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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 work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Copper, lead, zinc and nickel sulfide concentrates —
Determination of arsenic —

Part 2:
Acid digestion and inductively coupled plasma atomic
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nission spectrometric method

equipment. It is the responsibility of the user of this International Standard ta
ropriate health and safety practices and determine the applicability of regulatory 1
br to use.

Scope

5 International Standard specifies an acid digestion and inductitvely coupled plasma atom

, and nickel sulfide concentrates as follows:

for copper sulfide concentrates, the method is applicable to the determination of mass f
arsenic from 0,05 % to 2,0 %;

for lead sulfide concentrates, the method is applicable to the determination of mass f
arsenic from 0,05 % to 1,0 %;

for zinc sulfide concentrates, the methed is applicable to the determination of mass f
arsenic from 0,05 % to 0,6 %;

for nickel sulfide concentrates, the method is applicable to the determination of mass
arsenic from 0,05 % to 1,0 %:

Normative references

following documeénts, in whole or in part, are normatively referenced in this docume

rences, thelatést edition of the referenced document (including any amendments) applig

648, Laboratory glassware — Single-volume pipettes

RNING — This International Standard may involve hazardous materials, operations,

establish
imitations

jc emission

ctrometric (ICP-AES) method for the determination of the4nass fraction of arsenic in c¢pper, lead,

ractions of

ractions of

ractions of

fraction of

nt and are

spensable forlits application. For dated references, only the edition cited applies. F¢r undated

S.

1042, Laboratory glassware — One-mark volumetric flasks

ISO 4787, Laboratory glassware — Volumetric instruments — Methods for testing of capacity and for use

[S08466-2, Water quality — Calibration and evaluation of analytical methods and estimation of performance
characteristics — Part 2: Calibration strategy for non-linear second-order calibration functions

ISO 9599, Copper, lead and zinc sulfide concentrates — Determination of hygroscopic moisture in the

ana

lysis sample — Gravimetric method

ISO 12743:2006, Copper, lead, zinc and nickel concentrates — Sampling procedures for determination of
metal and moisture content
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3 Principle

The test portion is decomposed in nitric and sulphuric acids and arsenic is determined by comparison
against matrix-matched standards using ICP-AES.

4 Reagents

During the analysis, use only reagents of recognized analytical grade and distilled water or water of
equivalent purity.

4.1 Sodipm hydroxide (NaOH), AR grade.

4.2 Arsenic trioxide (As203), AR grade.

4.3 Iron(III) chloride hexahydrate (FeCl3¢6H20), AR grade (<0,000 05 % Arsenic)-
4.4 Copper metal (299,99 %).

4.5 Zinc|metal (299,99 %).

4.6 Lead metal (299,99 %).

4.7 Nickel metal (299,99 %).

4.8 Ammonium acetate, AR grade.

4.9 Nitric acid (p20 1,42 g/ml).

4.10 Nitric acid, dilute (1 + 1).

Slowly add)50 ml of nitric acid (4.9) to 50 ml of water while stirring.
4.11 Hydrochloric acid (p20 1,16.g/ml).

4.12 Hydrochloric acid, dilute (1 + 1).

Slowly add|50 ml of hydrechloric acid (4.11) to 50 ml of water while stirring.

4.13 Sulphuric acid (p20 1,84 g/ml).

4.14 Sulphuric acid, dilute (1 + 1).

Slowly add 50 ml of sulphuric acid (4.12) to 50 ml of water while stirring.

The addition of sulphuric acid to water generates heat and shall be performed with adequate precautions.

4.15 Sulphuric acid, dilute (1 + 50).

Slowly and with stirring, add 20 ml of sulphuric acid (4.12) to 1 000 ml of water.

4.16 Hydrofluoric acid (p20 1,13 g/ml).

2 © ISO 2014 - All rights reserved
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4.17 Sodium hydroxide solution (20 % w/v).

Weigh 20,0 g of sodium hydroxide (4.1) in a polytetrafluoroethylene beaker (5.5). Add 50 ml of water and
allow the solid to dissolve. Dilute the solution to 100 ml and store in a labelled polyethylene container.

