples of the proposed sampling interval. In such cases, it is recommended that straf

on the steps necessary to minimize possible systematic errors. The aim is always to reg

ralue

stituted by placing consecutive primary increments alternately into two separate sample

hle for a correct sampling method.is that all possible increments from the concenftrate

Any
bt be

) or
Id be
mate
ified

pling
duce
s, for

Moisture samples shall be processed as soon as possible and test portions shall be weighed immediately.
If this is not possible, samples shall be stored in impervious airtight containers with a minimum of free

air space to

4.2 Total

minimize any change in moisture content, but should be prepared without delay.

variance

The general aim of a sampling scheme is to provide one or several test portions, sufficiently
representative of a lot, for determination of the quality characteristics of the lot. The total variance of

the final result, denoted by s%, consists of the variance of sampling (including sample processing) plus

© ISO 2018 - All rights reserved
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the variance of analysis (chemical analysis, moisture determination, determination of particle size
distribution, etc.) and is given by Formula (1):

25242 M
where

sg is the sampling variance (including sample processing);

—-12_\ isthe :\na]yfiral variance

In Formula (1), the sampling variance includes the variances due to all sampling (and sample|processing)
stepg, except selection of the test portion. The variance due to selection of the test portion i$ included in

the gnalytical variance, si, which shall be determined in accordance with }§0:<12744, because it is
diffiqult to determine separately the “true” analytical variance.

Often replicate analyses of quality characteristics are carried out, whigh'reduces the total|variance. In
this ¢ase, if r replicate analyses are made, the total variance is given by\Formula (2):

2

2_.2 .54
T=ss+— - (2)

o

The ¢stimation or measurement of the total variance can‘be carried out in several ways, depending on
the purpose of the exercise. In many respects, the different approaches are complementary

The ffirst method, which was developed by Gyl33], is to break up the sampling variajnce into its
components for each sampling stage, as specified in normative Annex A. The total variance is then

given by Formula (3):

2
2 _ .2 2 2 SA
§T =S¢ tuntSe +unts +— 3
T =25, S Sur o (3)
where
;g is the samplingvariance for stage 1, i.e. the primary sampling variance;
1
g is the sampling variance for stage i;

g is.the sampling variance for stage u — 1, the second last stage;

l is the number of sampling stages, stage u corresponding to selection of the test portion.

This is referred to as the “sampling stage” method (see 4.3) and provides very detailed information on
the variance components, which is particularly useful for designing and assessing sampling schemes.
However, to obtain maximum benefit, it is necessary to collect data at each sampling stage.

The second method, called the “simplified” method (see 4.4), is to break up the total variance into
primary sampling, sample processing and analytical variances only. In this case, the total variance is

given by Formula (4):

s
s% =521 +51§+—A 4)

© IS0 2018 - All rights reserved 5
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is the primary sampling variance;

is the analytical variance, including selection of the test portion [at stage u in

Formula (3)].

is the variance due to all subsequent sampling steps, i.e. sample processing, except selection
of the test portion;

The primary sampling variance is identical to the sampling variance for stage 1 in Formula (3), while
Sl% is equal to the total sampling variance for the remaining sampling stages, except for selection of the

test portion which IS Included in the analytical variance. Ihe relative magnitudes of the varjance
componentq in Formula (4) indicate where additional effort is required to reduce the total varipnce.
However, it|is not possible to separate the variances of the separate sample-processing stages.|This
method is quitable for estimating the total variance for new sampling schemes based,on the same
sample-pro¢essing procedures, where the numbers of primary increments, sample processingg and
analyses arg varied.
Finally, the total variance s% can be estimated experimentally by collecting interpenetrating duplicate
samples (se¢ 4.5). This is called the “interleaved sample” method and gives valuable information op the
total varianice actually achieved for a given sampling scheme with no extra effort, provided facillities
are availabje for collecting duplicate samples (Merksl3]). It gives\no information on varjance
componentg, but the total variance can be compared with the analytical variance to ascertain whe¢ther
the sampling scheme used was optimized or not. It is therefore oflimited use for designing sampling
schemes, butt it can be used to monitor whether a sampling schemé’is in control.
4.3 Sampling-stage method of estimating samplitig and total variance
The samplinlg variance for stage i is given by Formula{5) (see normative Annex A):
2
s
b
sé=—4 (5)
i n
1
where
Si is the variance between increments for stage i;
i
n; isthe number of incréments for stage i.
The variance betwegn increments for stage i, sé_ , can be estimated using Formula (6):
1
n
32
NI
2 _j=1 2
sy = -5 6)
b; n; 1 PA
where
X is the test result for increment j;
x  isthe mean test result for all increments;
SI%A is the variance of subsequent sample processing and analysis.

© ISO 2018 - All rights reserved
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The variance of subsequent sample processing and analysis of each increment, SI%A , has been taken into

account in Formula (6) to obtain an unbiased estimate of 55. .
1

NOTE Care is needed in subtracting variances. The difference is significant only when the F ratio of the
variances being subtracted is statistically significant.

Remembering that the variance due to selection of the test portion is included in the analytical variance
sf\ , the total sampling variance is given by Formula (7):

u-1 52
2 _" b 7
- (7)
i-1 M
Combining Formulae (2) and (7) provides the total variance S%, which is given by Formula|(8):
2
u-1 s 2
b; S
_5% = 2 _1+_A (8)
=1 Mo T
For 4 three-stage sampling scheme (including selection of the testiportion), Formula (8) reduces to
Formula (9):
2 2
S S 2
b; b S
5% :_’+_2+_A [9)

nq n, r

The best way of reducing the value of s% to an acceptable level is to reduce the largest termp in (8) first.

Clearly sﬁi / n; for a given sampling stage can be®educed by increasing the number of incrgments n;j or

redufing 5;. by homogenizing the concentrate prior to sampling. The last term can be|reduced by
1

redufing the particle size prior to seléction of the test portion, or performing replicate analyses.
Seleqting the optimum number of increments n; for each sampling stage may require severjal iterations
to obtain the required total varianee s%.

EXANPLE Consider a four{stage sampling scheme for determining the metal content of a coppef concentrate
contdining 31,2 % Cu. Assumme that the concentrate is being conveyed at 500 t/h on a conveyor belft, that the lot
size if 500 t, and that the following parameters have been determined using Formula (6) where appjropriate:

b, =0,3%Cu

o

b2 =O,2%Cu

[

47 =0,1% Cu

sp=0,05%Cu

NOTE Many measurements might be required to obtain good estimates of Sby+ Sby Shy and S, .
Stage 1
Assume that the primary cutter takes increments of 12 kg mass at 2 min intervals. Thus:

n1:30

Primary sample mass = 360 kg

© ISO 2018 - All rights reserved 7
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Formula (5)

2 _
sSl = (0,

Stage 2

:2018(E)

gives:

3)2/30 = 0,003 0

The primary increments are collected in a hopper, and then fed to the secondary cutter at a rate of
360 kg/h. Secondary increments of 0,01 kg are taken at 30 s intervals. Thus:

ny=120

Divided san{

Ss, = (0
Stage 3
The 1,2 kg s

divider wit

(0,5 s1). Sample division takes 2 min. Thus:

n3:60

Divided san{

Stage 4

Dry the samjple and then pulverize it to 150 pm,Select a 1 g test portion by taking 10 increments of

with a spaty

sp=0,0
The total va
$h=s2
=0,0

=0,0

ple mass =1,2 kg

2)2/120 = 0,000 333

ample is transported to the sample-processing laboratory and fedt¢hrough a rotary sample

n a sample-collection canister divided into eight equal sectors‘rotating at 30 rey

plemass=150g

1)2/60 = 0,000 167

la, and conduct a single analysis, Thus:

b % Cu

riance is given by:

2
+SS

2

2
+S +S
2 S3 A

030+ 0,000333+0,000167 +0,0025

06

Hence:

st=0,077 % Cu

min

01g

In this example, the largest components of variance are due to primary sampling and analysis.
Consequently, the total variance can be reduced by increasing the number of primary increments and
conducting replicate analyses.

An example of the application of the sampling-stage method of estimating total variance to sampling
from grabs is given in informative Annex B.

© ISO 2018 - All rights reserved
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4.4 Simplified method of estimating sampling and total variance

While it is not possible to partition, i.e. separate, the variances of the individual sample-processing
stages, the simplified method is suitable for estimating the total variance for new sampling schemes
based on the same sample-processing procedures, where the numbers of primary increments, sample
processings and analyses are varied.

Using Formula (5), the primary sampling variance 551 is given by Formula (10):

s2 =M (10)

wherte

m is the number of primary increments;

2 . . . . . .
b, 1S the variance between primary increments determined using-Formula (6).

The primary sampling variance can be reduced by increasing the number of primary increments ny .

The sample-processing variance s% and analytical variance sf\ shall be determined experjmentally by
dupljcate sample processing and determination of quality characteristics in accordance with ISO 12744.
The @nalytical variance sf\ can also be obtained by carrying out duplicate analyses on test|samples.

Multjple sample processings and analyses are oftefi earried out to reduce the total varignce. In this
case|combining Formulae (4) and (10) gives Formuitae (11), (12) and (13).

a) Where a single sample is constituted for the lot and r replicate analyses are carriedl out on the
flest sample:

2
b s
s%:—1+s%+TA (11)

b) Where the lot is divided(into k sub-lots, a subsample is constituted for each sub-lot, and r replicate
analyses are carried outon each resultant test sample:

2

N 2 2
sp {5

5%: b1  Sp _S5A (12)
ng kS rk

c) Wheressample processing and analysis is carried out on each increment taken from the lot and r
feplicate analyses are carried out:

2
S
S§1 +si+24
si- L I (13)
m
EXAMPLE Assume that 50 primary increments are taken from a zinc concentrate lot that has been divided

into two sub-lots. The resultant two subsamples are processed separately and analysed in duplicate. Assume
that the primary increment, sample processing and analytical standard deviations have been determined
experimentally as follows:

S . =0,3%7Zn

b

s , =0,1%Zn

b

© ISO 2018 - All rights reserved 9
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s 5 =0,05%7Zn

b

Using Formula (12), the total variance is given by:

s2=(0,3)2/50 + (0,1)2/2 + (0,05)2/(2 x 2)
= 0,001 8 + 0,005 0 + 0,000 625

=0,007 43

Hence:

st=0,086 % Zn

In this exampple, the major component of variance is sample processing. This compenerit could be reduced
by dividing the lot into a larger number of sub-lots, and constituting a subsample-fer each sub-lot.

4.5 Inter]eaved sample method of measuring total variance

The total variance s% achieved for a given sampling operation can{be estimated experimentally by

collecting interleaved duplicate samples as shown in Figure 1. If.the number of primary increments for
routine sampling is nj, then 2nq primary increments are taken from each lot and the odd- and ¢ven-
numbered ificrements are separately combined to give samples A and B for the lot. Samples A and B are
then separately submitted to sample processing and analysis. This procedure is repeated until sampling
has been completed. The total variance for a single lot is®hen given by Formula (14):

— N _2
Z‘XAI' _XBi‘
i=1

N (14)

&1

where

X, angl xg are the anialyses for each pair of samples A;and Bj;
i i
N is thenumber of lots (in the range 10 to 20);

is a statistical factor relating range to variance for a pair of measurements.

