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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 wark ISO collaborates closely with the
Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Fart 2.

The main task of technical committees is to prepare International Standards. Draft internationpl Standards
adopjed by the technical committees are circulated to the member bodies fer’.voting. Publication as an
Interpational Standard requires approval by at least 75 % of the member bodies-casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15237 was prepared by Technical Committee ISO/TC 27{)Sé6lid mineral fuels, Subcommittee SC 5,
Methpds of analysis.
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Introduction

Mercury occurs naturally in coal. It is an element that can be released during the combustion process.

The determination of the total mercury content of coal cannot be accomplished satisfactorily by traditional
ashing and digestion procedures because of the volatility of the element.

Quantitive refcovery can be achieved by strict adherence to the procedure set out in this International Stapdard.

Instrumental|methods for a more rapid determination of total mercury content are available. If sucha mgthod
is to be usgd, it is important to demonstrate that the method is free from bias, when cempared t¢ this
reference method and will give levels of repeatability and reproducibility which are the same; or better|than,
those quoted for the reference method (see Clause 9).
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INTERNATIONAL STANDARD ISO 15237:2003(E)

Solid mineral fuels — Determination of total mercury content of
coal

1 cope

This [nternational Standard specifies a procedure for the determination of the total mercury|contept of coal.

2 ormative references
The [ollowing referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO 331, Coal — Determination of moisture in the analysis sample.— Direct gravimetric method

ISO 1170, Coal and coke — Calculation of analyses to different bases

ISO 1928:1995, Solid mineral fuels — Determination of gross calorific value by the bomb calorimgtric method,
and dalculation of net calorific value

ISO 3696, Water for analytical laboratory use <X .Specifications and test methods
ISO %068, Brown coals and lignites — Deétermination of moisture content — Indirect gravimetric mpethod

ISO %069-2, Brown coals and _lignites — Principles of sampling— Part2: Sample pr@paration for
deterinination of moisture contentfor general analysis

ISO 13909-2, Hard coal and coke — Mechanical sampling — Part 2: Coal — Sampling from movipg streams

3 Principle

The $ample is*burned in an oxygen bomb, the mercury species formed during combustion beind absorbed in
watel. The.mercury species present in the water are reduced by stannous chloride and quantified by
flamgless\cold vapour atomic absorption spectroscopy.

NOTE It is reported that lithium borohydride (LiBH,) and sodium borohydride (NaBH,) are satisfactory for the
reduction instead of stannous chloride; laboratories using these reductants should demonstrate that the performance is
equivalent to that using stannous chloride.

4 Reagents

WARNING — Care should be exercised when handling the reagents, many of which are toxic and
corrosive.

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade.

© 1SO 2003 — Al rights reserved 1
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4.1 Water, conforming to Grade 1 of ISO 3696.
4.2 Oxygen, free from combustible matter and having a purity of at least 99,5 %.
4.3 Nitric acid solution, 10 % by volume, prepared by diluting 100 ml of concentrated nitric acid (relative

density 1,42)

4.4

to 1 litre with water. The 10 % solution shall have a mercury content less than 0,1 ug/l.

5 ml of 25 % (V/V) nitric acid solution and diluting to 1 000 ml.

Mercury standard stock solution, 1 000 ug/ml, prepared by dissolving 1,0 g of high purity mercury in

NOTE 1 The mercury standard stock solution may also be prepared from commercially available certified mercury
solution.

NOTE 2  Ofher high purity (> 99,9 % ) mercury salts or oxides may be used with appropriate adjustmentof\the|mass
taken.

4.5 Mercury standard solution, 0,1 ug/ml, prepared by diluting 5,0 ml of mercury standard stock sojution

(4.4) to 500 1
This mercury

4.6 Potas
(KMnQy,) in v

The mercury|

4.7
chloride (HO

The mercury

Hydroxylammonium chloride solution, 15 g/l, prepared.‘by dissolving 1,5 g of hydroxylammg

hl with water and then diluting 10,0 ml of the intermediate solution to 1 litre with’water.
standard solution should be prepared daily.

sium permanganate solution, 50 g/l, prepared by dissolving 5 g-of potassium permang
ater and diluting to 100 ml.

content of the potassium permanganate should be below 0;05 ug/g

NH;Cl) in water and diluting to 100 ml.

content of the hydroxylammonium chloride should be below 0,005 pg/g.

hnate

nium

4.8 Reduging agent, stannous chloride solution, 100 g/l, prepared by dissolving 10 g of stannous
chloride dihygdrate (SnCl,-2H,0) in 45 ml of concentrated hydrochloric acid solution (relative density 1,19) and
cautiously diluting to 100 ml with water.

