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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DETERMINATION OF CERTAIN SUBSTANCES
IN ELECTROTECHNICAL PRODUCTS -

Part 3-2: Screening — Fluorine, chlorine and bromine in polymers and
electronics by combustion-ion chromatography (C-IC)

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard |IEC 62321-3-2 has been prepared by IEC technical committee 111:
Environmental standardization for electrical and electronic products and systems.

This second edition cancels and replaces the first edition published in 2013. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) In the previous edition, a screening test method for bromine (Br) content only was provided.
In this edition, a screening test method by C-IC for fluorine (F), chlorine (Cl) and bromine
(Br) has been added to the normative part of the document.

b) A screening test method by C-IC for iodine (I) has been added in Annex D (informative).
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FDIS

Report on voting

111/573/FDIS

111/577/RVD

Full information on the voting for the approval of this International Standard can be found in the

report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62321 series, published under the general title Determination of

certain substances in electrotechnical products can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

Full document details: IEC 62321-3-2-2020
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INTRODUCTION

The widespread use of electrotechnical products has drawn increased attention to their impact
on the environment. In many countries all over the world this has resulted in the adaptation of
regulations affecting wastes, substances and energy use of electrotechnical products.

The use of certain substances (e.g. lead (Pb), cadmium (Cd), polybrominated diphenyl ethers
(PBDEs) and phthalates) in electrotechnical products is a source of concern in current and
proposed regional legislation.

The purpose of the IEC 62321 series is therefore to provide test methods that will allow the
electrotechnical industry to determine the levels of certain substances in electrotechnical
products on a consistent global basis.

The first edition of IEC 62321-3-2 (2013) was published to address screening for total bromine.

This document (revised edition of IEC 62321-3-2) describes the test methods to quantify
halogen (fluorine, chlorine and bromine) in polymers and electronics by C-IC in the normative
section and to quantify iodine (l) in an informative Annex D.

In addition, information on oxygen bomb combustion-ion chromatography and oxygen flask-ion
chromatography is provided in Annex A (informative) and Annex B (informative).

WARNING - Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with
its use. It is the responsibility of the user to establish appropriate safety and health practices
and to ensure compliance with any national regulatory conditions.
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DETERMINATION OF CERTAIN SUBSTANCES
IN ELECTROTECHNICAL PRODUCTS -

Part 3-2: Screening — Fluorine, chlorine and bromine in polymers and
electronics by combustion-ion chromatography (C-IC)

1 Scope

This part of IEC 62321 specifies the screening analysis of fluorine, chlorine and bromine in
polymers and electronics using combustion-ion chromatography (C-IC). A C-IC screening
analysis procedure for iodine can be found in Annex D.

This test method has been evaluated for ABS (acrylonitrile butadiene styrene), EMC (epoxy
moulding compound), PE (polyethylene) and PC (polycarbonate) within the concentration

ranges as specified in Table 1, Table 2 and Table 3. (Detailed results are shown in Table E.1
to Table E.6, and in Annex F (Table F.1 and Table F.2).

The use of this method for other types of materials or concentration ranges outside those
specified below has not been evaluated.

Table 1 — Tested concentration ranges for fluorine by C-IC in PC

Substance/element Fluorine
Polymer Unit of PC
c - measure
oncentrat_|on or mg/kg 575
concentration range tested

Table 2 — Tested concentration ranges for chlorine by C-IC in PE

Substance/element Chlorine

Polymer Unit of PE

measure

Concentration or mg/kg 102,2

concentration range tested

Table 3 — Tested concentration ranges for bromine by C-IC in various materials

Substance/element Bromine
Polymer Unit of ABS EMC PE
; measure
Concentration or ma/kg 124 to 890 195 to 976 96

concentration range tested

This horizontal standard is primarily intended for use by technical committees in the preparation
of standards in accordance with the principles laid down in IEC Guide 108.

