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Foreword

ISO {the International Organization for Standardizationhis

a worldwide

federation of national standards bodies (ISO memberbodigs). The work

of preparing international Standards is normally carried ou
technical committees. Each member body intérested in

through 1SO
a subject for

which a technical committee has been established has the right to be

represented on that committee. Internationahorganizations,
and non-governmental, in liaison with ISQalso take part in
collaborates closely with the International Electrotechnica
{IEC} on all matters of electrotechnical standardization,

governmental
he work. 1ISO
Commission

Draft International Standards adepted by the technical copnmittees are

circulated to the member bodies/for voting. Publication as a

[nternational

Standard reguires approvalby‘at least 75 % of the member bodies casting

a vote.

International Standar@d 4SO 10258 was prepared by Technidal Committee

ISO/TC 183, Copper-lead and zinc ores and concentrates.

Annexes A andB form an integral part of this International
nex C is forqnformation only.

Standard. An-

i
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ISO 10258:1994(E)

Copper sulfide concentrates — Determination of
copper content — Titrimetric methods

1 Scope

This Inteqnational Standard specifies two titrimetric
methods for the determination of the copper content
of coppgr sulfide concentrates in the range
15 % (m/) to B0 % {(m/m), using sodium thiosulfate
after seppration (method 1) or without separation
{method 2) of copper from interfering elements.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisiops
of this International Standard. At the time of. publi-
cation, th¢ editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on|this International Standard are encouraged
to investigate the possibility of applying*the most re-
cent edifions of the standards indicated below.
Members| of IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO 385-1:1984, Laboratary glassware — Burettes —
Part 1. General requirements.

ISO 648:1977, taboratory glassware — One-mark
pipettes.

3 Principle

3.1 Method 1 (Long iodide method)

A test portien is decomposed in nitrig
acids, and<arsenic, antimony and tin are

and sulfuric
removed by

treatmentwith hydrobromic acid. Coppef is separated

from .nterfering elements by precipitat
sulfide with sodium thiosulfate. The pre

on of copper
Cipitate I1s dis-

solved in nitric and sulfuric acids, ammonium hydro-
gen difluoride is added to eliminate interference of

residual iron, and excess potassium i

bdide is also

added. Free iodine isolated by reaction between
iodide ions and copper(ll) ions is titrateq with sodium
thiosulfate using soluble starch as the indicator.

3.2 Method 2 {Short iodide method)

A test portion is decomposed in nitric a

nd sulfuric ac-

ids, and arsenic, antimony and tin arel removed by
treatment with hydrobromic acid. Ammonium hydro-
gen difluoride is added to eliminate infterference of

iron, and excess potassium iodide is als
iodine isolated by reaction between io
copperill) ions is titrated with sodium thi
soluble starch as the indicator.

b added. Free
dide ions and
bsulfate using

ISO 104271983, 1aboratory giassware — One-rmark
volumetric flasks.

ISO 4787:1984, Laboratory glassware — Volumetric
glassware — Methods for use and testing of
capacity.

SO 9599:1991, Copper, lead and zinc sulfide con-
centrates — Determination of hygroscopic moisture
in the analysis sample — Gravimetric method.

ISO Guide 35:198b, Certification of reference ma-
terials — General and statistical principles.

4 Reagents

During the analysis, use only reagents

of recognized

analytical grade and distilled water or water of equiv-

alent purity.

4.1 Copper metal, minimum purity 99,99 %.

4.2 Potassium iodide.

4.3 Ammonium hydrogen difluoride.
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4.4 Sulfuric acid, diluted 1 + 1.

Slowly add 500 m! of concentrated sulfuric acid
{pgo 1,84 g/ml) to 500 ml of water, while stirring and
cooling.

4.5 Sulfuric acid, diluted 1 + 999.

Add 1 ml! of dilute sulfuric acid (4.4) to 500 ml of wa-
ter.

© ISO

4.20 Standard solutions.
NOTE 1  Standard solutions should be prepared at the

same ambient temperature as that at which the determi-
nations will be conducted.

4.20.1 Sodium thiosulfate, standard volumetric
solution (20 g/i).

4.20.1.1 Preparation

Dissolve 20 g of sodium thiosulfate (pentahydrate) in

4.6 Nitric acid, concentrated (p,, 1,47 g/mlI}.

4.7 Nitric acIi, diluted 1 + 1.

Slowly add 50
500 ml of watd

ml of concentrated nitric acid (4.6) to

el

4.8 Hydroflupric acid (p,, 1,14 g/ml).
49 Bromine
410 Bromine water, saturated.

4.11 Hydrobromic acid (p,; 1,50 g/ml).

4.72 Acetic 4dcid, diluted 1 + 3.

Slowly add | 26 mi of glacial acetic acid
(pyg 1,05 g/ml) to 76 mi of water.

