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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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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 mass fraction of carbon in
coal is essential for carbon accounting purposes.

© IS0 2025 - All rights reserved
\%


https://standardsiso.com/api/?name=4aaac1b6fb68fefbc86eb25755ffc62c



https://standardsiso.com/api/?name=4aaac1b6fb68fefbc86eb25755ffc62c

International Standard

ISO 29541:

2025(en)

Coal and coke — Determination of total carbon, hydrogen and
nitrogen — Instrumental method

WARNING — The use of this document can involve hazardous materials, operations and equipment. It
does not purport to address all of the safety problems associated with its use. It is the responsibility
of the user of this document to establish appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

1 Scope

This docurn
coke by ins

NOTE ]

hent specifies a method for the determination of total carbon, hydrogen and\nitrogen
trumental methods.

'his document has been validated for coal only, in accordance with the prifciples of ISO 5725

in coal and

1. The suite

of samples @ised in the interlaboratory study (ILS) to determine the precision data.didynot include coke and therefore

there is insy

2 Norm

The follow
requireme
the latest e

[SO 687, (4

ISO 5068-]
method for

1SO 11722,
drying in n

ISO 139091
[SO 18283,

3 Term

fficient data to state precision limits for coke.

ative references

ng documents are referred to in the text in such a way.that some or all of their content
hts of this document. For dated references, only the’edition cited applies. For undated
dition of the referenced document (including any:amendments) applies.

ke — Determination of moisture in the gener@banalysis test sample

, Brown coals and lignites — Determination of moisture content — Part 2: Indirect ¢
moisture in the analysis sample

Solid mineral fuels — Hard coal ~~’'Determination of moisture in the general analysis tes
trogen

4, Hard coal and coke — Mechanical sampling — Part 4: Coal — Preparation of test samj

Coal and coke — Manual sampling

s and definitions

No terms ajnd definitions are listed in this document.

ISO and IE

[ maintain terminology databases for use in standardization at the following addresse

ronstitutes

references,

yravimetric

t sample by

bles

2]

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

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 can 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

© IS0 2025 - All rights reserved
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and elemental nitrogen in the gas stream are then determined quantitatively by appropriate instrumental
gas analysis procedures.

5 Reagents

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

5.1

5.2

5.3

5.4

Carrier gas, helium or other suitable gas as specified by the instrument manufacturer.
Oxygen, as specified by the instrument manufacturer.
Additional Teagents, of types and qualities Specified by the InStrument manuftacturer. , |

Calihration materials, see Table 1.

Table 1 — Examples of suitable calibration materials

Name Formula %

Stoichiometric mass fractions

Carbon Hydrogen

Nitrogen

EDTA
(ethylene d

jamine tetra-acetic acid)

9,6

Phenylalan

ine CoH,;NO, 65,4 6,7

8,5

Acetanilidg

CgHgNO 71,1 6,7

10,4

BBOT (CAS
2,5-bis (5'-t

[No 7128-64-5)

ert-butyl-2-benzoxazolyl) thiophene 72,5

6,1

CpeHa6No 035

6,5

If these m3
assigned c
is recomm
0,5 % for H
C,0,25% f

If pure cor]
multiplied
Store thesd

Table 1 list
calibration
calibration|
substances
of this dod

substanced.

terials are accompanied by a traceable certificate of analysis that includes the uncertj
hrbon, hydrogen and nitrogen values, theén use the certificate values for calibration p
ended that the relative expanded uneertainty for these materials be no more than 0

br H, and 0,5 % for N.

hpounds (> 99,5 % purity-with stated uncertainty) are available, use the stoichiomg
by the stated purity. Uncertainty specifications similar to those stated above are recq
substances in a desiccator under conditions that maintain the compounds in a dry st4

s those pure substances that were included in the interlaboratory study (ILS) to det
requirements.and precision of this document. The ILS indicated benzoic acid is not §
. Pure substdrces other than those listed in Table 1 can be used for calibration pr

ument-Uhcertainty specifications similar to those stated above are recommendeq

hinty of the
urposes. It
,2 % for C,

,and 1 % for N. Assuming k = 2, that'the relative standard uncertainty be no more than 0,1 % for

tric values
mmended.
te.

ermine the
uitable for
ovided the

have a documented purity and uncertainty and meet the purity and calibration requirements

| for those

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.

