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Foreword

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

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by fthe technical committees are circulated to the member bodies for voting. [Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 12744 was prepared by Technical Committee ISO/TC 183, Copper,“lead, zinc and nickel oreg and
concentrated.

This second| edition cancels and replaces the first edition (ISO@2744:1997), which has been techrfically
revised. It hals been updated to make it consistent with revisions‘of related International Standards.
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https://standardsiso.com/api/?name=10653da0209e9a007b43575d4ad69974

INTERNATIONAL STANDARD
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Copper, lead, zinc and nickel concentrates — Experimental

me

thods for checking the precision of sampling

WARNING — This International Standard may involve hazardous materials, operations and equipment.
It is the responsibility of the user of this International Standard to establish appropriate health and

safe

1 $cope

This

proce

in ter

2 Normative references

The

refergnces, only the edition cited applies. For undated references, the latest edition of th

docu

ISO
mois

3 General conditions

3.1
The

each
the p

3.2

Itis n

12743, Copper, lead, zinc and nickel concentrates — Sampling procedures for determination

practices and determine the applicability of regulatory limitations prior to use.

International Standard specifies methods for checking the precision—~of primary samp

ms of standard deviations.

following referenced documents are indispensable~for the application of this documen

ment (including any amendments) applies.

ure content

General
letermination of precision of primary sampling is based on collecting pairs of interleaved s

lot. If sample precessing and measurement are also carried out in duplicate, it is possible
recision of samplé processing and analysis.

Numberof lots

ecommended that pairs of interleaved samples be collected from more than 20 lots of the

ling, sample

ssing, chemical analysis, physical testing and determination of moisture” content of coppér, lead, zinc
and nickel concentrates being carried out in accordance with the methods specified in ISO 1274

3, expressed

t. For dated
b referenced

of metal and

amples from
to determine

same type of

TN

conc
requi

3.3
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rement is met.

Number of increments and number of samples

ure that this

The minimum number of increments for checking precision should preferably be twice the number determined
in accordance with ISO 12743. Hence, if the number of increments required for routine sampling is » and one
lot sample is constituted, the minimum number of increments should be 2r, and two interleaved samples shall
be constituted.

Alternatively, if the precision is being checked as part of routine sampling, » increments may be taken and two
interleaved samples constituted, each comprising n/2 increments. The sampling precision thus obtained must
be divided by +2 to obtain the sampling precision for lot samples comprising n increments.
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3.4 Samp

le processing and analysis

Sample processing shall be carried out in accordance with 1ISO 12743. The analysis of samples shall be
carried out according to the methods specified in the relevant International Standards.

3.5 Frequ

ency of precision checks

It is recommended that, even after a precision check has been conducted, further checks be carried out at
regular intervals. Precision checks should also be carried out when there is a change in equipment.

Because of the large amount of work involved in checking precision, it is recommended that checks be carried

out as a part

of routine sampling and analysis.

4 Symbgls
Symbol |Degfinition

k Ndéimber of lots

n NImber of increments

R, Absolute difference between duplicates for interleaved samples A and B

§1 Megan absolute difference between duplicates for interleaved samples.A and B, for k lots

R, Absolute difference between means for divided interleaved samples'A; and A,, and B, and B,

Ry II\/Iaan absolute difference between means for divided interleaved samples A, and A,, and B, and B,, for |k

ofs

R4 Absolute difference between means for interleaved sample A and interleaved sample B

R3 Megan absolute difference between means for interleaved sample A and interleaved sample B, for & lots
s Egtimated value of standard deviation, o

52 Egtimated variance from R4

53 Egtimated variance from R,

53 Egtimated variance from R3

S Egtimated standard deviation of-analysis

Sp Egtimated standard deviation of sample processing

S8 Egtimated standard.deviation of primary sampling

Sgp Egtimated standard-deviation of primary sampling and sample processing

st Egtimated total)standard deviation of primary sampling, sample processing and analysis

X First duplieate result for interleaved sample, where i = 1 and 2 and indicates interleaved sample A or B

X Se¢cond duplicate result for interleaved sample, where i = 1 and 2 and indicates interleaved sample A or B

j =

S = =1 =1

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

1 or 2 and indicates laboratory samples A, or A,, and B, or B,

X2 Second duplicate result for sample, where i = 1 and 2 and indicates interleaved sample A or B, andj = 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

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

© I1SO 2006 — All rights reserved
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5 Method of experiment

5.1

Interleaved samples

Each alternate primary increment shall be diverted so that pairs of interleaved samples A and B are formed.
The number of divided increments per primary increment should be the same as for routine sampling. An
example of a sampling plan for producing pairs of interleaved samples A and B is shown in Figure 1.