T
4

Alternatively, if the precision is being checked as part of routine sampling, n primary increments may be
taken from each lot and two interleaved samples constituted, each comprising n/2 primary increments.
However, the overall variance thus obtained is overestimated and the sampling variance component
has to be divided by two to obtain the overall variance for lot samples comprising n primary increments
(see ISO 12744).
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Increment
Increment
Lot1 —
Increment  ——
—~L N
— T
lncrement -
Sample A odd increments
Increment
Increment  ——
Increment
=[N~ Sample B even increments
Increment  ——{P
Increment
—~ —~L—
- T
Increment
Lot 2 —
Increment  |——
Increment
Figure 1 — Example of a plan for interleaved duplicate sampling
EXANPLE The analyses of interleaved samples taken from 10 lots of copper concentrate are givyen in Table 1.
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Table 1 — Analyses of interleaved samples taken from copper concentrate

Lot 0dd samples (A) Even samples (B) Absolute difference
Cu % (m/m) Cu % (m/m) Cu % (m/m)

1 30,37 30,34 0,03
2 30,47 30,46 0,01
3 29,99 30,01 0,02
4 29,97 29,98 0,01
5 30,12 30,18 0,06
6 30.02 30.05 0.03
7 30,32 30,35 0,03
8 30,18 30,17 0,01
9 30,31 30,27 0,04
10 30,28 30,25 0,03

Sum of absolute differences 0,27

Formula (14]) gives:

) (0,27/10)2
=0,000 573

Hence:

st =0,034 % Cu

5 Establishing a sampling scheme

The procedure for establishing a sampling scheme is as follows.

a) Identify the quality characteristics’to be measured, and specify the mass of the lot or sub-lof and

the des:lred total variance s%. Typical values of sT are given in Table 2.

b) Ascertajin the nominal tép,size of the concentrate.

c) Specifythe cutter aperture, or the dimensions of the manual-sampling implement, according tp the
nominal top size-of'the concentrate.

d) Ascertafin the@nalytical variance si . Typical values of s are given in Table 2.

e : . . 2
alTd tE SAMpIe-processIing variance Sp

1 . 3 . . 2

e) DetermiTe the variance between primdry ICrements bb

1

if the simplified method is used (see 4.4), or the variance between increments stz) for each
1

proposed stage if the sampling-stage method is used (see 4.3). Table 3 gives typical values of Sp,

for the first sampling stage.

f) If the simplified method is used, use Formula (11), (12) or (13) to select the number of primary
increments, sample processings and replicate analyses, so that the total variance s% does not

exceed the desired value specified in step a).

Alternatively, if the sampling-stage method is used, use Formula (8) to select the number of
increments n; required at each sampling stage and the number of replicate analyses so that the

total variance S% does not exceed the value selected in step a).
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g) Determine the sampling intervals at each stage, in tonnes for mass-basis systematic sampling (see
7.2) and stratified random sampling within fixed mass intervals (see 7.4), or in minutes for time-basis
systematic sampling (see 7Z.3) and stratified random sampling within fixed time intervals (see 7.4).

h) Take increments at the intervals determined in step g) for each stage during the whole period of

handling the lot.

i)  Either combine the primary increments into lot samples or subsamples for analysis or analyse each
primary increment separately. Examples of suitable sampling schemes are given in Figures 2-4, but
the scheme shown in Figure 2 and Figure 4 is not suitable for preparing chemical analysis samples

used to analyse for volatile elements, such as mercury.

The lot is often divided into sub-lots from which subsamples are prepared and analysedseparately to
redufe the total variance, as outlined in 4.4. Subsamples may also be prepared to provide|progressive
information on the quality of the lot, or to reduce possible changes in the moisture content pf samples.
Table 2 — Typical target values of the required total and analytical standard deviations
for determination of metal and moisture content
Characteristic Parameter Content range/standard deviation
Range <30 % (m/m) 3050 % (m/m)
Cu St 0,05 % 0,1%
S 0,03 % 0,03 %
Range <30 % (m/m) 30-50 % (m/m) >50 Po (m/m)
Pb, Zn ST 0,1:% 0,2 % 4,3 %
S 0,07 % 0,07 % 0/15 %
Range <10 % (m/m) 10-30 % (m/m)
Ni St 01% 0,2 %
Sp 0,05 % 0,1%
Rarlge <500 g/t 500-100 0 g/t >1 P00 g/t
Ag ST 10 g/t 2 % of concentrate | 2 % of doncentrate
Sp 7g/t 15g/t 20 g/t
Range <5g/t 5-15g/t >15g/t
Au ST 0,5g/t 0,5g/t 2 % of ¢oncentrate
SA 0,15g/t 0,2g/t 04 g/t
Range <20 % (m/m)
Moisture ST 0,3%
Sp 0,07 %
NOTE St canbereduced if required by performing replicate analyses.
© ISO 2018 - All rights reserved 13
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Table 3 — Examples of standard deviations between primary increments

Constituent Standard deviation between primary increments (Sbi)

Cu in copper concentrate 0,1-0,5 % Cu
Pb and Zn in lead and zinc concentrates 0,1-2,0 % Pb/Zn
Ni in nickel concentrates 0,1-0,5 % Ni

Ag in copper, lead and zinc concentrates 1-5g/tAg

Au in copper, lead and zinc concentrates 0,5-2,0 g/t Au

Moisture in geppestead-and-zinc-concentrates 02—60-+%

NOTE The sthndard deviation between primary increments for mass fraction of silver is applicable to Ag < 500 g/tlon

<

Increment

Increment

Increment

Increment

Increment

Lot — Common sample

Increment

Increment

Moisture determination

q
[

Increment

Chemical analysis

Increment

Increment

Increment

1 £
TIICTCTITCTITC

Increment

Increment

Figure 2 — Example of a sampling scheme in which a common sample is constituted for the lot
for moisture determination and subsequent chemical analysis
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— Secincr [—
| First | | T |
- prim incr |
First | | | | Last | |
sub-lot sec incr
— Secincr [—
| | Second | | T 1st
prim incr | subsample
| | Last | | |
= sec e =~ | Moisture
determination
Sec incr
| | Last T
prim incr |
Last
sec incr
Secincr
| First T
prim incr L
Second Last
sub-lot sec incr
Lot I —] Secincr |
| | Second | | T 2nd Chemical
prim incr | subsample analysis
| | Last(/ | |
Incr -
== Seo¢ = Moisture
determination
Y Secincr |
L | Last [| T |
prim incr |
| | Last | |
sec incr
s~ s~
— Sec incr
| First | | T
prim incr |
L | (Last | | | | Last
sub-lot sec incr
— Secincr
| | Second | | T _I Last ||
prim incr | subsample
| | Last |
= seciner ==~ | Moisture
determination
SecincT
| | Last T
prim incr |
Last
sec incr
Key
prim incr primary increment
secincr secondary increment
NOTE Mixing, comminution and division steps have been omitted for simplicity. This scheme is suitable for

concentrates that are susceptible to oxidation or decomposition.

Figure 3 — Example of a sampling scheme in which the lot is divided into sub-lots for moisture
determination and a separate lot sample is constituted for chemical analysis
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Secincr

First T
- prim incr 1
| First | | Last
sub-lot sec incr
Secincr
Second T Ist
prim incr | subsample
Last |
sec incr -
o= Moisture
determination
Secincr
Tast T
prim incr |
Last
sec incr
Secincr
First T
prim incr |
| | Second | | Last
sub-lot sec incr
Lot | .
Secincr
Second T 2nd
prim incr | subsample
Last |
sec incr \ -
= Moisture Chemical
determination analysis
Sec incr
Last T
prim incr 1
Last
sec iner
= o=
Secincr
First T
prim incx |
L | Last [ | Last
sub-lot sec incr
Sec incr
Second T Last
prim incr | subsample
Last |
sec incr -
P~ Moisture
determination
Sec incr
Last T
prim incr 1
Last
sec incr

Key
prim incr primary increment

secincr secondary increment

NOTE

Mixing, comminution and division steps have been omitted for simplicity. This scheme is suitable for
concentrates that are susceptible to oxidation or decomposition.

Figure 4 — Example of a sampling scheme in which the lot is divided into sub-lots for moisture
determination, and the dried moisture subsamples are subsequently combined into a single lot
sample for chemical analysis
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6 Mass of increment

6.1 General

To avoid bias, it is essential that increments are extracted in such a manner that all possible increments
from the concentrate stream have the same probability of being selected and becoming part of the final
sample for analysis, irrespective of the size, mass or density of individual particles in the stream. This
determines the increment mass required to obtain an unbiased sample.

However, there is also a practical minimum increment mass that should always be exceeded to minimize
the effect of handling on the characteristics of the increment as it passes through the sampling system.
This|is particularly important for moisture content, where moisture loss (or gain) has tocdbg minimized.
The minimum mass needs to be specified for each concentrate type and each sampling.device.

6.2 | Mass of increment for falling-stream samplers

To ayoid bias, the mass of increment at any sampling stage taken by a mechanic¢al or manual cutter type
sampler from the concentrate stream at the discharge end of a moving ¢onveyor is deternpined by the
minimum cutter aperture as specified in 8.3.2.2, the maximum cutter speed, as specified in{8.3.3.2, and
the flow rate of the concentrate stream, and therefore is given by Formula (15):

_ GA
3,6v,

hy (15)

wherte

iy is the mass of increment, in kilograms;
¢ isthe flow rate of the concentrate stream, in tonnes per hour;
A s the cutter aperture, in metres ($ee 8.3.2.2);

tc is the cutter speed, in metres.per second (see 8.3.3.2).

6.3 | Mass of increment fot ¢ross-belt samplers

The mass of increment taken'by a cross-belt cutter from a moving stream to avoid bias is defermined by
the minimum cutter apgerture as specified in 8.3.2.3, the speed of the concentrate stream|(i.e. the belt
speefl), and the flow-~rate of the concentrate stream, and therefore is given by Formula (16)

GA

- 16
3,6Vp (16)

nmy

wherte

A  isthe cutter aperture, in metres (see 8.3.2.3);

vp isthe speed of the concentrate stream, in metres per second.
6.4 Mass of increment for manual sampling from stationary lots

6.4.1 Primary increments

The minimum mass of primary increment taken by a manual-sampling implement from a stationary lot
shall be 0,25 kg. However, if the nominal top size exceeds 16 mm due to the presence of agglomerates,
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the mass shall be increased in accordance with Formula (17) based on a sampling implement of
minimum dimensions 3d x 3d x 3d:

27pd>x107°

is the minimum mass of increment, in kilograms;

is the bulk density of the concentrate, in tonnes per cubic metre;

(17)

Mimin =
where
Mimin
p
d
6.4.2 Maq

The minimy
shall be 10 §
the mass sh

6.5 Mass

The mass of]
length of thd
speed) and {

G
mI = —
3,6

where Wis{

is the nominal top size of the agglomerates, in millimetres.

s of secondary and subsequent increments

m mass of secondary and subsequent increments taken by a manual-sampling imple
r. However, if the nominal top size is 5 mm or greater due to the presenee’of agglomel
1l be increased in accordance with Formula (17).

of increment for stopped-belt reference sampling

increment taken from a stopped belt for reference sampliiigis determined by the mini
e sampling frame as specified in Clause 10, the speed ofthe concentrate stream (i.e. thq

he flow rate of the concentrate stream, and therefore.s given by Formula (18):
v

VB

he length of the sampling frame, in metres (see Clause 10).

7 Methods of sampling from concentrate streams

7.1 Gene

Mechanical
or a time-b
commences

7.2 Mass

ral

and manual sampling.of’concentrate streams may be carried out on either a mass-
hsis. This needs tobe’decided before designing a sampling system and before sam

-basis systematic sampling

7.2.1 General

ment
ates,

mum
b belt

(18)

basis
pling

Mass-basis §

ampling involves the following steps:

a) Distributing the required number of primary increments on a uniform tonnage basis throughout

the lot t

o be sampled.

b) Taking increments of almost uniform mass from each tonnage interval.