The mercury

NOTE S¢

5 Appar

5.1 Balan

content of the stannous chlotide dihydrate should be below 0,01 ug/g.

e also note 1 to 9.2 regarding’the use of flow injection techniques.

htus

Ce, capablée\of weighing to the nearest 0,1 mg.

5.2 Oxyg
platinum or
affected by t
material that

n combustion bomb, constructed in accordance with ISO 1928:1995. The ignition wire sh

Bl be

hromium-nickel alloy. The combustion bomb shall be constructed of materials that ar

is free from mercury. This can be v

(50 ml, 10 % V/V), and determining the mercury content of the washings. This shall be < 0,01 yg per bomb.
The combustion bomb shall also be designed so that all liquid combustion products can be completely
recovered.

WARNING — The combustion bomb should be inspected regularly for signs of corrosion caused by
the strong acid used in the procedure.

5.3 Silica combustion crucible, to fit oxygen combustion bomb.

5.4 Atomic absorption spectrometer, with a flameless cold-vapour mercury analysis system, comprised
of either a closed recirculating system or an open one-pass system.

© ISO 2003 — Al rights reserved
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6 Preparation of sample

The test sample is the general analysis test sample prepared in accordance with 1ISO 5069-2 or ISO 13909-2
as appropriate. Ensure that the moisture content of the sample is in equilibrium with the laboratory
atmosphere, exposing it if necessary, in a thin layer for the minimum time required to achieve equilibrium.

Before commencing the determination, mix the equilibrated sample for at least 1 min, preferably by
mechanical means.

If the results are to be calculated other than on the “air-dried” basis (see Clause 10), then, after weighing the
test portion, determine the moisture content of a further portion of the test sample by the method described in
ISO 331t ortSO 5068 as appropriate.

7 Oxygen bomb combustion procedure

7.1 | General
Clean all internal components of the combustion bomb (the body, cap and (etectrodes) by immefsion in 10 %

nitriclacid solution for 5 min followed by thorough washing with water before use. Using paper tgwels, dry the
threads on the combustion bomb body and locking ring. Repeat the washing step between each getermination.

7.2 | Combustion of coal

Weigh approximately 1 g of test portion, to the nearest 0,1 mg; into a pre-ignited crucible.
Assemble the ignition system using ignition wire and ighition thread.

Pipette 10 ml of water into the base of the combustion bomb and assemble.

Charge the bomb with oxygen (4.2) to 3 MPa‘pressure.

Placg the assembled combustion bomb-in the calorimeter can containing 2 litres of water and fire using the
ignitipn/firing station. Allow the combustion bomb to stand in the calorimeter can for 10 min beforq removal.

Dry external surfaces of the bomb thoroughly with paper towel, keeping the bomb upright, before carefully
ventihg the bomb gases ovér'a period of 2 min.

8 Preparation.of test solution

Disagsemble ‘the' combustion bomb and carefully rinse all internal surfaces, including the crucibl¢, with water,
colle¢ting, allkwashings in the bomb.

Using a-dispasable syringe, transfer the homb washings to a 100 ml volumetric flask containing 410 ml of 10 %
nitric acid solution (4.3). Wash the bomb with water, adding the washings to the volumetric flask. Add 0,5 ml of
potassium permanganate solution (4.6) and mix. Dilute to volume with water.

Carry out a blank determination following exactly the procedure described above but omitting the coal sample.

In those cases where the design of the bomb precludes a 1 g test portion being used, a suitable smaller
quantity should be taken.