5.2

The
subjg
5.2.3

5.21

The 1
and B
and A
B,. T
samg

NOTH
obtair

5.2.2

Sample A shall be divided to prepare two laboratory’samples, A; and A,. From sample B, only o
le shall be prepared. The laboratory samples shall each be analysed in duplicate, and the duplicates

sam
desig
deten

equig

NOTH
obtairn

5.2.3

From
labor
desid
rand

NOTH

Sample processing and analysis

cted to method 1, method 2 or method 3 sample processing and analysis as described.in 5

Sample processing method 1 (see Figure 2)

8., Bo. These laboratory samples shall each be analysed in duplicate, and the duplicates de
112 for sample A4, x451 and x4, for sample A,, x544 and x,4, for sampleZB,, and x5,4 and x,
he eight determinations shall be run in random order, by the samgtanalyst on the same d
analytical equipment. An example is given in Annex A.

ed separately.

Sample processing method 2 (see Figure 3)

nated x;11 and x4, for sample A4, x4o1 ‘@nd x5, for sample A,, and x,; and x,, for samp
minations shall be run in random ordet;:by the same analyst on the same day using the sa
ment.

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

Sample processing method 3 (see Figure 4)

parately and
.2.1,5.2.2 or

wo interleaved samples A and B shall be divided separately to prepare fouridboratory samples, A4, A,

Signated X111
bo for sample
ay using the

By using method 1, the estimated precisions of primary sampling, sample processing and apalysis can be

ne laboratory

e B. The six
me analytical

By using method 2, the estimated precisions of primary sampling, sample processing and apalysis can be

each of the two”interleaved samples A and B, one laboratory sample shall be prepa

m order,by the same analyst on the same day using the same analytical equipment.

and s

Ample processing are obtained.

ed. The two

btory samples)"A’ and B shall be analysed in duplicate, and the measurements obtaifped shall be
nated x,1 and x4, for sample A, and x,1 and x,, for sample B. The four determinations shall be run in

By using method 3, only the estimated precision of analysis and the combined precision of prinary sampling
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Primary
increment

Primary
increment

Primary ™
increment

Primary
increment

Primary Yah\
increment

Interleaved
sample A

Primary
increment

—
— T

Lot

Primary Yap
increment

™ Interleaved
sample B

Primary
increment

Primary ™
increment

Primary
increment

Primary Yah\
increment

Primary
increment

Figure 1 — Example of a plan for interleaved duplicate sampling
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Lot
A B (Interleaved samples)
A, A, B, B, (Laboratory samples)
| | | |
X111 X112 X121 X122 X211 X212 X221 X225 (Analyses)

Figure 2 — Flowsheet for sample processing method 1

Lot
' l
A B (Interleaved samples)
7 |
A, A, B (Laboratory samples)
| |
bov g v
X111 X112 X121 X122 X21 X22 (Analyses)

Figure 3 — Flowsheet for sample processing method 2

Lot

(Interleaved samples)

(Laboratory samples)

Xq4 X1z X 94 X 5o (Analyses)

Figure 4 — Flowsheet for sample processing method 3

© I1SO 2006 — All rights reserved
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6 Evaluation of experimental data

6.1 General

The method for evaluation of experimental data shall be as specified in 6.2, 6.3 or 6.4, depending on the
method of sample processing selected.

6.2 Sample processing method 1

a) Calculate the mean and range for each pair of duplicates:

(Fi1 + x52) (1)

Ry =] x] = x5z )

i= 1and 2, representing interleaved samples A and B respectively;

j = 1and 2, representing laboratory samples A, and A, or By and B,.
b) Calculat¢ the mean of the mean value and range for each pair of duplicates:

%= G+ o) (3)

Ry =|%{- Xp2| (4)
c) Calculat¢ the mean and range for each pair of interleaved samples, A and B:
X=_(Xh+Xp) (3)
R3=|f1—§2| (6)

d) Calculatg the grand mean and.the means of ranges Ry, R, and Rx:

%:%z% 7)
Ri= DR (8)
Ry= 2 > R ©)
Ry= > Rs (10)

where £ is the number of lots.

e) Calculate the variances s2, s2 and s2 from the means of ranges Ry, R, and Ry

(Ry)? (11)

2 T
51 :Z

6 © I1SO 2006 — All rights reserved
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R
s5 =2(R2)2

R
sgzzmgz

where 1t/4 is a statistical factor relating range to variance for a pair of measurements.

f)

(12)

(13)

Conduct F-tests on the variances s3, s3 and s3 to determine whether their differences are statistically

significant using the following procedure:

) calculate the variance ratios s2/s% and s3/s5;

3

2)

compare these ratios with the 95 % confidence F-ratios given in Table 1 for the number
freedom applicable to each variance estimate;

components, as their difference is statistically significant.