© IS0 2025 - All rights reserved
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6 Apparatus

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

6.2 Balance, stand-alone or integrated with the instrument, with a resolution of at least 0,1 % of the mass
of the test portion.

7 Preparation of the test sample

The sample shall be the general analysis test sample prepared to a nominal top size of 212 pm in accordance

to procedufes described IMISO 13909-4 for coat or ISO 18283 forcoke. |

Ensure th{
necessary,

Before con
preferably

The moisty
with ISO 1

8 Procd

8.1 Inst

Verify that

manual. Ve
are satisfa
correct, an

8.2 Blarn

Perform b
carrier gas
for the low|
reagents.

8.3 Con

Condition
running af
samples.

[y leaks in the combustion system and earrier gas system.

in a thin layer for the minimum time required to achieve equilibrium.

hmencing the determination, thoroughly mix the equilibrated test saniple for at lg
by mechanical means.

re mass fraction of each test sample and the reference material shall-bée determined in
| 722, 1S0 687 or ISO 5068-2 as appropriate.

rdure

rument set-up

all instrument operation parameters meet, the specifications in the instrument
rify the condition and quantity of all chemicals currently in use in the instrument to €
Ctory for the number of samples to be analysed. Prior to any analysis, check for, and i

Ik analyses

ank analyses daily to establish carbon, hydrogen and nitrogen levels in the comb
es. The level of nitrogen.in these gases shall not exceed 1 % of the instrument nitroge
st mass of calibration material. Repeat blank analyses after changing or renewing gag

litioning and instrument stability check

the instpuient in accordance with the manufacturer's instructions. Generally, this
least &0 test portions of a coal sample that has a composition typical of the gener

Selecta co

conditioning

t the moisture of the sample is in equilibrium with the laboratory atmospherg;, exposing it, if

ast 1 min,

hccordance

operating
nsure they
necessary

ustion and
n response
es or other

is done by
al analysis

sample. Discard the first determination.

ations of the

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 document, instrument stability

is suspect.

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

8.4 Calibration

The instrument shall be calibrated as instructed 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.

© IS0 2025 - All rights reserved
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Select specific masses 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 A.1
for recommendations about the number of calibration points and 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 acceptance limits for the difference between the
measured and either the stoichiometric or certificate values are listed.

Table 2 — Calibration acceptance limits

Element Acceptance limit
Relative percentage (%)
Carbon 0,2

Hydrogen 0,5

Nitrogen 1
If the verifjcation result does not agree within the limits specified in Table 2, an additional verifjcation run
shall be cdnducted. If the results of the additional verification run,de not agree with the megsured and
stoichiomeitric or certificate value within the limits, the instrumentshall be recalibrated.
A.3 gives aph example of calibration verification.
8.6 Analysis of test samples
As indicat¢d in Clause 7, determine the moisture mass-fraction of each test sample concurrently with this
analysis.
Test each sample using sample masses that are usually used for this analysis. All test samples shall be

analysed in duplicate.

Verify the
accordancd

At the beg
samples, o
instrumen

The duplic
shall agree

If any of th
reference 11

calibration at the completion: of each test batch, and preferably at least every ten 3
with 8.5.

nning of the appropriate series of test samples, or at the end of the appropriate se
I both, analyse a reféerence material as a test sample in duplicate in order to obtain
F performance atid calibration for the sample matrix in accordance with A.4.

hte results forcarbon, hydrogen and nitrogen, calculated to dry basis in accordance wit
within the repeatability limit specified in Clause 10.

amples, in

ries of test
acceptable

h Clause 9,

bseAcceptance criteria fail, reject all test results back to the last acceptable result for t
haterial (CRM). Action shall be taken to identify and correct the assignable cause and, i

e certified

alnecessary,

the instrun

nent shall be recalibrated 1n accordance with ©.4.