4.13 Nitration mixture.

Slowly add 250 ml of concentrated ~sulfuric acid
(pyp 1,84 g/ml) to 250 ml of concentrated nitric acid
(4.8).

414 Ammonium hydrogen.difluoride, 250 g/l sol-
ution.

4.15 Sodium carbonate, 20 g/l solution.

1 litre of freshly boiled and cooled water. vAfld 0,2 g
of sodium carbonate, stir to dissolve and gllow to
stand for at least one day. Standardize “this [solution
as specified in 4.20.1.2.

4.20.1.2 Standardization

Clean a piece of copper metal (4.1) by immerping it in
warm dilute acetic acid (4.12). Wash the copper thor-
oughly with water, followed by ethanol (4.19) and al-
low to dry in ay~Weigh, into three separatg 400 ml
conical beaketg Yo the nearest 0,1 mg, a mass of
clean coppérvmetal which approximates thg copper
content in\the test portion. Record these masses as
my, nmycahd ns.

Dissolve the copper using 10 ml of dilute nftric acid
(477) followed by 5 ml of dilute sulfuric acid (4{4), Heat
to evaporate to dryness. Add 40 ml of water| heat to
dissolve the soluble salts and cool. Contjhue the
standardization as specified in 7.3.4 for methpd 1 and
in 7.4.2 for method 2. Record the volumes of sodium
thiosulfate solution used in the titration as V|, V, and
V.

NOTE 2 The standardization factor of the |standard
volumetric solution varies with the volume of sample sol-
ution, mass of potassium iodide, mass of copper|and tem-
perature of solution. The same volume of solution pnd mass
of potassium iodide as those used for the standardization
should be used for the analysis of the test poftion. The
temperatures of standardization and determinatign should
be essentially the same.

Calculate the standardization factors £, £, and f; using

416 Sodiumthiosulfate pentahydrate, 200 g/

solution.
4.17 Potassium thiocyanate, 100 g/l solution.

418 Starch, 2 g/l solution.

Moisten 1 g of soluble starch with cold water, slowly
pour into 500 mi of hot water while stirring, and boil
for about 1 min.

4.19 Ethanol.

the following equations:

_M 1
f1_71 (D
M

fz—v2 (2
f3=—%— @

Calculate, to four significant figures, the mean stand-
ardization factor f for the sodium thiosulfate standard
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volumetric solution, provided that the range of the
values of f;, f, and f; does not exceed 107° gCu/ml.
If this range is exceeded, repeat the standardization.

4.20.2 Copper, standard solution (0,1 mg/ml).

ISO 10

258:1994(E)

Alternatively, the method specified in annex A may
be used to prepare predried test portions directly from

the laboratory sample.

Table 1 — Recommended test portion masses

with wategr

Weigh, to the nearest 0,1 mg, 0,1 g of copper metal .
(4.1) into a 200 m! beaker, decompose with 10 ml of Copper content (presumed) | Mass of test portion
dilute nitric acid (4.7). Heat to remove nitrogen oxides, % m/m) 9
cool and add about 50 ml of water. Transfer to a > <
1 000 mi volumetric flask, fill up nearly to the mark

FA—arecootte—roorn terrperature: et 15 25 8
fill up exagtly to the mark and mix again. 25 50 0.4

5 Apparatus

Ordinary laboratory equipment and

5.1 Volymetric glassware, of class A complying
with ISO B85-1, 1SO 648 and SO 1042, and used in
accordande with ISO 4787.

5.2 Analytical balance, sensitive to 0,7 mg.
5.3 Platinum crucibles.

5.4 Atomic absorption spectrometer (AAS), with
a copper hollow cathode lamp.

Instrumerftal conditions:
Flame] air/acetylene

Wavelgngth: 324,7 nm.

5.5 Inductively coupled plasma (ICP} atomic

emission|spectrometer (opticnal).

6 Sample

6.1 Test sample

Prepare ahcair-equilibrated test sample in accordance
with 1SO 8559-

7 Procedure

7.1 Number of déterminations

Carry out the determinations at least in

duplicate, as

far as possibier under repeatability conditjons, on each

test sample.

NOTE 4

Repeatability conditions exist where mutually

independent test results are obtained with the same

nrethod on identical test material in the sam

B [aboratory by

the same operator using the same equipment, within short

intervals of time.

7.2 Blank test

Carry out a blank test in parallel with th
ing the same quantities of all reagents
the test portion. The purpose of the bla

P analysis us-
but omitting
k test in this

method is to check the quality of reaggnts. if a sig-

nificant blank titration value is obtained
the blank test, check all reagents an
problem.

