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Foreword

ISO 12744:1997(E)

SO (the International Organization 1or Standardization) is a wo
eration of national standards bodies (ISO member bodies).\1
preparing International Standards is normally carried out t
technical committees. Each member body interested“in a
which a technical committee has been established has the rig
resented on that committee. International organjzations, gover
non-governmental, in liaison with 1SO, also take part in the w
laborates closely with the International Electrotechnical Comn|
on all matters of electrotechnical standardization.

rldwide fed-
he work of
hrough 1SO
subject for
Nt to be rep-
hmental and
rk. ISO col-
hission (IEC)

Draft International Standards adopted®y the technical commiftees are cir-

culated to the member bodies for&oting. Publication as an
Standard requires approval by atyleast 75 % of the member bg
a vote.

International Standard ISQ 12744 was prepared by Technical
ISO/TC 183, Copper, leadand zinc ores and concentrates.

nternational
dies casting

Committee

Annexes A and B of-this International Standard are for informatjon only.
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ISO 12744:1997(E)

Copper, lead and zinc sulfide concentrates — Experimental

methods for checking the precision of sampling

1 Scope

This Inteqfnational Standard specifies methods for
checking the precision of primary sampling, sample
processing, chemical analysis, physical testing and de-
terminatiop of moisture content of copper, lead and
zinc sulfide concentrates being carried out in ac-
cordance jwith the methods specified in ISO 12743,
expressed in terms of standard deviations.

2 Normative reference

The folloyving standard contains provisions which,
through rdference in this text, constitute provisions of
this International Standard. At the time of publication,
. the edition indicated was valid. All standards are sub-
ject to reyision, and parties to agreements hased on
this Interrjational Standard are encouraged {0,investi-
gate the possibility of applying the most-recent edi-
tions of the standards indicated below.\Members of
IEC and 130 maintain registers of cufrently valid Inter-
national Standards.

ISO 12743:—"), Copper, lead @nd zinc sulfide concen-
trates — [Sampling procedures for determination of
metal andlmoisture contént.

3 Gen:]ral conditions

3.1 General

of concentrate in order to reach.’a reliab
The lot size shall be chosen\to ensure
ment is met.

e conclusion.
this require-

3.3 Number of increments and number of

samples

The minimum number of increments

for checking

precision, should preferably be twice th¢ number de-

termined in accordance with ISO 12743.
number of increments required for routin

Hence, if the
e sampling is

n and one lot sample is constituted, the minimum

number of increments should be 2n, a
leaved samples shall be constituted.

Alternatively, if the precision is being ch
of routine sampling, n increments may
two interleaved samples constituted, eaq
n/2 increments. The sampling precision

must be divided by v2 to obtain the
cision for lot samples comprising n incren

3.4 Sample processing and analysis

Sample processing shall be carried out i
with I1SO 12743. The analysis of samj
carried out according to the methods sp
relevant International Standards.

nd two inter-

bcked as part
be taken and
h comprising
hus obtained
sampling pre-
nents.

n accordance
bles shall be
ecified in the

The determination of precision of primary sampling is
based on collecting pairs of interleaved samples from
each lot. If sample processing and measurement are
also carried out in duplicate, it is possible to determine
the precision of sample processing and analysis.

3.2 Number of lots

It is recommended that pairs of interleaved samples
be collected from more than 20 lots of the same type

1) To be published.

3.5 Frequency 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 car-
ried 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.
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4 Definition of symbols

Symbol | Term

k Number of lots

n Number of increments

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

R, Mean 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 B4 and B,

R, Nfteamabsotute difference between means for divided nterteaved sampies A7 and A, and 87 and By, Tpr & lots

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

Rs Mean absolute difference between means for interleaved sample A and interleaved sample|B. for & lot

$ Hstimated value of standard deviation, o

52 Hstimated variance from R,

52 HBstimated variance from R,

52 Hstimated variance from R3

Sa Hstimated standard deviation of analysis

Sp Bstimated standard deviation of sample processing

s, Bstimated standard deviation of primary sampling

Ssp Bstimated standard deviation of primary sampling ang-sample processing

ST Hstimated total standard deviation of primary sampling, sample processing and analysis

X1 Hirst duplicate result for interleaved sample;"where i = 1 and 2 and indicates interleaved sample A or H

Xip $econd duplicate result for interleavedisample, where i = 1 and 2 and indicates interleaved sample A ¢r B

xij1 first duplicate result for interleaved 'sample, where i = 1 and 2 and indicates interleaved sample A or §, and