One of the responsibilities of a technical committee is, wherever applicable, to make use of
horizontal standards in the preparation of its publications. The contents of this horizontal
standard will not apply unless specifically referred to or included in the relevant publications.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 62321-2, Determination of certain substances in electrotechnical products — Part 2:
Disassembly, disjunction and mechanical sample preparation

ISO 3696, Water for analytical laboratory use — Specification and test methods

ISO 8466-1, Water quality — Calibration and evaluation of analytical methods and estimation of
performance characteristics — Part 1: Statistical evaluation of the linear calibration function

ISO 10304-1:2007, Water quality — Determination of dissolved anions by liquid chromatography
of ions — Part 1: Determination of bromide, chloride, fluoride, nitrate, nitrite, phosphate and
sulfate

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1.1

accuracy
closeness of agreement between a test result and an accepted reference value

Note 1 to entry: The term accuracy, when applied to a set of test results, involves a combination of random
components and a common systematic error or bias component.

[SOURCE: ISO 5725-1:1994, 3.6]

3.1.2
precision
closeness of agreement between independent test results obtained under stipulated conditions

[SOURCE: ISO 5725-1:1994, 3.12, modified — The notes have been deleted.]

3.1.3
repeatability
precision under repeatability conditions

[SOURCE: ISO 5725-1:1994, 3.13]

314

repeatability limit

,

value less than or equal to which the absolute difference between two test results obtained

under repeatability conditions may be expected to be with a probability of 95 % Documents
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[SOURCE: ISO 5725-1:1994, 3.16]

3.1.5
reproducibility
precision under reproducibility conditions

[SOURCE: ISO 5725-1:1994, 3.17]

3.1.6

reproducibility limit

R

value less than or equal to which the absolute difference between two test results obtained
under reproducibility conditions may be expected to be with a probability of 95 %

[SOURCE: ISO 5725-1:1994, 3.20]

3.1.7

screening

analytical procedure to determine the presence or absence of substances in the representative
part or section of a product, relative to the value or values chosen as the criterion for presence,
absence or further testing

Note 1 to entry: If the screening method produces values that are not conclusive, then additional analysis or other
follow up actions may be necessary to make a final presence/absence decision

[SOURCE: IEC 62321-1:2013, 3.1.10]

3.1.8
test sample
sample prepared from the laboratory and from which test portions will be taken

[SOURCE: ISO 6206:1979, 3.2.13]

3.1.9

test portion

quantity of material drawn from the test sample (or from the laboratory sample if both are the
same) and on which the test or observation is actually carried out

[SOURCE: ISO 6206:1979, 3.2.14]

3.2 Abbreviated terms

ABS acrylonitrile butadiene styrene
ccv continuing calibration verification
CD conductivity detector

C-IC combustion-ion chromatography
CRM certified reference material

EMC epoxy moulding compound

IC ion chromatography

ICV initial calibration verification

IS internal standard

IUPAC International Union of Pure and Applied Chemistry
KRISS Korea Research Institute of Standards and Science

LCS laboratory control sample Documents
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LCSD laboratory control sample duplicate
LOD limit of detection

LOQ Limit of quantification

MDL method detection limit

PC polycarbonate

PE polyethylene

PP polypropylene

SOP standard operation procedure

US EPA  United States Environmental Protection Agency
4 Principle

A sample of known weight or volume is placed into a sample boat and introduced at a controlled
rate into a high-temperature combustion tube. There the sample is combusted in an oxygen-
rich pyrohydrolytic environment. The gaseous by-products of the combusted sample are trapped
in an absorption medium where the hydrogen halide (HF, HCI, HBr) formed during the
combustion dissociates into its specific anion (F-, Cl-, and Br-) and cation (H30*). An aliquot of

known volume of the absorbing solution is then manually or automatically injected into an ion
chromatograph (IC) by means of a sample injection valve. The halide anions, including fluoride,
chloride and bromide are separated into individual elution bands on the separation column of
the IC. The conductivity of the eluent is reduced with an anion suppression device prior to the
ion chromatograph’s conductivity detector, where the anions of interest are measured.
Quantification of halogen in the original combusted sample is achieved by calibrating the system
with a series of standards containing known amounts of fluoride, bromide and chloride and then
analysing unknown samples under the same conditions as the standards. The combined system
of pyrohydrolytic combustion followed by ion chromatographic detection is referred to as
combustion-ion chromatography (C-IC).

5 Reagents and materials

WARNING — All recognized health and safety precautions shall be in effect when carrying out
the operations specified in this document. Failure to heed the directions contained in this
document, or those of the manufacturer of the devices used, may result in injury or equipment
damage.

