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Foreword
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of preparing International Standards is normally carried out
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Annexes‘E and H form an integral part of this Internatiofal Standard.

Annexes A to D and F and G are for information only.



https://standardsiso.com/api/?name=9ae2dde3a9ed99224a4acfffc1aca329



https://standardsiso.com/api/?name=9ae2dde3a9ed99224a4acfffc1aca329

INTERNATIONAL STANDARD ©1SO ISO 12743:1998(E)

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

1 Scope

This International Standard sets out the basic methods for sampling copper, lead and zinc
concentrafes from moving streams and stationary lots, including stopped-belt sampling, to provide
samples fgr chemical analysis, physical testing and determination of moisture content in accordance
with the relevant International Standards. Where the concentrates are susceptible to significant
oxidation ¢r decomposition, it is necessary to use a common sample for moisture determination and
chemical gnalysis to eliminate bias (see ISO 10251). In such cases, the common sample reeds to be
sufficiently representative, i.e. unbiased and sufficiently precise, for chemical analysis and
determination of moisture content. Any large agglomerates (>10 mm) present in the primary sample
are crushdd prior to further sample processing. Sampling of concentrates in slurryfarm is specifically
excluded from this International Standard.

d method. Both falling-stream and cross-belt samplers aredescribed.

Sampling from stationary lots is used only where sampling from-moving streams is not possible. The
procedurep described in this International Standard for sampling from stationary lots only minimize
some of the systematic sampling errors.

2 Normative references

The followjng standards contain provisions which, through reference in this text, constitute provisions
of this Intgrnational Standard. At the time 'of publication, the editions indicated were valid. All standards
are subjedt to revision, and parties to agreements based on this International Standard are
encouraggd to investigate applying thé most recent editions of standards indicated below. Members of
IEC and I$0 maintain registers_of ¢urrently valid International Standards.

ISO 10251:—1), Copper, lead’and zinc sulfide concentrates - Determination of mass loss of bulk
material oh drying.

ISO 12744:1997, Copper, lead and zinc sulfide concentrates - Experimental methods for checking the
precision ¢f sampling.

ISO 13292:~1); Copper, lead and zinc sulfide concentrates - Experimental methods for checking the
bias of sampling

3 Definitions
For the purposes of this International Standard, the following definitions apply.

3.1 representative sample: A quantity of concentrate representing a larger mass of concentrate with
both precision and bias within acceptable limits.

3.2 lot: A guantity of concentrate to be sampled.

1) To be published.
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3.3 lot samp

3.4 sub-lot:

le: A quantity of concentrate representative of the lot.

Subdivided parts of a lot which are processed separately, each of them producing a

subsample which is analysed separately, e.g. for moisture determination.

3.5 subsample:

A quantity of concentrate representative of the sub-lot.

3.6 sampling: A sequence of operations aimed at obtaining a sample representative of a lot. It
comprises a series of sampling stages, each stage usually comprising operations of selection and

preparation.

3.7 selection:

The operation by which a smaller quantity of concentrate is taken from a larger

quantity of c(
3.8 increme

3.9 increme
intermediate

3.10 divisior]:

representativ

3.11 constampt-mass division:

increments o

3.12 proport
increments o

3.13 prepars
comminution

3.14 sample]
transforms a

3.15 commifution:

3.16 stage |

3.17 moistule sample:

for moisture
moisture con

3.18 laborat
used for furth

3.19 comm

ncentrate.
it: A quantity of concentrate selected by a sampling device in one operation.

nt selection: A selection process that consists of extracting from the lot or frorm\an
sample successive increments which can be combined to constitute a sample.

The operation of decreasing sample mass, without change of particle-size, where a
e part of the sample is retained.

A method of division in which the retained portions from individual
I subsamples are of uniform mass.

onal division: A method of division in which the retained portions from individual
I subsamples are a constant proportion of their original-mass.

ition: A non-selective operation without divisiagh,such as sample transfer, drying,
or homogenization.

processing: The whole sequence of-selection and preparation operations which
stage i sample into a test sample.

The operation of reducing particle size by crushing, grinding or pulverization.
sample: A sample obtained at the ith stage of the sampling scheme.

A repreSehtative quantity of concentrate from which test portions are taken
Jetermination. Alternatively, the whole moisture sample may be dried to determine its

tent.

bry sampley A sample that is processed so that it can be sent to the laboratory and
er preeessing and selection of one or more test samples for analysis.

n Qamlnlp' A rplnmcpnfmi\/p qnlantity of concentrate which is dried to determine its

mass loss and subsequently used for further processing and selection of one or more test samples for
chemical analysis.

3.20 test sample:

A representative quantity of concentrate obtained from a laboratory sample when

additional preparation, such as drying or hygroscopic moisture determination, is needed prior to the
selection of one or more test portions.

3.21 test portion:

A representative quantity of concentrate taken from a moisture sample, a

laboratory sample or a test sample which is submitted for moisture determination or analysis in its

entirety.

©1SO
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3.22 systematic sampling:  The selection of increments in which the concentrate being

sampled is

divided into equal strata and the first increment is taken at random within the first stratum, the interval

between subsequent increments being equal to the stratum size.

3.23 stratified random sampling:

The selection of increments in which the concentrate being

sampled is divided into equal strata, each increment being taken at random within each stratum.

3.24 homogenization:
concentrate.

3.25 agglomerate:

A preparation operation that reduces the distribution heterogeneity of the

A cluster of particles that are held together by chemical or physical phenomena.

3.26 nominal top size: The aperture size of a test sieve that retains 5 % of the mass_of

3.27 moisture determination:  The quantitative measurement of the mass loss of.the nj
portion under the conditions of drying specified in ISO 10251.

3.28 chemical analysis:
analysis test portion.

The quantitative determination of the requiredichémical consti
3.29 error: In any quantitative measurement, the difference between the true value and
obtained for an individual measurement.

3.30 bias: The statistically significant difference between’'the mean of the test results an
accepted reference value (see also 1ISO 13292).

3.31 precision: The closeness of agreement between independent test results obtaineg
stipulated conditions (see also 1ISO 12744).

3.32 interleaved samples: Samples constituted by placing consecutive primary increni
alternately into two separate sample containers.

4 Sampling theory
4.1 General

The basic rule for.a-eorrect sampling method is that all possible increments from the cong
stream or stratuna-have the same probability of being selected and appearing in the samg
deviation fram this basic requirement can result in a bias. An incorrect sampling scheme

relied on te-provide representative samples.

Sampling should preferably be carried out on a systematic basis, either on a mass basis

concentrate.

oisture test

uents of the

the value

d an

under

ents

entrate
le. Any
cannot be

see 7.2) or

onzatime basis (see 7.3), but only where it can be shown that no systematic error (or bia

random sampling within fixed time or mass intervals be carried out (see 7.4).

5) could be

introduced due to any periodic variation in quality or quantity that may coincide with, or approximate
Wmmmemmmmmmm—mmmw f o . it stratified

The methods for sampling, including sample processing, depend on the final choice of the sampling
scheme and on the steps necessary to minimize possible systematic errors. The aim always is to
reduce the total variance to an acceptable level while at the same time eliminating any significant

biases, e.g. minimizing degradation of samples used for determination of size distribution

Moisture samples shall be processed as soon as possible and test portions weighed imm

ediately. If

this is not possible, samples shall be stored in impervious air-tight containers with a minimum of free
air space to minimize any change in moisture content, but should be prepared without delay.
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4.2 Total 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 resu

It, denoted by s% consists of the variance of sampling (including sample processing)

plus the variance of analysis (chemical analysis, moisture determination, determination of particle size
distribution, etc.) as follows:

2

where

sT=s§+s£ (D)

s isth
s%\ is th

In equation 1
processing) §

is included in
because it is

e sampling variance (including sample processing);

e analytical variance.

, the sampling variance includes the variances due to all sampling (and sample
teps except selection of the test portion. The variance due to selection af’the test portion

the analytical variance, sﬁ, which is determined in accordance with~|SO 12744,
difficult to determine separately the "true" analytical variance.

Often replicate analyses of quality characteristics are carried out, reducing the total variance. In this

case, if rreplicate analyses are made:
2
s
2 — 2L 2A
ST =sg|t— ...(2)

r

The estimatipn or measurement of the total variance catn-be carried out in several ways, depending

on the purpo

The first met|

e of the exercise. In many respects the different approaches are complementary.

nod, which was developed by Gy; [8I[4], is to break up the sampling variance into its

components for each sampling stage (seetahnex A). The total variance is then given by:
52

s2=sZ|+..+ Séi+”'+ séu_1+TA ...(3)
where

sgl is the sampling variance for stage 1, i.e. the primary sampling variance;

Sé/ is the'sampling variance for stage /;

Séu- IS The sampling variance for stage u-1, the second 1ast Stage,

u 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 as follows:

©1SO
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2

S
2 =2 2 . A

ST‘581+SP+T .4
where

sél is the primary sampling variance;

sg is the variance due to all subsequent sampling steps, i.e. sample processing, except

selection of the test portion;
si is the analytical variance, including selection of the test portion (at stage u in equation 3).

The primary sampling variance is identical to the sampling variance for stage 1 in equation 3, while
sg is equal to the total sampling variance for the remaining sampling stages, except-for delection of

the test portion which is included in the analytical variance. The relative magnitudes of th¢ variance
components in equation 4 indicate where additional effort is required to reddce the total viariance.
However, it is not possible to separate the variances of the separate saniple’processing stages. This
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 procegsings and
analyses are varied.

Finally, the total variance 312- can be estimated experimentally by collecting interleaved dpplicate

samples (see 4.5). This is called the "interleaved sample method and gives valuable infdrmation on
the total variance actually achieved for a given sampling scheme with no extra effort, proyided that
facilities are available for collecting duplicate samplés (Merks [5]). It gives no information pn variance
components, but the total variance can be compared with the analytical variance to ascentain whether
the sampling scheme used was optimized or;not. It is therefore of limited use for designing sampling
schemes.

