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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-governm

ental_in liaison with ISQ_also take part in the wark
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan

the technical committees are circulated to the member bodies for voting.-Publication
Standard requires approval by at least 75 % of the member bodies casting-a Vote.

P
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rawn to the possibility that some of the elements of this document may be the subject of
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Introduction

The reliable determination of total carbon, hydrogen and nitrogen is important for engineering calculations
applied to the combustion of coal. The precise and accurate determination of the carbon content of coal is

essential for carbon accounting purposes.

© 1SO 2010 — All rights reserved
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INTERNATIONAL STANDARD

ISO 29541:2010(E)

Solid mineral fuels — Determination of total carbon, hydrogen
and nitrogen content — Instrumental method

WARNING — The use of this International Standard can involve hazardous materials, operations and
equipment. This International Standard does not purport to address all of the safe

asso
appr

iated with its use. It is the responsibility of the user of this International Standard
ppriate safety and health practices and determine the applicability of regulatory. limi

to use.

1

This
coal

NOTE

2

The

Bcope

nternational Standard specifies a method for the determination of total\carbon, hydrogen arj
and coke by instrumental methods.

This International Standard has been validated for coal only in)aecordance with the principles of

Normative references

following referenced documents are indispensable for the application of this documen

refergnces, only the edition cited applies. For-undated references, the latest edition of th

docu

ISO

ISO

ISO

meth

ISO

deter

ISO

by dn

ISO 1

ment (including any amendments) applies.

@87, Solid mineral fuels — Coke — Determination of moisture in the general analysis test sa

213-2, Solid mineral fuels — Vlocabulary — Part 2: Terms relating to sampling, testing and é

%068-2, Brown coals and lighites — Determination of moisture content — Part 2: Indireg
bd for moisture in the analysis sample

%069-2, Brown Coals and lignites — Principles of sampling— Part2: Sample prg
mination of majsture content and for general analysis

1722, Salid‘mineral fuels — Hard coal — Determination of moisture in the general analysi:
ying innitrogen

3909-4, Hard coal and coke — Mechanical sampling — Part 4: Coal — Preparation of test 3

y problems
to establish
ations prior

d nitrogen in

ISO 5725-1.

t. For dated
b referenced

nple
nalysis

t gravimetric

paration for

test sample

amples

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

ISO

3

18283, Hard coal and coke — Manual sampling

Terms and definitions

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

Carbon, hydrogen and nitrogen are determined concurrently in a single instrumental procedure. The
quantitative conversion of the carbon, hydrogen and nitrogen into their corresponding gases (CO,, H,0,
N,/NO,) occurs during combustion of the sample at an elevated temperature in an atmosphere of oxygen.
Combustion products which would interfere with the subsequent gas analysis are removed. Oxides of nitrogen
(NO,) produced during the combustion are reduced to N, before detection. The carbon dioxide, water vapour
and elemental nitrogen in the gas stream are then determined quantitatively by appropriate instrumental gas
analysis procedures.

5 Reagepts

Unless otherwise specified, all reagents shall be of analytical reagent grade.

5.1 Carrier gas, helium or other suitable gas as specified by the instrument manufacturery
5.2 Oxygen, as specified by the instrument manufacturer.

5.3 Additipnal reagents, of types and qualities specified by the instrument manufacturer.

5.4 Calibrption materials: see Table 1.

Table 1 — Examples of suitable calibration materials and their stoichiometric contents of C, Harld N

Mass fraction
Name Formula %
Carbon Hydrogen Nitrogen
EDTA
C.,5H4:N,O

(ethylene diamine tetra-acetic acid) 10167728 41,1 5.5 9.6
Phenylalaning CgH{{NO, 65,4 6,7 8,5
Acetanilide CgHgNO 71,1 6,7 10,4
2,5-bis (5'-terf-butyl-2-benzoxazolyl) thiophehe 2617267272 72,5 6.1 6.5

If these matgrials are accompdnied by a traceable certificate of analysis that includes the uncertainty ¢f the
assigned cafbon, hydrogen ‘and nitrogen values, then use the certificate values for calibration purposes. If
pure compounds (> 99,5:% purity) are available, use the stoichiometric values. Store these substances in a
desiccator unpder conditions that maintain the compounds in a dry state.