NOTE

Sample masses are considered to be almost uniform if the coefficient of variation (CV) of the masses is

20 % or less. Ifincrements are not of almost uniform mass, constant-mass division is required, so that the mass of
sample reporting to the lot sample or subsample is almost uniform.

18
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7.2.2 Sampling interval

The interval between primary increments for mass-basis sampling shall be determined from

Formula (19):

m
Am<—L (19)
n
where
Am is the mass interval between primary increments, in tonnes;
IL)L is the mass of the lot, in tonnes;
1 is the number of primary increments determined in accordance with Clause-5.
The nass interval between primary increments should be rounded down to the nearest tomltle, to ensure
that the number of primary increments taken will be larger than the minimtmnumber required.
7.2.3 Sample cutter
The following cutters may be used for taking primary increments;
a) A falling-stream cutter whose cutting speed is constant during the course of handling the entire lot.
b) A falling-stream cutter whose cutting speed is cohstant while cutting the stream|but can be
fegulated, primary increment by primary incgemdent, corresponding to the flow [rate of the
¢oncentrate on the conveyor belt.
c) A cross-belt cutter.
7.2.4 Taking of primary increments
Each|primary increment shall preferably be taken by a single traverse of the sampling device, so that a
full gross-section of the concentrate stream is taken. However, in manual-sampling cases where it is not
possible to obtain a complete cross-section in one operation, increments may be taken sygtematically
acros$s the concentrate streain;so that, when they are combined, they represent the full crogs-section of
the skream (see 9.7).
The flirst primary incrément shall be taken at a random mass, less than the mass interval Am|determined
in 7.2.2. Thereaftef;.the required number of primary increments shall be taken at fixed mgss intervals
of Am, and this interval shall not be changed during the entire course of sampling the lot.
If the¢ planned'number of primary increments has been taken and handling has not beer] completed,
additional\primary increments shall be taken at the same mass interval until the handlingfoperation is
com}rleted.

7.2.5 Constitution of subsamples and lot samples

If the coefficient of variation of primary increment masses is 20 % or less, primary increments may be
combined into subsamples or a lot sample, either as taken or after having been processed individually
to a particular stage. Subsamples shall preferably comprise equal numbers of consecutive primary
increments.

However, if the coefficient of variation of primary increment masses exceeds 20 %, either

a)

each primary increment shall be subjected separately to division (according to the rules of division)
and determination of its quality characteristics, or
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b) primary increments shall be subjected to constant mass division, prior to combining into
subsamples or a lot sample.

Primary increments and subsamples should not be combined into a single sample for the lot, unless the
composite sample can be adequately mixed (see 15.3).

For the determination of moisture content, it is recommended that a moisture subsample be constituted
for each sub-lot. This will not only reduce the total variance, but it will also minimize loss of moisture
and hence bias.

7.2.6 Typ

es of division

Two types o|f division are applicable to mass-basis sampling as follows.

a) Constar
sampled
type diy

b) Proport
samplef
be used

NOTE Cy

samples.

7.2.7 Divi

Where incr{

increments,
a) If the c
proport
b) Ifthe cd
outon a

7.2.8 Divi

Where subs
shall be carf

a) Ifthecq

t-mass division, which is a method of obtaining divided increments, subsamples d
with almost uniform mass, regardless of the variation in the masses to be divided. Cy
riders with variable cutting frequencies can be used for this type of division (see 15.4.4

ional division, which is a method of obtaining divided increments, subsamples d
with masses proportional to the varied masses to be divided. Rotary sample divider
for this type of division (see 15.4.5).

tter-type dividers can lead to moisture loss, so are not recommended for division of moi

sion of increments

pments require division and subsamples or a lot'sample are constituted from the diy
division shall be carried out as follows (see ZTable 4):

befficient of variation of the increment~masses is 20 % or less, either constant-ma
ional division shall be used.

efficient of variation of the increment masses is greater than 20 %, division shall be ca
n increment-by-increment basis using constant-mass division.

sion of subsamples

amples are dividedzand a lot sample is constituted from the divided subsamples, div]
ied out as follows-(see Table 4):

efficient of variation of the subsample masses is 20 % or less, and the subsamples cong

an equ

b) If the coefficient of variation of the subsample masses is greater than 20 %, and the subsan
consist pfan.equal number of increments, constant-mass division shall be used.

| number-efincrements, either constant-mass or proportional division shall be used.

r lot
tter-

b).
r lot

5 can

sture

rided

5SS Or

rried

ision

ist of

hples

c) Ifthe subsamples consist of different numbers of increments, proportional division shall be used.

7.2.9 Division of lot samples

When a lot sample is divided, either constant-mass or proportional division shall be used.

20
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Table 4 — Rules for division of increments, subsamples and lot samples for mass-basis and

time-basis sampling

Sampling conditions Type of division
Sample for S li I ¢ cv
division ampling ncrements per .
method subsample % Constant mass| Proportional
. <20 Yes Yes
Mass-basis —
Increment >20 Yes No
Time-basis — — No Yes
Mass-basis o <20 Yes Yes
N Tquart
Mass-basis >20 Yes No
Spbsample Unequal — No Yes
Time-basis Equal or — No Yes
unequal
Mass-basis
Liot sample Time-basis — — Yes Yes
7.3 | Time-basis systematic sampling

7.3.

1 General

Timg-basis sampling involves the following steps:

a) Distributing the required number of primary ineréments on a uniform time basis thrpughout the
lot to be sampled.
b) Kor each time interval, taking increments.ofmass proportional to the concentrate floy rate at the
lime of taking the increment.
7.3.1 Sampling interval
The [interval between primarytincrements for time-basis sampling shall be determined from
Formula (20):
3600m
Aes—— L (20)
Gmax ny
whefe
At isthe time interval between primary increments, in seconds;
Gmgx 1s the maximum flow rate, in tonnes per hour.
The time interval between primary increments should be rounded down to the nearest second, to

ensure that the number of primary increments taken will be larger than the minimum number required.

7.3.

3 Sample cutter

The following cutters may be used for taking primary increments:

a)
b)

a falling-stream cutter whose cutting speed is constant during the course of handling the entire lot.

a cross-belt cutter.
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7.3.4 Taking of primary increments

Each primary increment shall preferably be taken by a single traverse of the sampling device, so that a
full cross-section of the concentrate stream is taken. However, in manual-sampling cases where it is not
possible to obtain a complete cross-section in one operation, increments may be taken systematically
across the concentrate stream so that, when they are combined, they represent the full cross-section of
the stream over time (see 9.7).

The first primary increment shall be taken at a random time less than the time interval At determined
in 7.3.2. Thereafter, the required number of primary increments shall be taken at fixed time intervals of
At, and this interval shall not be changed during the entire course of sampling the lot.

If the planned number of primary increments has been taken and handling has not been comp]leted,

additional primary increments shall be taken at the same time interval, until the handling operation is

completed.

7.3.5 Confstitution of subsamples and lot samples

Subsamples|or lot samples may be constituted in either of the following ways:

a) primary increments, as taken, shall be combined into subsamples or axlot sample, irrespective of
the variation of masses of primary increments; or

b) primary increments shall be divided by proportional division; sdbsdamples or lot samples shallthen
be constituted by combining divided increments.

Where subsamples are analysed to determine the quality characteristics for the lot, the mass of the sub-

lot from which the subsample was taken shall be determinedy.in order to obtain the weighted avergge of

the quality ¢haracteristic for the lot.

Primary incfements and subsamples should not be combined into a single sample for the lot, unlegs the

composite shmple can be adequately mixed (see 15.3).

For the detefmination of moisture content, itisTecommended that a moisture subsample be constifuted

for each sub-lot. This will not only reduce the total variance, but it will also minimize loss of moigture

and hence bjas.

7.3.6 Typles of division

Both constajpt-mass and proportional division are applicable to time-basis sampling (see 7.2.6).

7.3.7 Division of incréments and subsamples

Increments pnd subsamples shall be divided by proportional division (see Table 4).

7.3.8 Division of lot samples

When a lot sample is divided, either constant-mass or proportional division shall be used (see Table 4).
7.4 Stratified random sampling

7.4.1 Fixed mass intervals

The procedure shall be as specified in 7.2 except that, when the mass interval has been set, the sample
cutter is programmed to take a primary increment at any point at random within this mass interval.
This is achieved by using a random number generator, capable of giving a random mass number
anywhere within the mass interval (determined in 7.2.2), which activates the sample cutter at the mass
corresponding to the mass number generated. The capacity of hoppers in the sampling system shall be
sufficient to hold two adjacent increments.
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7.4.2 Fixed time intervals

The procedure shall be as specified in 7.3 except that, when the time interval has been set, the sample
cutter is programmed to take one primary increment at any point at random within this time interval.
This is achieved by using a random number generator, capable of giving a random time number
anywhere within the time interval (determined in 7.3.2), which activates the sample cutter at the time
corresponding to the time number generated. The capacity of hoppers in the sampling system shall be
sufficient to hold two adjacent increments.

NOTE Because the spacing of increments in mass or time is not constant when conducting stratified random
sampling, interleaved sampling requires special equipment to direct closely spaced increments to samples A and B.

8 Mechanical sampling of concentrate streams

8.1 | General

Ther

e are a number of different mechanical sampling devices, and hence it isTot possible td

specify any

particular type which should be used for specific sampling applications.However, the samjpling device

seled
mini

and
size

samy

This
conc
show

8.2

8.2.1

Fron
to th

8.2.2
Whe

a)
b)

‘)

ted has to pass a bias test, i.e. it shall be unbiased. In this respect,/special care shall
mize change in moisture content, for example by minimizing vertical drops, eliminati
ivoiding low flow rates. Degradation of the constituent particles shall also be minimiz¢
Hetermination is to be carried out on the sample. Informative Annex C shows typical
le cutters in common use and should be taken as a guidein choosing suitable equipmg

q

document deals only with mechanical sampling devices that take a complete cross-sg
entrate stream. Sampling devices taking only part of the stream shall only be used|
n, using ISO 13292, that there is no significantbias.

Design of the sampling system

Safety of operators

| the initial stage of design and construction of a sampling system, due consideration s}
e safety of operators.

Location of sample cutters

h choosing the ldeation of sample cutters, the following criteria shall apply.

$ample cuttersshall be located at a point providing access to the complete concentrate

$ampling.shall be performed close to the weighing point in space and time.

$ampling should be performed at a point in the handling system where there is minimal

be taken to
ng air flows
ed if particle
examples of
nt.

bction of the
if it can be

nall be given

stream.

segregation

of the concentrate stream _and where there is minimal risk of errors due to 2 systema

ic variation

in flow rate or quality.

Basic requirements are to be taken into account from the early stages of design, construction and
installation of the system, as well as during the operation and maintenance of the plant. To permit the
bias checks specified in 8.2.5, provision should be made for stopped-belt reference sampling adjacent to
the sample cutter.

8.2.3 Provision for interleaved sampling

The sampling system should be capable of generating pairs of interleaved samples for checking and
monitoring the sampling and total variances as a function of time (see 4.5).
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8.2.4 Provision for stratified random sampling

The sampling system should be designed to handle closely spaced adjacent increments when stratified
random sampling is being conducted. In particular, the capacity of hoppers should be sufficient to hold
two increments.