4.3 Sampling stage method of estimating sampling and total variance
The sampling variance for stage4 Is given by (see annex A):

2
bi

s2 =

Sj n;

..(5)

where

sg, is the variance between increments for stage i,
I

nis the number of increments for stage /.

The variance between increments for stage |, sé/ , can be estimated using the following equation:

n

\2
Z-(Xj - x)
St2>,- = I_I,TT = SEa .. .(6)

X, isthe test result for increment j;
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X istl

2 .
Spa Ist

he mean test result for all increments;

he variance of subsequent sample processing and analysis.

The variance of subsequent sample processing and analysis of each increment, sgA , has been taken

into account

in equation 6 to obtain an unbiased estimate of sg,.
I

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

Rememberin

variance 52,

For a three-g

2
, _ b
s£=—

ny

The best way
equation 8 fi
of increment

can be redud
replicate ang|

require seve

Example
Consider a fq

g that the variance due to selection of the test portion IS included in the analytical

the total sampling variance is given by:
2
Sy.
“bi. ()
nj
huations 2 and 7 gives the total variance s% as follows:
2 2
Sp. S
“bi L >A ..(8)
n; r
tage sampling scheme (including selection of the test.portion), equation 8 reduces to:
2
S 52
|, P2 PA ...(9)
ny r

of reducing the value of s% to an(acceptable level is to reduce the largest terms in
st. Clearly sgi/n,- for a given sampling stage can be reduced by increasing the number
b n.or reducing sg_ by homogenizing the concentrate prior to sampling. The last term

]

ed by reducing the parfticlé size prior to selection of the test portion, or performing
yses. Selecting the.optimum number of increments n, for each sampling stage may

al iterations to @btain the required total variance s%.

ur-stage-sampling scheme for determining the metal content of a copper concentrate

containing 31

that the lot siF

,2 % Cu. Assume that the concentrate is being conveyed at 500 t/h on a conveyor belt,
é4s 500 t, and that the following parameters have been determined using equation 6

where appropriate:

Sp; = 0,3% Cu
sz = 0,2 % Cu
Spy = 0,1% Cu

sp= 0,05% Cu

NOTE — Many measurements may be required to obtain good estimates of Sbyr Sbpr Sba and sa.

©1SO
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Stage 1
Assume that the primary cutter takes increments of 12 kg mass at 2 min intervals. Thus:

m = 30
Primary sample mass = 360 kg
Equation 5 gives:

s3, = (0,3)730 = 0,0030

Stage 2
The primary increments are collected in a hopper, and then fed to the secondary cutter at the rate of
360 kg/h. Secondary increments of 0,01 kg are taken at 30 s intervals. Thus:

n, = 120
Divided sample mass = 1,2 kg

s3, = (0,2)/120 =0,000333

Stage 3
The 1,2 kg sample is transported to the sample processing laboratory and fed through a fotary
sample divider with a sample collection canister divided into 8 equal sectors rotating at 39 rev/min

(0,5 s -1). Sample division takes 2 min. Thus:
n3 = 60
Divided sample mass = 150 g

s3, = (0,1)/60 = 0,000:167

Stage 4
Dry the sample and thien-pulverize to 150 um. Select a 1 g test portion by taking 10 increments of
0,1 g with a spatula’and conduct a single analysis. Thus:

sp = 0,05% Cu

Total vatiance
The total variance is given by:

2 = 2 2 2 2
ST - SS]_ + SSZ + SS3 + SA

0,003 0 + 0,000 333 + 0,000 167 + 0,002 5

0,006
Hence:
st= 0,077 % Cu

In this example, the largest components of variance are due to primary sampling and analysis.
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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

4.4 Simplifi

given in annex B.

ed 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 equati

2 —
SS]_ -

where
ny st
sgl is t
The primary

The sample

duplicate sar
ISO 12744. 1

test samples

bn 5, the primary sampling variance sél is given by:

o1 /4. (10)

he number of primary increments;

he primary variance between increments determined using equation 6.

sampling variance can be reduced by increasing the number of primary increments n;.

hrocessing variance sg and analytical variance 3/2_\ are determined experimentally by
Nple processing and determination of quality eharacteristics in accordance with

he analytical variance si can also be obtained by carrying out duplicate analyses on

Multiple sample processings and analyses are often carried out to reduce the total variance. In this
case, combirnjing equations 4 and 10 gives:
a) Where g single sample is constituted for the lot and r replicate analyses are carried out on the
test sample:
42 2
_ b SA
s%———l+sé+— ... (11
11 r
b) Where the lotis-divided into k sub-lots, a subsample is constituted for each sub-lot, and

r replica]e analyses are carried out on each resultant test sample:

ST_

2
S S
2 - b, °P

2 2
S
+ 2A ... (12)

nm k rk

c¢) Where sample processing and analysis is carried out on each increment taken from the lot and r
replicate analyses are carried out:
2
S
byt sht
s2 = ... (13)

m

©1SO
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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:

Spy= 0.3%Zn

Sp 0,1 % Zn

sa = 0,05 % Zn

Using equation 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 + 0,000 625
= 0,007 43
Hence:

st = 0,086 % Zn

In this example, the major component of variance is sample processing. This component
reduced by dividing the lot into a larger number:0f, sub-lots, and constituting a subsample
sub-lot.

4.5 Interleaved sample method of measuring total variance

The total variance s% actually achieved for a given sampling operation can be estimated

experimentally by collecting interleaved duplicate samples as shown in figure 1. The odd
numbered increments from'two adjacent lots are separately combined to give samples A
two lots (each sample eSsentially representing a lot twice the size). Samples A and B are
separately submitted to)sample processing and analysis.

could be
for each

and even
and B for the
then

This procedureisTepeated until sampling has been completed. The total variance for a single lot is
then given by,
2
O O
Dz |XAi - XB/ | O
2 _ T D =1 D
O N 0
] UJ
g B
where

Xp; and Xp, are the analyses for each pair of samples A;and B;,

N is the number of pairs (in the range 10 to 20);

U4 is a statistical factor relating range to variance for a pair of measurements.
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Because the same number of samples are generated for analysis, the total variance is obtained with
no extra effort, provided that facilities are available for collecting interleaved duplicate samples.

Example
The analyses of interleaved samples taken from 10 lots of copper concentrate are given in table 1.
Equation 14 gives:

s2 = (14) (0,27/10)2

= 0,000 573

Hence:

st = 0,024 % Cu

Table 1 — Analyses of interleaved samples taken from copper concentrate

Lbt Odd samples (A) Even samples (B) Absolute’ difference
% Cu (m/m) % Cu (m/m) % Cu (m/m)

i 30,37 30,34 0,03
D 30,47 30,46 0,01
B 29,99 30,01 0,02
il 29,97 29,98 0,01
) 30,12 30,18 0,06
i 30,02 30,05 0,03
7 30,32 30535 0,03
B 30,18 30,17 0,01
D 30,31 30,27 0,04
10 30,28 30,25 0,03
Sum of absolute differences 0,27

10
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Increment

j

Increment

Increment N

I

Increment =

Sample A
odd increments

Increment

5 Establishing a sampling scheme

The procedure for establishing a sampling scheme is as follows:

Increment =

Increment

L AN Sample B
even increments

Increment N

Increment

0 i

Increment

lncrement N

Increment

i

Figure 1 — Procedure for collecting interleaved duplicate samples

a) ldentify the\quality characteristics to be measured and specify the mass of the lot or pub-lot and
the desired total variance s%. Typical values of st are given in table 2.

b) Ascertain the nominal top size of the concentrate.

€) ¢ Specify the cutter aperture or the dimensions of the manual sampling implement accprding to the
nominal top size of the concentrate.

d) Ascertain the analytical variance si . Typical values of s are given in table 2.

e) Determine the variance between primary increments sgl and the sample processing variance

51% if the simplified method is used (see 4.4), or the variance between increments Sgi for each

proposed stage if the sampling stage method is used (see 4.3). Table 3 gives typical values of
sp; for the first sampling stage.

11
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f)  If the simplified method is used, use equation 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 equation 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).

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 7.3) and stratified random sampling-within fixed time
7 Lo <\ 7 Lad J

intervalg (see 7.4).

h) Take indrements at the intervals determined in step g) for each stage during the whole period of
handling the lot.

i)  Either cgmbine the primary increments into lot samples or subsamples for analysis oranalyse
each primary increment separately. Examples of suitable sampling schemes are diven in figure 2,
but the 4cheme shown in figure 2a) is not suitable for preparing chemical analysiS)samples used
to analysge for volatile elements such as mercury.

The lot is oftg¢n divided into sub-lots from which subsamples are prepared and)analysed separately to
reduce the tdtal 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
of samples.

Tdble 2 — Typical target values of the required totaland analytical standard
deviations for determination of metal andmoisture content

Characteristic Parameter €ontent range/Standard deviation
Range <,30:% (m/m) 30-50 % (m/m)
Cu S, 0,05 % 0,1 %
s, 0,03 % 0,03 %
Range <30 % (m/m) 30-50 % (m/m) > 50 % (m/m)
Pb, Zn Sz 0,1 % 0,2 % 0,3%
s, 0,07 % 0,07 % 0,15 %
Range <500 g/t 500-1000 g/t > 1000 g/t
Ag S, 10 g/t 2% of conc. 2% of conc.
s, 7 glt 15 g/t 20 git
Range =5t 5=t5git 15t
Au S, 0,5 g/t 0,59/t 2 % of conc.
s, 0,15 g/t 0,2 glt 0,4 git
Range <20 % (m/m)
Moisture S, 0,3 %
s, 0,07 %
NOTE — st can be reduced if required by performing replicate analyses.

12
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Table 3 — Examples of standard deviations between primary increments

Constituent Primary increment standard deviation ( Sbi)

Cu in copper concentrate 0,1-0,5% Cu

Pb and Zn in lead and zinc concentrates 0,1-2,0 % Pb/zZn

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

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

Moisture in copper, lead and zinc concentrates 0,2-0,7 %

NOTE——The Stardard—deviation betweern primary mcrentents —for —sitver —coment s —gpplicable to
Ag < 500 g/t only.

