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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 maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
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 and zinc sulfide concentrates —
Determination of cadmium —

Part 1:
Flame atomic absorption spectrometric method
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RNING — The use of this document might involve hazardous materials, opersz

safety practices.

Scope

5 document specifies a flame atomic absorption spectrometric method for the determin
s fraction of cadmium in copper, lead and zinc sulfide concentrates:as follows:

for copper sulfide concentrates, the method is applicable tothe’determination of mass f
cadmium from 0,01 % to 0,30 %;

for lead sulfide concentrates, the method is applicable to the determination of mass f
cadmium from 0,01 % to 0,30 %;

for zinc sulfide concentrates, the method is applicable to the determination of mass f
cadmium from 0,05 % to 0,30 %.

Normative reference

following documents are refegred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

385, Laboratory glassware — Burettes

648, Laboratory glassware — Single-volume pipettes

1042, Laboratary glassware — One-mark volumetric flasks
4787, Laberatory glassware — Volumetric instruments — Methods for testing of capacity d

9599, Copper, lead, zinc and nickel sulfide concentrates — Determination of hygroscop

tions and

ipment. It is the responsibility of the user of this document to establish appropriate health

htion of the

ractions of

ractions of

ractions of

bir content
pplies. For
[s) applies.

nd for use

c moisture

tent of the analysis sample — Gravimetric method

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

[SO Guide 35, Reference materials — Guidance for characterization and assessment of homogeneity and
stability

3

Terms and definitions

No terms and definitions are listed in this document.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp
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[EC Electropedia: available at http://www.electropedia.org/

4 Principle

Dissolve the test portion in hydrochloric acid and nitric acid. Add hydrofluoric acid to remove silicon.
Then add perchloric acid and determine the iron concentration in the test portion using an atomic
absorption spectrometer (AAS) with a deuterium lamp for background correction at 228,8 nm.

5 Reagents

During thse
equivalent

5.1 Hydj

5.2 Hydj
Slowly add

5.3 Hydi
Slowly add

5.4 Nitric acid, concentrated (p,, 1,42 g/ml).

5.5

5.6

5.7

5.8

Hyd}J
Perc
Cadr

Cadn

Weigh, to t
and 5 ml of
Heat to rer
toa1000

with water

5.9 Cadr

Pipette 10,

analysis, use only reagents of recognized analytical grade and distilled water or wats
purity.

ochloric acid, concentrated (p,, 1,19 g/ml).

ochloric acid, diluted 1+1.

500 ml of concentrated hydrochloric acid (5.1) to 500 ml of waterwhile stirring.

ochloric acid, diluted 1+9.

50 ml of concentrated hydrochloric acid (5.1) to 450 ml of water, while stirring.

ofluoric acid, concentrated (p,, 1,15 g/ml).
hloric acid, concentrated (p,, 1,70 g/ml)>
hium metal, minimum purity 99;99'%.

hium, standard solution, lanlcontains 1 mg of Cd.

he nearest 0,1 mg, 1,000-0 g of cadmium metal (5.7) into a 250 ml beaker. Add 10 ml of w
nitric acid (5.4). Cever and warm gently (if necessary) until the cadmium metal is dissol
hove nitrogen oxides, then allow to cool and add about 50 ml of water. Transfer the solu
nl one-mark volumetric flask, add 40 ml of hydrochloric acid (5.2), fill up nearly to the n
mix and cookto room temperature, then fill up exactly to the mark with water and mix ag

hium, Standard solution, 1 ml contains 100 pg of Cd.

r of

hter
ed.

fion
ark
ain.

of hydroch
fill up exac

D0ml of cadmium standard solution (5.8) into a 100 ml one-mark volumetric flask. Add 2(
Of dCl10 , up rneariy to tne mdarKk witllt wdter, Imix and coo O I'OOIT mperature
tly to the mark with water and mix again.

5.10 Cadmium, standard solution, 1 ml contains 10 pg of Cd.

Pipette 10,00 ml of cadmium standard solution (5.9) into a 100 ml one-mark volumetric flask. Add 18 ml
of hydrochloric acid (5.2), fill up nearly to the mark with water, mix and cool to room temperature, then

fill up exac

tly to the mark with water and mix again.
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5.11 Cadmium calibration solutions.

Prepare a series of calibration solutions by adding, from a pipette, 0,0 ml, 2,00 ml, 4,00 ml, 6,00 ml,
7,00 ml, 8,00 ml, 9,00 ml and 10,00 ml of cadmium standard solution (5.10) into a series of 100 ml one-
mark volumetric flasks. Dilute to the mark with hydrochloric acid (5.3) and mix thoroughly.