4.18 Saturated solution of potassium chlorate in nitric acid.

Superfluous potassium chlorate is added into the nitric acid and then the deposited solution is allowed
to form the saturated solution.

4-1 ) Auuuuuiulu cu,t:tat':: (25 n/() VV/’V).

Disgolve 25,0 g of ammonium acetate (4.8) into 100 ml water.

4.20 Arsenic standard, 1 ml contains 1 mg of As.

Weigh 1 320,3 g of arsenic trioxide (4.2) into a 400 ml beaker and add 5 ml of'sodium hydroxide solution
(4.17). Warm slightly to dissolve. When dissolution is complete, cool and add 40 ml of nitri¢ acid (4.9).
Trapsfer to a 1 000 ml volumetric flask containing 60 ml of nitric acid. (49). Fill up nearly tp the mark

wit
Sto1

Altg

Bef
suif]

4.2

Pip
acid

h water, mix, and equilibrate at room temperature, then fill up exaetly to the mark and
e in a labelled container.

rnatively, purchase a suitable high quality prepared standand.

bre use, compare this International Standard against a traceable National Standard
ability for use.

Il Arsenic standard, 1 ml contains 0,2 mg of As.

btte 40 ml of arsenic standard (4.20) into-a 200 ml volumetric flask containing 2 ml hy
(4.11). Fill up nearly to the mark with*water, mix, and equilibrate at room temperature,

mix again.

to ensure

rdrochloric
then fill up

exaftly to the mark and mix again. Store'in a labelled glass container.

4.22 Copper matrix/interference standard (25,0 mg/ml).

Disgolve 2,5 gof copper metal (44) with 50 ml of warm dilute nitricacid (4.10). Evaporate to approximately
25£l in order to remove nitrogen oxides. Transfer to a 100 ml volumetric flask, add 5 ml cEFncentrated
hydirochloric acid, thenfillup with water nearly to the mark. Mix and cool to room temperature, then fill
up ¢xactly to the markand mix again.

4.28 Zinc matriX/interference standard (32,5 mg/ml).

Disgolve 3;25'¢ of zinc metal (4.5) with 50 ml of warm dilute hydrochloric acid (1+1). Transferfto a 100 ml
volymetnic-flask, fill up with water nearly to the mark, mix, and cool to room temperature, fhen fill up

exa

Ctly, to the mark and mix again.

4.24 Iron matrix/interference standard (10 mg/ml).

Dissolve 48,4 g iron (III) chloride hexahydrate (4.3) in 200 ml of water. Add 10 ml of hydrochloric acid
(4.11) and make up to 1 000 ml with water and mix.

4.25 Lead matrix/interference standard (37,5 mg/ml).

Dissolve 3,75 g of lead metal (4.6) by adding 40 ml of water and 20 ml of nitric acid (4.9) and heat to
dissolve. Transfer to a 100 ml volumetric flask, fill up with water nearly to the mark, mix, and cool to
room temperature, then fill up exactly to the mark and mix again.

©IS
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4.26 Nickel matrix/interference standard (10 mg/ml).

Dissolve 1,0 g of nickel metal (4.7) in 50 ml of dilute nitric acid (4.10) and heat until all nitrogen oxides
are expelled. The volume will be about 25 ml. Transfer to a 100 ml volumetric flask. Add 25 ml of
hydrochloric acid (4.11) and fill up with water nearly to the mark, mix, and cool to room temperature,

then fill up

exactly to the mark and mix again.

5 Apparatus

All laboratory glassware and equipment shall be shown to be free of arsenic contamination.

5.1 Bala
5.2 Norry
1SO 4787.

5.3 Ind

5.4 Inso
5.5 Poly
6 Samp

T:
The emissi

hce, sensitive to +0,1 mg.

hal laboratory glassware, complying with ISO 648 and ISO 1042 and used in accordance v

tively coupled plasma atomic emission spectrometer (ICP-AES).

n wavelength should be set to 193,696 nm or 197,197 nm.
ubles filter paper, Whatman®1) No. 40 or equivalent.

fetrafluoroethylene beaker, 200 ml capacity.

ling and sample preparation

6.1 Labe¢ratory sample

Laboratory
[SO 12743.

As arsenic
preparing

6.2 Test

Prepare af
IS0 9599.