Increment

I

Increment —

Increment

Increment

lncrement

Lot — Common sample

Increment

Increment

I

Moisture
defermination

)
33
N

)

Increment

Chemical analysis
Increment

Increment

Increment

Increment

Increment

Increment

L

Figure 2(a) — 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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NOTE — Mixing, comminution and division steps have been omitted for simplicity. This scheme is not suitable

for concentrates that are susceptible to oxidation or decomposition.

14

Figure 2(b) — Example of a sampling scheme in which the lot is divided into sub-lots for
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P Last
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rim incr .
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moisture determination and a separate lot sample is constituted for chemical analysis
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Secincr
] First T
. !
C[EeT prim incr o
sub-lot sec incr
Secincr
| | Second T 7 1st
primincr L subsample
Last ‘
Sec Incr AN Moisture
determination
—1 Secincr F—
Last T
1 . . |
rimincr .
P Last
sec incr
— Secincr —
] First || ; |
. !
| | Second | | prm her Last
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imi |
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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 2(c) — 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 handlmg on the characterlsncs of the increment as it passes through the
sampling systef:
to be minimized. The minimum mass needs to be specmed for each concentrate type and each
sampling deyice.

6.2 Mass of increment for falling-stream samplers

To avoid biag,

type samplen

the mass of increment at any sampling stage taken by a mechanical or manual cutter-
from the concentrate stream at the discharge end of a moving conveyor.is determined

by the minimum cutter aperture as specified in 8.3.2.1, the maximum cutter speed, asspecified in
8.3.3.2 and the flowrate of the concentrate stream as follows:

my = 3_CEATC ...(15)
where

m, is the|mass of increment, in kilograms;

G is the| flowrate of concentrate stream, in tonnes.pér hour;

A is the putter aperture, in metres (see 8.3.2:1);

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

6.3 Mass of increment for cross-belt samplers

The mass of
by the minim
follows:

g

m| =
3,6

increment taken by.a’eéross-belt cutter from a moving stream to avoid bias is determined
Lim cutter apertureZas specified in 8.3.2.2 and the flowrate of the concentrate stream as

A ...@6)

where

Ais the cutter aperture, in metres (see 8.3.2.2);

v, is the

speed of concentrate stream, in metres per second.

6.4 Mass of increment for manual sampling

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

16
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agglomerates, the mass shall be increased in accordance with the following equation based on a
sampling implement of minimum dimensions 3d x 3d x 3d.

Mimin =27 pd3 x1076 ...@7
where

Mimin IS the minimum mass of increment, in kilograms;

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

d is the nominal top size of the agglomerates, in millimetres.
6.4.2 Mass of secondary and subsequent increments

The minimum mass of secondary and subsequent increments taken by a manual samplirlg implement
shall be 10 g.

7 Methods of sampling from concentrate streams

7.1 General
Mechanical and manual sampling of concentrate streams may be carried out on either a mass-basis
or a time-basis. This needs to be decided before designing a sampling system and beforg¢ sampling
commences.

7.2 Mass-basis systematic sampling
7.2.1 General

Mass-basis sampling involves the.following steps:

a) Distributing the required-number of primary increments on a uniform tonnage basis throughout
the lot to be sampled.

b) Taking increments of almost uniform mass from each tonnage interval.
NOTE — Sample masses are considered almost uniform if the coefficient of variation (CV) of thg masses is
20 % or less..Jf increments are not of almost uniform mass, constant-mass division is required so fhat the mass

of samplerreporting to the lot sample or subsample is almost uniform.

7:2.2 Sampling interval

The interval between primary increments for mass-basis sampling shall be determined from the
following equation:

Am <o ... (18)
ny

where

Am is the mass interval between primary increments, in tonnes;
my_is the mass of lot, in tonnes;

n is the number of primary increments determined in accordance with clause 5.

17
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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 constant while cutting the stream but can be
regulated, primary increment by primary increment, corresponding to the flow rate of the
concentrate on the conveyor belt.

c) Across-

elt cutter

7.2.4 Taking

Each primary
full cross-seq
not possible

systematicall
cross-sectior

The first prim

of primary increments

increment shall preferably be taken by a single traverse of the sampling device so that a
tion of the concentrate stream is taken. However, in manual sampling cases where it is

0 obtain a complete cross-section in one operation, increments may be taken

y across the concentrate stream so that, when they are combined, they represent the full
of the stream (see 9.7).

ary increment shall be taken at a random mass less than the mass interval Am

determined ip 7.2.2. Thereafter, the required number of primary increments<&hall be taken at fixed

mass interval
lot.

NOTE — Th{
nearest tonne
required.

s of Am, and this interval shall not be changed during the entite course of sampling the

b mass interval between primary increments calculated in\7:2.2 should be rounded down to the
to ensure that the number of primary increments taken'will be larger than the minimum number

If the planned number of primary increments has beentaken and handling has not been completed,

additional pri
completed.

7.2.5 Consti

If the coeffici
combined int

mary increments shall be taken at the same mass interval until the handling operation is

ution of subsamples and lot samples

bnt of variation of primary.increment masses is 20 % or less, primary increments may be
b subsamples or a lot saimple, 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 t

a) each pri
division)

ne coefficientof variation of primary increment masses exceeds 20 %, either:

mary increment shall be subjected separately to division (according to the rules of
anddetermination of its quality characteristics or

b) primary increments shall be subjected to constant-mass division prior to combining into
subsamples or a lot sample.

NOTE — 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 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 bi

18
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7.2.6 Types of division
Two types of division are applicable to mass-basis sampling as follows:

a) Constant-mass division, which is a method of obtaining divided increments, subsamples or lot
samples having almost uniform mass regardless of the variation in the masses to be divided.
Cutter-type dividers having variable cutting frequencies can be used for this type of division (see
15.4.5).

b) Proportional division, which is a method of obtaining divided increments, subsamples or lot
samples having masses proportional to the varied masses to be divided. Rotary sample dividers
can be used for this type of division (see 15.4.4)

NOTE — Cutter-type dividers may lead to moisture loss, so are not recommended for division)ofjmoisture
samples.

7.2.7 Division of increments

Where increments require division and subsamples or a lot sample arg-constituted from the divided
increments, division shall be carried out as follows (see table 4):

a) If the coefficient of variation of the increment masses is 20 %’or less, either constantfmass or
proportional division shall be used.

b) If the coefficient of variation of the increment masses is greater than 20 %, division shall be
carried out on an increment-by-increment basis ‘using constant-mass division.

7.2.8 Division of subsamples

Where subsamples are divided and a lot sample is constituted from the divided subsamples, division
shall be carried out as follows (see table)4):

a) If the coefficient of variation'afthe subsample masses is 20 % or less, and the subsgmples
consist of an equal number-of increments, either constant-mass or proportional division shall be
used.

b) If the coefficient of yariation of the subsample masses is greater than 20 %, and the fubsamples
consist of an_equal number of increments, constant-mass division shall be used.

c) If the subsamples consist of different numbers of increments, proportional division shall be used.
7.2.9 Diyision of lot samples

When a lot sample is divided, either constant-mass or proportional division shall be used,
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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 Sampling Increments cv Constant Proportional
division method per (%) mass
subsample
Mass-basis - =20 ves Yes
Increment >20 Yes No
Fime=basts = = No YES
Mass-basis <20 Yes Yes
Equal
Subsample > 20 Yes No
Unequal - No Yes
Time-basis Equal or - No Yes
unequal
Lot sample Mass-basis - - Yes Yes
Time-basis
7.3 Time-bpsis systematic sampling
7.3.1 Genergl
Time-basis sampling involves the following steps.

a) Distributjng the required number of primary increments on a uniform time basis throughout the lot
to be sampled.
b) For each time interval, taking increments.of mass proportional to the concentrate flow rate at the
time of taking the increment.
7.3.2 Sampllng interval
The interval between primary-increments for time-basis sampling shall be determined from the
following eqyation:
m
ar <2900 ... (19)
G hax A1
where
At is the time interval between primary increments, in seconds;
Gmaxis the maximum flow rate, in tonnes per hour.

20
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7.3.3 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 cross-belt cutter.
7.3.4 Taking of primary increments

Each primary increment shall preferably be taken by a single tfraverse of the sampling device so that a
full cross-section of the concentrate stream is taken. However, in manual sampling caseq where it is

not possible to obtain a complete cross-section in one operation, increments may be,takgn
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 theltime interval At fletermined
in 7.3.2. Thereatfter, the required number of primary increments shall be\taken at fixed tire intervals
of At, and this interval shall not be changed during the entire course-of sampling the lot.

NOTE — The time interval between primary increments calculated in 7.3.2 should be rounded dgwn to the
nearest minute to ensure that the number of primary increments{aken will be larger than the minifnum number
required.

If the planned number of primary increments has beentaken and handling has not been ¢gompleted,
additional primary increments shall be taken at the'same time interval until the handling gperation is
completed.

7.3.5 Constitution 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 a lot sample irregpective of
the variation of masses of primary increments or

b) primary incrementsishall be divided by proportional division; subsamples or lot samples shall
then be constituted by combining divided increments.

Where subsammples are analysed to determine the quality characteristics for the lot, the mass of the
sub-lot fram.which the subsample was taken shall be determined to obtain the weighted average of
the quality-characteristic for the lot.

NOTE — 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 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.

7.3.6 Types of division

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

7.3.7 Division of increments and subsamples

Increments and subsamples shall be divided by proportional division (see table 4).
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n 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 procedu
sample cutte
interval. This
number an
the mass co
system shall

7.4.2 Fixed

The procedu
sample cutte
interval. This|
number anyy
the time corr
system shall

NOTE — Be
random samp

re shall be as specified in 7.2 except that, when the mass interval has been set, the
r is programmed to take a primary increment at any point at random within this mass

here within the mass interval (determined in 7.2.2), which activates the sample cutter at
esponding to the mass number generated. The capacity of hoppers in the sampling
be sufficient to hold two adjacent increments.

ime intervals

e shall be as specified in 7.3 except that, when the time interval has been set, the

is programmed to take one primary increment at any point at random.within this time
is achieved by using a random number generator, capable of giving-a.random time
here within the time interval (determined in 7.3.2), which activates the sample cutter at
bsponding to the time number generated. The capacity of hoppers'in the sampling

be sufficient to hold two adjacent increments.

