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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 13605:2018(E)

Solid mineral fuels — Major and minor elements in
coal ash and coke ash — Wavelength dispersive x-ray
fluorescence spectrometric method

WARNING — Use of this document can involve hazardous materials, operations and equipment.
This document does not purport to address all of the safety problems assoc1ated with its use.
It is th :¥s : men - - and health
practlces and determme the appllcablllty of regulatory llmltatlons pl‘lOl‘ to use.

1 $cope

This| document sets out a wavelength dispersive X-ray fluorescence (XRF) procedfire for the
detefmination of silicon, aluminium, iron, calcium, magnesium, sedium, potassium, titanium,
manganese, phosphorus and sulfur.

The method is applicable to coal ashes, coke ashes and boiler ashes having component§ within the
concentration ranges specified in Table 1.

Table 1 — Ranges of application of the method

Concentration range
Oxide
%
SiOz 5to 100
Al,03 5to 80
Fep03 0,1to 25
CaO 0,05 to 25
MgO 0,05 to 25
Nax0 0,05to 5
K20 0,05to 5
T102 0,05to 5
Mn304 0,005to 5
P70s2 0,01to5
SO3 0,05to 10
NOTE 1 Additienal analytes can be included in the method, provided that appropriate validation using referg¢nce materials
is caffried ous-.
NOTE 2_-The precision statistics can be determined using suitable reference materials.
NOTE 3 The method described in this document has been tested for the following additional analytes: BaO (0,01 % to 1 %);
Sr0 (0,01 % to 1 %) and ZnO (0,005 % to 1 %).
a  For information relating to phosphorus calculations, refer to Annex D.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 1171, Solid mineral fuels — Determination of ash

[SO 1213-2, Solid mineral fuels — Vocabulary — Part 2: Terms relating to sampling, testing and analysis

© ISO 2018 - All rights reserved 1
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ISO 13909-4, Hard coal and coke — Mechanical sampling — Part 4: Coal — Preparation of test samples

ISO 13909-6, Hard coal and coke — Mechanical sampling — Part 6: Coke — Preparation of test samples

[SO 18283, Hard coal and coke — Manual sampling

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1213-2 apply.

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

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Eleqtropedia: available at http://www.electropedia.org/

4 Principle

The specimen on which X-ray fluorescence measurements are made is prépared by incorpor

the test por
procedure. |

Calibration
corrections

[t is expectd
composition

5 Reage

5.1 Gene

Unless othel
equivalent f

tion of the sample, via fusion, into a borate glass disc using a ¢asting or press-quen
By using such a specimen, particle size effects are eliminated:

is carried out using pure chemicals and/or reference standards, and by making m|
for inter-element effects.

d that laboratories using this document have experience in analysing coal ashes of ce

s and that they employ calibrations that cover these compositions.

nts

ral

'wise specified, all reagents shall be of analytical grade and only distilled water or wa
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5.2 Flux and heavy absorber
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of individual reagents.
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e levels of contamination in the flux should be checked. Because levels of contamination mayj
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djustments to the calibration are required.

atus

All apparatus shall be constructed from materials that are thermally stable and chemically inert under

the conditio

ns of the procedure.
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Crucible, made from a non-wetting platinum alloy.

The crucible shall have sufficient capacity to hold the flux and sample required for fusion. Normally,
15 ml crucibles are adequate for discs of 32 mm in diameter, and 25 ml crucibles for discs of 40 mm in
diameter.

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

Because the crucible and lid (if used) 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 a surface on which to rest the crucible. The hot crucible can be rested on a refractory surface,

whic

shall be ](ppf Very clean

Alth
prec
of 20
(volu
will

cruc
thec

6.2

Mould, made from non-wetting material. For example, platidunt alloy is commonly use]

discg, and aluminium or graphite is suitable for press quenching.

In th|
be fl

it and sufficiently thick that it is not easily deformed:Casting moulds should be check

for flatness and should be polished regularly, to ensurethat the disc releases from the md
for press-quenching are constructed so that the depth gradually increases from the perimeter to the
centre. The analytical surface for press-quenche@discs is the surface which contacts the p

Care|should be taken not to choose the platen side for intensity measurements.