7.3 Determination — method 1: |
method

7.3.1 Decomposition of test portion

as a result of
d rectify the

Long iodide

NOTE 3 A test sample is not required if predried test
portions are to be used (see annex A).

6.2 Test portion

Taking multiple increments, extract a test portion from
the test sample as specified in table 1 and weigh to
the nearest 0,1 mg. At the same time as test portions
are being weighed for analysis, weigh test portions for
the determination of hygroscopic moisture in accord-
ance with 15O 9599.

Transfer the test portion to a 400 ml ¢
and moisten with 10 ml of water. Add 2

onical beaker
0 ml of dilute

nitric acid (4.7), cover with a watch glass and heat for
about 10 min at 60 °C to 70 °C. Add 10 m! of dilute
sulfuric acid (4.4) and heat gradually to decompose

the test portion.

After the completion of the initial reaction. rinse the
underside of the watch glass with a minimum volume

of water, collecting the washings in
beaker. Continue heating until strong wh
evolved, then cool.

the conical
ite fumes are
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If the residue appears dark (presence of carbon),
slowly add a small amount of the nitration mixture
{(4.13) to the hot solution until the solution becomes
colourless or bluish and heat until strong white fumes
are evolved.

If decomposition of the deposited sulfur is insuf-
ficient, add 5 ml of nitric acid (4.6) and 1 mi of
bromine (4.9), and heat until strong white fumes are

evolved.

Lafasntar amA 10~ ~f by e iy
A= =T

© ISO

to dryness. Use more nitration mixture if the residue ap-
pears dark. Continue heating strongly to destroy any el-
emental sulfur. After adding 10 ml of nitric acid (4.6) around
the top of the beaker to rinse away the residual sulfur, add
2 ml of dilute sulfuric acid (4.4) and heat until strong white
fumes are evolved. Remove from the heat source and cool.
Add 40 ml of water, warm to dissolve the soluble salts and
cool. Proceed to 7.3.4.

7.3.3 Dissolution of copper precipitate

Carefully add
acid (4.11) an

oy \A [
T O vvatoT ar o+ Tt Ty Qoo oIS

i heat until strong white fumes are

evolved. Remdve from the source of heat and cool.

After addition
10 mi of hydr
white fumes 4
of heat and co

Add 80 ml of
and heat until
ity filter paper,
the filtrate in
filter paper ang
per by flame a
{as described
through previo
ple is complets

bf 5 ml of dilute sulfuric acid {4.4) and
pbromic acid (4.11), heat until strong
re evolved. Remove from the source
DI

vater, warm to dissolve soluble salts,
boiling. Filter through a medium poros-
wash well with hot water and collect
b 400 ml conical beaker. Reserve the
residue for the determination of cop-
tomic absorption spectrometry (FAAS)
in 7.3.5) unless it has been proven,
s testing, that the copper in the sam-
ly soluble using the initial dissolution.

7.3.2 Separation of copper

Dilute the filt
90 °C, slowly g
(4.16) while st
brown emulsig

ate to 200 mi and heat to 0 °C to
dd 40 ml of sodium thiosulfate solution
rring, to produce a yellow or yellowish
n. Heat gradually and continue boiling

gently until the precipitate coagulates. Filter the sol-

ution through 3
the filter paper
the filtrate for
scribed in 7.3.1

Using water, ri
into the origin

medium porosity-filter paper and wash
and precipitateswith hot water. Retain
FAAS measurements of copper (as de-
).

nse‘away the copper sulfide precipitate
bi~Conical beaker and decompose the

Add 2 ml of dilute sulfuric acid (4.4) and 10, tn| of nitric
acid (4.6), heat slowly to decompose the-precipitate
and then evaporate to dryness. Continue| heating
strongly to destroy any elemental&uifur. Aftgr adding
10 ml of nitric acid {4.6) around-the top of the beaker
to rinse away the residual sulfur, add 2 ml pf dilute
sulfuric acid (4.4) and heat_until strong whitg fumes
are evolved. Remove, from the source of heat and
cool.

7.3.4 Titration

Add 40-ml| of water, warm to dissolve the| soluble
salts and cool the solution. Add sodium carbonate
sejution (4.15) until the copper precipitate pppears,
then add dilute acetic acid (4.12) until the cogper pre-
cipitate disappears and an excess of 3 mi to 5| ml. Add
T ml of ammonium hydrogen difluoride [solution
(4.14) and swirl.

