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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.
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INTERNATIONAL STANDARD

ISO 3483:2023(E)

Copper and zinc sulfide concentrates — Determination of
thallium — Acid digestion and inductively coupled plasma-
mass spectrometry

WARNING — This Document may involve hazardous materials, operations and equipment.
It is the responsibility of the user of this document to establish appropriate health and safety
practices prior to use.

1

This Document specifies an acid digestion and inductively coupled plasma mass‘spectrome
procedure for determination of the mass fraction of thallium in copper and zin¢ sulfide col
followys.

a)

b)

2

The fpllowing documents are referred to in the'text in such a way that some or all of
constjtutes requirements of this document. Eor dated references, only the edition cited
undafed references, the latest edition of the referenced document (including any amendms

ISO 385, Laboratory glassware — Burettes
[SO 6448, Laboratory glassware — Single-volume pipettes
ISO 1042, Laboratory glassware)= One-mark volumetric flasks

ISO 4Y87, Laboratory glass,and plastic ware — Volumetric instruments — Methods for testin
and fqr use

[SO 9599, Copperdead, zinc and nickel sulfide concentrates — Determination of hygroscd
contept of the analysis sample — Gravimetric method

ISO 1R7435€opper, lead, zinc and nickel concentrates — Sampling procedures for determing
and moisture content

ope

Fpr copper sulfide concentrates, the method is applicable to the determination of mas
thallium from 0,000 1 % to 0,002 5 %.

Fpr zinc sulfide concentrates, the method is applicable tg)the determination of mas;
thallium from 0,000 1 % to 0,025 %.

Normative references

try (ICP-MS)
ncentrates as

s fractions of

fractions of

their content
applies. For
ents) applies.

g of capacity

pic moisture

tion of metal

ISO/GUIDE 35, Reference materials — General and statistical principles for certification

3

Terms and definitions

No terms and definitions are listed in this document.

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

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2023 - All rights reserved
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4 Principle

The test portion is decomposed in hydrochloric, nitric, hydrofluoric and perchloric acids. The thallium
concentration is determined by ICP-MS using a constant amount of iridium as the internal standard.

5 Reagents

During the analysis, use only reagents of recognized guaranteed reagent quality and distilled water or

water of equi

ivalent purity.

5.1 Hydroghericacidconcentrated{pyH39-sAn-
5.2 Nitric pcid, concentrated (p,( 1,42 g/ml).

5.3 Nitric
5.4 Hydro
5.5

5.6 Hydro
5.7 Thalli
5.8 Thalli

Weigh, to thg
nitric acid (5

acid, dilute 1 + 1.

fluoric acid, concentrated (p,, 1,15 g/ml).

Perchloric acid, concentrated (p,, 1,70 g/ml).

gen peroxide, concentrated (p,, 1,13 g/ml).
im oxide (T1,03), minimum purity 99,99 %.

hm standard solution, 1 ml contains 100 ugrof Tl.

nearest 0,1 mg, 0,111 8 g of thallium oxide (5.7), transfer to a 250 ml beaker. Add 50
13) and heat gently until the oxide isdissolved. Then cool to room temperature. Trans

a 100 0 ml ofpe-mark volumetric flask, dilute to-the mark with water and mix thoroughly.

5.9 Thalli

Pipette 10,0
of nitric acid
exactly to th

5.10 Thalli

Pipette 2,00
of nitric acid
exactly to th

lm standard solution, 1 ml.¢entains 10 ug of T1.

(5.2), fill up nearly t6 the mark with water, mix, and cool to room temperature, then
e mark with waterdnd mix again.

lm standard’solution, 1 ml contains 100 ng of Tl.

ml of thallium standard solution (5.9) into a 200 ml one-mark volumetric flask. Adg
(5.2)5:£H up nearly to the mark with water, mix, and cool to room temperature, then
e mark with water and mix again.

ml of
fer to

) ml of thallium standard solution (5.8) into a 100 ml one-mark volumetric flask. Add 3 ml

fill up

| 6 ml
fill up

5.11 Iridium standard stock solution, 1 ml contains 1 mg of Ir.

Weigh, to the nearest 0,1 mg, 0,1 g of iridium powder (w;,. =2 99,99 %, transfer to a 50 ml glass tube. Add
8 ml of hydrochloric acid (5.1), 2 ml hydrogen peroxide (5.6), sealing pipe. Under the temperature of
150 °C to dissolve 48 h until the powder is dissolved, then cool to room temperature, open the tube.
Transfer to a 100 ml one-mark volumetric flask, add 10 ml of hydrochloric acid (5.1), 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.