Table 1 lists|these' pure substances that were included in the interlaboratory study (ILS) to determing the
calibration rgquirements and precision of this International Standard. The ILS indicated benzoic acid is not
suitable for calibration. Pure substances other than those listed in Table 1 can be used for calibration provided
the substances meet the purity and calibration requirements of this International Standard.

5.5 Reference materials.

Reference material coal(s) with a certified composition and uncertainty for carbon, hydrogen and nitrogen may
be used as a check to monitor changes in instrument response, which can be affected by constituents not
present in the calibration materials, and to verify the acceptability of nitrogen results. Alternatively, coal of a
known composition can also be used as a check sample. As the bulk composition of coal can change during
storage, coals shall not be used for calibration.

2 © 1SO 2010 — All rights reserved
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6 Apparatus

6.1

6.2

Analytical instrument, consisting of a furnace, gas handling and detection system capable of
analysing a test portion of 6 mg or greater.

Balance, stand-alone or integrated with the instrument, with a resolution of a least 0,1 % of the test
portion to be weighed.

7 Preparation of the test sample

The
ISO 1
ISO 1

The

ISO 1
and 1

8 |

8.1

Verify
Verify

satisffactory for the number of samples to be analysed. Prior to any analysis, check for, and

sample shall be the general analysis test sample prepared to a nominal top size of~2
3909-4, I1SO 13909-6, ISO 18283 or ISO 5069-2. Sample preparation procedures-are
3909-4 for coal, ISO 13909-6 for coke and ISO 5069-2 for brown coal and lignites.

moisture content of each test sample and reference material shall be determined in acc

1722 for coal, ISO 687 for coke or ISO 5068-2 for brown coals and lignites.AAlternatively, th
eference material shall be dried prior to analysis.

Procedure

Instrument set-up

that all instrument operation parameters meet the specifications in the instrument opera
the condition and quantity of all chemicals currently in use in the instrument to ens

12 ym using
described in

brdance with
e test sample

ting manual.
Lire they are
if necessary

n and carrier
ponse for the
ses or other

correct, any leaks in the combustion system and carrier gas system.

8.2 Blank analyses

Perfgrm blank analyses daily to establish)carbon, hydrogen and nitrogen levels in the combustio

gaseg. The level of nitrogen in these gases shall not exceed 1 % of the instrument nitrogen res

lowest mass of calibration material. Repeat blank analyses after changing or renewing ga

reagents.

8.3 | Conditioning and instrument stability check

Condition the instrument in accordance with the manufacturer's instructions (generally by running at least two
test portions of a-Coal, coke or brown coal or lignite that have a composition typical of the gen

sam

Seleq
cond

les).

t a«conditioning sample of similar composition to a typical sample. Carry out four determir

eral analysis

ations of the

tioning sample. Discard the first determination.

If any maximum difference of three retained repeat determinations for carbon, hydrogen and nitrogen values
exceeds 1,2 r, where r is the repeatability limit (see Clause 10) of this International Standard, instrument

stabil

8.4

ity is suspect. In this case, take corrective action before proceeding with calibration.

Calibration

The instrument shall be calibrated as recommended by the instrument manufacturer, or whenever changes
have been made to the equipment and whenever analysis of verification samples (see 8.5) indicates an
unacceptable difference between the certified and the measured values.

©I1SO

2010 — All rights reserved
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Select amounts of one or more calibration materials (see 5.4) based on the regression to be used and the
expected ranges of carbon, hydrogen and nitrogen in the test samples to be analysed. See Clause A.1 for
recommendations about the number of calibration points and Clause A.2 for recommendations concerning
calibration masses.

NOTE Coal is not used for calibration because coal degrades with time and its composition changes.

8.5 Verification of calibration

Before analysis of the test samples, verify the acceptability of the calibration by analysing a calibration
material (see 5.4) not used for calibration. In Table 2, the limits for the difference between the measured and
stoichiometrif or certificate values are listed.

Table 2 — Calibration acceptance limits

Element Acceptance limit
Relative percentage (%)
Carbon 1,20
Hydrogen 2,10
Nitrogen 1,80

If the verification result does not agree within the limits specified in Table 2, an additional verification run| shall
be conductgd. If the results of the additional verification run do’ not agree with the measured and
stoichiometrif or certificate value within the limits, the instrument shall be recalibrated.

Clause A.3 gives an example of calibration verification.

8.6  Analysis of test samples

As indicated fin Clause 7, determine the moisture ‘content of each test sample concurrently with this analykis.

