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CHARACTERISTICS OF THE CERTIFIED REFERENCE MATERIAL

The matrix of the certified reference material: hard coal sourced from Polish mines.

The unit of the certified coal reference material is an analytical sample with a grain size below 0.2 mm and a mass
of 50 g.

The packaging consists of an amber glass bottle, additionally protected by aluminium packaging.

Mass of the unit of the coal reference material: 50 g.

The preparation procedure is based on the requirements of standard PN-G-04502:2014-11 Sampling and Sample
Preparation for Laboratory Testing. Basic Methods. The units of the reference material were numbered during
packaging to enable the analysis of trends resulting from the material processing and analytical trends in assessing
homogeneity, as well as to ensure proper identification of the reference material units.

APPLICATION OF THE REFERENCE MATERIAL

The certified coal reference material is intended for monitoring the validity of test results and for the
validation/verification of measurement procedures.

HOMOGENEITY ASSESSMENT

The reference material producer conducted an assessment of the homogeneity of the candidate for certified
reference material in its final, packaged form for each specified property of the reference material. In the
homogeneity testing experiment, 10 units of the reference material were used. A simple random block sampling
design was applied.

Quantitative determination of between-unit and within-unit homogeneity was performed using analysis of variance
(ANOVA). For the property values of the reference material, homogeneity was quantitatively determined as a
component of the uncertainty of the certified values. The results of the homogeneity assessment confirmed that all
units of the reference material are the same within the established uncertainty for each of the specified property
values of the reference material. The producer conducted homogeneity tests for each specified property of the
reference material.

The data from the homogeneity assessment were used to determine the minimum sample sizes - the quantity of
the sample used in the experimental homogeneity testing.

STABILITY ASSESSMENT

The reference material producer conducted an assessment of the stability of the candidate for certified reference
material before making it available for sale. The assessment utilized the results of an experimental stability study
of the candidate for certified reference material. The stability assessment included:
—  estimation of the stability of the reference material properties under anticipated storage conditions (long-
term stability),
—  estimation of the stability of the reference material properties under anticipated transport conditions
(short-term stability).
In the experiment, the influence of time and temperature on the stability of the reference material was examined.

Short-Term Stability Assessment:

Units of the reference material were stored at temperatures of 50 °C and -20 °C for periods of 0, 1, 2, 3, 4 weeks.
The reference temperature was the temperature in the rooms where the reference materials are stored. Two
independent experiments were conducted for the specified temperatures. At specified intervals, a set of two units
was transferred to conditions of 50 °C and -20 °C. Ultimately, after storing all units at temperatures of 50 °C and
-20 °C, they were simultaneously examined.

Long-Term Stability Assessment:
Units of the reference material were stored in the producer’s reference material storage facilities. The studies were
conducted for two units of reference material randomly selected from each batch at intervals determined by the
reference material producer.
The reference material producer estimated the following components of uncertainty:
—  uncertainty of degradation during transport — based on a study at a temperature of 50 °C for a period of 1
week (possible change during transport at temperatures up to 50 °C, lasting one week),
— uncertainty of degradation during transport — based on a study at a temperature of -20 °C for a period of
1 week (possible change during transport at temperatures down to -20 °C, lasting one week),
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— uncertainty of degradation during storage at the producer's facilities — based on a study at the storage
temperature of the reference material in the producer's facilities.
The reference material producer decided to include the estimated components of uncertainty in the overall
uncertainty budget of the reference material's property values and adopted a stability monitoring system suitable
for detecting rapid changes in the reference material.
The data from the stability assessment were used to determine the minimum sample sizes — the quantity of the
sample used in the experimental stability testing.

DESCRIPTION OF THE MEASUREMENT PROCEDURES APPLIED IN THE HOMOGENEITY AND
STABILITY ASSESSMENT OF THE REFERENCE MATERIAL

For the ash content, reported on dry basis — the weighing method involved the complete combustion of a sample
of solid fuel and the incineration of the remaining ash at a furnace temperature of 815 °C = 15 °C.

For the total sulphur content, reported on dry basis — the high-temperature combustion method with IR detection
involved the quantitative combustion at a temperature of 1350 °C of the sample under test in an oxygen stream,
cleaning the resulting gases from dust and moisture using filters filled with quartz wool and anhydrous and
analysing the purified gas by measuring infrared radiation absorption by SOs.

For the volatile matter content (850 °C), reported on dry basis — the weighing method involved roasting the solid
fuel sample in a closed crucible without access to air at a temperature of (850 + 15) °C for 7 minutes.

For the carbon, hydrogen, and nitrogen content, reported on dry basis — the high-temperature combustion method
with IR and TC detection involved the automatic quantitative combustion of the solid fuel sample in an oxygen
stream at a temperature greater than or equal to 950°C, removal of chlorine compounds, sulphur oxides, and other
impurities from the combustion product, analysis of H-O and CO: in the combustion product using an infrared
detector, reduction of nitrogen oxides (NOx) to N2, and analysis using a thermal conductivity detector.