NOTE 4

6.3 Test

can evaporate from samplés, dt elevated temperatures, consideration should be givel
h separate chemical analysis'sample as described in ISO 12743:2006, 16.2.

sample

air-equilibrated-test sample and a hygroscopic moisture test sample in accordance ¥

\ test saniple'is not required if pre-dried test portions are to be used (see Annex A).

portion

vith

r samples shall be taken and prepared in accordance with the procedures described in

L to

vith

Taking multiple increments, extract approximately 0,5 g from the test sample and weigh to the nearest
0,1 mg. At the same time, as the test portions are being weighed for analysis, weigh test portions for the
determination of hygroscopic moisture in accordance with ISO 9599.

Alternatively, the method specified in Annex A may be used to prepare pre-dried test portions directly
from the laboratory sample.

Obtain an approximate concentration for the copper, lead, zinc, and iron in the sample as required in

step 7.7.

1) This information is given for the convenience of users of this International Standard and does not constitute an
endorsement by ISO.

4
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Procedure

Number of determinations

Carry out the determinations, at least in duplicate, as far as possible under repeatability conditions on
each test sample.

NOTE

Repeatability conditions exist where mutually independent test results are obtained with the same

method on identical test material, in the same laboratory, by the same operator using the same equipment within
short intervals of time.

7.2| Blank test

Carfy outablank test in parallel with the analysis using the same quantities of all reagents, blit omitting
thejsample. The purpose of the blank test is to check for contamination of the apparatus used in the test
and| the purity of the reagents.

7.3| Dissolution of the test portion

Qudntitatively, transfer the test portion into a 300 ml narrow-necked‘conical beaker. Moisten with 5 ml
of water.

Add cautiously 15 ml of the saturated solution of potassium-chlorate in nitric acid (4.18) anld place the
confcal beaker on the hotplate and heat gently until all nitrogen oxides are expelled. Add 15 nl of dilute

sulphuric acid (4.14) and heat the solution until strong white fumes have evolved, then cool.

If the residue appears dark (indicating the presenceof carbon), slowly add a small amount of nitric acid
(4.9) to the hot solution until the solution become$, colourless, then heat until strong white fumes have
evolved.

Add 50 ml of water and bring to boil, thenallow to cool at room temperature.

Filtpr the solution through an insoluble-filter paper (5.4) in a 250 ml conical beaker. Wash fhe 300 ml
confcal beaker used to digest the sample and filter paper thoroughly with sulphuric acid|(4.15) and
collect the washing solutions in the'same 250 ml conical beaker.

If a¢id insoluble material is'present, then treat this residue as the procedure in 7.5, otherwise proceed
to step Z.6.

In the case of lead concentrates, proceed to step 7.4.

7.4, Removalof lead sulfate

Qudntitatively, transfer the precipitate into a 250 ml conical beaker with small amount of deionised

watler..,Add 15 ml of ammonium acetate (4.19) and place the conical beaker on the hotplate an

diss

1 heat until

olution of the PbSOg4.

Cool the solution to room temperature and filter through an insoluble filter paper (5.4), then wash the
insoluble residue with sulphuric acid (4.15). Reject the filtrate and washing solution. If acid insoluble
material is present, then treat this residue as the procedure in 7.5, otherwise proceed to step 7.6.

7.5 Dissolution of the insoluble residue

Quantitatively, transfer the acid insoluble residue into a 200 ml polytetrafluoroethylene beaker (5.5)
with a small quantity of deionised water. Add 5 ml of nitric acid (4.9), 5 ml of dilute sulphuric acid (4.14),
and 3 ml to 5 ml of hydrofluoric acid (4.16). Heat the solution until the evolution of white sulphuric acid
fumes to remove silicon dioxide. Allow to cool, then dissolve the soluble salts with 10 ml of deionised
water and 10 ml of nitric acid (4.9). Proceed to step 7.6.

© IS0 2014 - All rights reserved
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7.6 Preparation of test solutions

Quantitatively, transfer the solution from step 7.5 and the filtrate from step 7.4 into a 200 ml volumetric
flask and dilute to approximately 150 ml with deionised water. Allow this solution to cool in room
temperature then dilute to 200 ml of water and mix well.