6.3 | Crucible tongs, platinum-tipped_of stainless steel or titanium.

NOTH Stainless steel or titanium tongs are a suitable alternative to platinum-tipped tongs.

6.4 | Desiccator, containingfreshly regenerated, self-indicating silica gel.

6.5 | Sample holders, used for specimen presentation.

6.6 | X-ray fluerescence spectrometer, any conventional wavelength dispersive
simuftaneous, 0¥ combination simultaneous/sequential) vacuum path X-ray fluorescence s

may pe used,provided that it conforms to precision requirements at the 0,1 % (106 counts) pr

7

7.1

ugh the crucible is fabricated from an alloy that is not wetted by the glass,for the greatest
sion, the crucible should be cleaned between each fusion. The use of citric acid (fiiass cqncentration
%), dilute hydrochloric acid (volume fraction of 10 % to 50 %) or dilute chlorine-frele nitric acid
me fraction of 10 %) have proven to be suitable for crucible cleaning. The Gse’of an ultrasonic bath
hccelerate this process. An alternative method of cleaning is to fuse several grams of flux in the
ble, moving the melt around so as to clean the entire inner surface. The molten flux is poured from
rucible. If a droplet adheres to the crucible, this can easily be flaked-off when the crucible is cold.

d for casting

e casting technique, the bottom of the disc is the analytical surface. The mould should therefore

ed regularly
uld. Platens

unger head.

(sequential,
pectrometer
pcision level.

ample

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 212 um. Sample
preparation shall be in accordance with ISO 13909-4 for coal samples or ISO 13909-6 for coke samples
or [SO 18283.

The sample shall then be ashed using the procedure specified in ISO 1171.

© ISO 2018 - All rights reserved
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7.2 Coal and coke ash

Laboratory-prepared ashes for XRF analysis should be received at the laboratory, freshly prepared If
not freshly prepared coal or coke ash, reheat at 815 °C for 15 min and cool in a desiccator immediately
prior to weighing for analysis.

Boiler ash received at the laboratory should be ground to a nominal top size of 63 pm and dried at
105 °C for 1 h, then stored in a desiccator over freshly regenerated, self-indicating silica gel.

8 Procedure

8.1 Number of determinations

Discs shall [be prepared and analysed as single determinations and a reference material shall be
prepared and analysed at the beginning and end of each batch of samples containing.a-maximym of
25 samples.

8.2 Test portion
The mass of|the test portion shall be appropriate for the mould size and sample flux ratio chosen.
NOTE1  Typically, sample-to-flux ratios are in the range 1:5 to 1:10.

NOTE 2  Typical total mass (sample plus flux) is 4 g for a 32 mm diameter'and 7,5 g for a 40 mm diameter njould.

8.3 Check test

At least one|reference material of similar composition;te’the samples being analysed shall be included
with each batch of test samples and shall be analysedin parallel with, and under the same condiEons
as, the test gamples. The results for the batch of samples shall be rejected if the results for the refegence
material fail to meet the acceptance criteria detailed in Annex A.

8.4 Calibration

Calibration [shall be effected using-either reference materials, synthetic standards or mixturgs of
reference materials and synthetic,standards. Reference materials shall be pre-treated in accordance
with the ingtructions contain€dyon their certificates. If synthetic standards are used, stoichionletric
chemicals of appropriate purity shall be used. Chemicals of 99,99 % or higher purity are recommended.
Pure chemjcals shall bé appropriately pre-treated, immediately prior to weighing to ensure
stoichiomet}y and freedom from moisture. Calibration discs shall be prepared in accordance with|8.5.

NOTE R¢agentsssuitable for the preparation of synthetic calibration standards and their appropriat¢ pre-
treatment copditions-are listed in Annex B.