For the calorific value, reported on dry basis — the calorimetric method involved the complete combustion of a
coal sample in an oxygen atmosphere under pressure in a calorimetric bomb, measuring the temperature increase
of water in a calorimetric vessel, calculating the experimental heat of combustion, and correcting it for side thermal
effects.

For the mercury content, reported on dry basis — the thermal decomposition, amalgamation and atomic absorption
spectrophotometry method involved thermal decomposition of the coal sample in an H1 furnace of the MA-2000
analyzer. The released mercury underwent atomization in an H2 furnace and was subsequently absorbed on a gold
collector, forming an amalgam. The mercury detector MA-2000 operates on the principle of atomic absorption
using cold vapor technique.

For the chlorine content, reported on dry basis — the titration method involved the combustion of a solid fuel sample
in direct contact with an Eschke mixture in an oxidizing atmosphere to remove combustible substances and the
conversion of chlorine into alkaline chlorides. The formed chlorides were extracted with nitric acid (V) or water
and determined using the Volhard method.

For the volatile matter content (900 °C), reported on dry basis — the weighing method involved roasting the solid
fuel sample in a closed crucible without access to air at a temperature of 900 °C for 7 minutes.

CHARACTERIZATION OF THE REFERENCE MATERIAL

In the process of characterizing the reference material, quantitative properties were characterized. The producer
chose a strategy for characterizing measurands determined non-operationally using several methods with proven
accuracy in multiple competent laboratories. In accordance with the requirements of standard PN-EN ISO/IEC
17043:2011, the aim of interlaboratory comparisons may be the assignment of values to reference materials and
the assessment of their suitability for specific measurement procedures. The purpose of the conducted
interlaboratory comparison was the characterization of the coal reference material.
Testing methods/techniques used in the characterization process:
— ash content, reported on dry basis — weight-based, PN-G-04560:1998, PN-ISO 1171:2002;
- total sulphur content, reported on dry basis — high-temperature combustion with IR detection, PN-G-
04584:2001, ISO 19579:2006;
—  volatile matter content (850 °C), reported on dry basis — weight-based, PN-G-04560:1998, PN-G-
04516:1998;
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— carbon content, reported on dry basis — high-temperature combustion with IR detection, PN-G-
04571:1998, 1SO 29541:2010;
—  hydrogen content, reported on dry basis — high-temperature combustion with IR detection, PN-G-
04571:1998, ISO 29541:2010;
— nitrogen content, reported on dry basis — high-temperature combustion method with TC detection, PN-
G-04571:1998, I1SO 29541:2010;
- gross calorific value, reported on dry basis — calorimetric, PN-81/G-04513, PN-ISO 1928:2020-05, ISO
1928:2020;
— mercury content, reported on dry basis — thermal decomposition, amalgamation and atomic absorption
spectrophotometry method,
—  chlorine content, reported on dry basis - titration method, PN-ISO 587:2000;
—  volatile matter content (900°C), reported on dry basis — weight-based, ISO 562:2010.
In the conducted interlaboratory comparison, recognized competences of participating laboratories were assumed.
Individual invitations were sent to the participants to take part in the process of characterizing reference materials,
following the guidelines of PN-EN ISO 17034:2017-03 and ISO Guide 35:2017. The task of the participants was
to perform determinations for selected physicochemical parameters of the hard coal sample in the test objects
provided by the producer. Each of the participants received a test object in the form of an analytical sample of hard
coal < 0.2 mm. A total of 11 laboratories participated in the characterization process.
ASSIGNMENT OF PROPERTY VALUES AND THEIR UNCERTAINTIES

Certified value Expanded uncertainty*
Parameter Minimum sample size
% (m/m)
Ash content 8,41 0,31 lg
Total sulphur content 0,88 0,03 03g
Volatile Matter (850°C) 30,67 0,54 lg
Carbon content 78,5 0,8 50 mg
Hydrogen content 4,78 0,14 50 mg
Certified value Expanded uncertainty*
Parameter Minimum sample size
kJ/kg
Gross Calorific Value 31949 810 09¢g
Ash content, total sulphur content, volatile matter 850°C, carbon content, hydrogen content and gross calorific value are reported on dry
basis, which is a means of expressing an analytical result based on the hypothetical assumption that solid fuel is free of moisture.
*coverage factor k = 2 corresponding to a level of confidence of about 95 %
The certified values were determined as the average of the accepted datasets (> 6), with each dataset obtained in a different laboratory
and/or using a different method of determination for characterizing the reference material.
The certified values and their uncertainties are traceable to the International System of Units (SI) by means of:
—  calibrations carried out by competent laboratories that meet the requirements of PN-EN ISO/IEC 17025:2018-02,
—  certified values of certified reference materials with stated metrological traceability, i.e., AR 1702, AR 1704, AR 2092,
NCS FC 28002Z, AR 3705.
The minimum sample size was determined based on data from the assessment of homogeneity, stability, and characterization of the
reference material — the amount of sample used in experimental studies.
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Information values