Add 15 g of potassium iodide (4.2), swirl to flissolve,
and immediately titrate with sodium thiosulfate stan-
dard volumetric solution (4.20.1). When the yellow
brown iodine colour fades to a pale yellow, add 5 mi
of starch solution (4.18) as the indicator.

NOTES

6 Instead of using the above step, the following method
can be used. Add 3 g of potassium iodide (4.2)] swirl to
dissolve and immediately titrate with sodium thiosulfate

standard volumetric solution (4.20.1). When the vyellow
hrosam o

dine—colourfades—to—a—pale—yelow—add 5 ml of

remaining precipitate on the filter paper using drop by
drop addition of bromine water (4.10) followed by
nitric acid (4.6). Repeat this treatment as required,
then wash well with hot water, collecting this solution
in the beaker containing the main precipitate. Retain
the filter paper for FAAS measurements of copper (as
described in 7.3.5).

NOTE 5 Instead of using the above step, the following
method can be used. Transfer the precipitate and filter pa-
per into the original beaker, cover with a watch glass and
add 30 ml of nitration mixture {4.13). Heat slowly to de-
compose the precipitate and the filter paper and evaporate

starch solution (4.18) as the indicator and continue the
titration until the colour of the solution becomes light blue.
Then add 5 ml of potassium thiocyanate solution (4.17}.

7 The presence of Ag, Bi, Hg and Pb may obscure the
colour change. In this case, add the starch solution (4.18)
earlier in the titration, when the solution is a light brown
colour.

Continue the titration until the blue indicator colour
just disappears. Record the volume V of sodium
thiosulfate standard volumetric solution used in the
titration.
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7.3.5 FAAS determination of copper in the
insoluble residue, filtrate and filter paper

7.3.5.1 Decomposition of the insoluble residue

Place the retained residue and the filter paper in a
platinum crucible (56.3), dry and ignite at 750 °C to
800 °C. Allow the crucible to cool, add 5 mi of dilute
sulfuric acid (4.4) and 5 ml to 10 ml of hydrofluoric
acid (4.8), heat to evaporate almost to dryness and

ISO 10258:1994(E)

where

m, is the mass, in grams, of copper in the in-

soluble residue, the precipitate
the filter paper and the filtrate;

remaining on

mg is the mass, in micrograms, of copper in the

test solution.

7.4 Determination — method 2: Short iodide

volatilize ;mmthod
with a smpall quantity of water and 1 m! of dilute

sulfuric acld (4.4) by heating. Proceed to 7.3.5.3.

7.3.5.2 Decomposition of the precipitate
remaining on the filter paper

Transfer the retained filter paper into a beaker and add
30 mi of njtration mixture (4.13). Heat to evaporate to
dryness. I{ the residue appears dark (presence of car-
bon), repept this step. Dissolve with a small quantity
of water and 1 ml of dilute sulfuric acid (4.4) by heat-
ing. Procegd to 7.3.5.3.

7.3.5.3 Spectrometric measurement

Transfer tIe solutions prepared in 7.3.56.1, 7.3.5.2 ai\d
the retaiped filtrate from 7.3.2 into a 500-ml
volumetrid flask and make up to the mark wjithiwater.

Prepare cqlibration solutions by adding, from a pipette
or a micrd-burette, 0,0 m!, 0,50 ml, ;80 mi, 1,50 ml,
2,00 ml dnd 3,00 ml of copper(standard solution
(4.20.2) into a series of 200 m{ one-mark volumetric
flasks, add 1 ml of dilute sulfuri©acid (4.4) to each one
and make|up to the marks.with water.

Aspirate the test solution and the calibration solutions
into the gtomic abisorption spectrometer (5.4) using
an airjacefylene.flame and a wavelength of 324,7 nm
with backgrodnd correction.

7.4.1 Decomposition of the test port

Transfer the test portion to,@ 400 ml ¢
and moisten with 10 m| ofwater. Add 2

ion

nical beaker
ml of dilute

nitric acid {4.7), cover 'with a watch glass|and heat for
about 10 min at 60:%€ to 70 °C. Add 1Q ml of dilute
sulfuric acid {4.4)y'and heat gradually tol decompose

the test portion.

After cempletion of the initial reactiop,

undetside of the watch glass with a mini
of cwater, collecting the washings in
beaker. Continue heating until strong wh
evolved, then cool.

if the residue appears dark (presence

rinse the
Mmum volume
the conical
te fumes are

of carbon),

slowly add a small amount of the nitrgtion mixture
{(4.13) to the hot solution until the solutjon becomes

colourless or bluish and heat until strong
are evolved.

If decomposition of the deposited su

white fumes

fur is insuf-

ficient, add 5 mi of nitric acid (4.6}, 1 mi of bromine

(4.9) and 2 ml of dilute sulfuric acid (4
until strong white fumes are evolved.