9 Expression of results

Record the mass fraction of total carbon, hydrogen and nitrogen as analysed, expressed as a percentage.

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

to the near

est 0,01 % for hydrogen and nitrogen.

For the calculation to dry basis, use Formulae (1) to (3), in which the subscript “d” indicates a dry basis and
the subscript “ad” indicates an as-determined (as-analysed) basis:

for the

carbon mass fraction:

© IS0 2025 - All rights reserved
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100

w X————
Cad = 100-wyoq

nitrogen mass fraction:

100

w X———
Nad =1 00— wyag

hydrogen mass fraction:

[0 g |

100
100-wyyq

WMad
8,936

(D

(2)

(3

where

8,936

10 Preci

10.1 Rep

The result
operator, V

is the mass fraction of carbon, dry basis, expressed as a percentage, %;
is the mass fraction of carbon in the air dried sample, expressed as a percentage, %;

is the mass fraction of nitrogen, dry basis, expressed as a percentage, %;

is the mass fraction of hydrogen, dry basis, expressed asapercentage, %;

is the conversion factor from a mass fractionof dimension one to percent, in %;

is the molecular mass conversion factor to convert moisture (H,0) to hydrogen only.

Sion

patability limit

5 of duplicate determinations, carried out at different times, in the same laboratory, b
ith the same apparatus, on representative portions taken from the same test sampl

differ by more than the values'shown in Table 3.

10.2 Rep

The mean

roducibility limit

5 of the*Tresults of duplicate determinations, carried out in each of two labor

represent
differ by

ive, portions taken from the same sample after the last stage of sample preparatios
orethan the values shown in Table 3.

is the mass fraction of nitrogen in the air dried sample, expressed as a percentage, %;

is the mass fraction of hydrogen in the air dried sample, expressed as a percentage, %o;

is the moisture mass fraction of the sample as analysed, expressed as a percentage, %o;

y the same
e, shall not

htories, on
h, shall not

© IS0 2025 - All rights reserved
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d) results
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Table 3 — Precision limits

Maximum acceptable difference between results (dry

basis)
Element F— P
Repeatability limit Reproducibility limit
r R
Carbon 0,45 % absolute 1,0 % absolute
Hydrogen 0,10 % absolute 0,25 % absolute
Nitrogen 0,05 % absolute 0,15 % absolute

NOTE The suite of samples used in the interlaboratory study (ILS) to deter-
mine this precision data did not include coke and therefore there is insufficient
data to state precision limits for coke.

eport

port shall contain the following information:

pte identification of the sample tested;

reference to this document (i.e. ISO 29541:2025);

basis (|

e of the determination;

of the determination for carbon, hydrogen and nitrogeny'together with the
p.g. dry basis, dry ash free basis).

releva

nt analysis

© IS0 2025 - All rights reserved
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A.1 Recommended number of calibration points

ISO 29541:2025(en)

Annex A
(normative)

Recommendations for calibration

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

To apply a
10 calibrat
A.2 Rec

Table A.2 g
100 mg tes|

Regression fit

Recommended number
of calibration points

Linear 6
Quadratic 7
Power 7
Cubic 8

Table-A:2 — Calibrant masses

pbmmended calibration masses for carboen

[able A.1 — Recommended number of calibration points for common regression

| of these regressions for the instrument calibration standard, a minimum of 8 and
ion points are recommended.

preferably

ives the calibrant mass, in milligrams, needéd to yield the same amount of carbon present in a
t portion of coal.