Lause the spacing of increments in mass or time is not constant when conducting stratified
ing, interleaved sampling requires special equipment to direct closely spaced increments to

samples A angl B.

8 Mechan

8.1 Generq

There are a
any patrticul

jcal sampling of concentrate streams

umber of different mechanical-sampling devices and hence it is not possible to specify
type which should be used.for specific sampling applications. However, the sampling

a
device selecTed shall pass a bias test, i€. it shall be unbiased. In this respect, special care shall be

taken to mini
and avoiding
size determi
cutters in co

This Internat
section of thd
if it can be sh

8.2 Design

8.2.1 Safety

Mmize change in moisture’content, e.g. by minimizing vertical drops, eliminating air flows,
low flow rates. Degradation of the constituent particles shall also be minimized if particle
ation is to be carrjed out on the sample. Annex C shows typical examples of sample
nhmon use and/should be taken as a guide in choosing suitable equipment.

onal Standard deals only with mechanical sampling devices that take a complete cross-
concentrate stream. Sampling devices taking only part of the stream shall be used only
own using 1ISO 13292 that there is no significant bias.

of the sampling system

of operators

From the initial stage of design and construction of a sampling system, due consideration shall be
given to the safety of operators. Applicable safety codes of the regulatory authorities shall be

respected.
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8.2.2 Location of sample cutters

When choosing the location of sample cutters, the following criteria shall apply:

a) Sample cutters shall be located at a point providing access to the complete concentrate stream.
b) Sampling shall be performed close to the weighing point in space and time.

c) Sampling should be performed at a point in the handling system where there is minimal

segregation of the concentrate stream and where there is minimal risk of errors due to a
systematic variation in flow rate or quality.

NOTES
1 Basic requirements should be taken into account from the early stages of design, construetion pand
installation of the system as well as during the operation and maintenance of the plant(Fo-permit the bias
checks specified in 8.2.5, provision should be made for stopped-belt sampling adjacent‘to the sanpple cutter.
2 ltis not essential to construct or operate the mechanical sampling system as awhole. Any pringipal unit or

combination of principal units may be operated mechanically and combined. at any stage with marjual
operations.

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).

8.2.4 Provision for stratified random sampling
The sampling system should be designed t6‘handle closely spaced adjacent increments yhen
stratified random sampling is being conducted, in particular the capacity of hoppers should be
sufficient to hold two increments.
8.2.5 Checking precision and bias
When a mechanical sampling system is commissioned or when the principal parts are mgdified,
check experiments for-precision (see ISO 12744) and bias (see 1SO 13292) should be cgrried out for

the system as a whale:

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

8.2.6 AAvoiding bias

Thesampling system shall be designed to avoid the following.

AN

a) Spi“agc ofthe balllpic.

b) Restriction of the flow of concentrate through the system.
c) Contamination of the sample, e.g. due to cross-contamination between the sample and the
concentrate stream, ingress of non-sampled concentrate, or residual concentrate in the sampling

system. Thus, when a change is made in the type of concentrate being sampled, the system
should be thoroughly cleaned.
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8.2.7 Minimizing bias
The sampling system shall be designed to minimize the following.

a) Change in moisture content, e.g. by enclosing the sampling system and minimizing vertical
drops.

b) Loss of dust.
c) Degradation of the constituent particles if the sample is taken for particle size determination.

8.2.8 Configuration of the sampling system

The sampling system should be arranged in such a way that the principal units can be operated
individually. In the event of a breakdown in the crushing and dividing parts of the system, provision
should be made to enable sampling to be carried out by alternative means. For example, increments
taken by the jprimary cutter may be diverted to a pre-installed facility, e.g. to a short conveyor for

taking seconflary increments, or to a concrete pad or a receiving truck for manual samplernprecessing.

8.3 Samplg cutters

8.3.1 Generdl

Sample cuttgrs may be divided into two types as follows.

a) Falling-gtream cutters which collect the increment from the trajectory of the concentrate stream,
e.g. at a|transfer point from a conveyor or from a bin or hoppér.

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

8.3.2 Design criteria

To minimize pias in taking increments, the sample cutter shall, in addition to complying with the
requirementq specified in 8.2.6 and 8.2.7, fulfil the criteria in either 8.3.2.1 for falling-stream cutters or
8.3.2.2 for crpss-belt cutters.

8.3.2.1 Fallipg-stream cutters

The following criteria shall apply-

a) There shall be noimpediment to the flow of concentrate into the cutter at the maximum flow rate
of the cgncentrate:

b) The cuttpr-shall be of the self-clearing type, e.g. stainless steel or polythene lined, discharging

i ament completel\
each increment-completely

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

d) No materials other than the concentrate sample shall be introduced into the cutter, e.g. dust shall
be prevented from accumulating in the cutter when in the parked position.

e) The cutter shall collect a complete cross-section of the concentrate stream, both the leading and
trailing edges completely clearing the stream at the two limits of the cutter path.

f)  The cutter shall intersect the concentrate stream either in a plane normal to, or along an arc
normal to, the mean trajectory of the stream.
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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.e. straight path cutters shall have parallel cutter lips
and radial cutters shall have radial cutter lips.

i)  The cutting aperture of the cutter shall be not less than 50 mm or, if agglomerates are present,
three times the nominal top size of the concentrate, whichever is larger.

i) Bucket cutters shall be of sufficient capacity to accommodate the increment mass obtained at the
maximum flow rate of the concentrate

8.3.2.2 Cross-belt cutters
The following criteria shall apply.

a) There shall be no impediment to the flow of concentrate into the cutter at the maximym flow rate
of the concentrate.

b) The cutter shall be of the self-clearing type, e.g. stainless steel or polythene lined, discharging
each increment completely.

c) Discharge chute angles shall be a minimum of 60° to4he horizontal.

d) No materials other than the concentrate sample shall be introduced into the cutter, e|g. dust shall
be prevented from accumulating in the cutter’'when in the parked position.

e) The cutter shall collect a complete cross:section of the concentrate stream, both the|leading and
trailing edges completely clearing the-stream at the two limits of the cutter path.

f)  The cutter shall intersect the, coficentrate stream in a plane normal to the mean traje¢tory of the
stream.

g) The cutter shall travekthrough the concentrate stream at a uniform speed, not deviat|ng by more
than 5 % at any point)

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

i)  The cutting aperture of the cutter shall be not less than 100 mm or, if agglomerates dre present,
threetimes the nominal top size of the concentrate, whichever is the greater.

j) \~The cutter bucket shall be of sufficient capacity to accommodate the increment masg obtained at
the maximum flow rate of the concentrate.

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

I)  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
concentrate section in the path of the cutter is collected from the belt.
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8.3.3 Cutter

speed

8.3.3.1 General

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

For example,

with falling-stream cutters, too high a cutter speed will lead to:

a) biasing of the sample due to deflection of the larger particles;

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

c) shocklo

d problems and difficulties in maintaining constant speed while cutting the concentrate

stream.

8.3.3.2 Fallipg-stream cutters

Experimenta
low belt load
when the cut
size of the m

On the basis
figure 3) equ
should not e

NOTE — Cu
accordance w

8.3.3.3 Cros

Where samp
from the com
stream axis,
be such that

work undertaken by Gy [3] shows that for sampling heterogeneous material stréams of
ng where the particle size distribution is very narrow, significant bias may belintroduced
fer speed exceeds 0,6 m/s or the cutter aperture is less than three times the nominal top
hterial being sampled.

of this evidence, the speed of cutters that have an "effective cutter aperture" w, (see
bl to 50 mm or 3 times the nominal top size of the concentrate,‘whichever is the greater,
ceed 0,6 m/s.

ter speeds in excess of 0,6 m/s may be used only if it can be shown experimentally in
th ISO 13292 that no significant bias is introduced.

S-belt cutters

ing from a moving conveyor belt using a eress-belt cutter, increments shall be taken
plete width of the belt, either at right angles to the stream axis or at an angle to the

50 that the cutter does not create a'bow wave" in front of it. The peripheral speed shall
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 inerement obtained in one pass of the sample cutter shall comply with 6.2

or 6.3.

8.5 Numbe

The number

I of increments

bf increments shall comply with the requirements of clause 5.

8.6 Sampli

g mtervat

The sampling interval shall comply with the requirements of 7.1, 7.2 or 7.3.

8.7 Routine checking

Maintenance

and inspection of the sampling system, particularly cutter apertures, shall be carried out

frequently. An example of a checklist is provided in annex D. A bias monitoring programme, where
data are routinely collected for each lot, is a useful exercise. Compliance with this International
Standard shall be verified when modifications are made.
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Vg 2
/N 3
4 C
(a) Vector diagram (b) Effective.aperture of cutjer

Key

Vg velocity of concentrate stream

Ve velocity of cutter

resultant velocity

angle between resultant velocity and direction of cutter path

cutter aperture
o effective cutter aperture

sso

Effective cutter aperture
Cutting edges
Cutter

wWN -

Figure 3 — Cutter having cutting edges‘designed to cut normal to the concentrate strepm,
illustratingthe effective cutter aperture

9 Manual sampling of concentrate streams
9.1 General

Manual sampling-may be performed on a mass basis or a time basis, provided that accegs is
available to the.complete concentrate stream and that there is no risk to the safety of the joperator. In
relation to safety of operators, the applicable safety codes of the regulatory authorities shill be
respected:

9.2-Choosing the sampling location

The sampling location shall:

a) provide complete operator safety;
b) provide access to the complete concentrate stream;

c) provide minimum segregation of the concentrate stream, e.g. in particle size and moisture
content;

d) be close to the weighing point in space and time.
In most handling systems, the only sampling location that satisfies the above requirements is at a

transfer point immediately after transfer, where the complete falling stream can be accessed. Partial
stream sampling shall be avoided, unless cuts are taken systematically across the full width of the
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stream and it can be demonstrated experimentally in accordance with ISO 13292 that there is no
significant bias.