8.5 Preparation of the fused discs

8.5.1 General

A number of different fluxes and sample-to-flux ratios have proven suitable for the preparation of fused
discs that are acceptable for XRF analysis of samples of coal or coke ash. Any consistent combination of
sample mass, flux mass and flux type may be used to prepare the fused discs, provided that

a) disc preparation quality conforms to the requirements of Annex C, and

b) the precision and accuracy of reference materials prepared using this sample flux combination
conforms to the requirements of Annex A.

4 © ISO 2018 - All rights reserved
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Discs may be prepared by the casting or press-quenching technique. Both methods will produce glass
discs of adequate quality. If the casting technique is used, the sample may be fused with the flux in a
crucible and then poured into a separate mould; if an appropriately shaped crucible is used, the fusion

may be carried out and the glass allowed to cool in the same crucible.

A conventional electric furnace, high-frequency furnace, or gas burner may be used for heating.

Disc-making machines are available commercially, and these may be used to fuse and cast the discs.

Prior to measurement, discs shall be inspected visually, paying particular attention to the analytical
surface. The discs shall not contain undissolved material, and shall be whole and free from crystallization

and
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8.5.3

atory-prepared ashes for XRF analysis should be freshly prepared; if not, it will be
ht these to the ashing temperature and hold for 15 min at this temperature priof to pr
RF disc.

bs are in general hygroscopic and hence shall be dried prior to use, 61ya loss on f
'mination shall be carried out and the mass of flux used correctedto an anhydrous
Jifficult to maintain flux in an anhydrous state, it is recommended: that, for work re
acy, the latter practice be adopted.

ecessary to
eparation of

usion (LOF)
basis. Since
quiring high

y be necessary to determine the LOF for boiler ash samplés. This is done by allowing the fused

rial to cool (in a covered crucible) prior to pouring intesthe mould and reweighing
ble and fused contents. LOF is equal to the mass of the ‘crucible and its contents pr
s the mass of the crucible and its contents after fusion. After weighing, the crucible
Ited and swirled (to ensure homogeneity), then cast or press-quenched in the normg
bliminated alphas are used, then LOF need not be:determined (see Reference [1]).

Loss of sulfur can occur at the high tempefratures (>1 050 °C) used in the preparation of

Disc storage

on as possible after preparation; the discs shall be transferred to a desiccator so that a
ture and the possibility of contamination are minimized.

roid contamination of thé analytical surface, discs shall be handled by their edges. (
'ised to avoid touching the analytical surface with hands or fingers.

Fused disc quality

The

a)
b)

uality of dise’preparation shall be checked in accordance with Annex C, as follows:
rior to each new operator commencing analysis of test samples;

y_€ach operator annually.

r the cooled
or to fusion

contents is
| manner. If

used discs.

dsorption of

are shall be

8.6

8.6.1

XRF measurement

Instrumental conditions

Instruments shall first be tested for precision in accordance with the manufacturer's instructions.

Suggested analytical lines to be used, and conditions of measurement, are given in Table 2.

Measurements shall be made under vacuum, using an appropriate counter and using specimen rotation
if available. A single- or dual-anode target X-ray tube may be used. It is recommended that pulse
height selection be used, particularly in the case of P Ka, where low concentrations are normally being
determined.

© ISO 2018 - All rights reserved
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Measurements are made at the Ka line positions, except where there are overlap interferences at the Ka
positions. Counting times shall be selected so that, for calibration discs at approximately the midpoint
of the range of application of the method (see Table 1), at least the number of counts shown in Table 2
are accumulated. Using these counting times, the emitted intensity of each disc shall be recorded as its
accumulated count.

The crystals listed in Table 2 are only some of those that may be used. In the case of P Ka, the Ge(111)
crystal is recommended because it does not give second-order wavelengths. If, however, this crystal is
unavailable and a PE crystal is used, pulse height selection shall be used and the settings shall be very
carefully selected so that the possibility of interference from the second-order wavelength of Ca Kf1 5
is minimized.