Use only reagents of recognized analytical grade. Weigh the reagents with an accuracy of +1 %
of the nominal mass, unless stated otherwise. The reagents listed in Clause 5 b) and g) to k)
may be considered representative examples for the preparation of eluents (Clause 5 i)). All
reagents used shall not contain an amount of halides above the limit of detection (LOD).

a) Water, complying with grade 1 as defined in ISO 3696.

b) Hydrogen peroxide, a mass fraction of 30 % (H,0,)

Hydrogen peroxide is caustic; thus the operator shall wear goggles and gloves and work
under a fume hood when handling this reagent. As this method uses a gas (oxygen) at high
temperature under pressure, precautions shall be taken by the operator.

c) Quartz wool, fine grade or other suitable medium.
d) Argon, carrier gas minimum of 99,9 % purity

Purification scrubbers to ensure the removal of contaminants are recommended such as
moisture (molecular sieve) and hydrocarbon trap filters (activated charcoal or equivalent).

e) Oxygen, combustion gas, minimum 99,6 % purity.
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f) Burning aids, tungsten oxide (WO3;) or iron oxide (Fe;0,4) with < 50 pm particle size and

purity > 90 %. Before using burning aids, it is necessary to check that the halogen content
is below the MDL level and in addition always use a method blank.

g) Blank solution, fill a volumetric flask (e.g. 100 ml flask) with water (Clause 5 a)).
h) Calibration standard solutions

Certified calibration standards from commercial sources, or calibration standards prepared
in the laboratory, containing the elements of interest at the concentrations of interest are
used. Depending on the concentrations expected in the sample, use the standard solution
to prepare 5 to 10 calibration solutions with concentrations distributed evenly over the
expected working range.

NOTE The solution is either prepared from a primary standard solution or calibration solution.
i) Eluents

The choice of eluent depends on the chosen column and detector (seek advice from IC
manufacturer or column supplier). Eluent preparation is carried out as specified in
ISO 10304-1:2007, 5.10.

1) Sodium hydrogen carbonate, NaHCOj.
2) Sodium carbonate, Na,COs,.

3) Sodium hydroxide, NaOH.
4) Potassium hydroxide, KOH.
j) Internal standard (IS) solution (optional)
An internal standard can be used to correct analytical errors.

The internal standard used in the absorption solution shall not contain any of the sample
components, and is to be selected based on the condition of column and mobile phase (e.g.
phosphate, citric acid, oxalic acid, methane sulfonic acid). The internal standard solution
should be prepared by selecting a middle range of concentration in the calibration curve
range when preparing the calibration solution. (e.g. 1 mg/l).

k) Absorption solution, used for trapping halogen — 3 ml of H,O, (Clause 5 b)), is poured into
a 1 000 ml volumetric flask, brought to volume with water and mixed. This solution contains
900 mg/kg of H,O,.

Very careful use of H,O, is required when handling especially high concentrations of

fluorine-containing samples. When analysing samples containing a high concentration of
fluorine, a minimum amount of hydrogen peroxide to diminish IC peak identification issues
shall be used.

[) Laboratory control sample (LCS) — Reference materials can be used to ensure recovery

rates of the halogen fall within 90 % to 110 %. A certified reference material is the best one
for that purpose. If a certified reference material is not available, a reference material can
be prepared by mixing certain amounts of the halogen (fluorine, chlorine and bromine)
compounds, diluting with cellulose or aluminium oxides to obtain a suitable concentration,
and then pulverizing the mixture to homogenize.

6 Apparatus

The following apparatuses shall be used. See also Annex C.

a) Balance — analytical, with sensitivity to 0,000 1 g (0,1 mg).
b) Scissors or shears.
c) Combustion system — in general, consists of the following components (see Figure C.1):

1) Auto sampler (optional) — an auto sampler is capable of accurately delivering 1 mg to
100 mg of sample into the sample boat.

2) Sample boat — made of quartz, nickel, ceramic, platinum or stainless steel. Documents
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3) Sample introduction system — the system provides a sampling port for introduction of the
sample into the sample boat and is connected to the inlet of the pyrohydrolytic
combustion tube. The system is swept by a humidified inert carrier gas and shall be
capable of allowing the quantitative delivery of the material to be analysed into the
pyrohydrolytic oxidation zone at a controlled and repeatable rate.

4) Electric furnace — it can be heated from 900 °C to 1 000 °C and has a quartz or ceramic
tube installed inside and connected to the equipment for injecting the sample. Therefore,
it is designed so that the combustion gas of the sample can be discharged without loss.