8.2.5 Che

cking precision and bias

When a mechanical sampling system is commissioned, or when the principal parts are modified,
checking experiments for precision (see ISO 12744) and bias (see ISO 13292) should be carried out for
the system as a whole.

The level of bias shall preferably be verified by comparison with stopped-belt sampling, usin
quality charfacteristics deemed critical in the operation of the sampling system.

8.2.6 Avo

iding bias

The samplinlg system shall be designed to avoid the following.

a) Spillage of the sample.

b) Restriction of the flow of concentrate through the system.

c¢) Contam|

ination of the sample, for example due to cross-contamindtion between the sample an

concentfrate stream, ingress of non-sampled concentrate or residual concentrate in the sam

system.
be thor

ughly cleaned.

8.2.7 Minlimizing bias

The sampling system shall be designed to minimize'the following.

a) Change

vertical
b) Loss of
c) Degrad

in moisture content, for example“by enclosing the sampling system and minim
drops.

Hust.

htion of the constituent particles, if the sample is taken for particle size determination.

8.2.8 Cornffiguration of the-sampling system

The samplipg system should be arranged in such a way that the principal units can be ope
individually} In the event of a breakdown in the crushing and dividing parts of the system, provjision

should be nf
taken by th

b the

d the
pling

Thus, when a change is made in the type of concentrate being sampled, the system should

izing

rated

ade tozenable sampling to be carried out by alternative means. For example, increments
b primgary cutter may be diverted to a pre-installed facility, such as a short conveyqr for
taking secorlldary increments, or a concrete pad or a receiving truck for manual sample processing.

8.3 Sample cutters

8.3.1 General

Sample cutt

ers may be divided into two types as follows.

a) Falling-stream cutters which collect the increment from the trajectory of the concentrate stream,
for example at a transfer point from a conveyor or from the output from a bin or hopper.

b) Cross-belt cutters which collect the increment from the concentrate while it is being carried on a
conveyor belt.

24
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8.3.2 Design criteria

8.3.2.1 General

To minimize bias in taking increments, the sample cutter shall, in addition to conforming with the
requirements specified in 8.2.6 and 8.2.7, fulfil the criteria in either 8.3.2.2 for falling-stream cutters or
8.3.2.3 for cross-belt cutters.

8.3.2.2 Falling-stream cutters

The following criteria shall apply.

a)

b)

‘)
d)

e)

|

f)

.

g)

h)
1

1

q

)

8.3.2
The {

The cutter shall collect a complete cross-section of the €éncentrate stream, both the

The geometry of the cutter openingeshall be such that the cutting time at each point iy

The cutting aperture of the) cutter shall be not less than 30 mm or, if agglomerates

dperture may need to be'increased above 30 mm if blockages occur for wet concentrats

maximum flow'rate of the concentrate.

here shall be no impediment to the flow of concentrate into the cutter at the maximt
f the concentrate.

he cutter shall be of the self-clearing type, for example stainless steekor poly
ischarging each increment completely.

ischarge chute angles shall be a minimum of 60° to the horizontal,

o materials other than the concentrate sample shall be introduced into the cutter,
ust has to be prevented from accumulating in the cutter when it is in the parked posit]

railing edges completely clearing the stream at the twlimits of the cutter path.

m flow rate

thene lined,

for example
ion.

leading and

[he cutter shall intersect the concentrate stream either in a plane normal to, or along ap arc normal

o, the mean trajectory of the stream.

[he cutter shall travel through the concentrate stream at a uniform speed, not deviat]
han 5 % at any point.

ing by more

) the stream

s equal, not deviating by more than'5 %, i.e. straight path cutters shall have parallel cuftter lips and

adial cutters shall have radial cutter lips.

he greater of 30 mm andthree times the nominal top size of the concentrate. Howevg

Bucket cutters shall be of sufficient capacity to accommodate the increment mass obf]

.3 Cross-belt cutters

ollowing criteria shall apply.

are present,
r, the cutter
bS.

ained at the

a)

of the concentrate.

b)

discharging each increment completely.

‘)
d)

Discharge chute angles shall be a minimum of 60° to the horizontal.

There shall be no impediment to the flow of concentrate into the cutter at the maximum flow rate

The cutter shall be of the self-clearing type, for example stainless steel or polythene lined,

No materials other than the concentrate sample shall be introduced into the cutter, for example

dust has to be prevented from accumulating in the cutter when it is in the parked position.

e)

trailing edges completely clearing the stream at the two limits of the cutter path.

© ISO
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f) The cutter shall intersect the concentrate stream in a plane normal to the mean trajectory of
the stream.

g) The cutter shall travel through the concentrate stream at a uniform speed, not deviating by more
than 5 % at any point.

h) The geometry of the cutter opening shall be such that the cutting time at each point in the stream is
equal, not deviating by more than 5 %.

i) The cutting aperture of the cutter shall be not less than 30 mm or, if agglomerates are present, the
greater of 30 mm and three times the nominal top size of the concentrate.

i) The cutter bucket shall be of sufficient capacity to accommodate the increment mass obtaingd at
the mayimum flow rate of the concentrate.

k) The profile of the conveyor belt shall be adjusted to the curvature of the cutter path, for €xample by
using additional multi-roller idlers, to ensure that all fines are collected from the belkt.

1) Any flexible blades, brushes or skirts fitted to the cutter shall be regularly adjusted so that|they
maintain close contact with the surface of the conveyor belt, to ensure that the complete concenftrate
section in the path of the cutter is collected from the belt.

8.3.3 Cutter speed

8.3.3.1 G¢neral

In designing a mechanical sample cutter, one of the most impertant parameters is the cutter speed. For

example, with falling-stream cutters, too high a cutter speedwill lead to:

a) biasingof the sample due to deflection of the largerparticles;

b) biasingjof the sample by dust and rebounding particles caused by excessive turbulence;

c) shock |oad problems and difficulties \in maintaining constant speed while cutting the
concenfrate stream.

8.3.3.2 Fdlling-stream cutters

Experimentpl work undertaken by Gyl3] shows that, for sampling heterogeneous material streams of

low belt loadling where the particle size distribution is very narrow, significant bias may be introduced

when the cutter speed exe€eds 0,6 m/s, or the cutter aperture is less than three times the nomindl top
size of the njaterial beingsampled.

On the basi$ of this\evidence, the speed of cutters which have an “effective cutter aperture” w| (see

Figure 5) equalta’30 mm or three times the nominal top size of the concentrate, whichever is greater,

should not

experiment:

pxceed 0,6 m/s. Cutter speeds above 0,6 m/s may be used only when it can be s

8.3.3.3 Cross-belt cutters

own

When sampling from a moving conveyor belt using a cross-belt cutter, increments shall be taken from
the complete width of the belt, either at right angles to the stream axis or at an angle to the stream axis,
so that the cutter does not create a “bow wave” in front of it. The peripheral speed shall be such that
excessive turbulence is not created, and shall be a minimum of 1,5 times the belt speed.

8.4 Mass of increments

The minimum mass of each increment obtained in one pass of the sample cutter shall conform with
6.2 or 6.3.
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8.5 Number of increments

The number of increments shall conform with the requirements of Clause 5.

8.6 Sampling interval

The sampling interval shall conform with the requirements of 7.2, 7.3 or 7.4.

8.7 Routine checking

2 1nd g S| 1larly cu ap ] 11l be carried out
frequently. An example of a checklist is provided in informative Annex D. A bias-moniteripg program,
whefe data are routinely collected for each lot, is a useful exercise. Conformity with this do¢ument shall
be verified when modifications are made.

P
4

4

Qo

w
(%
1
>V,
1
2
a) Vector diagram b) Effective aperture of cutter

Key
vs  Velocity of concentrate’stream
ve  Velocity of cutter

vy 1lesultant velpCity

()
o

ngle between resultant velocity and direction of cutter path
w  dutteraperture
w, éffective cutter aperture

e 1
1 cuttmgedges

cutter

Figure 5 — Cutter with cutting edges designed to cut normal to the concentrate stream,
illustrating the effective cutter aperture
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9 Manual sampling of concentrate streams

9.1 General

Manual sampling may be performed on a mass basis or a time basis, provided that access is available to
the complete concentrate stream and that there is no risk to the safety of the operator.

9.2 Choosing the sampling location

The samplin

g location shall

a) provide
b) provide
c) provide
content
d) be closg
In most harj
transfer p
stream sa

stream and
significant i

Sampling tH

surface is a
width of the

9.3 Samp

Sampling fT
normative A

The manual
Sampling sq

Annex E), p
bias is intro

9.4 Mass

The minimul

(r)ri]lg

complete operator safety,
access to the complete concentrate stream,

minimum segregation of the concentrate stream, for example in particle size:and moi
and

to the weighing point in space and time.

dling systems, the only sampling location which satisfies the dbove requirements is
t immediately after transfer, where the complete falling stream can be accessed. P3
ling shall be avoided, unless cuts are taken systematically across the full width g
it can be demonstrated experimentally, in accordancewith ISO 13292, that there
ias.

e concentrate from the top of a moving conveyer’ belt shall also be avoided, unles
fresh random exposure of the concentrate and:cuts are taken systematically across th
stream. It shall also be demonstrated experimentally that no significant bias is introd

ling implements

om falling streams may be performed using a manual cutter of the type specifig
nnex E, including mechanically aSsisted devices.

cutter shall conform with the requirements of 8.3.

oops may be used forysampling concentrate from moving conveyor belts (see norm
rovided it can be shown experimentally, in accordance with ISO 13292, that no signif]
Huced.

of increments

m mass-of each increment shall conform with the requirements of 6.2.

5

sture

at a

irtial

f the

IS no

the
e full
iced.

bd in

ative
icant

9.5 Num

h o
JC 1 Ul IIICIT

Y oafinomaneantc
11X CIIICIILO

The number of increments shall conform with the requirements of Clause 5.

9.6 Sampling interval

The sampling interval shall conform with the requirements of 7.2, 7.3 or 7.4.
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Sampling procedures

9.7.1 General

Sampling shall be carried out by taking a single cut or multiple cuts across the complete concentrate
stream with a sampling implement. Care shall be taken to minimize change in moisture content, both
during and after sampling.

9.7.2

Increments shall preferably he taken from a falling stream in a single pass, moving t

Full stream cut from a falling stream

he sampling

impl
not o

9.7.3

Whe
pass
the W
with

The

Figu
rema

thec
Cross

The
with

Whe
samyj

bment across the full width of the stream at a uniform speed, taking care that the cofie
verflow before the sampling implement leaves the stream.

Partial stream cuts from a falling stream

h the concentrate flow rate is too large to take a complete cross-section 'of the strear
the sampling implement may be placed in the stream, to draw increments systemat
hole concentrate stream in a number of discrete actions, providedst can be shown, in
ISO 13292, on a regular and ongoing basis that no significant bjds is introduced.

e 6. After taking an increment from the first area, the implement is systematically m
ining area for subsequent increments, so that after three increments the complete cro
pncentrate stream has been sampled. Each set of increments may be combined to reprg
-section of the concentrate stream.

sampling implement is inserted upside down into the stream, inverted and allowed
drawn from the stream. Overfilling shall be'avoided, because this may lead to bias in t

Fe a subsample or a lot sample is constituted from a number of increments, each subs
le shall contain increments that represent the complete cross-section of the stream.

|

bntrate does

n in a single
cally across
accordance

stream should be divided into separate areas, for exampleyat least three areas as illustrated in

bved to each
bs-section of
sent the full

to fill, then
he sample.

ample or lot

Concentrate stream.

