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Standarder får världen att fungera
SIS (Swedish Standards Institute) är en fristående ideell förening med medlemmar från både privat och offentlig
sektor. Vi är en del av det europeiska och globala nätverk som utarbetar internationella standarder. Standarder är
dokumenterad kunskap utvecklad av framstående aktörer inom industri, näringsliv och samhälle och befrämjar
handel över gränser, bidrar till att processer och produkter blir säkrare samt effektiviserar din verksamhet.
Delta och påverka
Som medlem i SIS har du möjlighet att påverka framtida standarder inom ditt område
på nationell, europeisk och global nivå. Du får samtidigt tillgång till tidig information om
utvecklingen inom din bransch.
Ta del av det färdiga arbetet
Vi erbjuder våra kunder allt som rör standarder och deras tillämpning. Hos oss kan du köpa
alla publikationer du behöver – allt från enskilda standarder, tekniska rapporter och standardpaket till handböcker och onlinetjänster. Genom vår webbtjänst e-nav får du tillgång till
ett lättnavigerat bibliotek där alla standarder som är aktuella för ditt företag finns tillgängliga.
Standarder och handböcker är källor till kunskap. Vi säljer dem.
Utveckla din kompetens och lyckas bättre i ditt arbete
Hos SIS kan du gå öppna eller företagsinterna utbildningar kring innehåll och tillämpning
av standarder. Genom vår närhet till den internationella utvecklingen och ISO får du rätt
kunskap i rätt tid, direkt från källan. Med vår kunskap om standarders möjligheter hjälper
vi våra kunder att skapa verklig nytta och lönsamhet i sina verksamheter.
Vill du veta mer om SIS eller hur standarder kan effektivisera din verksamhet är
du välkommen in på www.sis.se eller ta kontakt med oss på tel 08-555 523 00.

Standards make the world go round
SIS (Swedish Standards Institute) is an independent non-profit organisation with members from both the private
and public sectors. We are part of the European and global network that draws up international standards. Standards
consist of documented knowledge developed by prominent actors within the industry, business world and society.
They promote cross-border trade, they help to make processes and products safer and they streamline your
organisation.
Take part and have influence
As a member of SIS you will have the possibility to participate in standardization activities
on national, European and global level. The membership in SIS will give you the opportunity
to influence future standards and gain access to early stage information about developments
within your field.
Get to know the finished work
We offer our customers everything in connection with standards and their application. You
can purchase all the publications you need from us - everything from individual standards,
technical reports and standard packages through to manuals and online services. Our web
service e-nav gives you access to an easy-to-navigate library where all standards that are
relevant to your company are available. Standards and manuals are sources of knowledge.
We sell them.
Increase understanding and improve perception
With SIS you can undergo either shared or in-house training in the content and application
of standards. Thanks to our proximity to international development and ISO you receive
the right knowledge at the right time, direct from the source. With our knowledge about the
potential of standards, we assist our customers in creating tangible benefit and profitability
in their organisations.
If you want to know more about SIS, or how standards can streamline your
organisation, please visit www.sis.se or contact us on phone +46 (0)8-555 523 00
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Europastandarden EN 15979:2011 gäller som svensk standard. Detta dokument innehåller den officiella
engelska versionen av EN 15979:2011.

The European Standard EN 15979:2011 has the status of a Swedish Standard. This document contains the
official version of EN 15979:2011.

© Copyright / Upphovsrätten till denna produkt tillhör SIS, Swedish Standards Institute, Stockholm, Sverige. Användningen av denna produkt regleras av slutanvändarlicensen som återfinns i denna produkt, se standardens sista sidor.
© Copyright SIS, Swedish Standards Institute, Stockholm, Sweden. All rights reserved. The use of this product is
governed by the end-user licence for this product. You will find the licence in the end of this document.
Upplysningar om sakinnehållet i standarden lämnas av SIS, Swedish Standards Institute, telefon 08-555 520 00.
Standarder kan beställas hos SIS Förlag AB som även lämnar allmänna upplysningar om svensk och utländsk standard.
Information about the content of the standard is available from the Swedish Standards Institute (SIS),
telephone +46 8 555 520 00. Standards may be ordered from SIS Förlag AB, who can also provide general
information about Swedish and foreign standards.

Har du synpunkter på innehållet i den här standarden, vill du delta i ett kommande revideringsarbete eller
vara med och ta fram andra standarder inom området? Gå in på www.sis.se - där hittar du mer information.
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Foreword
This document (EN 15979:2011) has been prepared by Technical Committee CEN/TC 187 “Refractory
products and materials”, the secretariat of which is held by BSI.
This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by July 2011, and conflicting national standards shall be withdrawn at the
latest by July 2011.
Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.
According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.
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Scope

This European Standard describes the method for the analysis of mass fractions of the impurities Al, B, Ca,
Cr, Cu, Fe, Mg, Ni, Ti, V and Zr in powder- and grain-shaped silicon carbide of ceramic raw and basic
materials. This application can also be extended to other metallic elements and other similar non-metallic
powder- and grain-shaped materials such as carbides, nitrides, graphite, carbon blacks, cokes, carbon, as
well as a number of further oxidic raw and basic materials after appropriate testing.
NOTE
oxides.