These standards contain 0,0 pg, 0,2 pg, 0,4 pg, 0,6 pug, 0,7 ug, 0,8 ug, 0,9 ug and 1,0 pg of cadmium per ml
and shall be freshly prepared.

Calibration solutions should be prepared at the same ambient temperature as that at which the
determinations will be conducted.

6 |Apparatus

Ordinary laboratory equipment and the following.

6.1| Volumetric glassware, of class A conforming with ISO 385, ISO 648@nd ISO 1042, gnd used in
accprdance with ISO 4787.

It i permissible to use other measuring instruments, approved types,-auxiliary devices angl materials
whose technical and metrological characteristics are not inferior tosthose mentioned above.

6.2| Polytetrafluoroethylene beaker, of capacity 200 ml, gy glass-carbon beaker.
6.3| Analytical balance, sensitive to 0,1 mg.

6.4| AAS, equipped with a cadmium hollow gathode lamp and deuterium lamp for Background
correction.

Recdommended instrument conditions:
— [flame: air-acetylene;
— |wavelength: 228,8 nm;

— |slit width: 0,2 nm.

6.5| Insolubles filtef-paper, Whatman®?) No. 40 or equivalent.

7 [Samples

7.1 Laboratory sample

Labjoratory samples shall be taken and prepared in accordance with the procedures déscribed in
ISO 12743.

7.2 Test sample
Prepare an air-equilibrated test sample in accordance with ISO 9599.

NOTE A test sample is not required if pre-dried test portions are to be used (see Annex A).

1) Thisinformation is given for the convenience of users of this document and does not constitute an endorsement
by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.

© IS0 2019 - All rights reserved 3
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7.3 Test

portion

Taking multiple increments, extract approximately 0,50 g from the test sample 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 accordance with ISO 9599.

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

8 Procedure

8.1 Number of determinations

Carry out t
each tests

NOTE
method on i
short interyj

8.2 Blan
Carry out g
the test pa
a significa
problem.

8.3 Dete

8.3.1 Di

he determinations at least in duplicate, as far as possible under repeatability conditions
hmple.

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

dentical test material in the same laboratory by the same operator using the.same equipment, wi
als of time.

k test

blank test in parallel with the analysis using the same quantities of all reagents but omit
rtion. The purpose of the blank test in this method is.to check the quality of reagent
nt blank value is obtained as a result of the blanktest, check all reagents and rectify

rmination

ssolution of test portion

Transfer the test portion into a 200 ml pelytetrafluoroethylene beaker (6.2) and moisten with 3

of water.

Add 10 ml
and heat g¢
at 60 °C to

of hydrochloric acid (5.1)(ahd heat for 5 min at 60 °C to 70 °C. Add 10 ml of nitric acid (
ntly. Add 3 ml of hydrofluoric acid (5.5), then heat gradually until the solution is about !
70 °C. Add perchloriciacid (5.6) repeatedly until the residue is not present. Heat until

, on

hme
thin

[ing
s. If
the

ml

b.4)
ml
the

strong white fumes have exhiausted completely, then allow to cool.

Add 40 ml
Wash dow1

3)].

ool.

bf hydrochloricacid (5.2) [for lead concentrate samples, add 50 ml of hydrochloric acid (5
1 the coverfand sides of the beaker and then heat until the onset of boiling, then allow to @

8.3.2 Preparation of test solutions

Transfer the
and mix thoroughly [ aper
(6.5)]. Wash the precipitate with hydrochloric acid (5.3) and collect the filtrate in a 200 ml one-mark
volumetric flask. Dilute to the mark with hydrochloric acid (5.3) and mix thoroughly. Then transfer an
appropriate aliquot of this solution (see Table 1) to the corresponding one-mark volumetric flask. Add
an appropriate amount of hydrochloric acid 5.2) as indicated in Table 1, fill up nearly to the mark with
water, mix and cool to room temperature, then fill up exactly to the mark with water and mix again.

The dilutions shown in Table 1 will provide concentrations of cadmium falling within the range of the
calibration solutions.