Coarse or filne collimators can be used but, where there is the likelihood of line interferencesd fine
collimator shall be used, e.g. in the determination of manganese using a chromium target X-ray, tulje. To
minimize inferference due to line overlaps, a fine collimator should be used for measuring TiKa.
Where the |crystal contributes significantly to the background, it is also advisable to use a| fine
collimator, §.g. magnesium and sodium determinations using the TIAP crystal.
Primary-beam filters should not be used as a method for reducing the count-yate, as they will jalter
matrix effedts. The exception to this is the determination of manganese usifig'a chromium target K-ray
tube, where|a filter is required for low backgrounds.
The voltage| in kilovolts, should be that recommended by the suppliérfor the type of X-ray tube being
used. The cuirrent, in milliamperes, used with the X-ray tube is nogieritical but shall be selected sq that
count rates o not exceed the capability of the counting circuits.
The backgrgund will generally be lower with a lower voltage, and there is little or no gain in usfing a
voltage gregdter than 40 kV for the elements being determined. If magnesium is being determined|with
a TIAP crystal and a rhodium target X-ray tube, the background will drop considerably as the voltage is
lowered.
Table 2 — Analytical lines, crystals and recommended number of counts
. Minimum number of counts|for
Syggested line Example of crystal mid-range calibration disf
Si Ka PE 2 x 105
AlKa PE 2 x 105
Fe Ka LiF (200) 4 x 105
CaKa LiF (200) 105
Mg Ka LSMa (TIAP) 105
Na Ka LSMa (TIAP) 2 x 104
K Rer LiF (200) 4 x 104
Pi Kar LiF (200) 4 x 104
Mn Ka LiF (200) 4 x 104
P Ka Ge(111) 4 x 104
S Ka Ge(111) 4 x 104
a  Layer synthetic multilayer.

8.6.2 Monitor measurements

To compensate for drifts in X-ray tube output intensity, all X-ray measurements shall be made relative
to a monitor specimen. Although different monitor specimens could be used for each component,
it is most convenient to use a single specimen containing all the components to be measured. The
requirements of the monitor specimen are that it is stable, at least for the time necessary to complete
all the measurements associated with a batch of samples, and that it gives intensities for the various

© ISO 2018 - All rights reserved
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components that are comparable to, and preferably a little greater than, those of the specimens to be
measured.

A suitable monitor may be prepared by fusion of a mixture of pure chemicals and flux.

The frequency of running the monitor will depend on the stability of the instrument, as determined by
the use of suitable quality control samples.

9 (Calculation

9.1 rGemerat

The results for the concentration of the analysed elements (see Table 1) in coal or €gke psh shall be
calcylated from the measured X-ray intensities after correction for instrumental drift, dead time and
matrjix effects.

9.2 | Correction of instrumental drift
The measured X-ray intensities shall be corrected for instrumental drift-ising Formula (1):

_N,-M*
M

N (1)

wherte

Ny | is the uncorrected (measured) count;
N is the count after drift correction;
M* | is the count on the monitor disc at the'start of the measuring bracket;

M | is the count on the monitor dis¢atthe end of the measuring bracket.

9.3 | Correction for dead time losses

The drift-corrected X-ray intensities shall be corrected for counting losses arising from the dead time of
the counting equipmentusing Formula (2):

N

N, =—— 2
ST NI (2)

wherte

N isthe counts (after drift correction, using the monitor specimen) accumulated in T s¢conds;

is the time, in seconds, in which counts were accumulated;
t is the dead time, in seconds;
N¢  isthe count rate for dead time losses, in counts per second (c/s).

NOTE Automatic dead time correction is acceptable, provided that it is correctly adjusted.

9.4 Matrix corrections

XRF intensities shall be converted to concentrations that have been appropriately corrected for
interelement (matrix and spectral overlaps) effects. It is preferable that matrix correction be carried
out using matrix correction (alpha) coefficients, calculated using fundamental parameters.

© ISO 2018 - All rights reserved 7
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Other correction procedures may be used, provided that the precision and accuracy of the method is
shown to be acceptable (see Annex A).

NOTE There are commercially available computer programs that carry out matrix corrections.

10 Reporting results

The results (single determination) shall be reported to the number of decimal places and in the order
indicated in Table 3.