Carbon mass fraction, in % in 100 mg test portion coal

Calibrapt | 35% [ 40% | 45% 150 % | 55% | 60% | 65% | 70% | 75% | 80% | 85P% | 90 %
Mass of calibrant in milligrams
EDTA 85 97 110 122 134 146 158 170 183 195 207 219
Phenylalanjne 53 61 69 76 84 92 99 107 115 122 130 138
Acetanilidég 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 fpr the coal

samples by

mass, in m

r multiplying the amounts listed in Table A.2 by a factor CF, corresponding to the t
lligrams per 100 mg.

bst portion

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. 100 mg of EDTA
(C1oH1N,0g), based on stoichiometry, contains 41,1 % C, 5,5 % H, and 9,6 % N. Therefore, on a weighted
proportional basis, 85 mg of EDTA whose mass is recorded as 100 mg in the instrument will yield mass
fractions of 35 % for C, 4,7 % for H and 8.2 % for N.

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 preferable to run calibration masses in duplicate
to meet the requirements in Table A.1. This approach can improve the reliability of the regression.

Table A.3 gives the equivalent hydrogen mass fraction, in % in coal for the calibrant masses listed in

Table A.2.

© IS0 2025 - All rights reserved
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Table A.3 — Equivalent hydrogen mass fraction, in % in coal

Carbon mass fraction, in % in 100 mg test portion coal
Calibrant | 35% | 40% | 45% | 50% | 55% | 60% | 65% | 70% | 75% | 80% | 85% | 90 %
Equivalent hydrogen mass fraction, in % 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 51 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 2,9 3,3 3,8 4,2 4,6 51 5,5 59 6,3 6,8 7,2 7,6
NOTE The mass fraction of hydrogen in the majority of coal employed for power production purposes is in the range of 4,5 %
to 6,1 % when the hydrogen in the coal moisture is taken into account. This information is provided to assist in the selection of
calibration(g}-

Table A.4 giives the equivalent nitrogen mass fraction, in % in coal for the calibrant masses listed in Table A.2.
Table A.4 — Equivalent nitrogen mass fraction, in % in coal
Carbon mass fraction, in % in 100 mg test portioncoal
Calibrapt | 35% | 40% | 45% | 50% | 55% | 60% | 65% | 70% |.75% | 80 % | 85P%6 | 90 %
Equivalent nitrogen mass fraction, in %1n 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
Phenylalanjne 4,5 5,2 5,9 6,5 71 7,8 8,4 91 9,8 10,4 11)1 11,7
Acetanilide 51 5,8 6,6 7,3 8,0 8,7 95 10,2 11,0 11,8 125 13,2
BBOT 3,1 3,6 4,0 4,5 4,9 54 59 6,3 6,8 7,2 7Y 8,1
NOTE Th¢ mass fraction of nitrogen in the majority of coal employed-\fer power production purposes is in the range of 0,5 %
to 1,8 %. Nope of the calibrants yield equivalent nitrogen percentage values within the ranges expected for coal. Forf this reason,
CRM coal(s) [see 5.5) are used to check the acceptability of nitrogen¥esults.

A.3 Cali

Verify the
% of a purs¢

Table A.5 lists the relative mass frdction, in % by which the verification result for carbon, hyc

nitrogen s
calibration

If any of t
verificatio
of calibra
within the
Otherwise
Check inst

HIE

bration verification

hcceptability of the calibration by determining the carbon, hydrogen and nitrogen m4
 substance (see 5.4) not used for calibration (see A.2).

|
hall agree with the certificate value of the verification material. Table A.6 lists e
verification with EDTA.

he verification-results are not within the limits specified in Table A.5, conduct an
run with aimass of verification calibrant that yields the same carbon mass fraction g
employed;at the extremes of the calibration (see Table A.2). If the additional verifica
limits specified in Table A.5, then it is acceptable to proceed with the analysis of the te

reject the calibration as well as all test sample results back to the last acceptable v
Furfient set-up (see 8.1), conduct blank analyses (see 8.2) and condition the instrumer

Calibrate t

hednstrument in accordance with A.1 and A.2 before proceeding with the analysis.
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