Figure 6 — Plan view of a concentrate stream with recommended positions/sequence

for manually taking increments across the stream

The actual number of cuts required to obtain an increment from the complete cross-section of a falling
stream will depend on the stream geometry, its density and the dimensions of the sampling implement.
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9.7.4 Sampling from moving conveyor belts

When access to a falling stream is severely restricted or unsafe, increments may be taken from
concentrate in situ on a moving conveyor belt, provided the surface of the concentrate on the conveyor is
a fresh random exposure of concentrate, and it can be shown, in accordance with ISO 13292, on aregular
and ongoing basis that no significant bias is introduced. To satisfy these requirements, increments shall
be taken as close as possible to the point at which the concentrate is transferred onto the conveyor belt.

Increments shall be drawn systematically across the whole concentrate stream in a number of discrete
actions using a sampling scoop, as specified in normative Annex E, in a similar manner to that illustrated
in Figure 6. Each set of increments taken across the stream may be combined to represent the full cross-

section of t

:E e directed alternately to sample A and sample B.

taken systemnatically across the stream shall b

10 Stoppq

Stopped-bel
sampling p
handling sy
production

ship loading
careisalso}
while the re

An alternat
transfer con
sampling is
conveyor b
influenced
the transfer

2d-belt reference sampling

t sampling is the accepted method for obtaining a reference sample against which
‘ocedures may be compared, although it presents operational difficulties even i
stem is capable of being restarted with a fully loaded belt. The maimproblems are losg
fonnage and the difficulty experienced in sequence starting the*handling system. Dur
or unloading operation, this can cause delays in the turnaround time of the ship. Sp
required if the samples are taken for moisture determination,'because moisture may b
ference sample is being removed from the conveyor.

ve reference method, which is also expensive, is to“divert the concentrate flow ol
veyor belt, to produce a concentrate bed identicalto that on the main belt where ro
being conducted. Stopped-belt sampling is then.carried out on the transfer belt. The tra
It should be of sufficient length to allow.establishment of a concentrate bed that i
y any longitudinal segregation introduced\by the diversion plate. The point of diversi
belt should be as close as possible to thé_point where routine sampling is being conduc

ire for sampling from a stopped belt-shall be as follows.
ne the parameters for sampling in accordance with Clause 5.

belt at the time or mass-intervals determined in accordance with 7.2, 7.3 or 7.4.

toppage, place a suitably profiled sampling frame (see informative Annex F) with mini
dimensions of 30\mm or three times the nominal top size of the concentrate, whichey
across the width-of the belt, and insert it through the concentrate so that it is in co
e belt acrossdsfull width, thereby defining the reference increment and its mass (see ¢

ents

bther
[ the
esin
ing a
ecial
b Jost

nto a
itine
nsfer
5 not
bn to
ted.

mum
rer is
ntact
b.5).

hny largé.agglomerates obstruct insertion of the frame, push those at the left-hand e

ge of

e into the increment and those at the right-hand edge of the frame out of the increment.

the concentrate within the sampling frame in the shortest possible time to prevent loss

ture, ensuring that all concentrate particles are collected by sweeping the belt clean
each increment into a suitable container.

any change in moisture content.

, and

If the reference increment is to be used for moisture determination, seal the container to prevent

For the determination of moisture content, it is recommended that a moisture subsample be
constituted from each sub-lot. This will not only reduce the total variance, but will also minimize
loss of moisture and hence bias.

The procedt
a) Determ
b) Stop the
c) Ateach
interna
greater,
with thq
d) Should
the fran
e) Removg
of mois
deposit
f)
30
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g) If paired comparisons are required on an increment-by-increment basis, keep the increments
separate.
If the quality of the lot is required, combine the increments into subsamples or a lot sample in
accordance with 7.2.5 or 7.3.5.

h) Store the increments, subsamples or lot samples in labelled containers as specified in Clause 17.

11 Sampling from grabs

11.1Genmerat

Mech
unlo
grab

11.2

The
incrg
grea

11.3

The 1
shall

whet

The Y

11.4

One
Figu

anical sampling from moving streams is the preferred method. However, whilé¢ g ve
hded, sampling may be carried out by taking increments from the concentrate/cont
particularly if a gantry scale is being used for weighing.

Mass of primary increments

minimum mass of primary increments shall conform with the requirements of §
ments shall be of almost uniform mass, i.e. the coefficient of variation of the masses
fer than 20 %.

Number of primary increments

number of primary increments shall conform withthe requirements of Clause 5. Thesq

my,
G <
ny Mg

e mg is the average mass of concentrate in each grab, in tonnes.

ralue of n; obtained from Forrhula (21) shall be rounded down to the next lower whol

Method of sampling

ncrement shall beCtaken from the concentrate in each selected grab using a spear {

ISO 1

11.5
The

‘e 7 and 15.4.8)-of appropriate dimensions. Bias tests shall be conducted, in acco
3292, on aregular and ongoing basis to show that no significant bias is introduced.

Constitution of subsamples and lot samples

ot’sample shall be constituted by combining all increments taken from the lot at an

5sel is being
hined in the

.4. Primary
shall be not

increments

be taken from the concentrate in the grab every\n; grabs, where ng is given by Formjula (21):

(21)

e number.

ampler (see
‘dance with

appropriate

stagg

of’sample processing. When the lot is divided into sub-lots, subsamples shall be co

hstituted by

combining the increments taken from a given sub-lot at an appropriate stage of sample processing, in
accordance with 7.2.5, if required.

For the determination of moisture content, it is recommended that a moisture subsample be constituted
from each sub-lot. This will not only reduce the total variance, but will also minimize loss of moisture
and hence bias.

An example of the design of a sampling scheme, and the estimation of the sampling and total variance
for sampling from grabs, is given in informative Annex B.
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12 Sampling from trucks, railway wagons and sampling hoppers

12.1 General

Mechanical sampling from moving streams is the preferred method. However, sampling from trucks,
railway wagons and sampling hoppers may be carried out, particularly when the trucks, railway
wagons and sampling hoppers are weighed, provided that access to the full depth of the concentrate is

available.

12.2 Mass

of primary increments

The minimlllm mass of primary increments shall conform with the requirements of 6.4. Pri

increments
greater thaf

12.3 Numl

The numbef
to be taken

Formula (27

where

nw is

Nt is

The value of

12.4 Meth

The numbet
be taken frd
railway wag
so that incrd
of the spear
top size of t
full depth o
column is ey
has segrega
distances. B

]

shall be of almost uniform mass, i.e. the coefficient of variation of the masses shall b
1 20 %.

per of primary increments

of primary increments shall conform with the requirements of Clause 5, and the nu
from each truck, railway wagon or sampling hopper constituting the lot is givs

):

he number of increments to be taken from each truck, railway wagon or sampling hop
he number of trucks, railway wagons or-sampling hoppers constituting the lot.

nw obtained from Formula (22) shall'be rounded up to the next higher whole number

pd of sampling

of increments, ny, to betaken from each truck, railway wagon or sampling hopper
m locations spaced as,evenly as possible over the surface of the concentrate in the t
on or sampling hopperusing a spear sampler (see Figure 7) or a grab sampler (see Figu|
ments representalmost uniform masses of concentrate. The minimum internal dimen
or grab sampler shall be 30 mm or, if agglomerates are present, three times the nor
he concentrate, whichever is greater. It is essential that each increment be taken fron
the concentrate in the truck, railway wagon or sampling hopper, and that the full vel
tracted-for the sample to be representative of the lot, particularly when sampling a lof
fed.oriwhen the moisture has migrated due to long periods of storage or long transport
idstests should be carried out in accordance with ISO 13292 on a regular and ongoing |

nary
e not

mber
n by

(22)

per;

shall
ruck,
Fe 8),
sions
ninal
h the
rtical
that
htion
asis,

for example by Introducing a portable conveyor into the handling system, to coniirm that the procedure
is not significantly biased. Increments shall not be taken from the top layers only, because this is likely
to introduce serious bias.

Care needs to be taken when using spear samplers, because internal friction within the probe can
prevent the full vertical column from being collected.

12.5 Constitution of subsamples and lot samples

The lot sample shall be constituted by combining all increments taken from the lot at an appropriate
stage of sample processing. When the lot is divided into sub-lots, subsamples shall be constituted by
combining the increments taken from a given sub-lot at an appropriate stage of sample processing, in
accordance with 7.2.5 and 4.5, if required.
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For the determination of moisture content, it is recommended that a moisture subsample be constituted
from each sub-lot. This will not only reduce the total variance, but will also minimize bias.

An example of a sampling scheme for sampling from trucks is given in Table 5.

Table 5 — Example of a sampling scheme for sampling from trucks

Selection
Sub-lot Lot
S (1001 (500¢t) Preparation
tage
Method Sample Sample and comments
n; mass n; mass
(kg) (kg)
| Automatic spear sampling 12 36 60 180 Two.inCremehts per truck
(m =3kg)
Manual spear sampling Subsamples from each
(m; =0,35kg) 24 8.4 120 42 sub-lot kept $eparate
Moisture determination
. o on subsamplgs, then
Manual 1ncr_er(;1§nl;c division (3(2)) (i’% 200 20 combine and|crush to
(my =0,1kg) -1 mm to forjm a lot sam-
ple for chemijcal analysis
. Pulverise to

l Rotary division (1/8) Large 2,5 150 um

b Rotary division (1/8) Large 0,3

4 y g (x4)
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Dimensions in millimetres

KA

42

Figure 7 — Example of a spear sampler
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Dimensions in metres

25

N N —

Figuree 8 — Example of a grab sampler

13 $ampling of concentrate in bags or drums

13.1 General

Someg concentratés-are shipped in bags or drums. They should be sampled at the point where weighing
takes place.

13.2 Mass of primary increments

The mimimmunT Tass—of primary imcrententsshattconfornm withthe Tequirementsof 6.4. Primary
increments shall be of almost uniform mass, i.e. the coefficient of variation of the masses shall be not
greater than 20 %.

13.3 Number of primary increments

The number of primary increments shall conform with the requirements of Clause 5. If this number
is greater than the number of bags or drums, the number of increments to be taken from each bag or
drum may be calculated as follows using Formula (23):

n, >—- (23)

where
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np  is the number of increments to be taken from each bag or drum;

Np  is the number of bags or drums constituting the lot.
The value of np obtained from Formula (23) shall be rounded up to the next higher whole number.

On the other hand, if the required number of primary increments is less that the number of bags or
drums, the increments shall be taken from every n4 bags or drums, where ny is given by Formula (24):

Ny
nd _n_ (24)
1

The value of nq obtained from Formula (24) shall be rounded down to the next lower whole numbar.
13.4 Methpd of sampling

13.4.1 Genleral

The recommended method of sampling bags and drums is to sample during.the filling or emptying of
the bag or drum. However, spears (see Figure 7) may also be used to samplé:the concentrate in the bag
or drum provided that the spear penetrates the full depth of the bag or drum and the full columqn of
concentratelis extracted.

13.4.2 Sampling during filling or emptying

If the bags pr drums are being filled from a hopper or emptied into a hopper, the falling stregm of
concentrate| can be sampled mechanically using a cutter,or‘a divider in accordance with Clause| 8 or
manually uging a suitable implement in accordance withZClause 9.