The results will not always total 100,0 %, due to the following factors:

a) the tolgrance on each of the analytical determinations and the effect of the summationrof‘these
toleranges;
b) the pregence of other trace elements, e.g. boron, barium, strontium, zinc;
c) the pregence of mineral forms other than oxides in the ash.
The total of results, including LOF (if required), is expected to lie within the range 98,5 % to 101,5|%.
Table 3 — Reporting of results
Oxide Concentration range Report to the nearest %
% (mass fraction)
S102 5to 100 0,1
Al203 5to 80 0,1
Fd,03 01to5 0,02
5to 25 0,1
a0 0,05to 5 0,01
5t6°25 0,1
MgO 0,05 to 5 0,01
5to 25 0,1
Np20 0,05to 5 0,01
K0 0,05to 5 0,1
TiO2 0,05to 5 0,1
Mn304 0,005 to 0,05 0,001
0,05t0 1,0 0,01
1,0 to 5,0 01
PpOs 0,01to1 0,01
Tto5 0,1
SO3 0,05to 5 0,01
5to 10 0,1
Total 98,5 to 101,5 0,1

11 Precision

The values of repeatability and reproducibility should not exceed those given in Table 4.

8 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=8799c43064a6a18934f89f3990218d3a

Table 4 — Precision data
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Concentration range

Oxide % Repeatability Reproducibility
Al03 13to0 28 0,26 1,6

BaO 0,02 to 0,60 0,01 0,286 X- 0,003

Ca0 0,05 to 26,5 0,015 X+ 0,030 0,088 X+ 0,126
Fe;03 0,6 to 21 0,017 X + 0,020 0,073 X+ 0,302

K20 0,35t02,71 0,014 X+ 0,008 0,049 X + 0,044
MZO 0,10t %, 7% 0,015 X+ 0,015 025
MnO3 0,004 to 0,21 0,01 0,307 X
Mn3z04 0,004 to 0,18 0,01 0,307 X
Naz0 0,03 to 4,38 0,029 X+ 0,022 0,121 X+ 0,211
P70s5 0,07 to 1,84 0,023 X+ 0,004 0,084 X+ 0,032

Si02 27910 69,9 0,47 2,46

SO3 0,06 to 14,8 0,017 X + 0,07.7 0,121 X4 0,271

SrO 0,01t00,38 0,024 X + 0,605 0,141 X4 0,013
TiOy 0,58t0 3,8 0,022 X%0,001 0,066 X 10,001

12 Test report
The test report shall include the following informatief:
a) ¢omplete identification of the sample tested;

b) areference to this document, i.e. ISO 13605:2018;

c) the results of the determinations;ificluding the total of results, expressed on a dry

oxide forms and in the order givenin Table 3;

d) the following statement:

“The|results of an ash constituent analysis do not necessarily total 100,0 %.”

© ISO 2018 - All rights reserved

basis as the


https://standardsiso.com/api/?name=8799c43064a6a18934f89f3990218d3a

ISO 13605:2018(E)

Annex A
(normative)

Acceptance of analytical results for laboratory method

A.1 Acceptance of analytical values

The difference between the result obtained for the reference material and the reference valug-g

reference

significant, fhe analysis shall be repeated. If the difference is again significant, the procédutre shg
repeated usjiing a different reference material. If the difference is still significant, then\it'is likely
there is a problem with the laboratory method which must be investigated and rectified prior t
analysis of fest samples. Possible problems include poor quality glass discs, incomplete fusion, sample

contaminati

The laborat
the result o
statistically

For a referd
comparable
significance]

|4

where

SLc
SWC

nwc

Or

oL

—A|

is t
is g
is g
is g

is

aterial shall be statistically insignificant at the 95 % confidence level. If the differer

on and XRF instrument faults.

pry method shall only be used for the analysis of test samples)if the difference bet}
btained for the reference material and the reference value of the reference mater
insignificant.

in both accuracy and precision with this method; Formula (A.1) may be used to teg

of the difference:
2
2 Swe
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< 2 We 462421

he reference value;

he result or the mean of results obtained for the reference material;

he between-labaratories standard deviation of the certifying laboratories;
he within-laboratory standard deviation of the certifying laboratories;

he aveFage number of replicate determinations in the certifying laboratories;

f the
ceis
11l be
that
b the

veen
jal is

nce material that has been analysed by at least 10.laboratories using methods thalt are

t the

(A1)

is t

henumber of certifying laboratories;

ist

ist

ist

he number of replicate determinations on the reference material (in most cases n = 2);
he within-laboratory standard deviation;

he between-laboratory standard deviation.