5) Pyrohydrolytic combustion tube — the pyrohydrolytic combustion tube is made of quartz
and constructed such that when the sample is combusted in the presence of humidified
oxygen, the by-products of combustion are swept into the humidified pyrohydrolytic
combustion zone. The inlet end shall allow for the stepwise introduction and
advancement of a sample boat into the heated zone and shall have a side arm for the
introduction of the humidified carrier gas and oxygen. The pyrohydrolytic combustion
tube shall be of ample volume, and have a heated zone with quartz wool or other suitable
medium providing sufficient surface area so that the complete pyrohydrolytic combustion

of the sample is ensured. If the sample contains halogen at high concentration (e.g.
samples containing more than one percent concentration of halogen), a trap column
shall be installed between the absorption tube and the combustion tube.

6) Water supply device — capable of delivering grade 1 water (Clause 5 a)) to the
combustion tube at a controlled rate sufficient to provide a pyrohydrolytic environment.

7) Absorption tube — glass pipe of such a total volume that 10 ml to 20 ml of the absorption
solution only occupies about half the total glass tube volume. The discharge of the gas
pipe from the heating furnace is submerged in the absorption solution to absorb the
discharged gas. The absorption solution can be injected into the ion chromatograph
through a connecting device. The absorption tube shall be washed after sample analysis
to avoid contamination from previous samples.

d) lon chromatographic system — Consisting of the following components (see Figure C.2):
1) eluent reservoir;
2) 1C pump;

3) sample injection system — incorporating a sample loop of appropriate volume (e.g. 0,02
ml) or auto sampler device;

SN

precolumn or guard column;

a

separation column;

~N O

)
)
) suppressor;
) conductivity detector (CD);
)

(o)

recording device — e.g. computer, integrator.
7 Sampling

Sampling shall be carried out as described in IEC 62321-2. It should be done randomly and the
collected segments should represent the entire sample.
a) Solid sample

The sample shall be cut into small pieces (approximately less than 3 mm x 3 mm) using
scissors or shears (Clause 6 b)).

b) Liquid sample

When sampling liquids, the inside of the transfer pipette (or similar vessel) shall be rinsed
several times with the sample liquid.
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8 Procedure

8.1 Combustion

a) After a sample boat is heated sufficiently in the electric furnace to remove the contaminants,
remove the sample boat from the furnace with clean tongs, let it cool to room temperature,
then weigh (typically 10 mg to 100 mg) the sample to the nearest 0,1 mg and load into the
sample boat. If samples are difficult to combust (e.g. flux, solder paste), a burning aid (e.g.
WO3) shall be used. Generally, a 5 to 1 ratio of burning aids to sample is sufficient. If any

burning aid is being used, apply approximately 1/4 of its total mass in a thin layer over the
surface of the sample boat, place the weighed sample on it and then cover the sample with
approximately % of the total burning aid mass. Detailed analysis conditions are described
in Annex G (Table G.1, Table G.2, Table G.3)

b) The sample and boat are heated in the combustion furnace for 10 min to 20 min together
with argon, oxygen and water by using the sample injection device located at the centre of
the quartz tube of the combustion furnace. Suitable combustion conditions are described in
Table G.1. If the combustion boat shows evidence of soot generation or unburned sample
particles, the combustion shall be judged to be insufficient and the procedure shall be
repeated. The contaminated area shall be cleaned thoroughly before repeating the
procedure.

NOTE 1 If insufficient combustion is suspected (e.g. visible soot in the combustion boat), the combustion and
chromatography on the residue can be repeated until no further halides are detected. Any halides detected can
be summed. Alternatively, the analysis can be repeated with a fresh sample altering the conditions (e.g. reduce
sample size, increase furnace temperature or time) to achieve complete combustion.

c) Upon completion of combustion operations, wash the tubing at the combustion gas
discharge outlet, and pour all washing solutions into the absorbing bottle for measuring.

d) For the blank test, perform a similar operation without inserting the sample or a blank boat,
and use this absorption solution obtained as the blank solution. Follow the procedure
described in 8.3.

NOTE 2 If the combustion furnace and IC are connected and operated automatically, the absorption solution
adsorbing the combustibles can be injected into the IC.

