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PREFACE

The Standard was prepared by the Joint Standards Australia/Standards New Zealand
Committee CH-010, Analysis of Metals, as Part4 of a series of Standards for the
determination of gold content and gold bearing alloys. After consultation with stakeholders
in both countries, Standards Australia and Standards New Zealand decided to develop this
Standard as an Australian, rather than an Australian/New Zealand Standard.

This Standard reflects the current gold trend towards the determination of high purity
metals ‘by difference’ thereby making maximum use of modern, multi-element analyzers.

The objective of this Standard is to provide a procedure for the indirect determination of
high purity gold after determination of impurities by inductively coupled plasma atomic
emission spectrometry (ICP-AES). This method is suitable for gold containing more than
99.95% gold.

This Standard must be applied with caution, particularly where the gold test sample is of
unknown composition; this Standard is based on the information supplied by the major gold
refiners in Australia. It is the responsibility of the analyst to ensure that all elements present
in the sample have been determined.

Reference should be made to other documents in the series:

AS

3515 Gold and gold bearing alloys

3515.1 Part 1: Determination of gold content (less than 30%)—Gravimetric (fire assay
method)

3515.2 Part2: Determination of gold content (30% to 99.5%—Gravimetric (fire assay)
method

3515.3 Part3: Determination of gold content (greater than 99.5%)—Gravimtric (fire
assay) method

An interlaboratory test program was organized to provide information on the repeatability
and reproducibility of the method. The following laboratories participated in the test
program to provide the data given in Table 1:

AGR Matthey Newburn
AGR Matthey Thomastown
K&S Singapore
Spectrometer Services

The term ‘informative’ has been used in this Standard to define the application of the
appendix to which it applies. An ‘informative’ appendix is only for information and
guidance.
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STANDARDS AUSTRALIA

Australian Standard
Gold and gold bearing alloys

Part 4: Determination of gold content (greater than 99.95%)—Inductively
coupled plasma—Atomic emission spectrometry

1 SCOPE

This Standard sets out an instrumental procedure for the indirect determination of high
purity gold after determination of impurities by Inductively Coupled Plasma—Atomic
Emission Spectrometry (ICP-AES). The method is suitable for gold and gold alloys
containing more than 99.95% gold.

Consideration should be given to the origin, manufacture and final use of the product in
identifying the list elements to be tested. The following list of elements is not necessarily
complete: Ag, Al, As, Be, Bi, Ca, Cr, Cu, Fe, Ir, Mg, Mn, Ni, Pb, Pd, Pt, Rh, Se, Si, Sn, Te,
Ti, Zn.

It is recommended that a qualitative scan be carried out on unknown material to assist in
identifying any elements additional to the list.

NOTE: This is an intricate procedure and should be performed only by an analyst familiar with
the chemistry of the technique and the operational procedures of the instrument used.

2 REFERENCED DOCUMENTS

The following documents are referred to in this Standard:

AS

2162 Verification and use of volumetric apparatus

2162.1 Part 1: General—Volumetric glassware

2162.2 Part 2: Guide to the use of piston-operated volumetric apparatus (POVA)

2164 Laboratory glassware—One-mark volumetric flasks

2166 Laboratory glassware—One-mark pipettes

2167 Graduated straight pipettes

2508 Safe storage and handling information (series)

2850 Chemical analysis—Interlaboratory test programs—For determining
precision of analytical method(s)—Guide to the planning and conduct

3641 Recommended practice for atomic emission spectrometric analysis

3641.1 Part 1: Principles and techniques

3641.2 Part 2: Inductivity coupled plasma excitation

AS ISO/IEC

17025 General requirements for the competence of testing and calibration
laboratories

AS/NZS

2243 Safety in laboratories

2243.1 Part 1: General

2243.2 Part 2: Chemical aspects
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5 AS 3515.4—2007

ISO
3696 Water for analytical laboratory use—Specification and test methods

3 DEFINITIONS
For the purpose of this Standard the definitions below apply.
3.1 Calibration blank

A solution containing all reagents used in the preparation of calibration standards but to
which the elements of interest have not been intentionally added.

NOTE: The calibration blank does not go through the sample preparation steps.
3.2 Control sample

A reference sample included in each batch of samples to measure the accuracy of the
analysis.