Carefully add 5 m! of water, 10 m!i of

5), and heat

hydrobromic

acid (4.11) and 5 ml of dilute sulfuric gcid (4.4) and

heat until strong white fumes are evol
from the source of heat and cool. Add
sulfuric acid (4.4) and 10 ml of hydr

41 1)’ and heat ntil strong white fume

ed. Remove
b mi of dilute
bbromic acid
are evolved.

Prepare a calibration graph of masses of copper in the
calibration solutions versus absorbances and read the
mass, in micrograms, of copper in the test solution
from the calibration graph.

NOTE 8 Alternatively, the ICP atomic emission spec-
trometer (5.5) can be used for the determination of copper
at a wavelength of 324, 7 mm.

Calculate the mass of copper in the residue and
filtrate using the following eguation:

my=mg x 1078 c ()

Continue heating to evaporate to complete dryness

and then cool.

NOTE 9

|f it has not been proven, through previous test-

ing, that the copper in the sample is completely soluble us-
ing the initial dissolution described above, the following
procedure should be carried out. Add 20 m! of water, warm
to dissolve soluble salts, then heat until boiling. Filter
through a medium-porosity filter paper. wash well with hot
water collecting the filtrate and washings in a 400 mI conicat
beaker, and then heat 10 evaporate 10 dryness. Determine
the copper content of the insoluble residue in accordance
with 7.3.5.
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7.4.2 Titration

Add 40 ml of
solve the solu

dilute sulfuric acid {4.5), warm to dis-
ble salts and cool the solution. Add 3 g

of ammonium hydrogen difluoride (4.3) to the test

solution and s

wirl to dissolve.

Add 15 g of potassium iodide (4.2), swirl to dissolve
and immediately titrate with sodium thiosulfate stan-
dard volumetric solution (4.20.1}. When the yellow

brown iodine

colour fades to a pale yellow, add 5 ml

of starch solutjep—4-38las-the-tndicater

NOTES

10 Instead of

© SO

H is the hygroscopic moisture content, in per-
cent, of the test portion (in the case of a

predried test portion being used, H

Calculate the copper content of the test porti
second decimal place.

9 Precision

=0).

on to the

sing the above step, the following method

can be used. Add 3 g of potassium iodide (4.2), swirl to
dissolve and imimediately titrate with sodium thiosulfate
standard volumietric solution (4.20.1). When the vyellow

brown iodine ¢
starch solution

titration until thq

blour fades to a pale vyellow, add 5 ml of
(4.18) as the indicator and continue the
colour of the solution becomes light blue.

Then add 5 ml gf potassium thiocyanate solution {4.17).

11 The preserce of Ag, Bi, Hg and Pb may obscure the

colour change.

n this case, add the starch solution {4.18)

earlier in the tifration, when the solution is a light brown

colour.

Continue the
Just disappea

titration until the blue indicator colour
s. Record the volume V of sodium

thiosulfate standard volumetric solution used in the

titration.

8 Expressjon of results

The copper coptent of the test portion we,,, expressed

as a percenta

e by mass, is given by the following

9.1 Expression of precision

The precision of this analytical method s e
by the following eguations:

Long iodide method
s, =0,000 8 X + 0,048 5
s, =0,004 2 X — 6,007 7
Short iodide miethod
5, =0,0014 X +0,028 2
s, 0,000 5 X + 0,081 9

where

pressed

X is the mean content of copper, expressed as

a percentage by mass, in the samp

expressed as a percentage by mas
per;

s. s the between-aboratories stand
ation, expressed as a percentage
of copper;

-

-

. is the within-laboratory standard deviation,

5 of cop-

hird  devi-
by mass

equation: NOTE 12 Additional information is given in annpx C.
[(V}) + ma] x 100 100 .
e = m * 700 - H )
9.2 Method for obtaining the final regult
where (see annex B)
vV is the volume, in millilitres, of sodium Calculate the following quantities from the duplicate
thiosulfate standard volumetric  solution results X; and X, and process according to the flow-
used; chart in annex B:
f is the mean standardization factor, in grams Mean of duplicates
of copper per millilitre, for the sodium _
thiosulfate standard volumetric solution, cal- X=(X+X)/2 Y
culated in 4.20.1.2;
Within-laboratory standard deviation
m, is the mass, in grams, of residual copper
determined by FAAS, calculated in 7.3.5.3; Long iodide method
m is the mass, in grams, of the test portion; 5, =0,000 8 X +0,048 5 (1
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Short iodide method

5,=0,0014X +0,0282 . (12)
Repeatability limit
r=28s, ... (13)

9.3 Precision between laboratories

ISO 10258:1994(E)

If E is less than or equal to P, the final results are in
agreement.