13.4.3 Spepr sampling

The spear shall have a minimum diameter of;30 mm or, if agglomerates are present, three timef the
nominal toy size of the concentrate, whichever is larger. It shall be long enough to penetrate tp the
bottom of the bag or drum. The procedure is as follows.

a) Insertthe spear into the top of the concentrate in the bag or drum.

b) Push thee spear into the congentrate until it reaches the bottom of the bag or drum. Considefable
force mpy be required té-achieve this.

c¢) Withdraw the spear from the concentrate, ensuring that no concentrate is lost from inside the spear.

d) Removd the inerement from the spear and place the increment in a container made of materia] that
is impejfviousto moisture.

e) Place a lid-dn the container between increments to minimize moisture lass

13.5 Constitution of subsamples and lot samples

The lot sample shall be constituted by combining all increments taken from the lot at an appropriate
stage of sample processing. When the lot is divided into sub-lots, subsamples shall be constituted by
combining the increments taken from a given sub-lot at an appropriate stage of sample processing, in
accordance with 7.2.5, if required.

For the determination of moisture content, it is recommended that a moisture subsample be constituted
from each sub-lot. This will not only reduce the total variance, but will also minimize loss of moisture
and hence bias.
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14 Sampling of stockpiles

A discussion of issues relevant to the sampling of stockpiles is given in informative Annex G.

15 Methods of comminution, mixing and division

15.1 General

Each sampling stage consists of a series of comminution, mixing and division operations. When
the sample is to be used for chemical analysis, all three operations may be carried out, with drying
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bssing. However, where analysis for volatile elements such as mercury is required)\dry
ed out at temperatures not exceeding 60 °C.

e sample is to be used for moisture determination, drying is not permittedduring p
hoisture sample and care has to be taken to minimize loss of moisture by Keeping exp
sphere to a minimum. Hence, moisture samples shall not be submitted to comminuti
e mixed prior to division, unless mixing is carried out in a closed centdiner, such as a f
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sample shall be fed uniformly into mills in such a way that choking of the mill or chg

hg preparation of the chemical analysis sample, screening to remove oversize part
ning and recombinationr’shall not be carried out, unless it can be shown experi
‘dance with ISO 13292, for each concentrate being processed that no significant bias i

rial that is difficult to crush is usually different in composition from the remainder o
annot be eaSily'mixed back into the sample.

brecision‘of sample division and analysis is adversely affected by the presence of overs

tated hominal top size.

lent sample
ring shall be

rocessing of
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nges in mill

d, which may result in variation-in the particle size distribution of the product, are avaided.

icles for re-
mentally, in
introduced.

[ the sample

ze material.

berformance should be checked regularly to ensure that at least 95 % of the mill product is below

15.2.2 Mills

Suitable mills include jaw crushers, roll crushers, cone crushers, plate mills and ring mills. They should
be easy to clean and shall be cleaned between samples.

Those parts of the mill that come into contact with the concentrate should be of wear-resistant material
to minimize contamination. This is particularly important for samples in which trace elements are
to be determined, and every effort should be made to use equipment that does not contain any of the
elements to be determined.

Certain mills, such as ring mills and plate mills, tend to become heated, and samples shall not be allowed
to remain in them long enough to become affected. If a mill is used for a series of samples, it should
either be water cooled or allowed to cool between samples.
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Factors which influence the choice of mill for any stage of sample processing are:

a)

the particle size of the concentrate;

b) the type of crushing action of the mill;

c)

the type of testing which is to be carried out on the sample.

Mills that crush mainly by compression, such as jaw crushers and roll crushers, are preferred to
those that grind by attrition under pressure, such as plate mills. Because of the danger of sample
contamination for small gap settings, plate mills are only suitable for intermediate grinding prior to

final commi

nution.

15.3 Mixir
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15.3.2 Methods of mixing

Mixing can |

a)

Use of

layer, until the old strip has been converted into the new strip. The above process is repeated t

1S
eral

n of division can be improved by thorough mixing of the sample prior toxdivision. The
5 particularly important where samples from more than one sourcé are combined. W
sample-processing scheme should be designed so that the need fef-mixing is minimiz

pisture samples may result in moisture loss and hence bias. Gonsequently, moisture sar
mixed, unless mixing is carried out in a sealed container, such as a plastic bag.

pe carried out by one of the following methods.
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—

Figure 9 — Example of @V-mixer for sample mixing

D

Figure 10 — Mixing trays

15.4 Division

15.4.1 Chemical analysis samples

Any of the following methods may be used, separately or in combination, for division of samples for
chemical analysis:

a) rotary sample division;
b) cutter-type division;
c) increment division;

d) spear division;

© ISO 2018 - All rights reserved 39


https://standardsiso.com/api/?name=671e244fbc791b1df5ea2c1a4c962060

ISO 12743:2018(E)

e) fractional shovelling;

f) ribbon division;

g) stationary riffle division (except for dry concentrates).

Before using any of these methods, they shall be shown to be free of bias in the proposed application. For
free-flowing concentrates, rotary sample division and increment division are the preferred methods of
division. Division by coning and quartering is not recommended.

15.4.2 Moisture samples

The following methods, used separately or in combination, are suitable for division of moisture s@njples.

a) spear djvision;

b) incremgnt division.

If necessary} each sample shall first be mixed in its container to re-absorb any moisture that mayfhave
condensed gn the inside walls of the container. The moisture sample shall then-be.divided as quickly as
possible, mihimizing exposure to the atmosphere.

15.4.3 Number of increments for division

The numbery of increments for division of preceding increments, subsamples and lot samples shoulld be
determined|experimentally in accordance with 4.3. However, if he’information is available on varjance
between the increments taken, the following numbers of increments may be used as a starting point:

a) forlot spmples: a minimum of 20 increments;

b) for subgamples: a minimum of 10 increments;

c) forindiyidual increments: a minimum of four:subsequent increments.

NOTE The provisions of this subclause do net/apply to riffle division.

15.4.4 Mi:]imum mass of divided sample

The minim

is specified |n Table 6, subject.te’an absolute minimum of 200 g.

Table 6 — Minimum.mass of divided sample for division of lot samples, subsamples and

individual increments

m mass of divided safiple for division of lot samples, subsamples and individual increments

Nomingl top size Minimum mass of divided sample
of sample kg
rpm Lot sample Subsample Individual incremeént
22,4 11,2 5,6 2,2
16 7,5 3,7 1,5
10 4,5 2,3 09
5 2,5 1,3 0,5
2,8 1,2 0,6 0,25
1,0 0,5 0,25 0,2
<250 pm 0,2 0,2 0,2
NOTE The minimum mass of divided lot samples, subsamples and individual increments is based on taking
20, 10 and 4 increments respectively using a scoop appropriate for the nominal top size of the sample as specified
in Table H.1.
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15.4.5 Rotary sample division

Rotary sample division is carried out using a rotary sample divider (see Figure 11) in which the bulk
sample discharges from a feed hopper, either directly or over a vibrating or belt feeder into rotating
sample containers. Alternatively, the containers are stationary and the sample discharge outlet rotates.
The rotational speed shall be uniform and the linear speed where the cutter intercepts the stream shall
not exceed 0,6 m/s. Dimensions depend upon parameters such as the mass of the sample and the required
division ratio, but the cutter aperture where it intercepts the stream shall not be less than 30 mm.

The number of rotations of the sample carousel or sample discharge outlet shall conform to the
requirements of 15.4.3, while the minimum mass of divided samples shall conform to the requirements

of 15

Rota
the d

44
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'y sample division is suitable for dividing samples for chemical analysis, but shall not
ivision of moisture samples.

1

2\

/

N2

5
6
Key
1 feed hopper
2 slide gate
3 vibratory feeder
4  removable canisters
5 turntable
6  drive (enclosed)
Figure 11 — Example of a rotary sample divider
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15.4.6 Cutter-type division
The procedure for cutter-type division is as follows.
a) Discharge the concentrate from a feed hopper onto a belt feeder.

b) Using a suitable falling-stream cutter conforming to the design principles of 8.1, 8.2, 8.3 and 8.4,
take as a minimum the number of increments specified in 15.4.3.

c) If constant-mass division is being applied, the interval between increments shall be varied
according to the mass of the lot sample, subsample or increment to be divided in accordance with
the principles of 7.2.2. The first increment shall be taken at random within the first mass interval.

If proportiopal division is being applied, the interval between increments shall be maintained ¢onqtant,
regardless df the mass of the lot sample, subsample or increment to be divided in accordance’with the
principles of 7.3.2. The first increment shall be taken at random within the first time intermal.

The minimum mass of divided samples shall conform to the requirements of 15.4.4.

Cutter-typeldivision is suitable for dividing samples for chemical analysis, but isunsuitable for divjding
moisture samples.

15.4.7 Manual increment division
The procedure for manual increment division is as follows.

a) Spread the concentrate on a smooth clean surface in the form of a rectangle of uniform thickngss as
specified in normative Annex H, Table H.1, and shown inFigure 12 a).

b) Mark a|matrix on the spread sample comprising fouir, 10 or 20 parts as specified in 15.4.3, for
exampl¢ 20 parts comprising five equal parts lengthwise and four equal parts breadthwise as
shown in Figure 12 b).

c) Collect pne increment, i.e. one scoopful, of\approximately equal mass at random from each part of
the matyix with a flat-bottomed scoop chosen from Table H.1 (see Figure 12 c)).

d) Insert a|flat bump plate verticallythrough the spread concentrate until it comes into contact{with
the mixling surface. Then insent the scoop to the bottom of the spread concentrate, and takp the
incremegnt by moving the sceep horizontally until its open end comes into contact with the hump
plate as shown in Figure 12-d), ensuring that all concentrate particles are collected off the tpp of
the mixjng surface.

e) Lift the[scoop and bump plate together, so that the bump plate prevents concentrate from falling
from the open end,of the scoop.

The minimum mass*of divided samples shall conform to the requirements of 15.4.4.

Manual increment division is suitable for division of both moisture and chemical analysis samples

15.4.8 Spear division

Sample division using a spear is an acceptable method of division for obtaining the moisture sample
or moisture test portions and for dividing samples for chemical analysis. It is not recommended for
division of dry concentrates, because part of the increment is likely to be lost from the spear when it is
withdrawn.

Prior to spear division, the concentrate shall be placed in a suitable container, which minimizes the
surface area of concentrate exposed to the atmosphere, to reduce moisture losses. The diameter of the
spear shall be 30 mm or, if agglomerates are present, at least three times the nominal top size of the
concentrate, whichever is greater. Care shall be taken to ensure that the full column of the concentrate
is taken out and that no particles are lost when the implement is being extracted. Ensure that wet
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concentrate is not allowed to adhere to the outside of the implement when it is withdrawn, and that wet
concentrate is not left adhering to the inside of the implement when removing the increment.

The number of increments for division of lot samples, subsamples and individual increments shall
conform to the requirements of 15.4.3. The increments shall be taken from positions spaced as evenly
as possible over the surface of the concentrate to be divided, so that the increments represent almost
uniform masses of concentrate.

The minimum mass of divided samples shall conform to the requirements of 15.4.4.

a) Spreading concentrate sample b) Arranging.sample into parts

na 1

¢) Taking scoopfuls of sample at random from d) Outline of taking an increment using a
each part bump plate

Key
1 Bump plate

Figure 12 — Manual increment division (20 parts)

15.4|9 Fractional shovelling

The procedure for division by fractional shovelling (see Figure 13) is as follows.

a) Mix the concentrate and form a conical heap on a smooth clean surface.

b) Take successive shovelfuls from the base of the heap, working around the base, until the whole of
the conical heap has been redistributed, by placing the shovelful on separate heaps. The number of
heaps is determined by the division ratio but shall not exceed 20. For example, if a one in five division
ratio is required, five heaps (N1, N2, N3, N4 and Ns) are formed as shown in Figure 13. The number of
shovelfuls (i.e. increments) placed on each heap shall conform to the requirements of 15.4.3.

c) Selectatrandom the heap to be retained.