Sampling concentrate from the top of a moving conveyor belt shall also be avoided, unless the
surface is a fresh random exposure of the concentrate and cuts are taken systematically across the
full width of the stream. It shall also be demonstrated experimentally that no significant bias is

introduced.

9.3 Sampling implements

Sampling from falling streams may be performed using a manual cutter of the type specified in

annex E, incl

uding mechanically assisted devices.

The manual

cutter shall comply with the requirements of 8.3.

Sampling scdops may be used for sampling concentrate from moving conveyor belts (see anneX’E),

provided that
introduced.

it can be shown experimentally in accordance with ISO 13292 that no significant bias is

9.4 Mass (1 increments

The minimu

9.5 Numbe

The number

9.6 Sampli

mass of each increment shall comply with the requirements of 6,4.

I of increments

Df increments shall comply with the requirements of clause’s.

ng interval

The sampling interval shall comply with the requirements of\7/1, 7.2 or 7.3.

9.7 Sampli

ng procedures

stream with

sampling implement. Care shall-be taken to minimize change in moisture content, both

Sampling sh%xll be carried out by taking a single/Cut'or multiple cuts across the complete concentrate

during and a

ter sampling.

9.7.1 Full st

Increments

eam cut from a falling stream

all preferably be taken from a falling stream in a single pass, moving the sampling

implement agross the full width’of the stream at a uniform speed, taking care that the concentrate
does not ovefflow before the_.sampling implement leaves the stream.

9.7.2 Partial[stream cuts from a falling stream

If the concentraté.flow rate is too large to take a complete cross-section of the stream in a single
pass, the sampling implement may be placed in the stream to draw increments systematically across

the whole concentrate stream in a number of discrete actions, provided that it can be shown in
accordance with ISO 13292 on a regular and on-going basis that no significant bias is introduced.

The stream should be divided into separate areas, e.g. at least three areas as illustrated in figure 4.

After taking an increment from the first area, the implement is systematically moved to each remaining

area for subsequent increments so that after three increments the complete cross-section of the

concentrate stream has been sampled. Each set of increments may be combined to represent the full

cross-section of the concentrate stream.

The sampling implement is inserted upside-down in the stream, inverted and allowed to fill, then
withdrawn from the stream. Overfilling shall be avoided, because this may lead to bias in the sample.
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Where a subsample or a lot sample is constituted from a number of increments, each subsample or
lot sample shall contain increments that represent the complete cross-section of the stream.

Concenfrate
stream

Figure 4 — Plan view of a concentrate stream with recommended positipns/sequence
manually taking increments across the stream

The actual number of cuts required to obtain an increment from the.Cemplete cross-sectiq
stream will depend on the stream geometry, its density, and the dimensions of the sampl
implement.

9.7.3 Sampling from moving conveyor belts

—h

or

n of a falling
ng

Where access to a falling stream is severely restricted or unsafe, increments may be tak

n from

concentrate in situ on a moving conveyor belt, ptevided that the surface of the concentrate on the

conveyor is a fresh random exposure of concentrate and it can be shown in accordance
ISO 13292 on a regular and on-going basis that no significant bias is introduced. To satis

ith
these

requirements, increments shall be taken.as close as possible to the point at which the copcentrate 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 (see annex E), in a similar manner to that illustrgted in
figure 4. Each set of increments taken across the stream may be combined to represent the full

cross-section of the ceneentrate stream. Alternatively, if interleaved samples are being ¢
increments taken systematically across the stream shall be directed alternately to sample
sample B.

10 Stepped-belt reference sampling
Stopped-belt sampling is the accepted method for obtaining a reference sample against v

sampling procedures may be compared, although it presents operational difficulties even
handling system is capable of being restarted with a fully loaded belt. The main problems

nstituted,
A and

vhich other
if the
are losses

in production tonnage and the difficulty experienced in sequence starting the handling system. During

a ship loading or unloading operation, this can cause delays in the turnaround time of the

ship.

Special care is also required if the samples are taken for moisture determination, because moisture

may be lost while the reference sample is being removed from the conveyor.

An alternative reference method, which is also expensive, is to divert the concentrate flow onto a
transfer conveyor belt to produce a concentrate bed identical to that on the main belt where routine
sampling is being conducted. Stopped-belt sampling is then carried out on the transfer belt. The
transfer conveyor belt should be of sufficient length to allow establishment of a concentrate bed which
is not influenced by any longitudinal segregation introduced by the diversion plate. The point of
diversion to the transfer belt should be as close as possible to the point where routine sampling is

being conducted.
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The procedur

e for sampling from a stopped belt shall be as follows.
e the parameters for sampling in accordance with clause 5.

belt at the time or mass intervals determined in accordance with 7.1, 7.2 or 7.3.

At each stoppage, place a suitably profiled sampling frame (see annex F) having minimum

internal dimensions of 50 mm or three times the nominal top size of the concentrate, whichever is

er, across the width of the belt, and insert it through the concentrate so that it is in

contact with the belt across its full width.

Should any large agglomerates obstruct insertion of the frame, push those at the left-hand edge

a) Determin
b) Stop the
c)

the great
d)

of the fra

increme
e) Remove

moisturg

deposit
f) If the ref

any cha
NOTE — Fo

from each inc
moisture and

f) If paired
separatg.
If the qu
accorda
g) Storeth
11 Sampli
11.1 Gene
Mechanical S
unloaded, sa

grab, particu

11.2 Mass

The minimu

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

nt.

the concentrate within the sampling frame in the shortest possible time to prevent loss of
, ensuring that all concentrate particles are collected by sweeping the belt clean and

pach increment into a suitable container.

Brence increment is to be used for moisture determination, seal the container to prevent
ge in moisture content.

determination of moisture content, it is recommended that a moisture Subsample be constituted
ment or each sub-lot. This will not only reduce the total variance, bt will also minimize loss of
ence bias.

comparisons are required on an increment-by-increment'basis, keep the increments

hlity of the lot is required, combine the increments into subsamples or a lot sample in
nce with 7.1.5 or 7.2.5 and 4.5 if required.

e increments, subsamples or lot samples:in labelled containers as specified in clause 17.

ihg from grabs

al

ampling from moying-streams is the preferred method. However, while a vessel is being
mpling may be €arried out by taking increments from the concentrate contained in the
arly if a gantry/scale is being used for weighing.

of primary increments

mass of primary increments shall comply with the requirements of 6.4. Primary
increments shrmrmmmmmmm e Ci ati

greater than 20 %.

11.3 Numb

Increments s

er of primary increments

hall be taken from the concentrate in the grab every ng grabs, where ng is given by:

m
ng <—-= ... (20)
ny Mg
where mg is the average mass of concentrate in each grab, in tonnes.
The value of ng obtained in equation 20 shall be rounded down to the next lower whole number.
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11.4 Method of sampling

Increments shall be taken from the concentrate in the grab using a spear sampler (see figure 5 and
15.4.7) of appropriate dimensions. Bias tests shall be conducted in accordance with ISO 13292 on a
regular and on-going basis to show that no significant bias is introduced.

11.5 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. Where 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

NOTE — For determination of moisture content, it is recommended that a moisture subsample bg 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 tptal variance
for sampling from grabs is given in annex B.

12 Sampling from trucks and railway wagons

12.1 General
Mechanical sampling from moving streams is the preferred method. However, sampling from trucks
and railway wagons may be carried out while the‘trucks and railway wagons are being weighed,

provided that access to the full depth of the cancentrate is available.

12.2 Mass of primary increments
The minimum mass of primary increments shall comply with the requirements of 6.4. Prinpary
increments shall be of almost uhiform mass, i.e. the coefficient of variation of the masses|shall be no
greater than 20 %.

12.3 Number of primary increments

The number of inttements to be taken from each truck or railway wagon constituting the |ot is given
by the following-equation:

m
g S (21
NS (21)

where

ny, is the number of increments to be taken from each truck or railway wagon;
Nt is the number of trucks or railway wagons constituting the lot.
The value of ny, obtained from equation 21 shall be rounded up to the next higher whole number.

12.4 Method of sampling

The number of increments ny, to be taken from each truck or railway wagon shall be taken from

locations spaced as evenly as possible over the surface of the concentrate in the truck or railway
wagon using a spear sampler (see figure 5) or a grab sampler (see figure 6) so that increments
represent almost uniform masses of concentrate. The minimum internal dimensions of the spear or
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grab sampler shall be 30 mm or, if agglomerates are present, three times the nominal top size of the
concentrate, whichever is the greater. It is essential that each increment be taken from the full depth
of the concentrate in the truck or wagon and that the full vertical column is extracted for the sample to
be representative of the lot, particularly when sampling a lot that has segregated or the moisture has
migrated due to long periods of storage or long transportation distances. Bias tests should be carried
out in accordance with ISO 13292 on a regular and on-going basis, e.g. by introducing a portable
conveyor into the handling system, to confirm 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.

NOTE — 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 Constjtution 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. Where 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.

NOTE — Fol determination of moisture content, it is recommended that a moisture subsample be constituted
from each subt-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 Preparation and
Stage Method (100) (500 t) comments
Sample mass Sample mass
nj (kg) i (kg)
1 Autofnatic spear sampling Two increments per truck
(m 43 kg) 12 36 60 180
2 Mantial spear sampling Subsamples from each
(m 40,35 kg) 24 8,4 120 42 sub-lot kept separate
3 Mangal increment division Moisture determination
(m 40,1 kg) 20 2,0 200 20 on subsamples, then
(x2) (x2) combine and crush to
-1 mm to form a lot
sample for chemical
analysis
4 Rotafy division (1/8) Large 2,5 Pulverize to -150 um
5 Rotafy division (1/8) Large 0,3
(x4)

13 Sampling of concentrate in hagQ ordrums

13.1 General

Some concentrates are shipped in bags or drums. They should be sampled at the point where
weighing takes place.