9.4 Check of trueness

The trueness of the analytical method can be checked
by applying it to a certified reference material (CRM).
The procedure is the same as that described in
clause 7. When the precision has been confirmed,
the final laboratory result can be compared with the

The precision between laboratories is used to deter-
mine the hgreement between the results reported by
two {or more) laboratories. It is assumed that all the
laboratorigs followed the same procedure.
Calculate the following gquantities:

Mean pf final results
il = (11 + up)/2 . (14
Between-laboratories standard deviation

Long iodide method

Short iodide method
s, =0,0005 y;,+0,0819 Y

Withintlaboratory standard deviation

Lomg iodide method
5, = 0,000 8 yy,+ 0,048°5 (7

Short iodide method
s, =0,001 4 159+ 0,028 2 ... (18)

Permigsible difference

Pl= 28450 + (s12) ...(19)

cortifiead vall e, AC

The following two possibilities exist;

If this condition exists, thedifference [between the
reported result and the certified value |s statistically
insignificant.

lu. — Al > C (22
If this con@itton exists, the difference |[between the
reported™result and the certified value |s statistically
significant.

jm~&Qguations (21) and (22), the symbols|have the fol-
lowing meanings:

L. 1s the final result, expressed as|a percentage
by mass of copper, of the certified reference
material;

A, is the certified value, expressed|as a percent-
age by mass of copper, of the gertified refer-
ence material;

C is a guantity, expressed as a percentage by
mass of copper, depending on the type of the
certified reference material usef, as defined
in9.4.1.

9.41 Type of certified reference material (CRM)
or reference material (RM)

The reference materials used for this purpose shouid

Range
E = |u — pyl .. (20)

where

uq, is the final result, expressed as a per-
centage by mass of copper, reported by
laboratory 1;

u, is the final result, expressed as a per-
centage by mass of copper, reported by
laboratory 2.

be prepared and certified in accordance with ISO
Guide 35.

9.4.1.1 Reference material certified/characterized
by an interlaboratory test programme

The quantity C (see 9.4), expressed as a percentage
by mass of copper. is given by the following eauation:

f
C=24/ st + (s2In) + S%(A,] L (23)

where
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S%|Ac} is the variance of the certified value;

n is the number of replicate determinations.

9.4.1.2 Reference material certified/characterized
by one laboratory

The quantity C (see 9.4), expressed as a percentage
by mass of copper, is given by the following equation:

C =24 2sL2 + (sf/n) .. (24)

© I1SO

10 Test report

The test report shall contain the following information:

a)

b)

c)

identification of the sample;

reference to this International Standard, i.e.
1ISO 102568;

copper content of the sample, expressed as a
percentage by mass;

NOTE 13 it is| recommended that this type of certified
reference materipl be avoided, unless the particular CRM is
known to have ah unbiased certified value.

date on which the test was carried ot

any occurrences noticed during the detergnination
that may have had an influenCe-on the regults.
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Annex A
(normative)

Procedure for the preparation and determination of the mass of a predried
test portion

A.1 Scépe

This anney specifies a method for the preparation and
determinafion of the mass of a predried test portion
in the analysis of copper sulfide concentrates.

The methgd is applicable to copper sulfide concen-
trates not susceptible to oxidation and with
hygroscop|c moisture contents ranging from 0,05 %
to 2 %.

A.2 Pripciple

The test pprtion to be used for analysis is dried in air
in an ovef maintained at 105 °C + 5 °C. The dried
test portiof is then weighed and used for the analysis.
No correction for hygroscopic moisture is required.

A.3 Chpemicals

A.3.1 Depsiccant, such as self-indicating silica gel or
anhydrous|magnesium perchlorate.

WARNING — Care must be taken_when disposing
of exhaugted magnesium perchlorate. It must be
washed down the sink with-a stream of running
water.

A.4 Apparatus

Ordinary lghoratory equipment, and

A5 Procedure
A5.1 Preparation of the weighing vessel

Dry the weighing vessel and its cover (A.4.2) by

heating in the laboratory oven
106 °C + 5 °C for 1 h=Transfer the ve
cover to a desiccator’containing a s
desiccant (A.3.1) and allow to cool to a
perature.

A.5.2 .Test portion

(A.4.3) at
ssel and its
itable fresh
Mmbient tem-

Tare, the dried weighing vessel and its dover (A.5.1).

lMmediately add the mass of labora
specified for analysis. An accurate total
test portion and weighing vessel is not re
point.