8.2 IC analysis
The general procedures for ion chromatography described in ISO 10304-1 shall be followed:

a) Setup the IC according to the instrument manufacturer’s instructions or laboratory standard
operation procedure (SOP). Suitable operating conditions for IC are shown in Table G.1;

b) Run the eluent and wait for a stable baseline;

c) Perform the calibration as described in 8.5. Measure the samples, calibrants (Clause 5 h))
and at least two blank solutions as described in 8.3.

Operating conditions shall be selected and stabilized according to the device manufacturer or
to the standard operation procedure (SOP).

8.3 Blank test

A method blank test is performed by quantifying at least two blank solutions which are prepared
by following exactly the same procedure described above (Clause 5 h)) without the actual
sample. A blank solution (Clause 5 g)) which does not contain halides (lower than MDL, or
normally 0,1 mg/l) shall be used for preparing the method blank.

8.4 Cleaning and recalibration

Clean any coke or soot from the combustion tube and sample boats as per the manufacturer’s
instructions. After cleaning, assemble the apparatus and check for leaks. Run a check
laboratory control sample or reference material to determine if the instrument needs to be

recalibrated or cleaned again.
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8.5 Calibration

A calibration curve shall be developed for quantitative analysis. The calibration curve is
prepared by using a standard solution of fluoride, chloride and bromide.

When the analytical system is first evaluated and at intervals afterwards, establish a calibration
function (e.g. as specified in ISO 8466-1) bracketing the range of expected halide
concentrations for the measurement. Example calibration solutions and their concentrations for
fluorine, chlorine and bromine are shown Annex H (see Table H.2, Table H.3 and Table H.4).

For example, fluorine, chlorine and bromine calibration standards indicated in Table H.2, Table
H.3 and Table H.4 can be prepared by adding 0,5, 1,0, 2,0, 4,0 and 8,0 ml of a 1 000 mg/l stock
solution for each halide in a 1 000 ml volumetric flask with a pipette and filled with water (Clause
5 a)) up to the mark.

a) Prepare the calibration standard solutions (Clause 5 h)).

b) Inject the calibration standard solutions (Clause 5 h)) directly to the IC.

c) ldentify the peaks for particular anions by comparing the retention times with those of the
calibration standard solutions (Clause 5 h)). Deviation of retention times shall not exceed
15 % within a batch.

d) At least five calibration solutions shall be prepared in equidistant concentration steps.
Quantification is made on the basis of the measurement of the peak areas or heights. The
calibration curve is generally used at a concentration of 0,5 mg/l to 8,0 mg/l. However, the
concentration can be adjusted if the detection limit is lowered or raised.

8.6 Measurement of the sample

After development of the calibration curve, the method blank and the sample solution are
measured. If the sample concentration is above the range of the calibration curve, the solution
shall be diluted with water (Clause 5 a)) to the range of the calibration curve, if possible, to the
middle range, and measured again. After every tenth sample run and at the end of each sample
set, analyse a continuing calibration verification (CCV) standard. The percent recovery for
halogen shall be between 90 % and 110 %. If the percent recovery for F, Cl and Br in the CCV
standard falls outside of this range, the CCV standard should be re-analysed within 12 h. If the
recovery is still out of range after re-analysis of the CCV standard, the analysis is stopped and
maintenance shall be performed on the system to return it to optimal operating conditions. All
samples loaded before the last successful CCV standard may be reported, but all samples after
the last successful CCV standard shall be re-analysed with a new calibration. A suitable
separation for each of the halide ions is shown in Figure H.1 which gives an example of a
chromatogram of a standard solution (4 mg/l) by IC.

8.7 Interference

Substances that co-elute with the anions of interest are filled in the laboratory library and/or
database. An anion of high concentration can interfere with other constituents if their retention
times are close enough to affect the resolution of their peaks. Additional information on checked
inferences is specified in ISO 10304-1:2007, Annex B.