There are positive interferences for materials such as e.g. graphite, B4C, BN, WC and several refractory metal

This testing procedure is applicable to mass fractions of the impurities mentioned above from approximately
1 mg/kg up to approximately 3 000 mg/kg, after verification. In some cases it may be possible to extend the
range up to 5 000 mg/kg depending on element, wavelength, arc parameter, and sample weight.

2

Principle

The combustion and evaporation of the crushed sample material takes place in the arc in an atmosphere of
mixed argon and oxygen or in air. The metallic traces in the arc plasma are excited to emission of light. The
light is guided into a simultaneous emission spectrometer (e.g. by coupling via fibre-optics or directly). The
light is split in its spectral lines and measured by applicable detectors like a photomultiplier, charge coupled
device (CCD), and charge injection device (CID). The mass fractions of elements in the sample are calculated
by comparison of the intensities of the element-specific spectral line with those of a calibration sample of
identical material.

3

Spectrometry

The optical emission spectrometry is based on generation of line spectra of excited atoms or ions, in which
each spectral line can be definitely related to an element and the line intensities are proportional to the mass
fractions of elements in the measured sample (see [6], [7] & [12]).
Contrary to wet-chemical methods via solution the classical sample decomposition is replaced by evaporation
end excitation in DC-Arc.

4

Apparatus

Ordinary laboratory apparatus and the following:
4.1 Emission spectrometer, simultaneous, preferably with time resolved registration of signal, and
connected to DC-Arc-equipment.
4.2 Gas flushing device, for shielding gas and/or reaction gas of DC-Arc, e.g. gas-mixer with mass-flow
controller and Stallwood-jet
NOTE

4.3

When working with air, the shielding gas unit can be omitted.

Tweezers, self-locking.

4.4 Balance, an analytical balance at least capable of reading to the nearest 0,1mg. However, for small
weight <10 mg, a five figure balance at least capable of reading to the nearest 0,01 mg shall be used.
4.5

4

Pressing tool, for compacting the sample into the electrode.
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4.6

Drying cabinet

NOTE

4.7

A drying cabinet will only be necessary if wet mixed and subsequently dried samples are used.

Stirring balls made out of polytetrafluoroethylene (PTFE), diameter 6 mm.

NOTE

4.8

Stirring balls will be necessary if wet mixed and subsequently dried samples are used.

Plastic flasks, sealable, nominal volume 25 ml.

NOTE

5
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Plastic flasks will be necessary if mixed and subsequently dried samples are used.

Reagents

Only analytical grade reagents shall be used unless stated otherwise.
5.1 High resistance carbon electrodes or graphite electrodes, spectral-grade, peak-shaped or elliptical
counter electrode (cathode), cup-shaped carrier electrode (anode) with groove or taper.
5.2 Calibration samples with well-defined mass fractions of trace-impurities, preferably certified reference
materials (CRM)
NOTE
Certified reference materials for main- minor- and trace constituents are available for e.g. silicon nitride,
Silicon Carbide and Boron Carbide. A listing of certified reference materials is given in Annex E.

5.3

Oxygen purity ≥ 99,99 % (volume fraction)

5.4

Argon purity ≥ 99,99 % (volume fraction)

6

Sampling and preparation of test samples

Sampling of test samples shall be representative for the total quantity of material, using for example ISO 5022
[13], ISO 8656-1 [14], EN ISO 21068-1 [15] but this list is not exhaustive.
If the sample is not received in a dry state, it shall be dried at (110 ± 10) °C until constant mass is achieved
(< 0,5 % variation). The sample is then cooled down to room temperature and stored in a desiccator.
NOTE

Drying for 2 h is normally sufficient.

The particle size of sample material shall be ≤ 160 µm. If necessary it has to be crushed and homogenized.
Choose the crushing device according to the analysis task.

7

Calibration

Calibration shall be carried out for each measuring cycle (minimum once per day) with calibration samples
(5.2) of defined mass fractions of traces-impurities in accordance with Clause 8. Calibration shall be
performed at the beginning and at the end of the measuring cycle. Within the calibration range at least a
three-point calibration shall be performed (see [4], [8]).
Calibration samples (5.2) of identical or similar material, if possible certified reference materials or matrix
matched synthetic calibration samples, shall be used. The mass fractions of trace-impurities in the calibration
samples should be in the range of the sample material (see Annex E).

5
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The analytical function shall be calculated using the known mass fractions of calibration samples (5.2) and the
measured net intensities of spectral lines of the analytes (see Clause 10). See also IUPAC Technical Report:
A statistical overview of standard (IUPAC and ACS) and new procedures for determining the limits of
detection and quantification [16].
Calculation of analytical functions shall be performed by linear regression. All important correlation data shall
be calculated and depicted via analytical functions graphically. It is possible to use a quadratic regression too.
A monotonic slope of the analytical function at the best possible sensitivity is critical.