7.7 Preparation of calibration solutions

Using arsenic standard (4.21), prepare a series of calibration standards as per Table 1. Transfer the
appropriate volumes of arsenic standard (4.21) using pipettes into 100 ml volumetric flasks containing
the followiag:

a) 20 ml dilute sulphuric acid (4.14);
b) 10 ml nitric acid (4.9);
c) sufficient iron matrix/interference standard (4.3) to match the iron content of the samples;

If the iron gontent of the sample requires more than 30 ml of iron chloride solution‘to be added, change
the concenfration of the iron chloride solution (4.3) to ensure that the volume ‘ef/iron chloride solution
(4.3) does pot exceed 30 ml.

d) sufficient matrix/interference standard to match the major eleent in the concentrate bging
measufred. For copper sulfide concentrates, use copper matrix/interference standard (4.22).
For ziphc sulfide concentrates, use zinc matrix/interference ‘standard (4.23). For lead sulfide
concerjtrates, use lead matrix/interference standard (4.25)yFor nickel sulfide concentrates, [use
nickel matrix/interference standard (4.26).

Fill up neafly to the mark with water, mix, and equilibrate at room temperature then fill up exactly to
the mark apd mix again.

Table 1 — Calibrating solutions

Volume of arsenic standard Arsenic mass |Concentration of arsenic

ml ug pug/ml

0 0 0
0,5 100 1,0

1 200 2,0

2 400 4,0

1000 10,0

10 2000 20,0
20 4000 40,0
30 6000 60,0
35 7666 76,0

7.8 Preparation of arsenic calibration curve

Set up the ICP-AES (5.3) according to the guidelines set out in 5.3. Adjust the instrument read-out scale
to zero. Aspirate each calibration solution as prepared in step 7.7 through the ICP-AES and record the
emission intensities. Manually or electronically plot a graph of the average emission intensities versus
the mass of arsenic (in pg) and repeat errant standards if necessary.

Use ISO 8466-2 as a guide to determine the acceptability of the calibration curve.

6 © ISO 2014 - All rights reserved
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Determination of arsenic content in test solutions

Immediately, after calibrating the ICP-AES (5.3), determine the arsenic content in the test solutions from
step 7.7. Adjust the instrument read-out scale to zero. Aspirate the first duplicate of each sample through

the

ICP-AES and record the emission intensities checking the zero regularly.

Check the calibration of the instrument, then aspirate the second duplicate of each sample in the reverse
order through the ICP-AES and record the emission intensities checking the zero regularly.

Determine the mass of arsenic in each test sample (Fas, in pg) from the curve determined in 7.9.

If n
for

8
The

formula:

whg

Kis

whyd

NOT

9

ore tiram g of arsenic s found-for the btank test;, them thisstattbemvestigatedarmd
the samples shall not be reported.
Expression of results

mass fraction of arsenicin the test portion (was), expressed as a percentage;is given by th

Fpr.—F
Wy = As As blank %100 K

) Mx10°
bre
Fas is the mass of arsenic found in test sample aliquot, in pg;
Fasplank is the mass of arsenic found in the blank#est, in pg;

M is the mass of the test portion, in g;

the hygroscopic moisture conversion factor, calculated using the following formula:

K =100/(100-H)

re

using ISO 9599:
E If pre-dried test samples are used, H = 0.
Precision

the results

e following

e8]

(2)

H isthe hygroscopicymoisture content of the sample, expressed as a percentage, determined

9.1

Expression of precision

The precision of this analytical method is expressed by the following formulae.

a)

b)

For copper sulfide concentrates:

5,=0,0091X+0,0019
s, =0,0866X-0,0073

For lead sulfide concentrates:

s, =0,008X +0,002

© IS0 2014 - All rights reserved
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s, =0,020X +0,002

For zinc sulfide concentrates:

s, =0,006X +0,002

s, =0,028X +0,002

d)

For nickel sulfide concentrates:

(6)

(7)

(8)

s, =0,
SL =0,

where

-

q

><|

q

—-

Sr

q

—-

SL

9.2 Metl

Calculate t
flowchart i

a) Mean

x=X1

Within lab
for lead su
concentrat

b) Repeaf
R=2,8

ln Annex B.