A.5.3 Determination of the test p
mass

Transfer the uncovered weighing vess
the test portion and the vessel cover to t
oven (A.4.3) and dry at 105 °C £ 5°C f
the 2 h period, remove the weighing ve
test portion from the oven, replace the
and allow to cool to ambient temper
desiccator. When cool, remove the wei
containing the dry test portion and the
from the desiccator and weigh to the ng
(mg), after slightly lifting the cover and g

tory sample
mass of the
Huired at this

prtion dry

el containing
he laboratory
or 2 h. After
ssel and dry
vessel cover
ature in the
ghing vessel
vessel cover
arest 0,1 mg
uickly replac-

A.4.1 Analytical balance, sensitive to 0,1 mg.

A.4.2 Weighing vessels, of glass or silica or
corrosion-resistant metal, with externally-fitting air-
tight covers. For small test portions (of mass less than
3 g), the mass of the vessel shall be as small as
possible, i.e. less than 20 g.

A.4.3 Laboratory oven, capable of maintaining a
temperature of 1056 °C + 5 °C.

ot
)

Transfer the test portion into the appropriate analytical
apparatus and immediately reweigh the empty
weighing vessel and its cover. Record the mass (m)
to the nearest 0,1 mg.

NOTE 14 For new concentrates of unknown charac-
teristics, it is advisable to repeat the drying for another 2 h
at 105 °C + 5 °C and to reweigh the weighing vessel con-
taining the test portion and the vessel cover 1o the nearest
0.1 mg (m'e). The test portion can be considered to be
constant if the difference, (mg — m’g) 15 less than or equal to
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0.5 mg. If this condition is not achieved, the drying and
weighing steps should be repeated.

A.6 Calculation of the dry mass of the
test portion

The dry mass of the test portion mg, in grams, is given
by the following equation:

Mg = mg — my A1)

© SO

where

mg 1S the mass, in grams, of the dried test por-
tion plus the weighing vessel and its cover:;

m, is the mass, in grams, of the empty weighing
vessel plus its cover.

The mass of the dry test portion is the mass to be
used to calculate the element content in the labora-
tory sample on a dry basis. No correction for
hygroscopic moisture is required.

10
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(normative)
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Flowsheet of the procedure for the acceptance of analytical values for test

samples

Perform x4, x,

NO

x4 = x,] =129

e e ]

NO

YES_|

Perform x;, x,

oo X1t X2
g= 22
2
Perform x; —
X,

Rdnge of
Xp, X3 =120

NO

Perform x,

Range of x4, x5, x3, X, < 1371

NO

X1+ Xp* X3+ X,

4

r defined in 9.2

X =Median of X4 X3, X3, X,

1
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C1

Annex C
(informative)

Derivation of precision equations

Introduction

trate and each
independently.

sample was analysed

This Internatiofal Standard was tested in an interlab-

oratory test pr
18 laboratories

gramme involving eight countries and
Five samples of copper concentrate

covering the rgnge 20 % (m/m) to 54 % (m/m) were
analysed to defermine their copper content. The test

programme w

s designed to determine the repeat-

ability and withjin-laboratory and between-laboratories

reproducibilitie

5 in general, using the principles of

ISO 5725:1986, Precision of test methods — Deter-
mination of repeatability and reproducibility for a
standard test method by inter-laboratory tests.

C.2 Desigr

of the test programme

The analytical test programme was designed with the
aim of providing maximum information. Each labora-

tory used two

samples {two bags) of each concenr-

C.3 Test samples

This test programme used five samples of

© SO

twice

copper

concentrate. The composition of'these samples is

given in table C.1.

C.4 Statistical evaluation

The procedure fop statistical evaluation is illustrated
schematically in(figure C.1. The results of the statis-

tical evaluationd@re summarized in table C.2.

The estimated precisions (s, s, r and P) arg

plotted

againsttHeir corresponding sample means on{ a graph
as shown In figureC.2 {locng iodide methpd) and
figure C.3 (short iodide method), and the repression

gquations of these precisions against samplg

were computed and are presented in table Cp.