13.2 Mass of primary increments
The minimum mass of primary increments shall comply with the requirements of 6.4. Primary

increments should be of almost uniform mass, i.e. the coefficient of variation of the masses should be
not greater than 20 %.
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13.3 Number of primary increments

The number of increments to be taken from each bag or drum may be calculated as follows:

L
n. ="M .. (22
A (22)
where

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

Ny is the number of bags or drums constituting the lot.

The value of ny obtained from equation 22 shall be rounded up to the next higher whole number.

13.4 Method of sampling
13.4.1 General

The recommended method of sampling bags and drums is to sample duringrthe filling or emptying of
the bag or drum. However, spears (see figure 5) may also be used toSample the concenfrate in the

bag or drum provided that the spear penetrate the full depth of the bag or drum and the fyill column of
concentrate is extracted.

13.4.2 Sampling during filling or emptying

If the bags or drums are being filled from a hopper or etaptied into a hopper, the falling stfeam of
concentrate can be sampled mechanically using a cutter or a divider in accordance with ¢lause 8 or
manually using a suitable implement in accordancewith clause 9.

13.4.3 Spear sampling

The spear shall have a minimum diameter of 30 mm or, if agglomerates are present, threp times the
nominal top size of the concentrate;\whichever is larger. It shall be long enough to penetrpte to the
bottom of the bag or drum. The-procedure is as follows.

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

b) Push the spear intorthe concentrate until it reaches the bottom of the bag or drum. Cpnsiderable
force may be required to achieve this.

¢) Withdraw the-spear from the concentrate, ensuring that no concentrate is lost from irjside the
spear.

d) Remove the increment from the spear and place the increment in a container made ¢f a material
that'is impervious to moisture.

e)~Place a lid on the container between increments to minimize moisture loss.

33


https://standardsiso.com/api/?name=9ae2dde3a9ed99224a4acfffc1aca329

ISO 12743:1998(E)

Dimensions in millimetres

0o

00
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Figure 5 — Example of a spear sampler
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Figuré 6 — Example of a grab sampler

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. Where the lot is divided into sub-lots, subsamples shall be cpnstituted by
combining the-increments taken from a given sub-lot at an appropriate stage of sample pfocessing in
accordancewith 7.2.5 and 4.5 if required.

NOTE.—"' For determination of moisture content, it is recommended that a moisture subsample bg constituted
fromieach sub-lot. This will not only reduce the total variance, but will also minimize loss of moisture and hence
bias.

14 Sampling of stockpiles
A discussion of issues relevant to the sampling of stockpiles is given in annex G.
15 Methods of comminution, mixing, division and drying

15.1 General
Each sampling stage, except the primary stage, consists of a series of comminution, mixing, division

and drying operations. Where the sample is to be used for chemical analysis, all four operations may
be carried out, with drying being conducted at temperatures of up to 105 °C + 5 °C if necessary to
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facilitate subsequent sample processing. However, where analysis for volatile elements such as

mercury is re

If the sample

quired, drying shall be carried out at temperatures not exceeding 60 °C.

is to be used for moisture determination, drying is not permitted during processing of the

moisture sample and care shall be taken to minimize loss of moisture by keeping exposure to the
atmosphere to a minimum. Hence, moisture samples shall not be submitted to comminution, and shall

not be mixed

prior to division, unless mixing is carried out in a closed container, e.g. a plastic bag.

15.2 Comminution

15.2.1 Gene

ral

Crushers, gri
nominal top
not applicabl

Crushers ar¢g
whereas pul
150 pm. Grin

The sample
speed, which

During prep3
crushing and
accordance
introduced.

Material that
and cannot b

hders and pulverizers, called mills in this International Standard, are used to reduce the
ize of samples for chemical analysis to a suitable level for subsequent division. They are
b to moisture samples, which shall not be crushed or pulverized.

usually used if the concentrate is coarse, e.g. due to the presence of agglomerates,
erizers are used at the final stage of sample processing to reduce the particle size to
ders are used at the intermediate stages.

thall be fed uniformly into mills in such a way that choking of the mill.or. changes in mill
may result in variation in the particle size distribution of the proddct, are avoided.

ration of the chemical analysis sample, screening to remove ‘eversize particles for re-
recombination shall not be carried out unless it can be shown experimentally in
vith ISO 13292 for each concentrate being processed that no significant bias is

is difficult to crush is usually different in composition from the remainder of the sample
e easily mixed back into the sample.

The precision of sample division and analysis is advérsely affected by the presence of oversize

material. Mill
is below the

15.2.2 Mills

Suitable millg
should be ed|

Those parts

material to m
are to be det
the elements

performance should be checked regularly to ensure that at least 95 % of the mill product
Stated nominal top size.

include jaw crushers,‘roll crushers, cone crushers, plate mills and ring mills. They
Sy to clean and shall.be cleaned between samples.

pf the mill that.ceme into contact with the concentrate should be of wear-resistant
inimize contamination. This is particularly important for samples in which trace elements
ermined,~and every effort should be made to use equipment that does not contain any of
to be\determined.

Certain mills

arine mille AanA Alata e tanA +a hanama hantad ~and camanlne chall Aat ha

Heh o
SOt ao g rhnio oo pPratC T o tC it to ot oMt TicattC U o SarmPric S—Shan ot o

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 be allowed to cool between samples.

Factors that influence the choice of mill for any stage of sample processing are:

a) the particle size of the concentrate;

b) the type

c) thetype

36
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of testing that is to be carried out on the sample.
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Mills that crush mainly by compression, such as jaw crushers and roll crushers, are preferred to those
that grind by attrition under pressure, e.g. plate mills. Because of the danger of sample contamination
for small gap settings, plate mills are suitable only for intermediate grinding prior to final comminution.

15.3 Mixing

15.3.1 General

The precision of division can be improved by thorough mixing of the sample prior to division. The

need for mixing is particularly important where samples from more than one source are combined.
Where possible, the sample processing scheme should be designed so that the need for mixing is
minimized

Mixing of moisture samples may result in moisture loss and hence bias. Consequently,)m
samples shall not be mixed prior to division, unless mixing is carried out in a sealed.contg
plastic bag.

15.3.2 Methods of mixing

Mixing can be carried out by one of the following methods:

a)

b)

d)

e)

NOTE — Some methods of hand mixing, for example forming and reforming a conical pile, can H
opposite effect’to that intended, and can lead to increased segregation.

Use of mechanical mixers such as a V-mixer (see figure/7), a gyratory cylinder or a j
mixer.

Use of a pair of mixing trays (see figure 8), in which.'the sample is transferred from o
the other a minimum of six times.

Strip mixing in which the concentrate is formed into a strip by careful distribution of th
concentrate from a shovel. The length/width ratio of the strip shall be not less than 1
complete cross-section of the concentrate strip is taken, commencing at one end, an
to form a new strip. Each successive cross-section is spread out on top of the prece
section, layer upon layer, until.the old strip has been converted into the new strip. Th
process is repeated twice.

Pulverization in a ring.mill.

Passing the sample through a riffle or preferably a rotary sample divider three times

succession, recombining the portions after each pass. Dust losses shall be minimized.

oisture
iner, e.qg. a

loughshare

he tray onto

e
1A

d spread out
ling cross-

e above

Q35

ave the
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Figure 7 — Example of a V-mixer for sample mixing

Srhall
Medium
Large
Figure 8 — 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;

¢) increment division;
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d) spear division;

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.

NOTE — 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
samples.

a) spear division;

b) increment division.
If necessary, each sample shall first be mixed in its container to re-absorb any moisture that may
have condensed on the inside walls of the container. The moisture sample shall then be divided as
quickly as possible, minimizing exposure to the atmosphere.
15.4.3 Number of increments for division

The number of increments and their minimum masses for division of increments, subsamples and lot
samples should be determined experimentally in accordance with 4.3 and 4.4. However, |f no
information is available on variancebetween increments, the following numbers of incremjents may be
used as a starting point:

a) for lot samples - a minimum of twenty increments;
b) for subsamples -‘a minimum of ten increments;

c) forindividualihcrements - a minimum of four subsequent increments.

15.4.4 Rgtary sample division

Rotary.sample division is carried out using a rotary sample divider (see figure 9) in which|the bulk
sample discharges from a feed hopper either directly or over a vibrating or belt feeder intg rotating
sample contamers Alternatively, the contalners are statlonary and the sample discharge putlet

) eed 0,6 m/s at the
point where the cutter intersects the stream. Dimensions depend upon parameters such as the mass
of the sample and the required division ratio, but the aperture shall not be less than 50 mm. The
number of rotations of the sample carousel or sample discharge outlet shall conform to the
requirements of 15.4.3.

Rotary sample division is suitable for dividing samples for chemical analysis, but shall not be used for
division of moisture samples.

15.4.5 Cutter-type division

The procedure for cutter-type division is as follows.
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Discharge the concentrate from a feed hopper onto a belt feeder.

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

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 proportional division is being applied, the interval between increments shall be maintained
constant regardless of the mass of the lot sample, subsample or increment to be divided in
accorda i inci irst i ithi

first timg interval.

Cutter-type division is suitable for dividing samples for chemical analysis, but is unsuitable for dividing
moisture sanpples.

Key

OO WNE

40
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5
6
Feed hopper
Slide gate
Vibratory feeder
Removable canisters
Turntable

Drive (enclosed)

Figure 9 — Example of a rotary sample divider
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15.4.6 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 thickness
as specified in annex H, table H.1.

b) Mark a matrix on the spread sample (see figure 10), comprising four, ten or twenty parts as
specified in 15.4.3.

c) Collect one increment of approximately equal mass from each part of the matrix with a flat-
bottomed scoop chosen from table H.1 in annex H

d) Insert a flat bump plate vertically through the spread concentrate until it comes¢into cpntact with
the mixing surface. Then insert the scoop to the bottom of the spread concentrate arjd take the
increment by moving the scoop horizontally until its open end comes into contact with the bump
plate, ensuring that all concentrate particles are collected off the top of.the mixing sufface.