107X +0,0017

584X +0,0009

the mean mass fraction of arsenic in the sample, expressed as a pércentage;

¢ the within-laboratory standard deviation, expressed as a p€rcentage by mass of arsenid;

$ the between-laboratories standard deviation, expressed{as a percentage by mass of ars¢
niic.

hod for obtaining the final result

he following quantities from the duplicate results x1 and x2 (%) and process according to

f duplicate results:

+X2

Y

pratory standard deviatien [sy, using Formula (3) for copper sulfide concentrates, Formulg
fide concentrates, Formula (7) for zinc sulfide concentrates, or Formula (9) for nickel sul
es).

ability limit

St

9.3 Betweéen-laboratories precision

(9)

[10)

h

the

11)

(5)

fide

12)

The between-laboratories precision is used to determine the agreement between the results reported

by two (or

more) laboratories. The assumption is that all laboratories followed the same procedure.

Calculate the following quantities:

© ISO 2014 - All rights reserved
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a)

Hiz2 =

ISO 13547-2:2014(E)

Mean of final results:

_ M1t Hy
2

(13)

Between-laboratories standard deviation (s) by substituting u1 for X in using Formula (4) for copper
sulfide concentrates, Formula (6) for lead sulfide concentrates, Formula (8) for zinc sulfide concentrates,

and

Formula (10) for nickel sulfide concentrates.

Within- laboratory standard dev1at10n (sr) by substltutlng ,u12 for X in usmg Formula (3) for copper

sulfid

and|

b)

wh

IfE
9.4

9.4

Thd
(CR
cert

Formula (9) for nlckel sulflde concentrates

Permissible tolerance:

52
P=2,8x,|s? + >

Range

E =|py — o]

bre
u1 is the final result reported by laboratory 1, expressed as a percentage by mass of ar

uz is the final result reported by laboratory 2,"expressed as a percentage by mass of ar

is < P, the final results are in agreement
Check of trueness

1 General

trueness of the analytical method can be checked by applying it to a certified referen
M). When the precision’has been confirmed, the final laboratory result can be comparg
ified value, Ac. There are two possibilities as follows:

a) |:uc_AC|SC

If this-condition exists, the difference between the reported result and the certifig
statistically insignificant.

ohcentrates,

(14)

(15)

benic;

benic.

e material
d with the

(16)

d value is

by, Al
\>]

©IS

1=))) |‘u, 1AC|

(17)

If this condition exists, the difference between the reported result and the certified value is

statistically significant.

02014 - All rights reserved


https://standardsiso.com/api/?name=3a13f8df004e2c7558e0b3b93f83e394

ISO 13547-2:2014(E)

where

Hc

is the final result, expressed as a percentage by mass of arsenic of the certified reference

material;

Ac

material;

reference material used as defined in 9.4.2.

is the certified value, expressed as a percentage by mass of arsenic of the certified reference

is a quantity, expressed as a percentage by mass of arsenic depending on the type of certified

9.4.2 Ty

9.4.2.1 G

The refere
ISO Guide !

pe of certified reference material (CRM) or reference material (RM)

eneral

hce materials used for this purpose should be prepared and certified in_accordance
5:2006.

9.4.2.2 Reference material certified/characterized by inter-laboratory-test programme

The quanti

C=2><‘

where
s2(Ac)

n

is the variance of the certified value;

is the number of replicate determinations.

9.4.2.3 Reference material certified/characterized by one laboratory

The quanti

Minea

Itis recom
CRM is knd

2
Sy

ST, +
n

mended thatthis type of certified reference material should be avoided, unless the partic
wn to have an unbiased certified value.

vith

Ly C (see 9.4.1), expressed as a percentage by mass of arsenic, isgiven by the following formjula:

18)

Ly C (see 9.4.1), expressed as’a percentage by mass of arsenic, is given by the following formjula:

[19)

1lar

10 Test yeéport

The test report shall contain the following information:

a) arefer
b)
c)
d)
e)

10

ence to this International Standard (i.e. ISO 13547-2);

identification of the sample;
mass fraction of arsenic in the sample, expressed as a percentage;

date on which the test was carried out;

any occurrences noticed during the determination which may have had an influence on the results.
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