If the calculated variance ratio does not exceed the F-ratio, the ‘variances sg and/or
meaningfully partitioned into variance components, and more data need to be collected.

>

rimary sampling (sé) as follows:

£=53

. . . . . 2

(alculate the total variance-of primary sampling, sample processing and analysis (s%) as follo
232 1+ 52442
T = SS1 + SP + SA

(alculate the estimated values of the total standard deviation (s;) and the standard deviatio
gampling (ss1 ), sample processing (sp) and analysis (sa).

Gomparethe values of s, sg , sp and su thus obtained with the desired standard deviations.

ssuming that the F-tests conducted in f) indicate that the differences between the variances
Ire significant, calculate the estimated values of the variance of analysis (s3), sample processing (s2) and

bf degrees of

if the calculated variance ratio exceeds the F-ratio, partition the twa,variances ihto variance

2 cannot be

2 2 2
57, s5and s%

(14)
(15)
(16)
vs:

(17)

ns of primary

Table 1 — F-ratios at the 95 % confidence level for comparison of two variances

Degrees of Degrees of freedom (larger variance)
freedom
(smaller variance) 20 24 30 40 60 120 o0
20 2,12 2,08 2,04 1,99 1,95 1,90 1,84
24 2,03 1,98 1,94 1,89 1,84 1,79 1,73
30 1,93 1,89 1,84 1,79 1,74 1,68 1,62
40 1,84 1,79 1,74 1,69 1,64 1,58 1,51
60 1,75 1,70 1,65 1,59 1,53 1,47 1,39
120 1,66 1,61 1,55 1,50 1,43 1,35 1,25
o0 1,57 1,52 1,46 1,39 1,32 1,22 1,00

© I1SO 2006 — All rights reserved
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6.3 Samp

le processing method 2

The estimated standard deviations of primary sampling, sample processing and analysis shall be calculated in
accordance with the following procedure.

a) Calculate the mean and range for each pair of duplicates:

E=%(X111 +x112), %(xm + X122), %(x21 +x22)

Ry =|x11

1 —x112|, |x121 —x122|, |x21 —x22|

b) Calculatele the mean and range for duplicates A; and A,:

-1
x-4(x

R2:%|

1+ X112 + X121 + X122)

X111 + Xq12) — (Y21 + X122) |

c) Calculate the mean and range for each pair of interleaved samples, A and B

+ %(xm + xzz)}

1
- — +
2 (x21 + x22)

d) Calculatg¢ the grand mean and the means of ranges R4} R, and Rx:

=1l

:%z

=1l

Y
R :lZR
1 3k 1

_ N
Ry=—) R,

— 1 N
R3= ;ALRS

where £ is the number of lots.

e) Calculatg the variances s2, s2 and s2 from the means of ranges Ry, R, and Rz

T 52
sy =—(R
1 4( 1)
2_ T 52
sy =—(R
2 4( 2)
2 _ T 5\2
§q =—
3 4( 3)
where n/4 is a statistical factor relating range to variance for a pair of measurements.

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

© I1SO 2006 — All rights reserved
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6.4

Although the estimated.'standard deviation of analysis can be obtained, the estimated standard
primary sampling and-sample processing cannot be separated using sample processing m
estimated standard deviations shall be calculated in accordance with the following procedure.

a)

ISO 12744:2006(E)

Conduct F-tests on the variances s%, s3

significant using the following procedure:

1) calculate the variance ratios s3/s2 and s3/s2;

5 and s% to determine whether their differences are statistically

2) compare these ratios with the 95 % confidence F-ratios given in Table 1 for the number of degrees of

freedom applicable to each variance estimate;

3) if the calculated variance ratio exceeds the F-ratio, partition the two variances i
components, as their difference is statistically significant.

If the calculated variance ratio does not exceed the F-ratio, the variances s2 and/or

nto variance

2 cannot be

meaningfully partitioned into variance components and more data need to be collected.
Assuming that the F-tests conducted in f) indicate that the differences between the variances|

re significant, calculate the estimated values of the variance of analysis (si), sample proces
Irimary sampling (sé) as follows:

(alculate the estimated values of the total standard deviation (st) and the standard deviatio
gampling (ss1 ), sample processing (sp)and analysis (sa).

Gompare the values of s, s , sp.and s, thus obtained with the desired standard deviations.