The minimum mass of divided samples shall conform to the requirements of 15.4.4.
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Fractional shovelling is suitable for dividing samples for chemical analysis, but is unsuitable for division

of moisture

samples.
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Figure 13 — Division by fractional shovelling

bon division
ire for division using the ribbon method is as-follows.

out the concentrate without preliminary mixing in a linear chute constructed
ble sections (see Figure 14) to form a“ribbon” of length 1 m to 2 m, width 7 cm
mate thickness 7 cm.

the front section to gain access to the concentrate to be divided.

h increment scoop of 2 cmywidth, 10 cm depth and 10 cm height (see Figure 14), ex
iber of increments specified in 15.4.3, equally spaced along the length of the ribbon.
ach increment, the fall)cross-section of the ribbon shall be extracted.

m mass of dividéd)samples shall conform to the requirements of 15.4.4.

sion is suitablée for division of chemical analysis samples, but is unsuitable for divisi
nples orxconcentrates containing agglomerates.

bn-method is particularly suitable for dividing chemical analysis samples.

bbonswith smaller dimensions can be formed depending on the mass of sample to be divided.
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Dimensions in centimetres
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9
T 10
11
dide‘wedge (PVC) 7  sampling scoop (stainless steel)
back-corner wedge (PVC) 8 ribbonofL=1mto2m
removal of front-corner wedge as soon as 9  example with nj = 20 increments (view from above)
ribbon is formed 10 “front” bevelled edges
front-corner wedge (PV) 11 sampling scoop
rod (stainless steel) for clearing scoop, if required
open face

Figure 14 — Ribbon method of division
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15.4.11Riffle division

Ariffle (see Figure 15) is a sample divider which is used to divide the concentrate fed into it into halves,
one half being retained and the other rejected. It operates by allowing the concentrate to fall through a
set of parallel slots of uniform width, adjacent slots feeding opposite containers.

A riffle shall be symmetrical (so that the sample may be taken from either side) and all surfaces on
which the concentrate might rest should be inclined at not less than 60° to the horizontal. Receivers
that fit closely against the body of the riffle are recommended to minimize dust loss. It is essential that
the riffle used be appropriate for the nominal top size of the concentrate to be divided, because serious
errors may be introduced if the slots are too small or there are too few.

The slot width shall be at least 10 mm or, if agglomerates are present, three times the nominal top size
of the conceptrate, whichever is greater. There shall be at least eight slots for each half of theiffle
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a) Open riffle
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b) Closed riffle

Figure 15 — Examples of riffles

Riffling shall be carried atit as follows:
a) Mix the|concentrate and place it in the feed container.

b) Spread the concentrate in the feed container so that it is spread uniformly along the full length of
the riffle

c) Passthe concentrate through the riffle and collect it in two receivers.

d) Retain the sample from one of the receivers, chosen at random.

e) Iffurther subdivision is required, the retained sample may be passed through the riffle again.
The minimum mass of divided samples shall conform to the requirements of 15.4.4.

Riffles are recommended for division of free-flowing concentrates only. They are suitable for dividing
samples for chemical analysis, but shall not be used for division of moisture samples.
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16 Sample requirements
16.1 Moisture samples

16.1.1 Mass of test portion
The mass of each test portion shall be not less than 1 kg.

If agglomerates are present, it may be necessary to increase the mass of the test portion. For a nominal

top size of 11,2 mm, 1 kg is sufficient. For nominal top sizes of 11,2 mm to 45 mm, the mass of the
moic ure toct pnri’inn shallhe increased to 7,': lzg

16.1}2 Processing of samples

The humber of test portions indicated in Table 7 shall be taken from unscreened subsamples or lot
samples by one of the methods of division specified in 15.4 and weighed immediately. [f this is not
possible, the lot sample or subsample shall be stored in an impervious airtightedntainer with a minimum
of frge air space to minimize any change of moisture content, but should be processed without delay.
Somg¢ plastics are not impervious to moisture, so care shall be taken te ensure that suitable containers
are ysed.

Moisfure determination shall be carried out in accordance with1SO 10251, as soon as p¢ssible after
the test portions have been taken. Crushing and/or screening of moisture samples is not acceptable,
becajise it leads to moisture loss.

If separate samples are prepared for determination ef\Hoisture and metal content, both spmples shall
be oflapproximately the same mass and shall be dried“in the same manner.

Table 7 — Minimum number of test portions for moisture determination

Type of sample Number of test Number of subsamples
P P portions per lot
Lot sample 4 —
2 2-3
Subsample 1 #
Increment 1 —

16.2 Chemical analysis samples

Labgratory samples of typically 200 g for chemical analysis shall be taken from lot samples,|subsamples
or dried test‘portions used for moisture determination. Small rotary sample dividers or the ribbon
divigion method (see 15.4.10) are particularly suitable for extracting and dividing chemjcal analysis
samples:These samples shall be heat sealed in plastic-lined aluminium pouches, or in a glas$ bottle with
a tightfitting lid. Paper bags or plastic bags are not suitable. Each laboratory sample shgll be sealed
immediately after sample preparation is completed. Ambient exposure of dried samples being used for
the preparation of quality lot samples should be minimised as far as possible.

The nominal top size of the analysis sample shall be 150 um. Smaller nominal top sizes may be used
to improve precision, provided it has been demonstrated that the additional grinding does not cause
oxidation, decomposition, sublimation or smearing of the sample.

Where analysis for volatile elements such as mercury is required, the chemical analysis sample shall not
be prepared from dried test portions used for moisture determination. A separate chemical analysis
sample for mercury analysis should be prepared, ensuring that drying the sample is carried out at
temperatures not exceeding 60 °C.
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16.3 Physical test samples

Laboratory samples for physical testing include samples for particle-size determination, transportable-
moisture limit and angle of repose. They should be stored in sealed containers. Any further treatment
of the samples shall be as specified in the applicable test procedure.

17 Packing and marking of samples

Samples obtained for subsequent sample processing for testing, which is to be carried out remote from
the sampling system, shall be placed in 1mperv10us containers. The relevant information shall be shown

th 1 b ln mda carxd Sl d 10 o oo A Eszapanlaoc oFf b o 10 £ ot axra oc £o11
on e lape Tt Cara }Jlu\.\,u H-tre-cohrtatier uAuleyl\,o ot e-tHhroriatiohatre-aSstorows:

a) type, grade and identification of the lot (for example name of ship, number of train);
b) wet mass of the lot or sub-lot;

c) sample humber or portion of lot and/or sub-lot the sample represents;

d) place, date and time of sampling;

e) special purpose or test for which the sample was taken.
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Annex A
(normative)

Sampling stage method of estimating sampling and total variance

A.1 Components of sampling error and sampling variance

As shown by Gyl3], the total sampling error TSE can be broken up into a numberrof’components
corrg¢sponding to each sampling stage 1, 2, ....., i, ....., u and hence is given by FormulaAA.1):

TSE = TSE1 + ..... + TSE; + ..... + TSE, (A1)

wherte

TSE1 is the sampling error for stage 1;
TSE; isthe sampling error for stage i;
TSE, isthe sampling error for stage u, the last stage.

The above break-up is possible because each componefit of sampling error is independent. The errors
may pe random or systematic (i.e. a bias).

Each|sampling stage consists of two operations.Phese are selection (or sampling) and prgparation. In
this fontext, preparation is a non-selective gperation involving operations such as crushing or drying.
Consequently, the total sampling error is given by Formula (A.2):

TSE = SE + PE (A.2)
where

SE is the selection éerror;

PE is the preparation error.

Typi¢al preparation errors include sample contamination, sample loss, alteration of the [chemical or
physifcal composition of the sample and operator mistakes.

The gelection error can be further broken up into the integration error CE and the materialization error

ME alnd hence is given by Formula (A.3):
SE = CE + ME (A.3)

The integration error arises from the manner in which the sampling points are selected on the time or
mass axes. The materialization error arises from the physical manner in which increments are taken,
and can be eliminated by correct cutter design and operation.

The integration error also consists of two components caused by variations in quality and flow rate and

is given by Formula (A.4):
CE = QE + WE (A4)

where
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is the quality fluctuation error;

WE is the weighting error.

The quality fluctuation errors are of three types, namely short-range, long-range and periodic. Hence
the quality fluctuation error is given by Formula (A.5):

QE = QE1 + QE2 + QE3

where

(A.5)

QEq is
QE; is
QE3 is

The short-r
concentrate
the particle
is given by H

QE; = Fi

where

FE is

GE is

The materid
error EE so

ME = DH

The delimit{

he short-range quality fluctuation error;
he long-range quality fluctuation error;
he periodic quality fluctuation error.

hnge fluctuations result from two properties related to the particulate nature o
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The last thy

om the stream witheut any concentrate rebounding from the cutter.

formulae (A.2) 0 (A.7) gives Formula (A.8) for the sampling error at each stage:
+ GE +QEp + QE3 + WE + DE + EE + PE

ee.error components in Formula (A.8), i.e. DE, EE and PE, are systematic errors, v

f the
rhich
brTOor

(A.6)

ction

(A7)

ple
tely

(A.8)

rhich

nical

introduce bia
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standpoint. They can be eliminated by using correct sampling practices, which are described in
Clauses 8, 9, 10, and 11. Practical experience with concentrates also shows that the weighting error WE
is negligible compared with QE;, even when there are significant variations in flow rate. Likewise, the
periodic quality fluctuation error QE3 is also negligible, except in exceptional cases where production
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or stockpiling procedures introduce some periodicity. Hence, the formula for the total sampling reduces

to Formula (A.9) as follows:
TSE = FE + GE + QE>

or, alternatively, Formula (A.10):
TSE = QE;1 + QE;

Thes

€ error components are random errors.

Fron
Fornm

q

whet

) Formulae (A.9) and (A.10), it is clear that the variance of the total sampling erfoy

ula (A.11):

g:ng +S(2}E +S

2
QE;

is the total sampling variance;
L2 is the fundamental variance;

L2 is the segregation and grouping variance;

>3E2 is the long-range quality fluctuation variance

or, alternatively, Formula (A.12):

whet

In Fq

2 2

2 _ _ .2
S =Sqe, TSqr, TSQE

;éE is the short-range quality fluctuation variance;
1

;(%E is the quality fluctuation variance.

rmula (A:12), the long-range quality fluctuation variance is often referred to as the

varig

nce.

(A9)

(A.10)

is given by

(A.11)

(A.12)

distribution

A2

2 Cd3a®
SFE =
Mg
where
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C isthe sampling constant for a given concentrate of given particle size and critical constituent;

d isthe nominal top size of the concentrate, in centimetres;

ms is the sample mass at a given sampling stage, in grams;

a is the fractional concentration of the constituent under consideration.

The sampling constant C is given by Formula (A.14):

C=clfyg

(A.14)

where

c

[

f
9

1= /(dl /_d) when liberation is incomplete, d; being the nominatfep size at which complete

Ifdy is unkr]own, a conservative assumption is to set: d1 = d.

The minera

(1—01)[(1—a)p1 +ap2]

ogical composition factor is given by Formula{A.15):

is the mineralogical composition factor calculated using Formula (A.15);

is the liberation factor;
is the particle shape factor, which can usually be taken to be 0;5;

is the size-range factor, usually between 0,25 and 1,0;

liberation occurs; I = 1 when liberation is complete:

c=

where

p1 Isthe density of the particles.of the critical component, in grams per cubic centimetre;

P, isthe density of gangue particles, in grams per cubic centimetre.