© IS0 2023 - All rights reserved
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Iridium internal standard solution, 1 ml contains 1 ug of Ir.

Pipette 1,00 ml of iridium standard stock solution (5.11) into a 1 000 ml one-mark volumetric flask. Add
20 ml of hydrochloric acid (5.1), 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.

NOTE

Commercial and certified standard solutions can also be used.

6 Apparatus

6.1

6.2

6.3
accor

6.4
6.5

6.6
accor
mass

7 S

7.1

Labot
ISO1

7.2
Prepa

NOTE

7.3

Usual Inhnrnfnry pqnipmnnf, including fume hnndc, hnfp]nfpc anda drying Qven
(=]

Ordinary laboratory glassware.

Volumetric glassware, of class A complying with ISO 385, ISO 648 anddSO 1042
Hance with ISO 4787.

Polytetrafluoroethylene beaker, of capacity 200 ml.
Analytical balance, sensitive to 0,1 mg.

Inductively Coupled Plasma Mass Spectrometer\(ICP-MS). The ICP-MS shou
ling to the manufacturer's guidelines. The mass number of thallium should be set
number of internal standard should be set to 193kt

ample

Laboratory sample

atory sample shall be taken‘and prepared in accordance with the procedures
P743.

Test sample
re an air-equilibFated test sample in accordance with ISO 9599.

A test samiple is not required if predried test portions are to be used (see Annex A).

Test portion

Takin|g

and used in

d be set up
to 205T1. The

described in

o the nearest

multiple increments, extract approximately 0,20 g from the test sample and weigh |

0,1 mg- AT the same time as test portions are being weighed for analysis, weigh test por

determination of hygroscopic moisture in accordance with 1ISO 9599.

tions for the

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

© IS0 2023 - All rights reserved
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8 Procedure

8.1 Numb

er 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.

8.2 Blanlltest

Carry outa
the test port]
the environr
laboratory g

test, check alll reagents and rectify the problem.

8.3 Dissol

Transfer the

5 ml of water.

Add 10 ml of|
(5.2) and hed
5 ml. Add 3

about 200 °C
and cooltor

Add 12 ml of
heat until th{

8.4 Prepdration of test solutions

Transfer the
volumetric f
appears, dry

8.5 PrepTﬂation of calibration solutions

Using thalliu
1,00 ml, 10,0
volume of th

ank test in parallel with the analysis using the same quantities of all reagents/ub om
ion. The purpose of the blank test in this method is to check the quality of the rea
hent of the laboratory room, the condition of the ICP-MS used, and the ‘condition

ass and plastic ware used. If a significant blank value is obtained as ar€sult of the

ution of the test portion

test portion (7.3) into a 200 ml polytetrafluoroethylene\beaker (6.4) and moisten

t gently. Add 3 ml of hydrofluoric acid (5.4), thentheat gradually until the solution is
ml of perchloric acid (5.5), cover with a polytetrafluoroethylene lid, heat the solut
until the strong white fumes evolve completely, then remove the beaker from the ho
bom temperature.

nitric acid (5.3), rinse the sides of the beaker with a minimum volume of water angd
b onset of boiling, allow to cool.

solution (8.3) and 2,00-ml iridium standard solution (5.12) into a 200 ml of one
lask, dilute to the, mark with water and mix thoroughly. If a small amount of r¢
filter.

standard, prepare a series of calibration standards as Table 1. Transfer 0,00 ml, 0,
0 ml'volume of thallium standard (5.10) and 0,25 ml, 0,50 ml, 1,00 ml], 2,00 ml, 3,
Wllium standard (5.9), then transfer 1,00 ml iridium standard solution (5.12) into a sel

itting
bents,
bf the
blank

with

hydrochloric acid (5.1), and heat for 5 min at 60 °Ct0*70 °C and cool. Add 5 ml of nitric acid

about
jon at
tplate

| then

mark
sidue

b0 ml,
D0 ml
ries of

100 ml volur

. £1 1 1.1 1 . . L O £:11 1 1 1 il -
IELIC TIASKS, dUU O IIIT IILNC aClt (9.9, 11 UpP IIEdrly tO UIC IIIdI'k WILII WdLlcT, IIIX, dIT

to room temperature, then fill up exactly to the mark with water and mix again.