Sample processing method 3

Calculate‘the' mean and range for each pair of duplicates:

s?, s% and s%
i 2
sing (s5) and

(31)
(32)

(33)
Ws:
(34)

ns of primary

deviations of
bthod 3. The

(35)

A
= (x4 + X
i 2(xz1 x12)

Ry=|x1—xp2|

where i =1 and 2 represent interleaved samples A and B respectively.

b)

Calculate the mean and range for each pair of interleaved samples, A and B:
):C = 1(;.] + )_62)
2

Ry =|%1-X,|

© I1SO 2006 — All rights reserved
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c) Calculate the grand mean and the means of ranges R, and Rj:

EZ%Z)?
E1=l2R1
2k
1?3=12R3
k

(39)

(40)

(41)

where £ is the number of lots.

d) Calculatg the variances s2 and s2 from the means of ranges R; and Ry

2 T2
=Tk
84 4( 1)
2 T2
= IR
53 4( 3)

where n/4 is|a statistical factor relating range to variance for a pair of medasurements.

e) Conduct| F-tests on the variances s? and s§ to determine whether their differences are statis
significant using the following procedure:

1) calqulate the variance ratio s3/s?;

2) conjpare this ratio with the 95 % confidence. F*ratio given in Table 1 for the number of degre
fregdom applicable to each variance estimate;

3) if the calculated variance ratio exceeds the F-ratio, partition the two variances into var
conjponents, as their difference is statistically significant.

If the calculated variance ratio ,does not exceed the F-ratio, the variance s% cannot be meanin
pariitioned into variance components and more data need to be collected.

f)  Assuminp that the F-tests Gonducted in e) indicate that the difference between the variances s and
significant, calculate the _estimated values of the variance of analysis (s3) and the variance of pr
sampling and sample processing (Sszp) as follows:

(42)

(43)

ically

es of
ance

gfully

2
s are
mary

(44)

g) Calculate the total variance of primary sampling, sample processing and analysis (s%) as follows:

h) Calculate the estimated values of the total standard deviation (st) and the standard deviations of pri
sampling and sample processing (sgp) and analysis (sa).

i) Compare the values of st, sgp and s, thus obtained with the desired standard deviations.

(49)

(46)

mary

10 © ISO 2006 — All rights reserved
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7 Assessment of results and action

When the standard deviations of primary sampling, sample processing and/or analysis exceed the desired
values, the relevant procedures shall be modified as outlined in 7.1 to 7.3.

71

Primary sampling

Check for a change in variance between increments of the concentrate in accordance with the procedure in
ISO 12743. Where a significant change is confirmed, revise the number of increments taken from the lot

accordingly.

NOTH For systematic or stratified random sampling where a greater number (denoted by n4) cef [increments is
colledted from a lot, the standard deviation of primary sampling is improved in proportion to «/n/nq .

An alternative is to increase the mass of increments. There will, however, be a limitiabove whig¢h increasing
the spmple mass does not significantly improve the standard deviation of primary sampling.

7.2 | Sample processing

Chedk the variance at each stage of sample processing in accordanee with the procedure in 1SO 12743.
Redyce the major variance components by reducing the particle size’ of the concentrate prior tp division, or
incre@sing the mass of divided sample.

7.3 | Analysis

Chedk that the specified analytical procedures are being followed. Other factors, such as the fineness and

homd

8 1|

Deta

future reference. An example is given in Annex A.

geneity of the laboratory samples, should also bé checked.

Recording of data

led records of sampling data should.be kept in a standardized form to avoid errors and omis

sions and for

©I1SO
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Annex A
(informative)

Recording of sampling data

A.1 Scope

This annex [Lrovides an example for recording sampling data and calculation of the standard deviatigns of
sampling, sample processing and analysis for systematic sampling using sample processing_method 1.
Table A.1 symmarizes sampling particulars and results for the determination of the mass fraction of Cu.
Table A.2 illystrates the recommended procedure for recording data and calculating sa, sp and 5, -

A.1.1 Comment on data

The estimatgd variances obtained from the mean ranges R;, R, and Rj are as follows (see Table A.2):

s4 =0,J00 38 (79 degrees of freedom)
s5 =0,J00 66 (39 degrees of freedom)

s =0,002 73 (19 degrees of freedom)

Hence,

s4ls4 =[1,74 F-ratio from Table 1 = 1,59

s§ls% = @,14 F-ratio from Table 1= 1,84

In both case$, the difference between the estimated variances is significant at the 95 % confidence level.

Using equatipns (14), (15)~and (16) in 6.2, the following values are obtained for the estimated precisigns of
analysis, sample processing and primary sampling:

a) Standard deviation“of analysis

sa 40,019 % Cu (m/m)

b) Standard deviation of sample processing
sp = 0,022 % Cu (m/m)
c) Standard deviation of primary sampling

S

s, = 0,049 % Cu (mim)

Of the three, the standard deviation of primary sampling ss, is the largest component. If this is considered to
be unsatisfactory, the number of increments should be increased.

12 © ISO 2006 — All rights reserved
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