© ISO 2019 - All rights reserved
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Table 1 — Dilution guide for test solution

Expected mass fraction of cadmium Hydrochloric acid (5.2) to be Volume after
in sample Aliquot to take added dilution
wea/% V;/ml ml V,/ml
0,01 =wcy<0,03 - - -
0,03 <wcq<0,08 20,00 6,0 50
0,08 <wgy<0,30 10,00 18,0 100

AA

8.33

Fit fhe cadmium hollow-cathode lamp into the apparatus (6.4), switch on the current an

sta
of t
Adj

8.3

Asplirate the calibration solutions (5.11) and the final test solution—{see 8.3.2) into the

and|
reld

Per
med
abs

Thd
con

8.4

Mal
san

analysed, and carry out the procedure as specified in 8.3.

s H e ok il C
nu] UOSUIIITIIU UL UIIT NNy

ilize. Adjust the current, the sensitivity and the aperture of the slit according to the chai

1st the pressure of air and acetylene according to the characteristics of the dspirator bur

4  Atomic absorption measurements

measure the absorbance. As a guide, the instrument should be\as near as is practical
tionship between absorbance and concentration.

form three measurements on each standard solution, €alculate, to three significant f

brbance units. If this range is exceeded, repeat the galibration.

test solutions should be treated in the same manner. Plot a calibration graph of absorbg
centration of cadmium.

Check test

te a preliminary check of the apparatus by preparing a solution of standard material or
ple containing a known amount of cadmium and of composition similar to the mat

d allow to
acteristics

he apparatus. Adjust the wavelength in the region of 228,8 nm to obtain maximum absorbance.

ner.

AAS (6.4)
to a linear

igures, the

in absorbance for each standard solution, provided that the range of values does not exceed 0,003

nce versus

h synthetic
erial to be

9 |Expression of results
Thgmass fraction ofcadmium in the test portion, w4, expressed as a percentage, is given by Hormula (1).
_ V-V 100
dez(p Po) % X100 1)
-V x10 100—-H
wheére
p is the concentration, in micrograms per millilitre, of cadmium in the test solution obtained
from the calibration curve;
po isthe concentration, in micrograms per millilitre, of cadmium in the blank solution;
V  isthe total volume, in millilitres, of test solution before transferring the aliquot solution;
V;  isthe volume, in millilitres, of aliquot solution to be transferred;
© IS0 2019 - All rights reserved 5
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V, isthe volume, in millilitres, of test solution after dilution;
is the mass, in grams, of the test portion;

is the hygroscopic moisture content of the sample, expressed as a percentage, determined using
1SO 9599.

NOTE If pre-dried test samples are used, H = 0.

Calculate the mass fraction of cadmium in the test portion to the second decimal place, and to the third
decimal place if the mass fraction of cadmium is less than 0,1 %.

10 Precikion and accuracy

10.1 Expression of precision
The precis]on of this analytical method is expressed by Formulae (2) to (7).

a) for cogper concentrates:

s.=0,0114X (2)

s =0,p150X +0,0004 (3)

b) forleafl concentrates:

s, =0,0262X 4)

s, =0,p382X—0,0002 (5)

c) for zinf concentrates:

s, =0,0101X+0,000 4 (6)

s, = 0}0283X-0,0005 (7)
where

X is the'mean mass fraction of cadmium in the sample, expressed as a percentage;

is the within-laboratory standard deviation, expressed as a percentage by mass of cadmium;

s;, isthebetween-laboratories standard deviation, expressed as a percentage by mass of cadmium.

10.2 Method for obtaining the final result

Calculate the quantities in Formula (8) and Formula (9) from the duplicate results x; and x, (%) and
process according to the flowchart in Annex B.

a) Mean of duplicates:

6 © IS0 2019 - All rights reserved
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Xl +X2
2

X=

(8)

Within-laboratory standard deviation (s.), using Formula (2) for copper sulfide concentrates,
Formula (4) for lead sulfide concentrates and Formula (6) for zinc sulfide concentrates.

b)

Repeatability limit:

r=2,8s,

)

10.

The
by 1

Cal

Bet

3 Between-laboratories precision

between-laboratories precision is used to determine the agreement between the'resull
wo (or more) laboratories. The assumption is that all laboratories followed thie$ame pro

ulate the quantities in Formula (10) to Formula (12).

Mean of final results:

Uy + Uy

Hi2 = 5

ween-laboratories standard deviation (s;) substitutesy, for X when using Formula (3)

sul

ide concentrates, Formula (5) for lead sulfide concentrates and Formula (7) for Z

confrentrates.