9 Calculation

Concentration of halogen contained in the samples (peak area or peak height of halides
(fluoride, chloride and bromide) ion) is calculated from the following formula:

F, Cland Br (mg/kg) = [(4 = ¥) x V] / (S x M x Dg) (1)

or
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F, Cland Br (mg/kg) = [(4 - Y) x V ]/ (Sx VxD,) (2)
where
A is the peak area or peak height of halides anion standard component;
Dy is the dilution factor of the mass method, mass of the sample specimen/mass of the test

specimen having the dilution medium added thereto, in g/g;

v is the dilution factor of the volume method, mass of the sample specimen/volume of the
test specimen having the dilution medium added thereto, in g/ml;

M is the mass of the sample injected into the sample boat, in g;
S is the slope of the calibration curve;

slope of the standard curve with area or height of the anion standard component
(y axis) and concentration of the standard sample (x axis, in mg/l);

vV is the volume of the sample injected into the sample boat, M/p (density), in ml;
is the volume of the absorption solution, in ml;

Y is the y intercept of the calibration curve;

y intercept of the standard curve with area or height of the anion standard component (y
axis, uS/cm x min) and concentration of the standard sample (x axis, in mg/l).

10 Precision

When the values of two independent single test results, obtained using the same method on
identical test material in the same laboratory by the same operator using the same equipment
within a short interval of time, lie within the range of the mean values cited below, the absolute
difference between the two test results obtained will not exceed the repeatability limit » deduced
by statistical analysis on the international inter-laboratory study (11S 4A) and (1IS 3-2) results in
more than 5 % of cases. See Table 4, Table 5 and Table 6.

Table 4 — Fluorine results of international inter-laboratory study (lIS 4A)

Mean fluorine value (mg/l): 575

r (mgll): 40,62

Table 5 — Chlorine results of international inter-laboratory study (1IS 4A)

Mean chlorine value (mg/l): 102,2

r (mg/l): 9,43

Table 6 — Bromine results of international inter-laboratory study (IIS4A and 1IS 3-2)

Mean bromine value (mg/l): 94,8 896,2

r (mgll): 18,97 137,49

See Annex E "Results of international inter-laboratory study (1IS4A and IIS 3-2)" for supporting
data.

Documents

Document Sharing Hub

Full document details: IEC 62321-3-2-2020


http://www.avadocuments.com/doc/iec-62321-3-2-2020
http://www.avadocuments.com/doc/iec-62321-3-2-2020

IEC 62321-3-2:2020 © IEC 2020 -17 -

11 Quality assurance and control

11.1 General

The following parameters in Table 7 are taken for quality control:

Table 7 — Acceptance criteria of items for quality control

Concentration of mg/kg

Parameters R Acceptance criteria
in test sample
Calibration curve R? > 0,995
Initial calibration verification (ICV) e.g. 1 mg/l for F, Cl, Br Recovery: 90 % to 110 %
Continuing calibration verification
e.g. 1 mg/l for F, Cl, Br Recovery: 90 % to 110 %

(Cev)
Method blank < MDL

Middle of calibration range solution

Laboratory control sample (LCS) or reference material

Recovery: 80 % to 120 %

Laboratory control sample Middle of calibration range solution

i f terial Relative deviation < 20 %
duplicate (LCSD) or reference materia

NOTE Initial calibration verification (ICV) is performed whenever a calibration curve is established, using a standard
from a source different from the calibration standard.

One method blank should be analysed at least once for each batch of samples tested. A method
blank which does not contain halogen can be used as a method blank sample.

One laboratory control sample (LCS) and laboratory control sample duplicate (LCSD) per batch
should be analysed by means of either using certified reference material (CRM) or spiked with
a specific concentration of halides in the blank matrix. The percent recovery for halogen shall
be between 80 % and 120 %. If the percent recovery for F, Cl and Br in the LCS and LCSD
standard falls outside of this range, the LCS and LCSD standard should be re-analysed within
12 h. If the recovery is still out of range after re-analysis of the LCS and LCSD standard, the
analysis is stopped and maintenance shall be performed on the system to return it to optimal
operating conditions

11.2 Limits of detection (LOD) and limits of quantification (LOQ)

In its simplest form, a limit of detection (LOD) or method detection limit (MDL) is typically
described as the lowest amount or concentration of analyte in a test sample that can be reliably
differentiated from zero for a given measurement system.

Instrument detection limits represent an instrument’s ability to differentiate low concentrations
of analytes from "zero" in a blank or standard solution, and are commonly used by
manufacturers to demonstrate the measurement capability of a system. Whilst instrument
detection limits are useful, they are often considerably lower than a limit of detection
representing a complete analytical method measurement process.