Carry out an|analysis of each test sample by weighing out a test portion with a mass normally employéd for
analysis. All fest samples shall be run in(duplicate.

Verify the calibration at the completion of each test batch, and preferably at least every ten samplgs, in
accordance \vith 8.5.

At the beginhing of the appropriate series of test samples, or at the end of the appropriate series of test
samples, or [both, analysea reference material as a test sample in duplicate in order to obtain acceptable
instrument performange )and calibration for the sample matrix.

The duplicat¢ results for carbon, hydrogen and nitrogen, calculated to dry basis in accordance with Clayse 9,
shall agree within the repeatability limit specified in Clause 10.

If any of these acceptance criteria fail, reject all test results back to the last acceptable result for the certified
reference material (CRM). Action shall be taken to identify and correct the assignable cause and, if necessary,
the instrument shall be recalibrated in accordance with 8.4.

9 Expression of results
Record the total carbon, hydrogen and nitrogen as analysed, as a percentage by mass.

Report the results (the mean of duplicate determinations) on dry basis to the nearest 0,1 % for carbon and to
the nearest 0,01 % for hydrogen and nitrogen.

4 © 1SO 2010 — All rights reserved
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For the calculation to dry basis, use Equations (1) to (3), in which the subscript “d” indicates dry basis and the
subscript “ad” indicates as-determined (as-analysed) basis:

— for the carbon content:

Wog =W XL (1)
Cd Cad 100 — wyjaq

— for the nitrogen content:

100 )
= —
Nd = "Nad 350 -

— for the hydrogen content:

WMad ] % 1 OO (3)

Hd = (WHad 78,937 ) 100 - wyyog

wher

Y%

Wcq is the content of carbon, dry basis, mass fraction in percentage;

Wcaq IS the content of carbon as determined (as analysed),\mass fraction in percentage;
Wng i the content of nitrogen, dry basis, mass fracfion in percentage;

WNag IS the content of nitrogen as determined (as analysed), mass fraction in percentage;
WHg is the content of hydrogen, dry bagis,”"mass fraction in percentage;

WHaq IS the content of hydrogen as.determined (as analysed), mass fraction in percentage;

Wmad IS the moisture content of the sample as analysed, mass fraction in percentage.

10 Precision

10.1| Repeatability limit

The fesults ‘©f "duplicate determinations, carried out at different times, in the same laboratory, by the same
operatori with the same apparatus, on representative portions taken from the same test sample, shall not
differ{by'more than the values shown in Table 3.

10.2 Reproducibility limit
The means of the results of duplicate determinations, carried out in each of two laboratories, on representative

portions taken from the same sample after the last stage of sample preparation, shall not differ by more than
the values shown in Table 3.

© 1SO 2010 — All rights reserved 5
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Table 3 — Precision limits

Maximum acceptable difference between results (dry basis)
Element Repeatability limit Reproducibility limit
r R
Carbon 0,3 % absolute 1,0 % absolute
Hydrogen 0,06 % absolute 0,25 % absolute
Nitrogen 0,03 % absolute 0,15 % absolute

11 Testre

The test repq

port

rt shall contain the following information:

a) complet¢ identification of the sample tested;

b) reference to this International Standard (i.e. ISO 29541:2010);

c) results gf the determination for carbon, hydrogen and nitrogen, togetherdwith the relevant analysis pasis
basis, dry ash free basis).

(e.g. dry]

© 1SO 2010 — All rights reserved
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Annex A
(informative)

Recommendations for calibration

A.1 Recommended number of calibration points

ISO 29541:2010(E)

Tablg A.1 gives the recommended number of calibration points for common regressions.

Regression fit

Recommended number
of calibration points

Linear 6
Quadratic 7
Power {
Cubic 8

Table A.1 — Recommended number of calibration points for common regressions

To apply all of these regressions for the instrument calibration standard, a minimum of 8 and preferably
10 cglibration points are recommended.

A.2 |Recommended calibration masses for carbon

Tablg A.2 gives the calibrant mass, in milligrams, required to yield the same amount of carbon

100 mg test portion of coal.