Information value Expanded uncertainty*

Parameter Minimum sample size

% (m/m)

Nitrogen content 1,35 0,13 50 mg

Nitrogen content reported on dry basis, which is a means of expressing an analytical result based on the hypothetical assumption that

solid fuel is free of moisture.
*coverage factor k = 2 corresponding to a level of confidence of about 95 %

The information value was determined as the average of the accepted datasets (< 6), with each dataset obtained in a different laboratory
and/or using a different method of determination for characterizing the reference material. The information value does not meet all the
criteria adopted by the reference material producer for certified values.

The minimum sample size was determined based on data from the assessment of homogeneity, stability, and characterization of the
reference material — the amount of sample used in experimental studies.

Additional information

Value
Parameter Minimum sample size
(mg/kg)
Mercury content 0,209 0,045 g
Value
Parameter Minimum sample size
% (m/m)
Volatile Matter 900°C 31,34 lg
Chlorine content 0,14 lg

The values presented as additional information were determined as the average of 2-3 laboratory averages obtained in the
characterization of the reference material. The values presented as additional information do not meet the criteria adopted by the
reference material producer for certified values.

The content of mercury, volatile matter (900 °C), and chlorine content are reported on dry basis, which is a means of expressing an
analytical result based on the hypothetical assumption that solid fuel is free of moisture.

The minimum sample size was determined based on data from the assessment of homogeneity, stability, and characterization of the
reference material — the amount of sample used in experimental studies.

INFORMATION REGARDING THE USE AND STORAGE OF THE REFERENCE MATERIAL

The certified reference material in its closed original packaging should be stored at room temperature, in a dark
and dry place. It is recommended to avoid direct exposure to sunlight or heat sources.

In the case of an open bottle of certified reference material, it should be stored under the same conditions as
mentioned above. The open bottle must be protected from atmospheric moisture and tightly closed. When sampling
from the same reference material unit multiple times, necessary precautions should be taken to prevent
contamination of the reference material and moisture absorption from the atmosphere by the sample.

Before use, the certified reference material should be thoroughly mixed.

In the process of assessing the homogeneity and stability of the reference material for moisture determination in
an analytical sample, the oven-drying method was used. The primary drying was carried out at a temperature of

Certificate number: 008/B/CLPB-WK, batch 01/21
Certificate issue date: 04.04.2024 Page 5 of 6




CENTRALNE LABORATORIUM POMIAROWO-BADAWCZE SP. Z O.0.
OSRODEK BADAN BIEGLOSCI CLP-B LABTEST - SEKCJA MATERIALOW ODNIESIENIA
ul. Rybnicka 6; 44-335 Jastrzgbie Zdroj
NIP: 633-19-75-945 KRS: 0000035253 REGON: 276124640

Certified reference material - CLPB-WK, batch 01/21

105 °C to 110 °C and lasted for at least 120 minutes. Based on this data, an approximate moisture content value in
the analytical sample was determined: 1.65%.

Due to the possible absorption of moisture from the environment when sampling from the same reference material
unit multiple times, it is recommended to determine the moisture content in the analytical sample before conducting
the measurements. If portions for different analytical determinations are weighed at the same time, a one-time
moisture determination will be sufficient for conversion to dry basis.

The property values presented in the certificate for the reference material apply only to the material used to produce
this reference material.

The recommended minimum sample sizes are in accordance with the requirements of the measurement procedures
used in the certification process.

The producer is not responsible for changes that occur during the storage of the material at the user's premises, nor
does the producer guarantee the stability of the material after opening and transferring it to new containers.

The producer is not responsible for any damage, contamination, or other modification of the reference material by
the user.

The user of the reference material is responsible for ensuring good laboratory practice in handling the certified
coal reference material, including workplace safety, hygiene, and health protection.

The reference material producer conducts long-term stability monitoring of the material to promptly detect changes
in its properties. The producer is obliged to inform users of any changes regarding the reference material during
the certificate's validity period.

Period of validity: until 21.06.2025

Users are required to check whether they have the current edition of the reference material certificate.

The current version is available on the producer's reference material website: www.clpb.pl.

The release status of the reference material certificate and its identification is provided in the certificate's footer.
The document was prepared in Polish and English versions. The version that will resolve any disputes is the
Polish language version. The Polish version was the basis for the translation.

History of changes in the reference material certificate:

Certification date .of 21.08.2023
the reference material
History of changes
Data Description of the change

Adding information regarding the issuance of the certificate in Polish and English versions.

04.04.2024 Placing the certification date of the reference material and history of changes in the certificate.
Delete the reference material unit number. Adding a clear identification of the batch of reference
material on each page of the certificate.

END OF CERTIFICATE

This reference material certificate may not be reproduced except in its entirety.
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