Complete analytical method detection limits are most appropriately determined experimentally
by performing replicate, independent measurements on low-level or fortified sample matrices
(e.g. plastic) carried out through the entire test procedure, including sample digestion or
extraction. A minimum of six replicates and analyte concentrations of 3 to 5 times the estimated
method detection limit have been suggested as suitable for this analysis. The complete method
detection limit for an entire test procedure is determined by multiplying the standard deviation
of the replicates by an appropriate factor. The International Union of Pure and Applied
Chemistry (IUPAC) recommends a factor of 3 for a minimum of six replicates, while US EPA
utilizes a one-sided confidence interval with the multiplier equal to Student’s tvalueB}Bteaments
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the number of replicates and the level of confidence (e.g. ¢t = 3,36 for six replicates for 99 %
confidence). See Table 8.

All analyses used to calculate an MDL should be consecutive.

Table 8 — Student’s 7 values used for calculation of method detection limit
(MDL =¢x s,,_4)

Number of samples

Student’s #-statistic
(99 % confidence)

3,36

3,14

3,00

© || N| O

2,90

-
o

2,82

The limit of quantification (LOQ) or estimated quantitation limit for a given measurement system
is typically described as the lowest concentration that can be reliably determined within
specified or acceptable limits of precision during routine laboratory operating conditions. The
acceptable precision limit is often defined as 10 % relative standard deviation or simply

expressed as a fixed multiple (2 to 10) of the method detection limit.

12 Test report

Information shall be given on at least the following aspects of the test:

the sample;

the International Standard used (including its year of publication);

the method used (if the standard includes several);

the result(s), including a reference to Clause 9;

any deviations from the procedure;
any unusual features observed;
the date of the test.

Full document details: IEC 62321-3-2-2020
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Annex A
(informative)

Screening for fluorine, chlorine, bromine and iodine in polymers
and electronics by oxygen bomb combustion-ion chromatography

A.1 General

Annex A specifies a combustion method for the screening of halogen (fluorine, chlorine,
bromine and iodine) contents in polymers and electronics by oxygen bomb combustion with ion
chromatography. This method is applicable to solid, pasty and liquid samples containing more
than 0,025 g/kg of halogen contents.

The limit of detection depends on the element, matrix and determination technique used.
Insoluble halogens in the original sample or produced during the combustion step are not
completely determined by this method.

A.2 Principle

The sample is oxidized by oxygen bomb combustion in a closed system under pressure.
Halogenated (fluorine, chlorine, bromine and iodine) compounds are converted to halides which
are absorbed and/or dissolved in an absorption solution. In general, this method is applicable
for concentrations over 0,025 g/kg depending on the element, matrix and the determination
technique. It may be used for aqueous samples or samples that burn with difficulty, which
involves the use of a burning aid.

A.3 Reagents and materials

All reagents shall be at least of analytical grade and suitable for their specific purposes.

Particularly, they shall not contain halogen above MDL values.

a) Water, complying with grade 1 as defined in ISO 3696.

b) Hydrogen peroxide, H,0,, a mass fraction of 30 %.

c) Hydrazine, a mass fraction of 35 % in H,O, (N,H,), (hydrazine is only required for iodine
testing).

WARNING - Hydrazine is an inorganic compound with the chemical formula N,H, (also
written H,NNH,). It is a colourless flammable liquid with an ammonia-like odour. Therefore,
the operator shall wear goggles and gloves and shall work under a fume hood when handling
this reagent. Hydrazine is highly toxic and dangerously unstable unless handled in solution.

d) Absorption solution — for the determination of halogen, the nature and concentration of
which may depend on the end-determination technique and on the expected concentrations
of halogen. For example:

— water (a); or

— 0,3 mol/l potassium or sodium hydroxide solution: dissolve 16,8 g of KOH or 12,0 g of
NaOH pellets in water (a) and dilute to 1 [; or

— carbonate/bicarbonate solution: dissolve 2,52 g sodium bicarbonate NaHCOj3; and
2,54 g sodium carbonate Na,COj in water (a) and dilute to 1 I.

NOTE Ascorbic acid and large amounts of nitrate can interfere with early eluting halogen when detected by ion
chromatography.

e) Oxygen — free of combustible material, available at a pressure of 3 MPa to 4 MPa

(30 atm to 40 atm) (e.g. medical grade). Documents
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f) Burning aids (e.g. paraffin).
g) Aluminium oxide, Al,O3 — neutral, particle size is less than 200 ym, pre-heated to 600 °C.

h) Reference materials — ensure recovery rates fall between 90 % to 110 %.
i) Gelatine or aceto-butyrate capsules.