Within-laboratory standard deviation (s,) sub&fitutes u,, for X when using Formula (2)

con

sulfide concentrates, Formula (4) for lead, sulfide concentrates and Formula (6) for z
centrates.
Permissible difference

b)

whg

52
P=2,8x sf+7r

Range:
E=|uy — 1y

pre

s reported
cedure.

(10)

for copper
inc sulfide

for copper
inc sulfide

(11)

(12)

p7D 1s the final result reported by laboratory 1, expressed as a percentage by mass of ca

Hmium;

IfE

©IS

U, 1isthe final result reported by laboratory 2, expressed as a percentage by mass of cadmium.

< P, the final results are in agreement.

02019 - All rights reserved
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10.4 Check of trueness

10.4.1 General

The trueness of the analytical method can be checked by applying it to a certified reference material
(CRM). When the precision has been confirmed, the final laboratory result can be compared with the
certified value, A.. The two possibilities shown in Formula (13) and Formula (14) exist.

|:uc —Ac

|<C

(13)

where

is
is
is
us

If this cond
insignifica

|nuc _Au

If this cond
significant

10.4.2 Ty

10.4.2.1 (

The refere
ISO Guide ]

10.4.2.2 K

The quantity C (see 10.4.1), expressed as a percentage by mass of cadmium, is given by Formula (15).

C=2x%

where

the final result, expressed as a percentage by mass of cadmium of the CRM;
the certified value, expressed as a percentage by mass of cadmium of the CRIM;

h quantity, expressed as a percentage by mass of cadmium depending on. the type of the (
ed as defined in 10.4.2.

ition exists, the difference between the reported result and the certified value is statistid
nt.

L|>C

ition exists, the difference between the reported result and the certified value is statistid

pe of CRM or reference material

feneral

nce materials used for this purpose shall be prepared and certified in accordance ¥V
5.

teference material certified/characterized by inter-laboratory test programme

$2
+—r+52(Ac)
n

RM

ally

14)

ally

vith

15)

204 is the variance of the certified value;
s“(4e)

n

is the number of replicate determinations.
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10.4.2.3 Reference material certified/characterized by one laboratory

The quantity C (see 10.4.1), expressed as a percentage by mass of cadmium, is given by Formula (16).

2

C=s?+2L (16)
n

It is recommended that this type of CRM should be avoided, unless the particular CRM is known to have
an unbiased certified value.

11|Test report

The test report shall contain the following information:

a) |areference to this document;

b) |identification of the sample;

c) |the mass fraction of cadmium in the sample, expressed as a percentage;
d) |the date on which the test was carried out;

e) |any occurrences noticed during the determination whichfmay have had an influence on the results.

© IS0 2019 - All rights reserved 9
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Annex A
(informative)

Procedure for the preparation and determination of the mass of a

predried test portion

A.1 Scoj

This annesy
portion in

The metho|
with hygro
A.2 Prin

The test p
dried test |
required.

A.3 Che

A3.1 De

WARNING
be washed

A4 App
Ordinary 1

A4.1 An

A4.2 Wdg
covers. Forj
i.e. less tha

De

specifies a method for the preparation and determination of the mass of a predried
the analysis of copper, lead and zinc sulfide concentrates.

d is applicable to copper, lead and zinc sulfide concentrates not susceptiblé’to oxidation
scopic moisture contents ranging from 0,05 % to 2 %.
Iciple

brtion to be used for analysis is dried in air in an oven /maintained at 105 °C + 5 °C.
portion is then weighed and used for the analysis. No correction for hygroscopic moistui

micals

Kiccant, such as self-indicating silica gel or-anhydrous magnesium perchlorate.

— Care must be taken when dispesing of exhausted magnesium perchlorate. It m
| down the sink with a stream efrunning water.

aratus

hboratory equipment;and the following.
plytical balance;Sensitive to 0,1 mg.

ighing vessels, of glass or silica or corrosion-resistant metal, with externally fitting airt]
small téstportions (of mass less than 3 g), the mass of the vessel shall be as small as poss
h 20 g

test

and

The
eis

ust

ight
ble,

A4.3 La

oratory ovein, capable oI maintaining a temperature or 1US "L x5 "L,

A.5 Procedure

A.5.1 Preparation of the weighing vessel

Dry the weighing vessel and its cover (A.4.2) by heating in the laboratory oven (A.4.3) at 105 °C £ 5 °C
for 1 h. Transfer the vessel and its cover to a desiccator containing a suitable fresh desiccant (A.3.1) and

allow to co

10

ol to ambient temperature.
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