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PREFACE

This Standard was prepared by the Standards Australia Committee MN-007, Refractories
and Refractory Materials, to provide an XRF method for the analysis of refractories,
refractory mortars and silicate materials.

This Standard incorporates Amendment No. 1 (May 2011). The changes required by the
Amendment are indicated in the text by a marginal bar and amendment number against the
clause, note, table, figure or part thereof affected.

The objective of this Standard is to provide those responsible for the analysis of
refractories, refractory mortars and silicate materials with standardized procedures that will
ensure the integrity of the analysis.

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the
application of the appendix to which they apply. A ‘normative’ appendix is an integral part
of a Standard, whereas an ‘informative’ appendix is only for information and guidance.
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STANDARDS AUSTRALIA

Australian Standard
Refractories and refractory materials—Chemical analysis

Part 6: Refractories, refractory mortars and silicate materials—Determination
of major and minor elements—\Wavelength dispersive X-ray fluorescence
spectrometry using lithium borate fusion

1 SCOPE

This Standard sets out a wavelength dispersive X-ray fluorescence spectrometry method for
the analysis of refractories and refractory mortars, including their feedstocks, using a
spectrometer and current XRF software. Silicate materials can also be analyzed using this
method. This method is applicable to the elements and concentrations ranges in Appendix A
(Tables A1-AS).

2 REFERENCED DOCUMENTS

The following documents are referred to in this Standard:

AS

2243 Safety in laboratories (series)

2563 Wavelength dispersive X-ray fluorescence spectrometers—Determination of
precision

2879 Alumina

2879.7 Part 7: Determination of trace elements—Wavelength dispersive X-ray

fluorescence spectrometric method
4392 Heavy mineral sands—Analysis by wavelength dispersive X-ray fluorescence

spectrometry
4392.2 Part 2: Zircon materials

4433 Guide to sampling of particulate materials
4433.1 Part 1: Sampling procedures
4433.2 Part 2: Preparation of samples

ISO
12677 Chemical analysis of refractory products by XRF—Fused cast bead method

3 PRINCIPLE

X-ray fluorescence measurements are made on a glass disc prepared by fusing and casting
the test sample into a lithium borate disc.

Calibration is primarily carried out using synthetic standards prepared from pure chemicals
using a two-point regression. Reference materials are used in addition to the synthetic
standards. Matrix corrections are employed to ensure linearity throughout the concentration
range of the calibration. Reference materials are used to verify the calibration.

Intensity measurements are corrected for spectrometer drift via a monitor fused glass disc.

NOTE: It is assumed that the analyst is using current XRF software for calibration and instrument
control. (See Section 8.)
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4 SAFETY

For information on laboratory safety reference should be made to the relevant parts of
AS 2243,

5 REAGENTS AND MATERIALS
5.1 General

During the analysis, only reagents of specified high purity shall be used. Heating of
reagents shall be carried out in clean platinum crucibles covered with platinum lids.

5.2 Fusion flux

The fusion flux type is selected based on the material type to be fused. Lithium tetraborate
is an ‘acidic’ material and is used to fuse ‘basic’ materials such as limestone and cements.
Lithium metaborate is a ‘basic’ material and is used to fuse ‘acidic’ materials such as
silicate materials and most refractories. Mixed fluxes are recommended and are
commercially available; they are considered ‘acidic’ or ‘basic’ on the basis of their major
component.

Examples of mixed fluxes are:

35.3% lithium tetraborate/64.7% lithium metaborate (commonly named 12:22) (basic flux)
50.0% lithium tetraborate/50.0% lithium metaborate (neutral flux)

66.0% lithium tetraborate/34.0% lithium metaborate (acidic flux)

5.3 Silicon dioxide (SiO;), nominally 99.99% SiO,

Heat at 1000°C for a minimum of 2 h and cool in desiccator.

5.4 Titanium dioxide (TiO;), nominally 99.99% TiO,

Heat at 1000°C for 2 h and cool in desiccator.

Phosphorous is a common impurity in titanium dioxide. A reagent low in phosphorous shall
be selected. The selected reagent should be checked, as even nominally high purity reagents
have been found to contain significant phosphorous contamination.

5.5 Aluminium oxide (Al;03), nominally 99.99% Al,0O;

Heat at 1200°C for a minimum of 2 h and cool in desiccator.

5.6 Iron(III) oxide (Fe,03), nominally 99.99% Fe,0;

Heat at 1000°C for a minimum of 2 h and cool in desiccator.

5.7 Calcium carbonate (CaCQj;), nominally 99.99% CaCO;
Heat at 105°C for 2 h and cool in desiccator.

5.8 Calcium sulphate (CaSQ,), nominally 99.99% CaSO,
Heat at 300°C for 2 h and cool in desiccator.

5.9 Magnesium carbonate (MgCOj3), nominally 99.99% MgCO;
Heat at 105°C for 2 h and cool in desiccator.

5.10 Sodium nitrate (NaNO;), nominally 99.99% NaNO;

Dry at 105°C for 1 h and cool in desiccator.

5.11 Potassium carbonate (K,;COs3), nominally 99.99% K,CO;

Heat at 600°C for a minimum of 2 h and cool in desiccator.
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5.12 Potassium dihydrogen orthophosphate (KH,PO,), nominally 99.99% KH,PO,

Dry at 105°C for 1 h and cool in desiccator.