If the condition of the above formula is satisfied, i.e. if the left-hand side is less than or equal to the right-
hand side, then the difference ‘AC —A| is statistically insignificant; otherwise, it is statistically

significant.
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The following procedure should be used where the information on the reference material certificate is
incomplete:

a) Ifthereareinsufficient data to enable the between-laboratories standard deviation to be estimated,

2
SWc

Ny

delete the expression and regard the expression Sfc as the standard deviation of the

laboratory means.

b) If the certification has been made by only one laboratory or if the interlaboratory results are
missing, it is advisable that this material not be used in the application of this document. If this

cannotbe avoided use Formula (A 2]
7 s

62
4.~ A < 24[20f A (A.2)
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Annex B
(informative)

Reagents suitable for the preparation of synthetic calibration

standards
Reagent Pre-treatment conditions
Si02 Heatat 1 000 °C in a platinum crucible for 1 h, cool in a desiccator.

Al,03 Heat at 1 250 °C in a platinum crucible for 2 h, cool in a desiccator.
Fep03 Heatat 1 000 °C in a platinum crucible for 1 h, cool in a desiccator.
CaCO3 Dry at 100 °C for 1 h and cool in a desiccator.
MgO Heatat 1 000 °C in a platinum crucible for 1 h, cool in a desiccator.
NapS04 |Dryat 100 °C for 1 h and cool in a desiccator.
KH2P0O4 |Dry at 105 °C for 1 h and cool in a desiccator.
TiOy Heatat 1 000 °C in a platinum crucible for 1 h, cool in-adesiccator.

Mn304 Prepare by heating manganese dioxide (MnO3) ati? 000 °C for 24 h and then
cool. Crush the resultant lumpy Mn304 to a fine\powder. Heat at 550 °C for
1 h and cool in a desiccator.
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Annex C
(normative)

Standard deviation of glass disc preparation

C.1 General

Thisjannex specifies a procedure for determining the precision of disc preparation.

C.2 | Procedure

This|procedure for determining the standard deviation of disc preparation shall be undertgken by each
operftor prior to commencing work on actual test discs for the first timhe. The procedur¢ shall be as
folloys:

a) $elect two coal ashes and prepare five replicate discs from each ash using thgq procedure
gpecified in 8.5.

b) Measure the intensity of the Si Ka radiation for each dis¢;accumulating atleast 4 - 106 colints for each
dlisc. Repeat this measurement five times, reloading the specimens between each measurement.

c) Report the results as shown in Table C.1.

Table C.1 — Example of recording results-for the evaluation of precision of disc prgparation

. Measurement2
pisc 1 2 3 4 5 Average Range
1 41502 41485 41511 41 498 41492 41 498 26
2 41505 41501 41497 41513 41537 41510 40
3 41470 41455 41 459 41 409 41 453 41 449 61
4 41526 41 545 41558 41517 41565 41542 48
5 41500 41532 41517 41 494 41508 41510 38
a  Measurement units ¢an be counts, counts per second or time for a fixed number of counts.

d) Evaluate theresults by calculating:

1) _theaverage ()_( ) of the five average readings,

2) the average ( R Jof the five range readings, and

3) therange (R) of the five average readings.

Substitute the values obtained for X , Rand R into Formulae (C.1) and (C.2) to obtain the standard
deviation of specimen preparation (Sp) and coefficient of variation (Sy).

2
R 1{ R
S = —= C.1
P [2,33) 5| 2,33 €D
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