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Foreword

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

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

ISO 12744:
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Copper, lead, zinc and nickel concentrates — Experimental

metho

ds for checking the precision of sampling

WARNING — This document can involve hazardous materials, operations and equipment. It is the
responsibility of the user of this document to establish appropriate health and safety practices and
determine the applicability of regulatory limitations prior to use.

1 Scop

This document specifies methods for checking the precision of primary sampling, sample ]
chemical analysis, physical testing and determination of moisture content of copper,léad, zinc

concentrat
standard d|

2 Norm

The follow
requireme
the latest e

[SO 10258,

[SO 11441
precipitatid

ISO 12743,
moisture c(

3 Term

No terms and definitions are listed.in this document.

es being carried out in accordance with the methods specified in ISO 12743)expressed
eviations.

ative references

ng documents are referred to in the text in such a way thatsome or all of their content
hts of this document. For dated references, only the editioh cited applies. For undated
dition of the referenced document (including any amendments) applies.

Copper sulfide concentrates — Determination of copper content — Titrimetric methods

Lead sulfide concentrates — Determinatioiiof lead content — Back titration of
n of lead sulfate

Copper, lead, zinc and nickel concentrates — Sampling procedures for determination of
ntent

s and definitions

brocessing,
and nickel
in terms of

ronstitutes
references,

EDTA after

[ metal and

2]

ISO and IEC maintain terminglogy databases for use in standardization at the following addresse]
— ISO Online browsing®latform: available at https://www.iso.org/obp
— IEC Elgctropedja:'available at https://www.electropedia.org/
4 Symbols
k number of lots
n number of increments
Ry absolute difference between duplicates for interleaved samples A and B
R,  absolute difference between means for divided interleaved samples A; and A,, and B; and B,
R, absolute difference between means for interleaved sample A and interleaved sample B
s estimated value of standard deviation, o
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estimated variance from R%
. . 2
estimated variance from R)

estimated variance from R%
estimated standard deviation of analysis

estimated standard deviation of sample processing

estimated standard deviation of sampling

=11 >l

111l

5.1 Gen

The detern
each lot. If
the precisi

5.2 Nun

estimated standard deviation of sampling and sample processing

estimated total standard deviation of sampling, sample processing and analysis

second duplicate result for interleaved sample, where i = 1 and 2 and indicates interlea
A or B
or B, and j = 1 or 2 and indicates laboratory samples A; or Assand B, or B,

second duplicate result for sample, where i = 1 and 2 and'indicates interleaved sample
j = 1 or 2 and indicates laboratory samples A, or A,,and B, or B,

mean value of duplicate results

mean of mean value of duplicate results
mean of X values, and grand mean for'sample processing method 3

orand mean of all results for sample processing methods 1 and 2

ral conditions

eral
ination of precision of primary sampling is based on collecting pairs of interleaved sa

sample proce&ssing and measurement are also carried out in duplicate, it is possible to
bn of saniple processing and analysis.

) ber of lots

first duplicate result for interleaved sample, where i = 1 and 2 and indicates interleaved sample A or B

ved sample

first duplicate result for interleaved sample, where i = 1 and 2 and indicates interleave[d sample A

A or B, and

nples from
determine

It is recommended that pairs of interleaved samples should be collected from more than 20 lots of the same
type of concentrate, in order to reach a reliable conclusion. The lot size shall be chosen to ensure that more

than 20 lot

s are available for the precision determination.

5.3 Number of increments and number of samples

The minimum number of increments for checking precision should preferably be twice the number
determined in accordance with I[SO 12743. Hence, if the number of increments required for routine sampling
is n and one lot sample is constituted, the minimum number of increments should be 2n, and two interleaved

samples sh

all be constituted.

© IS0 2025 - All rights reserved
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Alternatively, if the precision is being checked as part of routine sampling, n increments may be taken and
two interleaved samples constituted, each comprising n/2 increments. The sampling precision thus obtained

shall be divided by V2 to obtain the sampling precision for lot samples comprising n increments.

5.4 Sam

ple processing and analysis

Sample processing shall be carried out in accordance with ISO 12743. The analysis of samples shall be
carried out according to the methods specified in the relevant International Standards, such as ISO 10258,
ISO 11441 and ISO 12739.