Table 1 — Preparation of calibration solutions

d cool

Thallium Volume of thallium Volume of iridium Volume after dilu- | Concentration of
standard standard, standard (5.12), tion, thallium,
solution V1/ml V2/ml V/ml ng/ml
— 0,00 1,00 100 0,00
5.10 0,50 1,00 100 0,50
5.10 1,00 1,00 100 1,00
Calibration solutions should be prepared at the same ambient temperature as that at which the determinations will be
conducted.
4 © IS0 2023 - All rights reserved
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Table 1 (continued)
Thallium Volume of thallium Volume of iridium Volume after dilu- | Concentration of
standard standard, standard (5.12), tion, thallium,
solution V1/ml V2/ml V/ml ng/ml
5.10 10,00 1,00 100 10,00
5.9 0,25 1,00 100 25,00
5.9 0,50 1,00 100 50,00
5.9 1,00 1,00 100 100,00
5.9 2,00 1,00 100 200,00
5.9 3,00 T,00 100 300,00
Calibrjation solutions should be prepared at the same ambient temperature as that at which the detenmipations will be
condulcted.
NOTE Determination of thallium in copper sulfide concentrates, the concentrationefcalibratipn solutions to
use are 0,00 ng/ml, 0,50 ng/ml, 1,00 ng/ml, 10,00 ng/m], 25,00 ng/ml, 50,00 ng/ml.
8.6 [Preparation of thallium calibration curve
Set up the ICP-MS according to the guidelines set out in 6.6. Aspirate each calibration solution, as
prepdred in step 8.5, through the ICP-MS and record the intensity)ratio.
Manujally or electronically plot a graph of the average intensity ratio versus concentration of thallium
(in ng/ml) and repeat errant standards if necessary.
8.7 |Determination of thallium content in test solutions
Immegdiately after calibrating the ICP-MS (8.6), determine the thallium content in the test s¢lutions from
step §.4. Adjust the instrument read-out scale-to zero. Aspirate the blank test solution (8.2) through the
ICP-MS and record the concentration (p,).Fhen aspirate the first duplicate of each samplg through the
ICP-MS and record the concentration (p).
ChecHf the calibration of the instrufnent, then aspirate the second duplicate of each sample in the reverse
order{through the ICP-MS and récord the concentration (p).
9 Expression of results
The npass fraction of thallium in the test portion, wy;, expressed as a percentage, is given in Formula (1).
— V100
g = PPV %100 8
mx10°  100-H
wher¢
p is the concentration, in nanograms per millilitre, of thallium in the test solution ob-
tained from the calibration curve;
Po is the concentration, in nanograms per millilitre, of thallium in the blank solution;
m is the mass, in grams, of the test portion;
is the total volume, in millilitre, of the test solution;
H is the hygroscopic moisture content of the sample, expressed as a percentage, deter-
mined using [SO 9599.
NOTE If pre-dried test samples are used, H = 0.
© IS0 2023 - All rights reserved 5
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10 Precision

10.1 Expression of precision

The precisio

n of this analytical method is expressed by Formulae (2) to (7).

a) For copper sulfide concentrates:

s,=0,036 X +0,000003

5,=0,0

003In(X)+0,0003

(2)

(3)

sg=0,07 X +0,000 02

b) For zinc

s,=0,01
s, =0,03[L X +0,00007

sg=0,03491 X +0,000 09

where

X is the mean mass fraction of thallium in the saniple, expressed as a percentage;

Sp

s, isth|

um;

sg is the reproducibility standard.deviation, expressed as a percentage by mass of thallium.

10.2 Methqd for obtaining thefinal result

Calculate thq following quantities from the duplicate results X; and X, (%) and process according

flowchart in

a) Mean of

X=

is th[ within-laboratory standard deviatign,’expressed as a percentage by mass of thalliu

XA

p

4

sulfide concentrates:

B8 X +0,00003

between-laboratories standard deviation, expressed as a percentage by mass of thg

Annex B.
duplicate results:

_Xz

(4)

(5)

(6)

(7)

m;

1li-

to the

(8)

Within laboratory standard deviation (s.), using Formula (2) for copper sulfide concentrates,
Formula (5) for zinc sulfide concentrates.

b) Repeatability limit, r

r=2,8s,

10.3 Between-laboratories precision

(9)

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.

© IS0 2023 - All rights reserved
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Calcu

ISO 34

late the following quantities in Formula (10) to Formula (12):

a) Mean of final results:

IRV

_H i
2

83:2023(E)

(10)

Between-laboratories standard deviation (s;) by substituting u,, for X in Formula (3) for copper
sulfide concentrates and Formula (6) for zinc sulfide concentrates.