J =1 or 2 and indicates laboratory'samples A, or Ay, and B, or B,
Xij2 $econd duplicate result for.sample, where i = 1 and 2 and indicates interleaved sample Aor B, andjH 1 or 2
dnd indicates laboratory-samples A; or A, and B, or B,

x Mean value of duplicate results

3 Mean of mean‘ef-duplicate results

? Mean of_%.values, and grand mean for sample processing method 3

% brand,. mean of all results for sample processing methods 1 and 2

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 incre-
ment should be the same as for routine sampling. An

example of a sampling plan for producing pairs of in-
terleaved samples A and B is shown in figure 1.

5.2 Sample processing and analysis

The pairs of interleaved samples A and B taken in ac-
cordance with 5.1 shall be divided separately and sub-
jected to either method 1, method 2 or method 3
sample processing and analysis as described in 5.2.1,
5.2.20r5.23.
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5.2.1 Sample processing method-1 (see figure 2)

The two interleaved samples™A-and B shall be divided
separately| to prepare four-laboratory samples, A;, A,,
and By, Bp. These laberatory samples shall each be
analysed in duplicatej;and the duplicates designated
xy77 and x4, for sample Aq, x191 and x4, for sample
Ay, x971 and x,44 TOr sample By and x,p¢ and x,,, for
sample Bj. Theteight determinations shall be run in
random ofder) by the same analyst on the same day

Figure 1 — Example-of a plan for interleaved duplicate sampling

for sample A,, and x,; and x,, for sample B. The six
determinations shall be run in random forder by the
same analyst on the same day using the same ana-
lytical equipment.

NOTE 2 By using method 2, the estimated precisions of
primary sampling, sample processing and ahalysis can be
obtained separately. However, the estimated values will be
less precise than those obtained using methad 1.

using the Same analytical equipment. An exampie is
given in annex A.

NOTE 1 By using method 1, the estimated precisions of
primary sampling, sample processing and analysis can be
obtained separately.

5.2.2 Sample processing method 2 (see figure 3)

Sample A shall be divided to prepare two laboratory
samples, A; and A,. From sample B, only one labora-
tory sample shall be prepared. The laboratory samples
shall each be analysed in duplicate, and the duplicates
designated x;11 and x4, for sample Aq, x5 and x;,,

5.2.3 Sample processing method 3 (see figure 4)

From each of the two interleaved samples A and B,
one laboratory sample shall be prepared. The two la-
boratory samples A and B shall be analysed in dupli-
cate and the measurements obtained shall be desi-
gnated x;1 and x;, for sample A and x,; and x,, for
sample B. The four determinations shall be run in ran-
dom order by the same analyst on the same day using
the same analytical equipment.

NOTE 3 By using method 3, only the estimated precision
of analysis and the combined precision of primary sampling
and sample processing are obtained.
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Lot

A B (Interleaved samples)

Aq A, B+ B, (Laboratory samples)

X 111 X112 X121 X122 Xo2n X212 X221 X222 (Analyses)

Figure 2 — Flowsheet for sample processing method 1

Lot
A B (Interleaved samples)
A4 A, B (Laboratory samples)
| |
o
X1 X112 X2 X 122 X 21 X22  (Analyses)

Figure 3~ Flowsheet for sample processing method 2

Lot
A B (Interleaved samples)
A B (Laboratory samples)
X 11 X 12 X 21 X22  (Analyses)

Figure 4 — Flowsheet for sample processing method 3
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6 Evaluation of experimental data

6.1 Gen

eral

The method for evaluation of experimental data shall

be as spe

cified below, depending on the method of

sample processing selected.

6.2 Sample processing method 1

ISO 12744:1997(E)

e) Calculate the variances sf, s% and

means of ranges R;, R, and Rj:

§2= (E )2
1 1

INE]

10

2
52

s2 from the

)]
...(12)

... (13)

s,f, and s% to
5 are statisti-
rocedure:

D 2/.2.
¢ and s5/s2;

e 95 % con-
for the num-
cable to each

exceeds the
ces into vari-
Fence is stat-

5 not exceed
s2 cannot be
nce compo-
cted.

indicate that

es s2, 52 and
nated values
le processing
OWS:!

