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PREFACE

This Standard was prepared by the Standards Australia Committee MN/1 , Coal and Coke,
as an additional method in the series of standard methods for the analysis and testing of
coal and coke.

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

Austral ian Standard

Coal and coke—Analysis and testing

Part 1 4.3: H igher rank coal ash and coke ash—Major
and minor elements—Wavelength d ispersive X-ray fluorescence

spectrometric method

1 SCOPE This Standard sets out a wavelength dispersive X-ray fluorescence procedure
for the determination of silicon, aluminium, iron, calcium, magnesium, sodium, potassium,
titanium, manganese, phosphorus and sulfur.

The method is applicable to coal ashes, coke ashes and boiler ashes having components of
concentration ranges specified in Table 1 .

TABLE 1

RANGES OF APPLICATION OF

THE METHOD

Oxide Concentration range, %

SiO2 5 to 1 00

Al2O3 5 to 80

Fe2O3 0.1 to 25

CaO 0.05 to 25

MgO 0.05 to 25

Na2O 0.05 to 5

K2O 0.05 to 5

TiO2 0.05 to 5

Mn3O4 0.005 to 5

P2O5 0.01 to 5

SO3 0.05 to 1 0

NOTES:

1 Additional analytes may be included in the method

provided appropriate validation using Certified

Reference Materials (CRM) is carried out.

2 The precision statistics reported in Appendix D are

only robust for the concentration ranges included in

the test program. Outside of these ranges precision

should be determined using suitable Certified

Reference Materials.

3 The method has been tested for the following

additional analytes; BaO (0.01 to 1%); SrO (0.01

to 1%) and ZnO (0.005 to 1%).
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2 REFERENCED DOCUMENTS The following documents are referred to in this
Standard:

AS

1 038 Coal and coke—Analysis and testing

1 038.3 Part 3 : Proximate analysis of higher rank coal

1 038.4 Part 4: Coke—Proximate analysis

1 038.1 6 Part 1 6: Assessment and reporting of results

2243 Safety in laboratories (series)

241 8 Coal and coke—Glossary of terms

2508 Safe storage and handling information card (series)

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

2706 Numerical values—Rounding and interpretation of limiting values

4264 Coal and coke—Sampling

4264.1 Part 1 : Higher rank coal—Sampling procedures

4264.2 Part 2: Coke—Sampling procedures

ISO

5725 Accuracy (trueness and precision) of measurement methods and results (series)

3 DEFINITIONS For the purpose of this Standard, the definitions given in AS 241 8
apply.

4 PRINCIPLE The specimen on which X-ray fluorescence measurements are made is
prepared by incorporating the test portion of the sample, via fusion, into a borate glass
disc using a casting or press quenching procedure. By using such a specimen, particle size
effects are eliminated.

Calibration is carried out using pure chemicals or analysed standards or both, and making
matrix corrections for inter-element effects.

5 SAFETY For information on laboratory safety, reference should be made to the
relevant parts of AS 2243 and AS 2508.

Reagents used may be hazardous or toxic and reference should be made to the appropriate
Material Safety Data Sheets.

6 REAGENTS

6.1 General Unless otherwise specified, all reagents shall be of analytical reagent
grade and only distilled water or water of equivalent purity shall be used.

6.2 Flux A number of different borate fluxes have been found suitable for the
preparation of glass discs from coal/coke ash samples. These fluxes are based on mixtures
of one or more of lithium tetraborate, lithium metaborate and lanthanum oxide. Flux may
be purchased commercially or prepared by fusion of a mixture of individual reagents.

NOTE: The levels of contamination in the flux should be checked. Because levels of

contamination may vary from batch to batch, the same batch of flux should be used for all

specimens (synthetic standards, external standards and unknowns). When using a fresh batch of

flux, CRM specimens should be prepared to determine whether adjustments to the calibration

are required.
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7 APPARATUS

7.1 General All apparatus shall be constructed from materials that are thermally stable
and chemically inert under the conditions of the procedure.

7.2 Crucible—shall be made from a non-wetting platinum alloy. The crucible shall have
sufficient capacity to hold the flux and sample required for fusion. Normally, crucibles of
1 5 mL capacity are adequate for 32 mm diameter discs, and 25 mL capacity crucibles for
40 mm diameter discs.

NOTES:

1 Either platinum/gold or platinum/gold/rhodium alloys are suitable.

2 Because the crucible and lid are to be used for fusion work, the normal precautions

associated with the care of hot platinum ware should be observed. It is necessary, therefore,

to have suitable tongs and crucible-resting surface. Stainless steel or titanium tongs are a

suitable alternative to platinum-tipped tongs. The hot crucible can be rested on a refractory

surface which has to be kept very clean.

3 Although the crucible is fabricated from an alloy that is not wetted by the glass, for the

most precise work the crucible should be cleaned between each fusion. The use of 20% w/v

citric acid or dilute (1 0–50% v/v) hydrochloric acid has proven to be suitable for crucible

cleaning. The use of an ultrasonic bath will accelerate this process. An alternative method of

cleaning is to fuse several grams of flux in the crucible, moving the melt around so as to

clean the entire inner surface. The molten flux is poured from the crucible. If a droplet

adheres to the crucible, this can easily be flaked off when the crucible is cold.

7.3 Mould—shall be made from non-wetting material, for example platinum alloy is
commonly used for casting discs and aluminium or graphite is suitable for press
quenching.

In the casting technique, the bottom of the disc is the analytical surface. The mould
should therefore be flat and sufficiently thick that it is not easily deformed. Casting
moulds should be regularly checked for flatness and should be polished regularly to
ensure that the disc releases from the mould. Platens for press quenching are constructed
so that the depth gradually increases from the perimeter to the centre. The analytical
surface for press quenched discs is that surface which contacts the plunger head. Caution
should be exercised not to choose the platen side for intensity measurements.

7.4 Crucible tongs—platinum tipped or stainless steel or titanium.

7.5 Desiccator—containing freshly regenerated, self-indicating silica gel.

7.6 Sample holders—for specimen presentation, matched in accordance with AS 2563 .

7.7 X-ray fluorescence spectrometer—any conventional wavelength dispersive
(sequential, simultaneous or combination simultaneous/sequential), vacuum path X-ray
fluorescence spectrometer may be used, provided that it conforms to precision
requirements of AS 2563 at the 0.1% (1 06 counts) precision level.

8 SAMPLE

8.1 Coal and coke ash prepared in the laboratory The coal or coke sample shall be
the analysis sample, prepared to a nominal top size of −21 2 μm. Sample preparation
procedures are described in AS 4264, Parts 1 and 2.

The sample shall then be ashed by the procedure specified in AS 1 038.3 (coal) or
AS 1 038.4 (coke) as appropriate.

8.2 Coal and coke ash Coal or coke ash received in the laboratory shall be heated at
81 5°C for 1 5 min, and cooled in a desiccator over freshly regenerated, self-indicating
silica gel immediately prior to weighing for analysis.

NOTE: Boiler ash received in the laboratory should be ground to a nominal top size of −63 μm

and dried at 1 05°C for 1 h then stored in a desiccator over freshly regenerated, self-indicating

silica gel.
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