5.13 Chrome (III) oxide (Cr,03), nominally 99.99% Cr,0;
Heat at 1000°C for 1 h and cool in desiccator.

5.14 Manganese oxide (MnQO,), nominally 99.99% MnO,
Heat at 550°C for 2 h and cool in desiccator.

5.15 Zirconium oxide (ZrQO;), nominally 99.99% ZrO,
Heat at 1000°C for 2 h and cool in desiccator.

NOTE: All ZrO, is contaminated with hafnium to various levels.
5.16 Hafnium oxide (HfO,), nominally 99.99% HfO,
Heat at 1000°C for a minimum of 2 h and cool in desiccator.
5.17 Barium carbonate (BaCQO;), nominally 99.99% BaCO;
Dry at 105°C for a minimum of 2 h and cool in desiccator.
5.18 Tungsten oxide (WO3), nominally 99.99% WO;
Heat at 1000°C for a minimum of 2 h and cool in desiccator.
5.19 Cobalt oxide (Co3;04), nominally 99.99% Co03;0,
Heat at 1000°C for a minimum of 2 h and cool in desiccator.
5.20 Nickel (IT) oxide (NiO), nominally 99.9% NiO

Heat at 1000°C for a minium of 2 h and cool in desiccator.

5.21 Strontium carbonate (SrCOj3), nominally 99.99% SrCO;

Heat to 1000°C for 2 h and cool in desiccator.

5.22 Tin (IV) oxide (Sn0O;), nominally 99.99% SnO,

Heat at 1000°C for a minimum of 2 h and cool in desiccator.
5.23 Gallium oxide (Ga,0;), nominally 99.99% Ga,0;
Heat at 500°C for a minimum of 2 h and cool in desiccator.
5.24 Cerium oxide (CeQO,), nominally 99.99% CeO,

Heat at 1000°C for a minimum of 2 h and cool in desiccator.
5.25 Lanthanum oxide (La,0s), nominally 99.99% La,0;
Heat at 1000°C for a minimum of 2 h and cool in desiccator.
5.26 Yittrium oxide (Y,03), nominally 99.99% Y,0;
Heat at 1000°C for a minimum of 2 h and cool in desiccator.
5.27 Sodium chloride (NaCl), nominally 99.99% NaCl
Heat at 500°C for a minimum of 2 h and cool in desiccator.
5.28 Vanadium pentoxide(V;0s), nominally 99.99% V,0;
Heat at 500°C for a minimum of 2 h and cool in desiccator.
5.29 Copper (II) oxide (CuO), nominally 99.99% CuO

Heat at 1000°C for a minimum of 2 h and cool in desiccator.
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5.30 Zinc oxide (ZnO), nominally 99.99% ZnO

Heat at 1000°C for a minimum of 2 h and cool in desiccator.

5.31 Dessicant

Silica gel, activated alumina and molecular sieves have all been found to be suitable.

WARNING: ALL MATERIALS LISTED ABOVE MAY BE HAZARDOUS AND
REFERENCE SHOULD BE MADE TO THE APPROPRIATE MATERIAL
SAFETY DATA SHEETS.

6 APPARATUS
6.1 Crucible

The crucible used to contain the fusion mixture shall be made of a non-wetting platinum
alloy, typically 95%Pt/5%Au.

NOTE: The volume of the crucible is typically between 25 mL and 40 mL.
6.2 Mould
A non-wetting, circular shaped, platinum alloy, typically 95%Pt/5%Au, shall be used.

NOTE: The diameter of the mould can range between 29 mm to 41 mm. This dimension defines
the analytical face of the fused glass disc.

The surface of the mould shall be free of all elements to be determined and polished smooth
and flat. The base of the mould shall be 2 mm minimum thickness. A 29 mm mould shall
weigh at least 70 g, and a 41 mm mould shall weigh at least 100 g. The sample discs should
be regularly checked for flatness, especially for lower mass moulds.

A combination of crucible and mould in one unit is termed a mouldable. It is a non-wetting,
circular shaped vessel, typically 95%Pt/5%Au. The capacity of the mouldable is typically
between 40 mL and 50 mL. The diameter of the mouldable can range between 29 mm to
41 mm. This dimension defines the analytical face of the fused glass disc.

It is critical to take care of platinum ware mouldables. Crucibles shall be cleaned
thoroughly after each use and mould analytical surfaces kept flat, polished and free of
contaminants.

NOTE: See Appendix B for guidance on cleaning and maintenance.
6.3 Electronic balance
A pan type, minimum capacity 160 g. Capable of weighing to 4 decimal places.
6.4 Desiccator
Provided with an efficient, non-contaminating desiccant (5.31).
6.5 Electric furnace

Fitted with an automatic temperature controller and capable of maintaining a temperature of
1200°C.

6.6 Drying oven

Fitted with an automatic temperature controller and capable of maintaining a temperature of
250°C.

6.7 X-ray fluorescence spectrometer

Any conventional wavelength dispersive, vacuum path X-ray fluorescence spectrometer,
provided that the performance of the instrument complies with the precision requirements
given in AS 2563.
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