5.5 Frequency of precision checks

It is recom
out atreg

Because off
be carried

6 Meth

6.1 Inte

Each altery
The numby¢
example of

ended that, even after a precision check has been conducted, rurther checks should

out as a part of routine sampling and analysis.

pd of experiment

rleaved samples

Jate primary increment shall be diverted so that pairs of interleaved samples A and B §
r of divided increments per primary increment should be the same as for routine sa
a sampling plan for producing pairs of interleaved samples A and B is shown in Figurg

ar intervals. Precision checks should also be carried out when there is a change ineg\

the large amount of work involved in checking precision, it is recommended. thédt chg

be carried
lipment.

cks should

re formed.
mpling. An
1.
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/_\/\/\/_
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Primary AT

increment

™ Interleaved
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Primary
increment

Primary A~

increment
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increment

Primary ™

increment

Primary
increment

Figure 1 — Example of a plan for interleaved duplicate sampling

6.2 Sample processing and analysis

6.2.1 General

The pairs of interleaved samples A and B taken in accordance with 6.1 shall be divided separately and subjected
to method 1, method 2 or method 3 sample processing and analysis as described in 6.2.2, 6.2.3 or 6.2.4.

© IS0 2025 - All rights reserved
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6.2.2 Sample processing method 1

The two interleaved samples A and B shall be divided separately to prepare four laboratory samples: A, A,,
B, and B,. These laboratory samples shall each be analysed in duplicate, and the duplicates designated as

follows:

See Figure
The eight d

analytical

NOTE
separately.

X111 and x1, for sample A;;
X121 and x4, for sample A,;
X511 and x,4, for sample By;

X571 and x,,, for sample B,.

2.

eterminations shall be run in random order, by the same analyst on the same day.usin
bquipment. An example is given in Annex A.

By using method 1, the estimated precisions of sampling, sample processing and analysis can

Lot

(Interleaved samp

| !

A

! !

(Laboratory samp

111

6.2.3 Sa

Sample A's
sample sha

designate

o

X X

BZ
221 222

AZ Bl
X112 X121 X122 X211 X212

Figure 2 — Flowsheet for sample processing method 1

(Analyses)

mple processing method 2

halkbe divided to prepare two laboratory samples: A; and A,. From sample B, only one

g the same

be obtained

les)

es)

laboratory

1lbe prepared. The laboratory samples shall each be analysed in duplicate, and the

duplicates

as 1oliows:

— Xq11 and x4, for sample A;;

— Xqy7 and xq,, for sample A,;

— X,7 and x,, for sample B.

See Figure 3.

© IS0 2025 - All rights reserved
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The six determinations shall be run in random order, by the same analyst on the same day using the same

analytical

NOTE

equipment.

By using method 2, the estimated precisions of sampling, sample processing and analysis can be obtained

separately. However, the estimated values will be less precise than those obtained using method 1.

Lot

(Interleaved samples)

|

!

L
| ] l

A, A, (Laboratory samples)
X114 X2 X X122 X1 Xy (Analyses)
Figure 3 — Flowsheet for sample processing method 2
6.2.4 Sample processing method 3
From each| of the two interleaved samples A and B} one laboratory sample shall be prepared. The two
laboratory| samples A and B shall be analysedxin duplicate, and the measurements obtaindd shall be
designated as follows:
— Xqq and x;, for sample A;

— X, and x,, for sample B.

See Figure
The four d

analytical

NOTE

sample prod

4.

bquipment.

By using method 3, only the estimated precision of analysis and the combined precision of s§
essing ar'e obtained.

eterminations shall’be run in random order, by the same analyst on the same day using the same

mpling and

© IS0 2025 - All rights reserved
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The methg
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7.2 Sample processing method 1
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Lot

(Interleaved samples)

> < w <
W w

(Laboratory samples)

(Analyses)

Figure 4 — Flowsheet for sample processing method 3

ation of experimental data

bral

d for evaluation of experimental data shall be*as specified in 7.2, 7.3 or 7.4, depend
sample processing selected.

ing on the

re given in

)

(2)

7.2.1 The estimated standard deviations shall be calculated in accordance with the procedu
7.2.2 to 7.2}9.
7.2.2 Calculate the mean and range-for each pair of duplicates using Formulae (1) to (2):
_ 1
X = [xj1 +xi2)
Rl :|X i1 _XI]2|
where
i is'tand 2;Tepresenting interteaved samples A amd B, Tespectively;
Jj is1and 2, representing laboratory samples A; and A, or B; and B,.

7.2.3 Calculate the mean of the mean value and range for each pair of duplicates using Formulae (3) to (4):

1

X; :E(??il +X;2)

Ry =|x;1 = x|

© IS0 2025 - All rights reserved
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7.2.4 Calculate the mean and range for each pair of interleaved samples, A and B using Formulae (5) to (6):

1

§=E(=1+§2) (5)

R3:|):(1—§2| (6)

7.2.5 Calculate the grand mean and the variances s%, s% and s% using Formulae (7) to (10):

= 1 =
x=;2x (7)
2_ Y $p2

=—LYR 8
S1 81’2 1 (8)
2_ 1 $p2

—Isr 9
2 =2 9)
3= SR (10)

2K

where k is the number of lots.