... (14)

... (15)

... (16)

The estinfated S@ndard deviguons ot pliulaly Sdaiti- . . .
pling, sample processing and analysis shall be calcu- Wh?fe n/f4 s a gtatlstlcal factor rel;Jtmg range to
lated in acfordance with the following procedure. variance for a pair of measurergents,
a) Calculate the mean and range for each pair of .
) duplicktes: 9 P f)  Conduct F-tests on the variances sf
i determine whether their difference
1 = l(x~1+ Xio) 1) cally significant using the following p
AR ) '
1) calculatgithe variance ratios s2
Ry =| x50 - x| .(2) /s
wherd 2) compare these ratios with th
o fidence F-ratios given in table 1
i=1and 2 represe_ntlng interleaved samples ber of degrees of freedom appli
A and B respectively; variance estimate;
JE 1 and 2 representing laboratory samples .
A, and A, or By and B,. 3) if the calculated variance ratio
F-ratio, partition the two varian
b) Calculate the mean of the mean and range for ance components as their diffe
each pair of duplicates: istically significant.
§i=l(fi1+7€iz) 3 If the ca]culated variance r?tio doe
2 the F-ratio, the variances s3 and/or
] :IE. -5 | (4) meaningfully partitioned into varid
27T ' nents and more data need to be coll¢
c¢) Calculate the mean and range for each pair of
interlgaved samples, A and.B: g) Assuming the F-tests conducted in f
§:=1(§1+ .}.2) (5) the differences between the variang
2 sg are significant, calculate the esti
ks =|§1 K le _(6) of the variance of analysis (s3), samp
(s3) and primary sampling (sé) as foll
d) Calculate’ the grand mean and the means of 2 .
ranges Ry, R, and Ry: AT
S I =
x=; X A7) s%:s%—%s%
R —-—LZR (8) s2 =52 152
Ly 1 : S, " °37 272
2—21—sz2 . (9)
h) Calculate the total variance of primary sampling,
7 lZR (10) sample processing and analysis (s%) as follows:
3= 3 .

where k is the number of lots.

... (17)
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Table 1 — F-ratios at the 95 % confidence level for comparison of two variances
Degrees of freedom Degrees of freedom (larger variance)
{[smaller variance) 20 24 30 40 60 120 )
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 1,68 1,51
60 1,75 1,70 1,65 1,59 1,63 1,47 1,39
120 1,66 1,61 1,65 1,50 1,43 1,35 1,25
oo 1,57 1,52 1,46 1,39 1,32 1,22 1,00
i) Calculate the estimated values of the total stan- o1, A .
dard deyiation (sq) and the standard deviations of "3=‘x oY x22’| (2]
primary|sampling (Ss,): sample processing (sp) and
analysig {s,).
d) Calculate the~grand mean and the| means of
) Comparle the values of st, sg . sp and sp thus ob- ranges Ry, &, and Ry:
tained with the desired standard deviations. ={U1w =
X=—) X (24)
k
— 1 o«
. Ri=— ) R 25
6.3 Sample processing method 2 ! 3kz ! (25)
. . . . %) — 1
The estimated standard deviations of primary sam- Rz—zsz (26)
pling, sample processing and analysis shall be calcts
lated in accqrdance with the following procedure. Rs= %2R3 (27)
a) Calculate the mean and range for each pair of where k is the number of lots.
duplicafes:
_ e) Calculate the variances s2, s2 and §2 from th
x ::l(xm + x112), l(xm F%122), ! aneEs S Sz i the
2 2 means of ranges Rq, R, and Rj:
%(xm + x7) (18) oy
) T
s1_4(R1) ... (28)
Rif=| x111 = x4 X121 — X122
T (5 \2
| xo1 =93 | .. (19) 52 :Z(Rz) ... (29)
. T 2
b) Calculatefhe—mear—and—range—forduphieates—y st—7Rs) ... (30)
and A,:
I where n/4 is a statistical factor relating range to
X =z(xm + X112 + X121 + X122) .- (20) variance for a pair of measurements.
Ry == | (11 + x11) = b + X129 1) ~
2= 5 | xn2) = g+ X122 e f)  Conduct F-tests on the variances sZ, s2 and s3 to
determine whether their differences are statisti-
. cally significant using the following procedure:
c) Calculate the mean and range for each pair of

interleaved samples, A and B:

%:—;-[.?4—%()621 + sz):I .(22)

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

2) compare these ratios with the 95 % confi-
dence F-ratios given in table 1 for the num-
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ber of degrees of freedom applicable to each
variance estimate;