(A.15)
a

The size-range factor g ean/be estimated from the ratio d/d' of the nominal top size d to the lpwer

size limit d (about 5%indersize) as follows:

Large size range (d/d' > 4)

g=0,25

Medium size range (2 < d/d' <4)
Small size range (d/d' <2)

Uniform size (d/d' =1)

g=0,50
g=075

g=1,00

Formula (A.13) can be transposed to give the minimum sample mass required to achieve the required
fundamental error variance, which is given by Formula (A.16):

cd? a?
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EXAMPLE1  Azinc concentrate, with d =150 pm (i.e. 0,015 cm), d1 = 50 pm and a large particle size range, is to
be sampled. Assume that the mineral is ZnS with a particle density, p;, of 5,0 gcm-3, and that the gangue consists

of silicates with a particle density, p,, of 2,6 gcm-3, Also, assume that the ZnS concentration is 50 % (i.e.a = 0,5)
and that the fundamental error shall not exceed 0,02 % Zn or 0,03 % ZnS (i.e. spg = 0,000 3).

(1-0,5)[ (1-0,5)x5,0+(0,5%2,6) |
B 0,5

c =3,8

1=./(50/150)=0,58

d=3,8x0,58x0,5x%0,25=0,28

Using Formula (A.16), the minimum sample mass for a fundamental error sgg of 000073 is given by:

=

s = [0,28 x (0,015)3 x (0,5)2]/(0,000 3)2=2,6 g

The mass exceeds the mass of test portion usually used for chemical analysis. However, if the sample
is pullverized to a nominal top size of 75 um, mg is reduced to 0,45 githereby enabling test portions of
0,5 g|to 1,0 g to be used for the above ZnS concentrate.

EXAMPLE 2 A copper concentrate with d =150 um, d1 = 100 um and-a large particle size range is tp be sampled.
Assume that the mineral is CuFeS; with a particle density, p;sof 4,2 gcm-3, and that the gangye consists of

silicafes with a particle density, p,,0f2,6 gcm=3, Also, assume that the CuFeS; concentration is 90 % (i.e. a =0,9)
and that the fundamental error shall not exceed 0,02 % Cu©10,06 % CuFeS; (i.e. spg = 0,000 6).

(1-0,9)[ (1-0,9)x4,2+(0,9%2,6) |
d=

=0,31
0,9

1=./(100/150) =0,82
d=0,31x0,82x0,5 x 0,25 =0,032

In thjs case, the minimumsample mass is given by:

s = [0,032 x (0,01593 x (0,9)2]/(0,000 6)2 = 0,24 g

X

It shpuld be noted that round-robin testwork and replicate analyses provide the best ¢stimates of

the analyticalvvariance 5123‘, which includes the variance due to selection of the test portion. The

abovg calculations indicate whether the fundamental variance SEE is likely to be a majo1 component

of .5'2A oot

A fundamental characteristic of s%E is that it diminishes very quickly when d is reduced, and not so
quickly when ms is increased, but it can never be eliminated, no matter what crushing and

homogenization procedures are used. However, for the usual fine flotation concentrates, the
fundamental variance is negligible when the sample mass exceeds about 100 g.

A.3 Segregation and grouping variance

Gyl[3] has shown that the segregation and grouping variance is either smaller or about the same
magnitude as the fundamental variance. Consequently, it is always safe to assume that it is equal to
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the fundamental variance, in which case the short-range quality fluctuation variance is given by

Formula (A.17):

2 2
SQE1 :ZSFE (A.17)

A.4 Long-range quality fluctuation variance

The long-range quality fluctuation variance s2  can be estimated by extracting a large number of

QE;
successive increments (say 30 to 50) at a given sampling stage and analysing them individually. There
are two principal methods of analysing the resultant data.

A better mdthod is to calculate the variogram, which examines the differences betweencinerements
at increasing intervals (called lags) apart. The variogram approach allows for serialy Correlation

between in¢rements, and enables the separate contributions of the variances séEl and séEZ o be

determined| However, the method is reasonably long and better suited to those wishing to fine|tune
their sampling scheme.

NOTE The interpenetrating sample method also takes into account the second-term of the variogram.

The alternative method, which forms the basis of this document, is¢a)simplified approach involving
calculation fof the variance between increments s%. However, unlike the variogram approach, the

contributions of the variances S(ZQEl and S(ZQEZ cannot be separated. Only the sampling variance s can

be determirfed.
The variancg between increments stz) can be estimated for a given sampling stage using Formula (4.18):
n —\2
Z Xj ‘X)
=
st=l 53, (h.18)
where

xj  is the testresult for ificrement j;

is the mean test.fesult for all increments;

n is the number of increments;

is the’'variance of subsequent sample processing and analysis of each increment.
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Thus, if n increments are taken for this sampling stage, the sampling variance sg for the sample
obtained by combining all increments is given by Formula (A.19):

s2=b (A.19)
n

Rearranging Formula (A.19) enables the number of increments required to achieve a given sampling
variance to be calculated using Formula (A.20):

2
— (A.20)
2
Ss

Care|has to be taken when subtracting variances. The difference is significant only When the F ratio of
the viariances being subtracted is statistically significant.

A.5 | Practical estimation of total variance

Using Formula (A.19), the sampling variance sg_ for sampling stage i¢is'given by Formula (4.21):
1
2
2 b,
§5. =— (A.21)
i n

Consequently, the sampling variance sé for all sampling stages (1 through to u-1) [is given by

Formula (A.22):

;_\

u— Sﬁ
2-% (A.22)

n;

Il
-

i
Now/|the total variance s% is given bynFormula (A.23):
2

S
252,28 (A.23)
r

o

whete r is the number of Peplicate analyses.

Combining Formwae/((A.22) and (A.23) gives Formula (A.24):

2
u-1.$
5 i S_A (A.24)

n;
i=1 I

F Lls L 1: 1. (ool Qs 1omss £l 4o os pio.) T la{A-24) d
Or atharee-stage—Ssamprig Scneme (I cCriaaitgSereCtio o1 tire teST P ot tioh; rofittra7=2%) reauces to

Formula (A.25):

2 2
N 2
Sh b S
sh=—l4 2 4lA (A.25)
ng ny, r

The best way of reducing the value of srzr to an acceptable level is to reduce the largest terms in

Formula (A.24) first. Clearly 512)1- /n; for a given sampling stage can be reduced by increasing the

number of increments n; or reducing sﬁ_ by homogenizing the concentrate prior to sampling. The last
1

term can be reduced by increasing the mass of the test portion, reducing the particle size prior to
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selecting the test portion or performing replicate analyses. Selecting the optimum number of increments

n; for each sampling stage may require several iterations to obtain the required total variance s%.
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Annex B
(informative)

Estimation of total variance — Barge unloading using a grab

Definition of example

|rge containing 500 tonnes of zinc concentrate is unloaded using a grab of capati

For ¢hemical analysis, primary increments of 0,5 kg are taken after every fifth grab fro

conc

entrate surface exposed in the barge by the grab, resulting in 50 primary incremeénts. H

determination, separate increments of 0,5 kg are taken after every tenth grab,resulting in
incrgments.

Assu|

Ime that the concentrate contains 42,87 % Zn, 830 g/t Ag and ,6/45 % moisture. 4

sampling scheme is used for the chemical analysis sample (including selection of the test p

atw

-stage scheme is used for the moisture sample. The parametersyin Table B.1 were esti

Formula (A.18) in A.4.

Table B.1 — Summary of increment and analytical standard deviations

y 2 tonnes.
m the fresh
or moisture
25 primary

\ four-stage
ortion), and
mated using

. Mass fraction of Zn Mass fraction of Ag Moisture|content
Standard deviation
% g/t %

Sby 0,15 25 0,24

sz 0,10 15 —

Shy Negligible Negligible —

Sp 0,06 8 0,05
NOTE The analytical standard.deviations (SA ) were obtained from round-robin testwork, and hende include the
samp]ling error due to selection-of the test portion.
B.2 | Estimatiomn of total variance
B.2.1 Determination of mass fraction of metal
Stage @

Primary increments of 0,5 kg mass are taken every 5 grabs.

ni1 =50

Primary sample mass = 25 kg

Formula (5) gives:

a) Mass fraction of zinc

sgl =0,152/50 = 0,000 45

© ISO 2018 - All rights reserved
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b) Mass fraction of silver

2 _ _
se =252/50=12,5

Stage 2

The primary increments are combined and partially dried. After breaking up the agglomerates, the
sample is divided to 2,8 kg by fractional shovelling, 20 secondary increments being placed on each of
nine heaps.

np =20

Divided sanjple mass = 2,8 kg

a) Mass fraction of zinc

s2 =0,102/20 = 0,000 50

b) Mass fraction of silver

sgz =152/20 = 11,25

Stage 3

After drying and crushing to 0,5 mm particle size, the 2,8 kg'sample is divided to 230 g using a r¢tary
sample dividler (RSD) and a large number of revolutions of.the RSD.

n3 = very large value

Divided sanmjple mass =230 g

353 = negligible value for mass fractign of both zinc and silver

Stage 4

The samplel|is pulverized to 130)um and a single test portion of 2,5 g taken for analysis. The sampling
variance, due to selection of‘the test portion, is included in the analytical variance.

a) Mass fraction of zinc

s%=0,0p2=0,0036

b) Mass fractionof silver

s:=82=64
Assuming that the analyses are carried out in quadruplicate, the total variance is given by:

2
2_ 2 2 2, SA
ST —sSl +sSZ +553 + =

a) Mass fraction of zinc

s% = 0,000 45 + 0,000 50 + negligible value + 0,003 6/4
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Hende:

B.2.2 Determination of moisture content
Stage 1

Primfary increments of 0,5 kg mass are taken every 10 grabs.

Primfary sample mass = 12,5 kg

Stage 2

The
then|quickly divided to about 1 kg, using manual increment division (20 secondary inc
obtaln test portions forzmoisture determination. The sampling variance, due to selectio
portion, is included imthe analytical variance.

IS0 12743:2018(E)

= 0,001 85

Hence:

sT=0,04% Zn

b) Mass fraction of silver

s% =12,5+ 11,25 + negligible value + 64/4

=39,75

a

1=63g/tAg

1=25

=

Formula (5) gives:
@1:024y25:09023
primary increments are-cembined and the agglomerates are manually broken up. The sample is

4%=0,052=0,002 5

rements), to
n of the test

n by:

Assumingithat moisture determination is carried out in duplicate, the total variance is give
2 o sf
ST =S
T S1 2

=0,002 3 + 0,002 5/2

=0,00355

Hence:

st=0,06% H,0
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B.3 Summary

The estimated variances and standard deviations are summarized in Table B.2. For both zinc and silver
determination, the major component of variance is due to analysis. If required, this could be reduced by
carrying out more replicate analyses.

On the other hand, for moisture determination, the larger component of variance arises from the first
sampling stage. If required, this could be reduced by taking more primary increments.

Table B.2 — Summary of estimated variances and standard deviations for barge unloading
using a grab

Content Stage 1 Stage 2 Stage 3

fretion) 55, ss, s, sa/r 52 s
422'33’1;% 0,000 45 0,000 50 Negligible 0,000 90 0,00185 0,0
Ssgévg;t 12,5 11,25 Negligible 16 3975 6,1
I\/I&S;l;ge 0,002 3 — — 0,001 25 0,003 55 0,0
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