7.2.6 Calculate the estimated values of the variance of analysis (si ), sample processing (512,) and sampling
(s% ) using|Formulae (11) to (13):

5% =57 (11)
2_24 12
SP =52~ 51 (12)
2 2 12
SS 253 —ESZ (13)

7.2.7 Calculate the total variance of sampling, sample processing and analysis (s%) using Formula (14):

572~ = sg + 5123 + 531 (14)

7.2.8 Calculatesthe estimated values of the total standard deviation (s;) and the standard dgviations of
sampling (§s),.sample processing (sp) and analysis (s,).

7.2.9 Compare the values of s;, s, sp and s, thus obtained with the desired standard deviations.
7.3 Sample processing method 2

7.3.1 The estimated standard deviations of sampling, sample processing and analysis shall be calculated
in accordance with the procedure given in 7.3.2 to 7.3.9.

7.3.2 Calculate the mean and range for each pair of duplicates using Formulae (15) to (16):

_ 1 1 1
X :E(an +X112 );E(X121 +X122 )'5(X21 +X52) (15)

© IS0 2025 - All rights reserved
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Ry =[x111 —X112],[%121 —X122],[X21 —X22] (16)
7.3.3 Calculate the mean and range for duplicates A; and A, using Formulae (17) to (18):
- 1
X :Z(Xlll +X112 + X121 +X122) (17)
1
Ry :E|(X111 +X112) (X121 +X122)| (18)

7.3.4 Calculate the mean and range for each pair of interleaved samples, A and B using Formulae (19) to (20):

h%(xm +X22)} (19)

I
Il
N | =
1

- 1
Ry =|x —E(X21 +X32) (20)
7.3.5 Calculate the grand mean and the variances s%, s% and sg using Formulae (21) to (24):
= _ 1 N =
X=X (21)
s2= My p2 (22)
6k
2_ 1 sp2
sy =—t2R 23
ST S (23)
3=t R (24
25

where k is the number of lots.

7.3.6 Calculate the estimated walites of the variance of analysis (sfl ), sample processing (s%) and sampling

(sé Jusing Formulae (25) to.(27):

sh =i (25)
sp =32t (26)
2 92 3,

Sc=—83——=S 27
§=g%3 5% (27)

7.3.7 Calculate the total variance of sampling, sample processing and analysis (s7z~ Jusing Formula (28):

572~ =s§~ +s12) +SE1 (28)

7.3.8 Calculate the the estimated values of the total standard deviation (s;) and the standard deviations of
sampling (sg), sample processing (sp) and analysis (s,).

© IS0 2025 - All rights reserved
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7.3.9 Compare the values of s, s, sp and s, thus obtained with the desired standard deviations.

7.4 Sample processing method 3

7.4.1 Although the estimated standard deviation of analysis can be obtained, the estimated standard
deviations of sampling and sample processing cannot be separated using sample processing method 3. The
estimated standard deviations shall be calculated in accordance with the procedure given in 7.4.2 to 7.2.9.

7.4.2 Calculate the mean and range for each pair of duplicates using Formulae (29) to (30):

_ 1
X :E(Xu +Xj7) (29)

Ry =|x}1 —Xj5]| (30)
where i = 1l and 2 represent interleaved samples A and B, respectively.

7.4.3 Calculate the mean and range for each pair of interleaved samples, A and Busing Formulae ([31) to (32):

x==(% +x
X ; 1 2 31

7.4.4 Calculate the grand mean and the variances s% and s% using Formulae (33) to (35):

E_l"‘:

X‘E;LX (33)
2 1 2

sy =—}YR 34
LIRDY S (34)
2 1 2

S Sl (35)

where k is the number of lots.

7.4.5 Calculate the estimated values of the variance of analysis (sﬁ) and the variance of sampling and

sample prdcessing (sép) using Formulae (36) to (37):

sh =i (36)

2 _2 12
Ssp =53 7551 (37)

7.4.6 Calculate the total variance of sampling, sample processing and analysis (s%) using Formula (38):
572~ = sgp + si (38)

7.4.7 Calculate the estimated values of the total standard deviation (s;) and the standard deviations of
sampling and sample processing (sgp) and analysis (s).