3) if the calculated variance ratio exceeds the
F-ratio, partition the two variances into vari-
ance components as their difference is stat-

ISO 12744:1997(E)
R1=|xi1‘xi2| ... (36)

where i =1 and 2 representing interleaved sam-
ples A and B respectively.

istically significant. b) Calculate the mean and range for each pair of
interleaved samples, A and B:
If the calculated variance ratio does not exceed 3
the F-ratio, the variances s2 and/or s3 cannot be ;?:l(z1+ X)) ... (37)
meaningfully partitioned into variance compo- 2
nents and more data need to be collected. R3= | ;1_;2| .. (38)
i - d in f) indicate that
Ahss:r.rfw;ng the F;ests cond:cte , ) 2 2 and c) Calculate the grand mean jand thHe means of
the di etrer?c.es etween the vananges s%, 85 an ranges Ry and Ry;
sg ard significant, calculate the estimated values
of the variance of analysis (si), sample processing §=l = .. (39)
(s2) and primary sampling (sé) as follows: k
= 1
2 =52 L (31) Ry=o- R ... 40)
2_2_12 el
=52 -5 ... (32) R4 k}iﬁ@ .. (41)
{2 = $2 _3p . .(33) where k is the number of lots.
: 4°2
_ . . d) Calculate the variances s? and s3 fromn the means
Calculate the tqtal variance o.f pr|2mary sampling, of ranges R; and Eg:
sample processing and analysis (s7) as follows:
2_T (R Y
2_¢2 4 242 sc=—(R ... (42)
f2=52 452452 i 38) -7 (R)
—=\2
_ s2-2(Ry) ... (43)
Calclate the estimated values of the-total stan- 4
dard Heviation (s7) and the standard deviations of , o )
primgry sampling (sg ), sample{processing (sp) and Whgre /4 is a $tatISth8| factor relgting range to
analybis (s,). ! variance for a pair of measurements
e) Conduct F-tests on the variances |s? and s2 to

Compare the values\of sy, ss . sp and s thus ob-
tainefl with the desired standard deviations.

6.4 Sampleprocessing method 3

1
determine whether their differencds are statisti-

cally significant using the following grocedure:

1) calculate the variance ratio s%/s ;

'

2) compare this ratio with the 95|% confidence

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

a)

Calculate the mean and range for each pair of
duplicates:

M+ x) ... (35)

2

—X_i=

F-ratio given in table 1 for the number of de-
grees of freedom applicable to each variance
estimate;

3) if the calculated variance ratio exceeds the
F-ratio, partition the two variances into vari-
ance components as their difference is stat-
istically significant.

If the calculated variance ratio does not exceed
the F-ratio, the variance s% cannot be meaning-
fully partitioned into variance components and

more data need to be collected.
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f)  Assuming the F-tests conducted in e) indicate
that the difference between the variances sf and
s2 are significant, calculate the estimated values
of the variance of analysis (S/Zx) and the variance of

© ISO

ISO 12743. Where a significant change is confirmed,

revise the number of increments taken f
accordingly.

rom the lot

primary sampling and sample processing (sZ) as

follows:
2 _ 2
SA=S'I ... (44)
2 _2_12
SSP—53—§S1 (45)

NOTE 4 For systematic or stratified random sampling
where a greater number (denoted by nq) of increments is
collected from a lot, the standard deviation of primary

sampling is improved in proportion to ,(n/n.l) .

An alternative is to increase the mass of increments.
There will, however, be a limit above which increasing
the sample mass does not significantly improve the

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

2
ST

:sszp + si PR (46)

h) Calculate the estimated values of the total stan-
dard dgviation (s7) and the standard deviations of
primary| sampling and sample processing (sgp) and
analysig (sa).

i) Compafe the values of st, sgp and sp thus ob-
tained \vith the desired standard deviations.

7 Assessment of results and action

When the
sample pro
values, the

standard deviations of primary sampling,
essing and/or analysis exceed the desired
relevant procedures shall be modified as

outlined belpw.

7.1 Primary sampling

Check for a
the concen

change in variangg-between increments of
rate in accordance with the procedure in

standard deviation of primary sampling.

7.2 Sample processing

Check the variance at each.stage of samgle process-
ing in accordance with(the procedure in [ISO 12743.
Reduce the major variance components by reducing
the particle size of-the concentrate prior t¢ division or
increasing the mass of divided sample.