Within-laboratory standard deviation (s,.) by substituting u,, for X in Formula (2) for copper

S

b) P

wher

IfE <|
10.4

10.4.

The t
(CRM
certif]

The t
a)

1

%]

1
3
|

fide concentrates and Eormula (5) for zinc sulfide concentrates
S

ermissible tolerance:

yq isthe final result reported by laboratory 1, expressed as a percentage by mas
U, isthe final result reported by laboratory 2, expressed as a percentage by mas

P, the final results are in agreement.
Check of trueness

I General

Fueness of the analytical method can be checked by applying it to a certified referg
. When the precision-has been confirmed, the final laboratory result can be comp3d
jed value, A...

vo possibilitie§S shown in: Formula (13) and Formula (14) exist:

|:uc _AC|SC

this ‘condition exists, the difference between the reported result and the certi

(11)

(12)

5 of thallium;

5 of thallium

nce material
red with the

(13)

fied value is

[dtistically insignificant.

b)

|:uc _Ac|>C

(14)

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

© IS0 2023 - All rights reserved
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where

He

material;

A

C

C

ence material;

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

is the certified value, expressed as a percentage by mass of thallium of the certified refer-

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

certified reference material used as defined in Clause 10.4.2.

10.4.2 Typ¢

10.4.2.1 Ge

The referend

ISO/Guide 3§3.

10.4.2.2 Re

The quantity

P OI certilfied reierence material (LKIVI) or reference material (KM)

neral

e materials used for this purpose should be prepared and certified inpaccordancg

ference material certified/characterized by inter-laboratory. test programme

C (see 10.4.1) expressed as a percentage by mass of thalliumyis given by Formula (15

C:ZX\/L

where

s*(4)

n

10.4.2.3 Re

The quantity

C=4/2sF

Itis recomm
CRM is know

11 Testre

52

L+ts® (4
n

is the variance of the certified value;

is the number of replicate determinations.

ference material certified/characterized by one laboratory

C (see 10.4.1) expressed ds'a percentage by mass of thallium, is given by Formula (16
2

L5
n

ended that thistype of certified reference material should be avoided, unless the part
n to have-an unbiased certified value.

port

with

(15)

(16)

icular

The test report shall contain the following information:

a) name an
b)

c) referenc
d) detailsn
e) resultof
f) referenc
8

d address of the testing laboratory;

date of issue of the test report;

e to this document;
ecessary for the identification of the sample;
the analysis;

e number of the result;

© IS0 2023 - All rights reserved
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g) any characteristics noticed during the determination and any operations not specified in this
document which may have had an influence on the results, either for the test sample or the CRM(s);

h) the date of the test.

©1S0 2023 - All rights reserved 9
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Annex A
(informative)

Procedure for the preparation and determination of the mass of a

pre-dried test portion

A.1 Gene

This annex s

ral

pecifies a method for the preparation and determination of the mass of a pre-drie

portion in the analysis of copper and zinc sulfide concentrates. The method is applicable to s

concentrateg
ranging fron

0,05 % to 2 %.

A.2 Subclause autonumber

The test port
test portion

A.3 Reag:

A.3.1 Desi

WARNING -
and all othg

environmen

A.4 Appa
Ordinary lab

ion to be used for analysis is dried in air in an oven maintained at 105 °C = 5 °C. The
s then weighed and used for the analysis. No correction for moisture is required.

ents

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

— Care must be taken whenever disposing of exhausted magnesium perchl

tally-sound means of disposal:

ratus

oratory equipmentdis to be used in addition to the following.

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

A.4.2 Weid
tight covers.
possible, i.e.

ess.than 20 g.

r laboratory chemicals. Environmental regulations often apply. Users should
specialist aldvice to determine an apprepriate, effective, health- and safety-conscious

d test
ulfide

not susceptible to oxidation and with hygroscopic moisture mass fractions of comtents

dried

lorate
seek
and

hing vessels, of glass or silica or corrosion resistant metal with externally-fitting air-
For,sinall test portions (of mass less than 3 g) the mass of the vessel should be as sy

all as

A.4.3 Laboratory oven, capable of maintaining a temperature of 105 °C + 5 °C.

A.5 Procedure

A.5.1 Preparation of the weighing vessel

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

allow to cool

10

to ambient temperature.

© IS0 2023 - All rights reserved
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