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

Manual increment division is suitable for division of both moisture“and chemical analysis $amples.

1) Spread the crushed gross sample into a 2) Arrange in 20 equal parts. e.g. into 5 equal
rectangle with a thickness_ - ds)" specified in parts lengthwise and 4 equal parts Qreadthwise.
table H.1.

3) Take a scoopful of sample at random from each Key
of the 20 parts by inserting the scoop to the
bottom of the sample layer and combine the
20 scoopfuls of sample into a divided sample. Outline of taking an increment by using a bump

plate shown in 3).

1 Bump plate

Figure 10 — Manual increment division (20 parts)
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15.4.7 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 the 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 congentrate is not allowed to adhere to the outside of the implement as it is withdrawn, and
that wet congentrate is not left adhering to the inside of the implement while removing the increment.

The number pf 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 dver the surface of the concentrate to be divided so that the increments represent almost
uniform massges of concentrate.

15.4.8 Fractjonal shovelling

The procedufe for division by fractional shovelling (see figure 11) is as follows,

a)

b)

c)

Mix the

toncentrate and form a conical heap on a smooth clean sutface.

Take sugcessive shovelfuls from the base of the heap, working-around the base, until the whole
of the cdnical heap has been redistributed, by placing the shovelful on separate heaps. The
number pf heaps is determined by the division ratio but Shall not exceed 20. For example, ifa 1 in
5 divisiop ratio is required, five heaps (N,, N,, N,, N, and'N,) are formed as shown in figure 11.

The nu
require

mber of shovelfuls (i.e., increments) placed«on each heap shall conform to the
ents of 15.4.3.

Select aj random the heap to be retained.

Fractional shpvelling is suitable for dividing Samples for chemical analysis, but is unsuitable for
division of mpisture samples.

42

Figure 11 — Division by fractional shovelling

©1SO


https://standardsiso.com/api/?name=9ae2dde3a9ed99224a4acfffc1aca329

©1SO

ISO 12743:1998(E)

15.4.9 Ribbon division

The procedure for division using the ribbon method is as follows.

a) Spread out the concentrate without preliminary mixing in a linear chute constructed from
removable sections (see figure 12) to form a "ribbon" of length 1 m to 2 m, width 7 cm and

approximate thickness 7 cm.

b) Remove the front section to gain access to the concentrate to be divided.

c) Using an increment scoop of 1 cm to 2 cm width, 10 cm depth and 10 cm height (see figure 12),

ribbon. While taking each increment, the full cross-section of the ribbon shall be exir.

Ribbon division is suitable for division of chemical analysis samples, but is unsuitablée for
moisture samples or concentrates containing agglomerates.

15.4.10 Riffle division

A riffle (see figure 13) is a sample divider that is used to divide the cencentrate fed into it
one half being retained and the other rejected. It operates by allowing the concentrate to
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 su
which the concentrate could rest should be inclined at 1ot less than 60° to the horizontal.
that fit closely against the body of the riffle are recommended to minimize dust loss. It is 6
the riffle used be appropriate for the nominal top'Size of the concentrate to be divided, be
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 no
size of the concentrate, whichever is the‘greater. There shall be at least eight slots for ea|
riffle. The divided sample mass shall'be at least 5 % of the original sample mass.

Riffling shall be carried out as follows.

a) Mix the concentraté and place it in the feed container.

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

c) Pass(the’concentrate through the riffle and collect it in two receivers.
d) _Retain the sample from one of the receivers, chosen at random.

e) If further subdivision is required, the retained sample may be passed through the riffl

of the
cted.

division of

nto halves,

all through a

rfaces on
Receivers
ssential that
Cause

minal top
Ch half of the

ull length of

P again.

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

for dividing
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Dimensions in centimetres

R o o}

U
1

Key

1 Side wedge (PVC) 7  Sampling shovel (stainless steel)

2 Back corner wedge (PVC) 8 Ribbonof L=1mto2m

3 Removal of front corner wedge as soon as ribbon is formed 9  Example with nj= 20 increments (view from above)
4 Front corner wedge (PVC) 10  ’Front’ bevelled edges

5 Rod (stainless steel) for clearing shovel if required 11  Sampling scoop

6 Open face

Figure 12 — Ribbon method of division
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(a) Open riffle

(b) Closed riffle
Figure 13 — Examples of riffles
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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.

NOTE — 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
moisture test portion should be increased to 2,5 kg.

16.1.2 Procq

ssing of samples

The number pf test portions indicated in table 6 shall be taken from unscreened subsamples or lot
ne of the methods of division specified in 15.4 and weighed immediately. If this isynot
lot sample or subsample shall be stored in an impervious air-tight container wijth\a
minimum of free air space to minimize any change of moisture content, but should be processed

. Some plastics are not impervious to moisture, so care shall be taken to eénsure that

samples by d
possible, the

without delay

suitable conthiners are used.

Table 6 — Minimum number of test portions for moisture determination

Tyge of sample

Number of test

Number of subsamples

portions per lot
Lot Sample 4 -
Yubsample 2 2-3
1 =4
ncrement 1 -

Moisture det¢rmination shall be carried out in accoerdance with ISO 10251 as soon as possible after
bns have been taken. Crushing and/or screening of moisture samples is not acceptable,

the test porti
because it le

ads to moisture loss.

If separate samples are prepared for.determination of moisture and metal content, both samples shall
mately the same mass-and shall be dried in the same manner.

be of approx
16.2 Chem

Laboratory s
subsamples
sealed in pla
plastic bags

cal analysis samples

hmples oftypically 200 g for chemical analysis shall be taken from lot samples,
Dr dried:test portions used for moisture determination. These samples shall be heat
sticslined aluminium pouches or a glass bottle having a tight fitting lid. Paper bags or

hre-not suitable.

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 shall be prepared, ensuring that drying of the sample is carried out at temperatures
not exceeding 60 °C.

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.
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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 impervious containers. The relevant information shall be
shown on the label and a card placed in the container. Examples of the information are as follows:

a) type, grade and identification of the lot (hame of ship, number of train, etc.);
b) wet mass of the lot or sub-lot;

¢) sample number 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
(informative)

Sampling stage method of estimating
sampling and total variance

onents of sampling error and sampling variance

As shown by
correspondin

TSE =
where
TSE; i
TSE; i
TSE, i

The above b
errors may b

Gy 3], the total sampling error TSE can be broken up into a number of components
g to each sampling stage 1, 2, ....., i, ....., U as follows:

X(AL)

5 the sampling error for stage 1,
5 the sampling error for stage J;
5 the sampling error for stage u, the last stage.

eak-up is possible, because each component of sampling error is independent. The
b random or systematic (i.e. a bias).

Each sampling stage consists of two operations. These aré selection (or sampling) and preparation.

In this conte
etc. Thus:

TSE =

where

SE i

PE i

t preparation is a non-selective operation iavolving operations such as crushing, drying,

SE + PE .. (A2)

5 the selection error;

5 the preparation‘error.

Typical prep

ration errors’include sample contamination, sample loss, alteration of the chemical or

physical composition-ofthe sample and operator mistakes.

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

ME as follows:

SE = CE + ME

.. (A3)

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 e

liminated by correct cutter design and operation.

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

Thus:

CE = QF + WE

48

(AL

©1SO


https://standardsiso.com/api/?name=9ae2dde3a9ed99224a4acfffc1aca329

©1SO

ISO 12743:1998(E)

where
QE 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:

QE = QF1 + QFE; + QF3

... (A5)

where
QE; s the short-range quality fluctuation error;
QE, isthe long-range quality fluctuation error;
QE3 s the periodic quality fluctuation error.

The short-range fluctuations result from two properties related to the-particulate nature of

the

concentrate. These are the composition of the particles (fundamental-error) and the manner in which

the particles are grouped (segregation/grouping error). Thus:
QE, = FE + GE

where
FE is the fundamental error;
GE is the segregation and grouping-error.

The materialization error can be further'broken up into the delimitation error DE and the ¢
error EE as follows:

ME = DE + EE
The delimitation errors eliminated if all parts of the concentrate stream are intercepted b
cutter for the same-tength of time. The extraction error is eliminated if the increment is co
extracted from the-stream without any concentrate rebounding from the cutter.
Combining.eguations A.2 to A.7 gives the following equation for the sampling error at eag

TSE = FE+ GE+ QE, + QE3 + WE+ DE+ EE+ PE

The last three error components in equation A.8, i.e., DE, EE and PE, are systematic errg
introduce bias. They arise from not respecting the correct principles of sampling from the

... (AB)

xtraction

L A7)

y the sample
mpletely

h stage:

... (A8)

rs, which
mechanical

standpoint. They can be eliminated by using correct sampling practices, which are descri

bed in

clauses 8, 9, 10 and 11. Practical experience with concentrates also shows that the weighting error
WE is negligible compared to QE,, even where there are significant variations in flow rate. Likewise,

the periodic quality fluctuation error QE3 is also negligible, except in exceptional cases where
production or stockpiling procedures introduce some periodicity. Hence, the equation for the total

sampling error reduces to:
TSE = FE + GE + QF,
or alternatively:

TSE = QE; + QE;

... (A9)

... (A.10)
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These error components are random errors.

From equations A.9 and A.10, it is clear that the variance of the total sampling error is given by:

2 2

2

- 2

S5 =Sre +Sge *SqE, ... (A11)
where

s% is the total sampling variance;

séE if tThe fundamental variance,

SéE i the segregation and grouping variance;

32QE2 i the long-range quality fluctuation variance.
or alternatively:

2_.2 2 _2

Ss=Sod, *SoE, ~SqE ... (A12)
where

SzQEl i the short-range quality fluctuation variance;

SZQE is the quality fluctuation variance.
In equation A.12, the long-range quality fluctuation wariance is often referred to as the distribution
variance.
A.2 Estimation of fundamental variafnce
Gy [3] has shpwn that the variance pfithe fundamental error, séE, is given by:

QGd3 a2
S2e = ... (A13)
S

where

C s thelsampling constant for a given concentrate of given particle size and critical constituent;

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

mg 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:

C=cl

where

50

fg ... (A14)
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c is the mineralogical composition factor defined below;
/is the liberation factor.
fis the particle shape factor, which can usually be taken to be 0,5;

g is the size range factor, usually between 0,25 and 1,0.

| = 1/(d,/d) when liberation is incomplete, d being the nominal top size at which complete

liberation occurs; / =1 when liberation is complete.