NOTE The transfer of the bomb washings by syringe is important since it has been shown that the bomb locking ring
in some calorimeters is a source of mercury contamination which is transferred to the threads of the body. If the bomb
washings are poured out in these cases, significant mercury contamination results due to contact between washings and
the threads on the bomb body. For calorimeter types initially shown to give no contamination, the transfer by syringe is not
necessary. In every analysis, the documentation for this is achieved by the blank determination.
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9 Atomic absorption analysis

9.1

Calibration

Prepare matrix-matched mercury standards of 3,0, 5,0, and 10,0 ug/l by pipetting 3,0, 5,0 and 10,0 ml aliquot
portions of the 0,1 pug/ml mercury standard solution (4.5) into 100 ml graduated flasks, adding 10 ml of 10 %
nitric acid solution (4.3) and diluting to volume with water. Add potassium permanganate solution (4.6)
dropwise to stabilize the solutions until the permanganate colour persists for 60 s.

Measure the absorbance for each matrix-matched solution in accordance with 9.2. For instrument calibration,
the absorbance for each matrix-matched solution is plotted against the corresponding concentration. Sample

responses a

NOTE A

9.2 Analytical procedure

The calibrati
prepared in g

Transfer the
block or watg

Transfer the
to the solutio
chloride solu

Exact details
instrumentat
the prepared
identical mar

Immediately
the mercury

The correspq
(see 9.1) ang

NOTE 1 TH
are fed autom
stannous chlo

NOTE 2

]E compared with this catibration.
a

An alternative quantification procedure is the use of standard analyte additions to the final solution.

Iternative quantification procedure is the use of standard analyte additions to the final solutions:

bn solutions prepared in accordance with 9.1, and the test solutions and\the blank soll
ccordance with Clause 8 are all treated as follows:

prepared solution into a suitable mercury-free vessel and heat at 90<°C for 60 min on a dige
r bath. Cool.

prepared solution into the reaction vessel, add 5 ml of hydréxylammonium chloride solution
n. When the permanganate colour fades, wait 30 s and add\5 ml of the reducing agent, star
ion (4.8).

for use of the instrumentation cannot be given as_each instrument is different. Depending d
on being used, it may be necessary to use the complete 100 ml prepared sample or an aliq
sample. Whichever approach is used, samples, standards and blanks shall be treated

ner.

connect the flask to the flameless coldsvapour atomic absorption spectrometer (5.4) to con
Hetermination.

nding absorbance response for'each test and blank solution is compared to the calibration
the resultant concentration,.in ug/l, noted.

e mercury reduction stage/can be improved by the use of a flow injection technique in which the reg
ptically to the instrument/ Experience has shown that, when using stannous chloride, a solution of 1 %
ide dihydrate in 3.%(V/V) hydrochloric acid is suitable for this technique.

10 ExpreTsion of results

tions

stion

(4.7)
nous

n the
ot of
in an

plete

curve

gents
(m/V)

Calculate the mercury content, w, expressed in ng/g of the sample as analysed, using the equation:

(ot

- Pb)

where

Pt

x1000
m

is the mercury concentration of the test solution, in ug/l;

P is the mercury concentration of the blank solution, in ug/l;

m

is the mass of the sample as analysed, in grams.

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=6415ff51c5b2ca77a97d88d3995bacaa

ISO 15237:2003(E)

Report the result as the mean of duplicate determinations to the nearest 20 ng/g on the “as analysed” basis.

For calculation of the results to bases other than “as analysed”, see ISO 1170.

11 Precision

11.1 Repeatability limit

The results of duplicate determinations, carried out at different times, in the same laboratory, by the same
operator, with the same apparatus, on representative portions taken from the same general analysis sample,
should not differ by more than the value given in Table 1.

11.2| Reproducibility critical difference
The fesults of duplicate determinations, carried out in each of two laboratories, on, representgtive portions

taker] from the same analysis sample after the last stage of sample preparation, should not differ py more than
the value given in Table 1.

Table 1

Maximum acceptable differences between results obtaingd
(calculated to the same moisture content)

Reproducibility criticql

Repeatability limit difference

Mercury content (ng/g) 0,140 +8 0,25w + 20

12 Test report
The test report shall include the following information:

a) ipentification of the sample tested;

b) e method used by referénce to this International Standard, i.e. ISO 15237:2003;
c) e date of the determination;

d) e results andsthe method of expression used.
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