12

means
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Table C.1 — Composition of copper concentrate samples

ISO 10258:1994(E)

Sample numbers
Element

85-6 85-7 85-8 87-12 87-18
Cu % {m/m) ~ 20 ~ 25 ~ 1356 ~ 50 ~ 30
Ag 4/t 1 250 35 170 100 = 70
Au q/t 1 1 1 <1 =~ 25
Zn Yo (m/m) 13 <1 1 01 <
MgO o {m/m) ~ 0,1 ~ 0.1 <1 ~ 0,5
Bi Yo (m/m) ~ 0,01 < 0,001 ~ 0,005 < 0,001 % 0,005
Se dit ~ 50 ~ 50 ~ 50 10 ~ 150
Te q/t ~ 10 <5 <5 ~5 =5
Si0, o (m/m) <1 17 6 15 =6
Fe Yo (m/m) 23 2 22 1 ~ 25
S Yo (m/m) 33 9 34 15 =~ 30
As % (m/m) 0,1 0.1 0,2 0,1 ~ 0,02
Sh %o (m/m) 1.1 0,01 0.1 <01 ~ 0,03
Sn 6 (m/m) ~ 0,056 ~ 0,05 < 0,01 < 0,1 ~ 0,01
Cd o (m/m) ~ 0,03 ~ 0,002 ~ 0,002 < 0,01 #F 0,001
Ni Yo (m/m) < 0,01 ~ 0,02 < 0,01 < 0,01 0,01
Ca0 o (m/m) <1 ~ 12 ~ 0,1 1 ~ 05
ALO; Y6 (m/m) <1 X ~ 2 1 ~
Pb o (m/m) 1 0,03 ~5 ~ 0,02
Mo b (m/m) n.d. 0.2 =1 < 0,01 ~ 0.2
85-6 Rammelsberg concentrate~(Germany)
85-7  PFolish concentrate (Poland)
85-8 aridad concentrate {Mexico)
87-12 (oro-Coro conéentrate (Bolivia)
87-18 Bougainville goncentrate (Papua New Guinea)
n.d. = ngt determined

13
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Raw data

Chemical outliers
i

NO

Reject outliers

Z

Statistical outliers

<

Perform two-way
ANOVA

Test sample
homogeneous
?

NO

Reject outliers

Combine analytical results submjtted
by each laboratory

Statistieal outliers
?

?

[

e precisions estimated from
wo-way ANOVA

—

Reject outliers

Outliers found —

Perform one-way
ANOVA

Regressions of
precision vs. level

&

Present raw data and regression

lines in graphicat form

Report

© SO

Figure C.1 — Flowsheet of procedure for statistical evaluation of analytical data resulting from

international tests
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Table C.2 — Summary of precisions for all samples

ISO 10258:1994(E)

Sample number ko K n, n X r P 5 5. suls,
(see table C.1) Long iodide method
85-6 17 15 68 60 19,840 | 0,1543 | 0,1895 | 0,0545 | 0,064(7 1,00
85-7 17 16 68 64 24,180 | 0,1989 | 0,4639 | 0,0703 | Q1662 2,22
85-8 17 16 68 64 33,348 | 0,3095 | 0,3581 | 0,109.3-(0,100[1 0,92
87-12 17 15 68 60 53,421 | 0,2380 | 0,6673 | 0,084y | 0,228/4 2,72
87-18 18 16 72 64 30,764 | 0,1599 | 0,3062 |, 0,0665 | 0,100[6 1,78
Short iodide method
85-6 17 16 68 64 19,840 | 0,1543, [ (1813 | 0,0645 | 0,051}4 0,94
85-7 17 16 68 64 24118 | 0,2192% 0,5330 | 0,0775 | 0,180)2 2,33
85-8 17 15 68 60 33,410 | 0,%718 | 0,2219 | 0,0807 | 0,065[6 1,08
87-12 17 16 68 64 53,585 ¢, 93021 | 0,3931 | 0,1068 | 0,116/6 1,09
87-18 18 16 72 64 30,737,| 01712 | 0,2315 | 0,0605 | 0,069[7 1,15
The regregsion equations are
Long [iodide method Correlation coefficient Short iodide method Correlation coefficient
r=00p23X +0,137 1 0,469 5 r=0,0038X+00799 0,830 1
P=00117X +0,018 4 0,839 8 P=0,0023X+0,2378 0,203 6
5 =0,0008X +0,048 5 0,469 5 5,=0,0014X +0,0282 0,830 0
5, =0,004 2 X — 0,007 7 0,815 9 s.=0,0005X +0,0819 0,113 4
ky Totpl number of participatinglaberatories
k Number of participating ldberatories used for computation of precision
ny Totgl number of analytical results
n Nufnber of analyti€al.results used for computation of precision
X Ovgrall mean,of the copper content, expressed as a percentage by mass, of the sample
r Permissibléswithin-laboratory tolerance (repeatability), expressed as a percentage by mass of copper
P PermisSible between-laboratories tolerance, expressed as a percentage by mass of copper
s, Withindahoratory standard deviation expressed as a percentage by mass of copper
s Between-laboratories standard deviation, expressed as a percentage by mass of copper
X Mean content of copper, expressed as a percentage by mass of the sample

15
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