7.3 Analysis

Check that the specified analytical procedlires are be-
ing followed. Other factors such as the fineness and
homogeneity of the laboratory sampjes should
also be checked.

8 Recording of data

Detailed records of sampling data should be kept in a
standardized form to avoid errors and onjissions and
for future reference. An example is given i annex B.
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Annex A
(informative)
Recording of sampling data
A.1 Scope Hence,
This annek provides an example for recording sam- s2/s2 = 1,74 F-ratio from tableC}= 1
pling data pnd calculation of the standard deviations of
sampling, | sample processing and analysis for sys- s2/s2 = 4,14 F-ratio from table 1 = 1
tematic sgmpling using sample processing method 1.
Table A.1 pummarizes sampling particulars and results .
for the ddtermination of Cu content (m/m). Table A.2 L';rg?:egiiisi :i‘:c:g{eartet?feegge;/wss:fiz
illustrates |the recommended procedure for recording 9 °
data and dglculating sa, sp and 55, Using equations(®4), (15) and (16) in 6.2,
values are obtained for the estimated
analysis, sample processing and primary
a) Standard deviation of analysis
A.2 Comment on data sa=0,019 % Cu (m/m)
) ) ) b) Standard deviation of sample proces
The estinpated variances obtained from the mean o
— = — sp = 0,022 % Cu (m/m)
ranges Ry, R, and Rj are as follows (see table A.2);
¢) Standard deviation of primary sampli
s2 =0,00038 (79 degrees of freedom) S5, = 0,049 % Cu (m/m)
Of the three, the standard deviation of
2 _ .
s; =[0.000 66 (39 degrees of freedom) pling 5s, is the largest component. If this
to be unsatisfactory, the number of incre
52 =0,002 73 (19 degrees-of freedom) be increased.

59

84

he estimated
ence level.

the following
precisions of
sampling:

5ing

primary sam-
is considered
ments should
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Table A.1 — Record of experimental results

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

PEriOd Of BX PO, et et
Site of experiment: (Location identification) .........oooiiiiiiiii e
Characteristic measured: Copper content

Lots investigated
Source gnd type Of CONCEMIIATE. .....oiiiiiiiieiiie ettt e S e

| padinalpoint:
uuuuuuu glpoint:

Transpoftation method: (Ship, wagon, truck, etc.)
Number|of lots: 20
Mass oflots: 500t

Particulars pf sampling

Nominall top size of concentrate: 1 mm

Concentrate flowrate: 500 t/h

Conveyqr speed: 2m/s

Type of putter: Mechanical diverter cutter
Cutter aperture: 50 mm

Nominal mass of increment: 12 kg

Number|of increments: 50

Processing|of samples

Method|of constituting interleaved samples: Rlace alternate individual increments in containers A and B, td constitute
sampleq A and B, each comprising 25 increments.

Mass off samples: 300kg
Method|of processing samples: _Sample processing method 1

Measurg¢ments of Cu, % (m/m):

Statisti¢ Experimental results Commercial determination Manifested at logding point
Mean 23,01 — —
Minimum 22,72 — —
Maximum 23,20 — —

Estimated standard-deviations:

sa = 0,019 % Cu (m/m)
sp = 0,022 % Cu (m/m)
ss, = 0,049 % Cu (m/m)
st = 0,057 % Cu (m/m)

COMMENTS AN TEMATKS. ..o e e,

Date: oo RePOMEA DY: oo
(Name of supervisor of experiment)

10
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Annex B
(informativ
Bibliograp
B~ el o
ISO 10258:1994, Copper sulfide concentrates — [4]
Determination of copper content — [itrimetric
methofis.
ISO 10378:1994, Copper sulfide concentrates — (5]
Determination of gold and silver contents — Fire
assay |gravimetric and atomic absorption spec-
trometric method.
ISO 10469:1994, Copper sulfide concentrates — [6]

ISO 11441:1995, Lead sulfide conc

©1SO

entrates —

Determination of copper content — Electrogravi-

metric

method.

Determination of lead content — Bac
EDTA after precipitation of lead sdlfat

ISO 12739:—2), Zinc sulfide eoncent
termination of zinc cohtent — 4
method.

SO 13291:—2), &Zin¢ sulfide concent
termination of.zinc content — Solver
EDTA titrimetric method.

titration of

w

ates — De-
n-exchange

ates — De-
t extraction

2) To be published.
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