8
8.1

Procedure
Standard procedure

The sample prepared in accordance with Clause 6 is filled into the carrier electrode. Alternatively the three
following procedures (a to c) can be applied.
a)

The sample material is filled into the carrier electrode using a small, precisely tailored funnel and applying
mechanical compression;

b)

The carrier electrode is filled by repeatedly pressing the cup (orifice downwards) onto the sample material
which is lying on a clean carrier (e.g. filter paper);

c)

A sub-sample of the sample material is weighed to the nearest ± 0,1 mg into the carrier electrode in a
defined narrow weighing range (e.g. between 4,5 to 5,5 mg). The mass of the weighed sub-sample has to
be documented.
Depending on dimension and shape of the carrier electrode the mass of the sub-sample can vary. The
sample mass can be reduced in case of elements, e.g. with mass fractions above the calibration range
(minimum circa 1 mg). In this case, the weighed sub-sample has to be mixed in the electrode with a
material of the same type, which does not contain the respective analytes. The total mass of material in
the electrode shall correspond to that of the calibration sample (5.2). Instead of a pure material of the
same type spectral-grade carbon powder can be used.
Subsequently, the sub-sample has to be compacted in the cup of the carrier electrode by slightly striking
it on a rigid underlay or by knocking with a spatula at the tweezers holding the carrier electrode.

The electrodes shall be touched in the clamp-region of the electrode holder using tweezers (4.3)
The carrier electrode has to be fixed in the optical path using the electrode holder of the DC-Arc equipment.
The distance to the upper counter electrode (cathode) has to be adjusted to the nearest ± 0,1 mm at a value
of 3,5 mm to 4,0 mm.
NOTE 1

The distance between the electrodes can vary according to the diameter of the electrodes.

The position of the electrodes, and thus the arc discharge, has to be constant with respect to the optical axis
of the optical system. Any change of the optical adjustment will lead to different results. Parts of the electrodes
shall not be visible to the emission spectrometer. This is especially true for the upper electrode (cathode)
whereas the lower electrode (anode), because of the high burn-off rate, normally remains a significantly
shorter time in the optical path.
NOTE 2
Electrodes visible in the optical path result in a strong enhancement of the spectral background in some
spectral ranges.

The arc discharge has to be started synchronous to the data acquisition of the spectrometer (4.1).

6
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The evaporation or combustion of the sample in the DC-Arc has to be carried out preferably under shielding
gas excluding any nitrogen. The mixing ratio of the shielding gas is about 70 parts by volume argon and 30
parts by volume oxygen at a constant gas flow of about (4 ± 1) l/min. The evaporation or combustion in air is
principally possible, but then one has to pay attention to spectral interferences, e.g. CN-bands. In addition,
degradation of the reproducibility can be expected.
CAUTION — It is not safe to look into the arc plasma without eye protection (UV- and IR-radiation).
Reflections on reflective areas can be dangerous too.
Each sample shall be measured a minimum of three times.

8.2

Procedure using addition of carrier

This procedure is especially suitable for low analyte concentrations.
The sample shall be weighed together with carrier and spectral-grade carbon or graphite. The mixture is
homogenised using an easy volatile solvent. The optimal relation of quantities as well as the selection of an
appropriate carrier (see [2] and [11]) shall be investigated for each sample material experimentally.
NOTE 1

The power of detection is advanced by addition of carrier. Suitable carriers are halides like AgCl, BaCl 2.

NOTE 2
For materials such as SiC and WC and also for oxides such as MoO3, WO3, Ta2O3, Nb2O3, it is recommended
to use BaCl2 as carrier and a mass-ratio of sample/graphite/BaCl2 of 10/4/1. In the individual case the ratio should be
checked and, if necessary, be optimized.
NOTE 3
The sample mix can be homogenized in a plastic bottle (4.8) after addition of 6 ml dichloromethane and about
20 stirring balls (4.7). Shake the bottle for a minimum of 10 min. The dichloromethane can be completely removed by
placing the opened plastic bottle in a drying cabinet for approximately 1 h at 60 °C. The dried mixture is loosened by gently
shaking the plastic bottle. After that, the stirring balls can be removed.

CAUTION — To avoid exposure to dichloromethane, the appropriate safety regulations shall be
obeyed.
Filling of the carrier electrode shall be carried out in accordance with 8.1.
The samples used for calibration (5.2) shall be treated in the same manner.
Each sample has to be measured a minimum of three times. If the deviation of the single values of the analyte
concentrations is greater than the specified value of repeatability, the procedure has to be repeated according
to Clause 8.
In the case of continued insufficient reproducibility of spectral line intensities of one or more analytes the
sample has to be homogenised additionally (e.g. mortar). For low concentrations near the limit of
determination (see [16]) this further step is not necessary.

8.3

Wavelength and working range

It is critical that all selected analyte wavelength are interference-free with respect to sample matrix and further
impurities.
NOTE 1

Proposal for selection of wavelength and information about working ranges, see Annex B.

Only spectral lines shall be selected where under the chosen working conditions neither self-absorption nor
self-reversal will occur. Order-interferences mainly occur when combining Echelle optics with plane solid-state
detectors (CID- or CCD-detectors).
NOTE 2

A comprehensive description of possible interferences and their reduction can be found in Annex C.
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