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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Jewellery and precious metals — Determination of high
purity gold, silver, platinum and palladium — Difference
method using SPARK-OES

1 Scope

This docu
palladium
emission s

2 Norm

The follow
requireme
the latest ¢

ISO 11596,

3 Term

For the puj
ISO and IE
ISO On

IEC El¢

31
SPARK-OE
optical em|

with a nominal content of and above 999 %o (parts per thousand, by mass), using
bectrometer with excitation by spark discharge (SPARK-OES).

ative references

ng documents are referred to in the text in such a way that some orall-of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments).applies.

Jewellery and precious metals — Sampling of precious metals.and precious metal alloys

s and definitions
poses of this document, the following terms and definitions apply.
[ maintain terminology databases for use-ih'standardization at the following addresse

line browsing platform: available at{ttps://www.iso.org/obp

ctropedia: available at https://Www.electropedia.org/

S
ission spectrometer with' excitation by spark discharge, suitable for the quantificati

elements in a solid metallic sample

3.2
spot
target ared

3.3
certified 1

on the sample where the spark strikes the surface and creates a burn mark

eference material

CRM

ment specifies an analytical procedure for the determination of gold, silver, plakinum and

an optical

ronstitutes
references,

2]

pbn of trace

reference material characterized by a metrologically valid procedure for one or more specified properties,
accompanied by a reference material certificate that provides the value of the specified property, its

associated
[SOURCE: I
3.4

uncertainty, and a statement of metrological traceability

SO 17034:2016, 3.2, modified — Notes to entry have been deleted.]

calibration standard
material with appropriate homogeneity whose exact composition is known and which can be used to
calibrate the SPARK-OES (3.1)

© IS0 2024 - All rights reserved
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quality control sample
sample with appropriate homogeneity containing most or all impurities to be measured, used to detect drift
of the SPARK-OES (3.1)

3.6

standardization standard

setting up
SuUS
material w

sample

ith appropriate homogeneity used to recalibrate the SPARK-OES (3.1)

Note 1 to entry: It is not necessary to have a reference value for the concentration of each impurity.

4 Princliple

The sampl

E is prepared to obtain a flat surface. The impurities are determined by SPARK-OH

precious npetal content is obtained by subtraction of the total content of impurities.inn the sa

1 000 %o.

Application of an electrical discharge between the sample and an inert cotnter-electrode g

radiation
compared
concentrat

Calibration
four matrij

5 Reagd

whose wavelengths are characteristic of each element. The intensity of each way
to calibration curves obtained from calibration standards, Wwhich allows to dete
ion of each impurity in the sample.

standards, quality control samples and standardization standards are specific for
kes (high purity gold, silver, platinum and palladium).

ents and equipment

5.1 Reagents

5.1.1 Ar
5.2 Equ
5.2.1 SPf

optical rad

pon gas, with a minimum purity 0£99,998 % or as recommended by the SPARK-OES ma
pment

ARK-OES, spectrometer.with spark excitation suitable for the measurement of the i
iation emitted at specific wavelengths; The spectrometer should have a detection li

1 mg/kg far each quantified-impurity.

5.2.2 Hy

5.2.3 Mij

draulic press,of appropriate strength.

ling or'turning machine for the sample surface preparation.

S, and the
mple from

enerates a
relength is
rmine the

bach of the

hufacturer.

ntensity of
it around

6 Sam

ling

The sampling procedure shall be performed in accordance with I[SO 11596.

The samples to be analysed may be in the form of disk or some other shape sufficiently massive to prevent,
once flattened, undue heating during analysis and to cover entirely the hole of the analysis table.

7 Procedure

WARNING

— Suitable health and safety procedures should be followed.

© IS0 2024 - All rights reserved
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7.1 Surface preparation

To avoid variation of results due to the influence of surface finish, the same surface preparation shall be
applied for all calibration standards, quality control samples, standardization standards and test samples.

The surface of the standard or sample shall be prepared by pressing the material with a hydraulic press
(5.2.2) if needed, followed by milling or turning (5.2.3) to a finish that is sufficiently flat and smooth in order
to tighten the sample chamber. Once the surface has been prepared, any contamination shall be avoided (for
example fingerprints). The standard or sample shall be reasonably free from contaminants, pores, cracks,

inclusions and shrinkage cavities which might otherwise affect analytical results.

7.2 Standard and sample measurement

To avoid ci
purity silv
tools shall
Set up the

Standard g
and there i
electrode 4

The spot of
an unusua
acceptable

7.3 Calil

7.3.1 Ge

Calibration

br), all relevant components of the machine shall be thoroughly cleaned beforeAuse
be used, following the manufacturer’s recommendation.

nstrument in accordance with the manufacturer's instructions.

r sample to be measured shall be placed on analysis table so that the hole is completg
S no air leak into the discharge area. Follow the manufacturer’s reecommendation for c
nd the analysis table between each sample.

spark marks shall be examined carefully; if any measuremefit is obviously defective (f|
ly important burn mark is observed), further sparks shall\be carried out to obtain th¢
measurements.

pration procedure

neral

of the spectrometer is normally perforfied when the apparatus is installed. The calib

oss-contamination between different matrixes (for example between high purity goid and high

r separate

ly covered
eaning the

pr example
P minimum

fation shall

be in accordance with the spectrometer manufagturer's instruction manual.

Calibratior] of the spectrometer is performed using a series of calibration standards with the sgme matrix
and prepared the same way as the samples to be analysed.