3.3 Concentration
Quantity of a substance in a defined volume or mass.

Concentration may be expressed in milligrams per litre (mg/L) or milligrams per kilogram
(mg/kg). Where concentration is very low, the mass may be expressed as micrograms,
nanograms, or similar units as appropriate.

3.4 Laboratory sample
A sample as prepared for sending to the laboratory and intended for inspection or testing.
3.5 Reagent blank

A solution containing all reagents used in sample dissolution, which has been treated
exactly as a sample and prepared with each batch.

3.6 Test portion

The portion of material taken from the test sample (or, if both are the same, from the
laboratory sample) on which the analysis is actually carried out.

3.7 Test sample
A sample prepared from the laboratory sample from which test portions will be taken.
3.8 Uncertainty of measurement

A parameter associated with the result of a measurement that characterizes the dispersion of
the values that could reasonably be attributed to the analyte.

4 PRINCIPLE

The sample is dissolved in concentrated aqua regia and the resulting solution analysed by
ICP-AES to determine the concentration of impurities present. The gold content is
calculated by difference after subtracting the percentage sum of impurities present.

5 REAGENTS

WARNING: SOME REAGENTS AND SOLUTIONS USED IN THIS METHOD
MAY CONSTITUTE A HEALTH AND SAFETY HAZARD AND THEIR
HANDLING SHOULD BE IN ACCORDANCE WITH AS/NZS 2243 PARTS 1
AND 2 AND AS 2508.
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5.1 General requirements

Analytical reagent (AR) grade or better shall be used. The purity of each metal used to
prepare the standard solutions shall be not less than 99.99% purity. Deionized or glass
distilled water of Grade 2 as defined in ISO 3696 shall be used. The preparation of reagents
shall be carried out in the fume hood.

5.2 Hydrochloric acid (p; 1.18 g/mL)

5.3 Hydrochloric acid (1:1)

Slowly add 1 volume of hydrochloric acid (5.2) to 1 volume of water with stirring.
5.4 Hydrochloric acid (10% v/v)

Add 100 mL of concentrated hydrochloric acid (5.2) with stirring to 500 mL of water and
dilute to 1 L.

5.5 Hydrochloric acid 1%(v/v)
Add 10 mL of hydrochloric acid (5.2) with stirring to 500 mL of water and dilute to 1 L.
5.6 Hydrofluoric acid (pyo 1.17 g/mL)

WARNING: CARE SHOULD BE TAKEN WHEN HANDLING, SINCE THIS
REAGENT IS EXTREMELY HAZARDOUS BOTH AS A LIQUID AND AS A
VAPOUR. CAUSES SEVERE BURNS WHICH MAY NOT BE IMMEDIATELY
PAINFUL OR VISIBLE AND MAY BE FATAL.

5.7 Hydrofluoric acid 4% v/v

Using plasticware add 40 mL of concentrated hydrofluoric acid (5.6) to 500 mL of water
and dilute to 1 L.

5.8 Nitric acid (pz 1.42 g/mL)
5.9 Nitric acid (10% v/v)

Add 100 mL of concentrated nitric acid (5.8) with stirring to 500 mL of water and dilute to
1L.

5.10 Nitric acid (1:1)
Slowly add 1 volume of nitric acid (5.8) to 1 volume of water with stirring.
5.11 Aqua regia

To 3 volumes of hydrochloric acid (5.2), slowly add 1 volume of nitric acid (5.8) with
stirring. The solution should be prepared immediately prior to use.

5.12 Aqua regia 10% (v/v) solution

Add 100 mL of aqua regia solution (5.11) with stirring to 500 mL of water and dilute to
1L.

5.13 Sodium Hydroxide solution (20%)
Dissolve 200 g of sodium hydroxide with stirring to 500 mL of water and dilute to 1 L.

NOTE: Care should be taken as the reaction is extremely exothermic.
5.14 Standard solutions
5.14.1 General

For the following single element standard solutions, a commercially prepared standard may
be used if it is traceable to a recognized certified standard material. If standard solutions are
prepared directly from metals, care should be taken to ensure that the metal used is free of
surface oxidation.
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