Table A.2 — Calibrant masses

present in a

Carbon percentage in 100 mg test portion coal
C4qlibrant 35%4740% | 45% | 50% | 55% | 60% | 65% | 70% | 75% | 80 % 5% | 90 %
Mass of calibrant in milligrams
EDTA 85 97 110 122 134 146 158 170 183 195 P07 219
Phenylalapiiie 53 61 69 76 84 92 99 107 115 122 130 138
Acetahilide 49 56 63 70 77 84 91 98 106 113 120 127
BBOT 48 55 62 69 76 83 90 97 104 111 118 125

Calculate the equivalent amounts of calibrant for the test portion, in milligrams, to be used for the coal

samples by multiplying the amounts listed in Table A.2 by a factor CF, corresponding to the test portion mass,
in milligrams per 100 mg.

For example, if the normal test portion mass in a laboratory is 70 mg, then CF is 0,7. Each of the calibrant
masses in Table A.2 are multiplied by 0,7 to obtain the correct masses for calibration.

Select calibration masses based on the recommended number of calibration points specified in Table A.1 that
cover the expected range of carbon in the test sample. It is acceptable to run calibration masses in duplicate

to meet the requirements in Table A.1. This approach can improve the reliability of the regression.

© 1SO 2010 — All rights reserved
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Table A.3 gives the equivalent hydrogen percentage in coal for the calibrant masses listed in Table A.2.

2010(E)

Table A.3 — Equivalent hydrogen percentage in coal

Carbon percentage in 100 mg test portion coal
Calibrant 35% | 40% | 45% | 50% | 55% | 60% | 65% | 70% | 75% | 80% | 85% | 90 %
Equivalent hydrogen percentage in coal

EDTA 4,7 54 6,1 6,7 7,4 8,1 8,7 9,4 10,1 10,8 11,4 121
Phenylalanine 3,6 4,1 4,6 5,1 5,6 6,2 6,6 7,2 7,7 8,2 8,7 9,3
Acetanilide 3,3 3,8 4,2 4,7 5,2 5,6 6,1 6,6 71 7,6 8,1 8,5
BBOT 29 3,3 3,8 4,2 4,6 51 5,5 5,9 6,3 6,8 7,2 7,6
NOTE The pmount of hydrogen in the majority of coal employed for power production purposes is in the range of 4,5 % td 6,1 %

when the hydro

en in the coal moisture is taken into account. This information is provided to assist in the selection‘eficalibration(s).

Table A.4 giV

Table A.4 — Equivalent nitrogen percentage in<oal

es the equivalent nitrogen percentage in coal for the calibrant masses.listed in Table A.2.

Carbon percentage in 100 mg test portion coal
Calibrant 35% | 40% | 45% | 50% | 55% | 60% | 65%. 70% | 75% | 80% | 85% | 90 %
Equivalent nitrogenspercentage in coal

EDTA 8,2 9,3 10,6 11,7 12,9 14,0 15,2 16,3 17,6 18,7 19,9 21,0
Phenylalaning 4,5 5,2 59 6,5 71 7,8 8,4 9,1 9,8 10,4 11,1 11,7
Acetanilide 5,1 5,8 6,6 7,3 8,0 8,7 9,5 10,2 11,0 11,8 12,5 13,2
BBOT 3.1 3,6 4,0 4,5 4,9 54 59 6,3 6,8 7,2 7,7 8,1
NOTE The pmount of nitrogen in the majority of caal employed for power production purposes is in the range of 0,5 % to 1,8 %} None

of the calibrantg
are used to che

yield equivalent nitrogen percentagevalues within the ranges expected for coal. For this reason, CRM coal(s) (s¢e 5.5)
k the acceptability of nitrogen results.

A.3 Calibi

Verify the ac
substance (s

Table A.5 lis

ration verification

ceptability. of the calibration by determining the carbon, hydrogen and nitrogen content of g pure
pe 5.4) not used for calibration (see Clause A.2).

s the relative percentage by which the verification result for carbon, hydrogen and nitrogen| shall

agree with the certificate value of the verification material.

If any of the verification results are not within the limits specified in Table A.5, conduct an additional
verification run with a mass of verification calibrant that yields the same carbon content as the mass of
calibrant employed at the extremes of the calibration (see Table A.2). If the additional verification run is within
the limits specified in Table A.5, then it is acceptable to proceed with the analysis of the test samples.
Otherwise, reject the calibration as well as all test sample results back to the last acceptable verification.
Check instrument set-up (see 8.1), conduct blank analyses (see 8.2) and condition the instrument (see 8.3).
Calibrate the instrument in accordance with Clauses A.1 and A.2 before proceeding with the analysis.
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