NOTE The preparation includes material casting, mechanical deformation and powder metallurgy.

When posdible, certified reference materials should be used as calibration standards.

The numbgr of sparks carried out on each calibration standard shall be not less than three. Thelaverage of
the acceptdble measurements is used for calibration.

7.3.2 Calibration'curve

The calibration.curve for any particular element should be composed of a minimum of three [calibration
standards zhen the calibration function is firc‘r-dpgrpp The concentration of these calibrationl standards

should be fairly evenly spaced over the calibration curve.

For each impurity in each calibration standard, the mean intensity is correlated to the corresponding
concentration and a regression is calculated. The calibration functions are first- or second-degree

mathematical equations expressed as given by Formula (1) or Formula (2):

W; =a+bxl; 68}
or

W; =a+bxI; +cxI? (2)

© IS0 2024 - All rights reserved
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where
W; is the mass portion of element i, in mg/kg;
I; is the measured intensity of element i;
a,b,c are the coefficients of the calibration function.

Possible optical interferences and/or inter-elements effects shall be carefully investigated, and suitable
corrections shall be made.

The range of the method is determined by the range of each impurity in the calibration standards used to
establish the calibration curves.

EXAMPLE
impurity, th|

When the d
of thatran
as describg

The detect
measured

The correc
used for th|

7.4 Conf

Due to the
samples sh
document

For an impurity calibrated with standards containing between 0 mg/kg and 400.mg
e range of the method for that impurity is 0 mg/kg to 400 mg/kg.

alibration range of any particular element is large, two calibration curves coyering diffi
be may be used; in this case, each calibration curve shall be created and controlled ind
din 7.4.

jion limit is defined as three standard deviations of the concentration’of each individy
n a low calibration standard or setting up sample (SUS) low standardization standard

tness of the calibration shall be verified by measuring certified reference materials th
e calibration.

rol procedure

hatural tendency of the SPARK-OES spectrometérto drift overtime, one or several qua
all be used to check the stability of the instrument at regular intervals. It is common
Fhe status of the spectrometer using a statistical process control (SPC). If the values

/kg of that

brent parts
bpendently

1al element

ht were not

ity control
practice to
fall outside

the contro] limits, a standardization shall be made

7.5 Standardization procedure

7.5.1 Standardization standards

For each impurity to be quantified; a minimum of two concentrations are recommended: low and high.
The SUS low should be the precious metal as pure as possible. The SUS high should contaip impurity
concentratjions around thehaximum of the range of calibration and leading to intensities at |east three
times the iptensities measuréd in the SUS low.

NOTE Jeveral SUS‘high can be used, each containing different impurities; this prevent putting all impurities
at high congentration.in the same standard, which can change the matrix significantly and generate ipterferences

between eld

The stand

ments.

irdization standards shall be initially measured during the calibration procedure, a

nd then on

regular basis to correct the drift of the spectrometer. If one of the SUS has become unusable (for example,
after getting too thin to be prepared properly), it shall be replaced according to the manufacturer’s
instructions.

The number of sparks carried out on each standardization standard shall be not less than three. The average
of the acceptable measurements is used for standardization.

7.5.2 Standardization

Long-term instrumental drift affects the intensity readings of the individual spectral lines, thus altering the
coefficients a, b, c, of the calibration functions given in Formula (1) and Formula (2).

© IS0 2024 - All rights reserved
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Instead of correcting the coefficients by performing a full recalibration, a standardization of the measured
intensities, [; .. is normally used to enable the intrument’s software to use the original calibration
functions.

Standardizations can be done either for all analytical channels (global standardization), or only for
individual analytical channels (selective standardization), following the procedure described by the SPARK-
OES instrument manufacturer.

The standardization Formula (3) allows to convert the measured intensities into their corresponding values
at the time of initial calibration:

Ii,std:aXIi,meas+ﬁ (3)

where

I; g | isthestandardized (drift corrected) intensity of element i, in the sample, to be used in formula (1)
or Formula (2);

Ii meas| is the measured (drift affected) intensity of element i, in the sample.

The correction coefficients @ and f are expressed as follows:

o= Ii,lom(SUSH) _Ii,nom(SUSL) @)

Ii,rleas (SUSy) _Ii,meas(SUSL)

Ii nom(qusy)  is the nominal intensity of element i, in the standardization standard SUS high;
I,-,nom(EUSL) is the nominal intensity of element i, in'the standardization standard SUS low;
Ii meas(pusy)  is the measured intensity of elenient i, in the standardization standard SUS high;

I; meas(pus,)  is the measured intensity ofelement i, in the standardization standard SUS low.

B =1 jom (sus; ) ~%*I; meas (su§; ) (5)

NOTE The nominal intengity-s the intensity measured at the time of initial calibration.

The corredtness of thesstandardization shall be verified by either measuring quality control famples or
certified rg¢ference materials.

7.6 Analysis'procedure

The numbédrof cpnrl(c carried outon each cnmp]p shall be notless than two with 3 recommended number of
three. The average of the acceptable measurements is used for the calculations.

8 Calculation and expression of the results

8.1 Calculation

By means of the calibration functions (see 7.3.2), convert the standardized intensity values, I; 4, into mass
portion values, W;.

NOTE The conversion of the measured intensities, [; ..., into drift corrected intensities [; ;4 is normally operated
automatically by the instrument’s software.

© IS0 2024 - All rights reserved
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