© IS0 2025 - All rights reserved
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7.4.8 Compare the values of s;, s¢p and s, thus obtained with the desired standard deviations.

8 Assessment of results and action

8.1 General

When the standard deviations of sampling, sample processing and/or analysis exceed the desired values,
the relevant procedures shall be modified as outlined in 8.2 to 8.4.

8.2 Sampling

Check for
given in IS
the lot accq

NOTE )i
collected fr

An alterna
the samplé|

8.3 Sample processing

Check the ¥
Reduce thd
increasing

8.4 Anal
Check that]

homogeneity of the laboratory samples, should.alse be checked.

9 Recol

Detailed re
for future |

\,hausc ill vdl iClll\,C thVVCCll ill\,l ClllClltD Uf thc LUll\,Ulltl CltC ill dllUI dﬂll\,C VVith thC
D 12743. Where a significant change is confirmed, revise the number of increments
rdingly.

or systematic or stratified random sampling where a greater number (denoted by'n;) of in

m a lot, the standard deviation of sampling is improved in proportion to \/n /ny !

[ive is to increase the mass of increments. There will, however, be a {imit above which
mass does not significantly improve the standard deviation of sarhpling.

Fariance at each stage of sample processing in accordance& with the procedure given in
major variance components by reducing the particle size of the concentrate prior to
the mass of divided sample.

ysis

the specified analytical procedures arg.being followed. Other factors, such as the fi

"ding of data

cords of sampling data slould be kept in a standardized form to avoid errors and om
eference. An example is.given in Annex A.

procedure
faken from

crements is

increasing

ISO 12743.
Hivision, or

heness and

ssions and
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Annex A
(informative)

Recording of sampling data

This annex provides an example for recording sampling data and calculation of the standard deviations of
sampling, sample processing and analysis for systematic sampling using sample processing method 1 (see
7.2). Table A.1 summarizes sampling particulars and results for the determination of the mass fraction of Cu.

Table A.2 ilustrates the recommended prnrndnrn for rnt‘nrﬂing dataand r‘:l]r‘n]:ﬂ'ing SarSp and Se

L
The estimdted variances obtained from the mean square differences between duplicates are!dstpllows (see
Table A.2):

s% =0,000396 (79 degrees of freedom)
s% =0,p00 684 (39 degrees of freedom)

s% =0,002 93 (19 degrees of freedom)

Using Formulae (11), (12) and (13) in 6.2, the following values,are*obtained for the estimated piecisions of
analysis, sample processing and primary sampling:

a) Standdrd deviation of analysis:

s, = amass fraction of 0,020 % Cu

b) Standdrd deviation of sample processing:

sp=aass fraction of 0,022 % Cu

c¢) Standdrd deviation of primarysampling:

ss = apass fraction of 0,0519% Cu

Of the thr¢e, the standard deviation of sampling sg is the largest component. If this is considered to be
unsatisfactory, the number of increments should be increased.

© IS0 2025 - All rights reserved
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Table A.1 — Record of experimental results

Period o

Site of experiment:
Characteristic measured:

(Name of the Company and Works)
Report on checking the precision of sampling

FCD 4 0 1<) 0140 1=) o NSRS

(Location identification)
Mass fraction of copper

Lots investigated

Source and type of concentrate:

Loading
Transpo
Number

point:
rtation method:
of lots: 20

(Ship, wagon, truck, etc.)

Mass of
Particular
Nomina
Concent|
Conveyd
Type of
Cutter a
Nomina
Number
Processing
Metho
consti
Mass ¢
Metho
Measu

St4

)\
Mij

Ma
Estimated §
S4=am
Sp=amj
Sg=am{
Sp=am{
Comments

ots: 500t
5 of sampling

top size of concentrate:
rate flow rate: 500 t/h

r speed: 2m/s
Cutter: Mechanical diverter cutter
berture: 50 mm
mass of increment:
of increments:
b of samples

1 mm

12 kg
50

d of constituting interleaved samples: Place alternate individ@al increments in containers A ar
fute samples A and B, each comprising 25 increments.

f samples: 300 kg

d of processing samples: Sample processing method-l

rements of Cu, % (mass fraction):

tistic Experimental results Commercial determination Manifested
poi

lean 23,01 — —

nimum 22,72 — —

Kimum 23,20 — —

tandard deviations:

hss fraction of 0,020 % Cu
hss fraction of 0,022 % Cu
ss fraction of 0,051 % ‘Cu
ss fraction of 0,059'%Cu
nnd remarks:

Reported by:
(Name of supervisor of experiment)

dB, to

at loading
nt

© IS0 2025 - All rights reserved
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