If d is unknown, a conservative assumption is to set d = d.

The mineralogical composition factor is given by:

(1—a)[(1—a)p1+ap2]

c=

where
p1 is the density of the particles of the critical componént, in grams per cubic centi

po is the density of gangue particles, in grams per cubic centimetre.

The size range factor g can be estimated from theratio d/d’ of the nominal top size d to tk
limit d' (about 5 % undersize) as follows:

Large size range (d/d'> 4) 9=0,25
Medium size range (2 < d/d'< 4) g=0,50
Small size range (d/d'< 2) g=0,75
Uniform size (d/d'= 1) g=1,00

Equation A.13 canlbeé transposed to give the minimum sample mass required to achieve
fundamental errot.variance as follows:

e Cd3a?
S~ o2
SFE
Example A.1

... (A.15)

metre;

e lower size

A given

... (A.16)

Azinc concentrate having d = 150 pm (i.e. 0,015 cm), d = 50 pm and a Targe particle size range is to

be sampled. Assume 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 the ZnS concentration to be
50 % (i.e. a=0,5) and that the fundamental error is not to exceed 0,02 % Zn or 0,03 % ZnS

(i.e. spg = 0,000 3).

_(1-0,5)[(1-0,5)x5,0+0,5x2,6]

c= =38
0,5

I =,/(50/150) = 0,58
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C =38

x 0,58 x0,5x0,25=0,28

Using equation A.16, the minimum sample mass for a fundamental error s of 0,000 3 is given by:

ms = [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 pul
portions of 0,

Example A.2

verized to a nominal top size of 75 um, mg is reduced to 0,45 g, thereby enabling test
5gto 1,0 g to be used for the above ZnS concentrate.

A copper cor
sampled. As
gangue cons

centrate having d = 150 pm, d = 100 pm and a large particle size range is to be
sume the mineral is CuFeS, having a particle density, py, of 4,2 gcm-3, and that the
sts of silicates having a particle density, p,, of 2,6 gcm-3. Also, assume the CuFeS,

concentration is 90 % (i.e. a = 0,9) and that the fundamental error is not to exceed 0,02 % Cu'or

0,06 % CuF4

S, (i.e. Seg = 0,000 6).

In this case,

mg = [(

9)[(x- 4,2 2

)[(1-0,9)x4,2+0,9%2,6] _oat
0,9

0/150) = 0,82

1x0,82x0,5x0,25=0,032
he minimum sample mass is given by:

,032 x (0,015)3 x (0,9)2]/(0,000 6)2 = 0,24 g

It should be Toted that round robin testwork and replicate analyses provide the best estimates of the

analytical va

calculations i
or not.

A fundament
quickly when

iance SZA, which includes thetvariance due to selection of the test portion. The above

hdicate whether the fundamental variance séE is likely to be a major component of 52A

Al characteristic.of séE is that it diminishes very quickly when d is reduced and not so
mg is increased, but it can never be eliminated no matter what crushing and

homogenizatjon 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 Segre

Gy [38] has sh

gation and grouping variance

own 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

the fundame

2 o2
Sog, = 25FE

52

ntal variance, in which case:

. (A17)
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A.4 Long-range quality fluctuation variance

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

The better method is to calculate the variogram, which examines the differences between increments
at increasing intervals (called lags) apart. The variogram approach allows for serial correlation

between increments, and enables the separate contributions of the variances SéEl and séEz to be

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

thelr Sampling SCheme.
NOTE — The interleaved sample method also takes into account the second term of the,variogram.

The alternative method, which forms the basis of this International Standard,is>a’simplifigd approach
involving calculation of the variance between increments s% . However, urilike the variog:Em
approach, the contributions of the variances SZQEl and SéEz cannot be separated. Only the sampling

variance s% can be determined.

The variance between increments 5127 can be estimated fora’given sampling stage using|the
following equation:

i(x, -5’

sg = I:T - 53, ... (A.18)
where

Xj is the test result forincrement j;

% is the mean test result for all increments;

n is the.number of increments;

SI%A iSythe variance of subsequent sample processing and analysis of each increment.

Thus{if)n increments are taken for this sampling stage, the sampling variance s% for the|sample
olitained by combining all increments is given by:

... (A19)

Rearranging equation A.19 enables the number of increments required to achieve a given sampling
variance to be calculated as follows:

sh
n=-0 ... (A.20)
s§

NOTE — Care needs to be taken when subtracting variances. The difference is significant only when the F
ratio of the variances being subtracted is statistically significant.
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A.5 Practical estimation of total variance

Using equation A.19, the sampling variance s%/ for sampling stage "' is given by:

2 =
SS/'_

2
b,

nj

. (A.21)

Consequently, the sampling variance s% for all sampling stages (1 to u-1) is given by:

. (A.22)

Now the tota

2 = g2
ST—SS

where

Combining e

For a three-g

2

2 _Sb
ST =—
m

The best way
equation A.2

number of in

term can be
selecting the
increments n

variance s% .

variance s% is given by:

2

S
N
r

“(A.23)

is the number of replicate analyses.

fuations A.22 and A.23 gives:

2
S, s
"bi , °A

nj

2

. (A.24)
p

tage sampling scheme (including selection of the€’test portion), equation A.24 reduces to:

2

52 S
P2 4 2A ... (A.25)

n;

r

of reducing the value of s% tovan acceptable level is to reduce the largest terms in

1 first. Clearly sgi I n; for@a given sampling stage can be reduced by increasing the

crements n; or reducing %2 by homogenizing the concentrate prior to sampling. The last
bj

educed by increasing the mass of the test portion, reducing the particle size prior to
test portion, or¢erforming replicate analyses. Selecting the optimum number of
i for each sampling stage may require several iterations to obtain the required total
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B.1 Definition of example

Annex B
(informative)

ISO 12743:1998(E)

— Barge unloading using a grab

A barge containing 500 tonnes of zinc concentrate is unloaded using a grab of capacity 2 tonnes. For

chemical analysis, primary increments of U,b Kg are taken aiter every 1iith grab irom the ifesh
concentrate surface exposed in the barge by the grab, resulting in 50 primary increments|. For
moisture determination, separate increments of 0,5 kg are taken after every tenth grab, rgsulting in

25 primary increments.

Assume that the concentrate contains 42,87 % Zn, 830 g/t Ag and 6,45 %‘moisture. A folir-stage
sampling scheme is used for the chemical analysis sample (including selection of the tes{ portion),
and a two-stage scheme is used for the moisture sample. The parameters in table B.1 ar¢ estimated

using equation (A.18) in A.4.

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

Standard deviation Z(Q/(:):CE;};[:; Ag C(g;]tt)em Mmstureryco;)ntent
Sp1 0,15 25 0.24
Sp2 0,10 15
Sh3 Negligible Negligible
Sa 0;06 8 0.5
NOTE — The analytical standard deviations (sp) were obtained from round robin testwork, and hence includle the sampling
error due to selection of the testportion.

B.2 Estimation(of total variance

B.2.1 Determination of metal content

Stage. 1

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

m = 50

Primary sample mass = 25 kg

Equation 5 gives:

a) Zinc content

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

b) Silver content

2 = —
s§, = 252/50 = 12,5
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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

sample mass = 2,8 kg

a) Zinc content

2 —
SSZ -

b) Silver cdntent

2 —
SSZ =

Stage 3

152/20 = 11,25

After drying @nd crushing to 0,5 mm patrticle size, the 2,8 kg sample is divided to 230.g using a rotary

sample divid

br and a large number of revolutions of the RSD.

ng = very large

Divided

2 —
553 =

Stage 4
The sample i
variance duej

sample mass =230 g

hegligible for both zinc and silver content

S pulverized to 150 pm and a single test portion of 2,5 g taken for analysis. The sampling
to selection of the test portion is included in the analytical variance.

a) Zinc content

s2 = 0,062 = 0,003 6
b) Silver cgntent

s2 =8 =64

Total varianc
Assuming the

p analyses are carried out in quadruplicate, the total variance is given by:

2 - g2 2
ST—SSl+S

52
+s2 +7A
Sy S3 4

a) Zinc content

2 —
ST_O

,000 45 + 0,000 50 + negligible + 0,003 6/4

= 0,001 85

Hence:

st = 0,04 % Zn
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b) Silver content
s2 = 12,5+ 11,25 + negligible + 64/4
= 39,75
Hence:
st= 6,30/t Ag

B.2.2 Determination of moisture content

Stage 1
Primary increments of 0,5 kg mass are taken every 10 grabs.

m=25
Primary sample mass = 12,5 kg
Equation 5 gives:

s = 0,242/25 = 0,002 3

Stage 2
The primary increments are combined and the agglomerates are manually broken up. The sample is
then quickly divided to roughly 1 kg using manualrincrement division (20 secondary increments) to
obtain test portions for moisture determination:*The sampling variance due to selection of| the test
portion is included in the analytical variance.

sz = 0,052 = 0,002 5

Total variance
Assuming that moisture determination is carried out in duplicate, the total variance is given by:

2
S
2 = 2 =2A
ST_SS]_+ 5

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

0,003 55

Hengce:

st = 0,06 % H,O

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.
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Table B.2 — Summary of estimated variances and standard deviations for barge

unloading using a grab

Content Stage 1 Stage 2 Stage 3
m/m 2 2 2 2 2
(m/m) Ss; Ss, 53, salr s% ST
Zinc 0,000 45 0,000 50 Negligible 0,000 90 0,001 85 0,04
42,87 %
Silver 12,5 11,25 Negligible 16 39,75 6,3
830 g/t
Moisture 0,002 3 - - 0,001 25 0,003 55 0,06
6,45 %
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