A.4 Apparatus

a) Oxygen bomb (see Figure A.1), with a capacity of not less than 200 ml and equipped with
a purging system.

This bomb shall not leak during testing and shall permit a quantitative recovery of the liquid.
Its inner surface may be made of stainless steel or any other material that will not be affected
by combustion gases. Materials used for the bomb assembly, such as the head gasket and
wire insulation, shall be heat and chemical action resistant and shall not undergo any
reaction that will affect the results. Bombs with pitted surfaces should never be used
because of their tendency to retain halogen. After repeated use of the bomb, a film may
build up on the inner surface. This dullness should be removed by periodically polishing the
bomb according to the manufacturer’s instructions.

NOTE 1 The internal surface of some calorimetric bombs can have a ceramic coating and/or platinum sample
cups, which have better resistance to corrosion.

b) Sample cup, platinum or stainless steel or quartz.
c) Firing wire, platinum or stainless steel.

d) Ignition circuit, capable of supplying a sufficient current to ignite the sample without melting
the wire.

e) Absorption flask, (e.g. 200 ml test tube equipment with a glass frit dip-tube for bubbling the
combustion gases).

f) Usual laboratory equipment such as homogenization devices (e.g. mixers, stirrers, grinders,
mills), analytical balance (accurate at least to 0,1 mg).

g) Safety precautions.

The bomb shall not contain any organic residue (vapours of organic solvents, grease, etc.).

Follow the manufacturer’s instructions, especially with regard to the oxygen pressure inside the
bomb and the maximum allowable calorific value of the test portion.

NOTE 2 Combustion of 1 g of hydrocarbons such as lubricating oil produces about 40 kJ (the calorific powers of
benzoic acid and isooctane are about 26 MJ/kg and 48 MJ/kg respectively).

A.5 Sampling

The test sample is prepared according to IEC 62321-2. The solid sample shall be cut into small
pieces (approximately less than 1,5 mm x 1,5 mm x 1,5 mm) using scissors or shears
(Clause 6 b). During preparation of the test sample the use of halogenated (F, Br, Cl) polymers
should be avoided. Drying the laboratory sample can be carried out for homogenization
purposes if the sample, according to the accuracy of the method, contains only negligible
amounts of halogen compounds volatile at the temperature intended for the drying process.

NOTE Heterogeneous moist or paste like samples can be mixed with aluminium oxide (Clause A.3.g)) until granular
material is obtained and then reduced to a granular powder, preferably with a particle size less than 200 ym. In this
case, the ratio of aluminium oxide to sample is incorporated into the calculation of halogen contents and burning aids
are added if necessary.
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A.6 Procedure

A.6.1 General

Before each series of determinations, a blank and quality check shall be carried out. The blank
test is performed by quantifying the blank solution (Clause 5 g)) which is prepared by following
exactly the same procedure described above (Clause 5 h)) but without the actual sample.

Alternately running samples that are high and low in halogen content is to be avoided whenever
possible as it is difficult to rinse the last traces of ions from the internal surfaces of the apparatus
and a tendency for residual elements to carry over from sample-to-sample has been observed.
When a sample high in halogen content preceded a sample low in concentration, the test on
the second sample is to be repeated and one or both of the low values thus obtained shall be
considered suspect if they do not fall within the limits of repeatability of this method. It is good
practice to insert a blank between each sample, unless the series of samples being analysed
has similar expected concentrations. When the composition or homogeneity of the sample is
unknown, it is better to carry out the analysis in duplicate or triplicate and report the mean result
from all determinations.

In the case of significant carry over it is recommended to collect the exhaust gases of the
sample and the following method blank in one absorption liquid. After that, determine the degree
of contamination (carry over) and take measures to reduce the concentration for cleaning.

A.6.2 Choice of the absorption solution

The combustion gases can be collected inside and/or outside the bomb in an absorption solution.
Water is generally used when low concentrations of halogen are expected (usually, less than
10 g/kg). It is recommended to add 0,5 ml of hydrogen peroxide solution (Clause A.3 b)) to the
absorption solution.

The pH control of the absorption solution is very important to control for the analysis of iodine.
Therefore, it is recommended that the absorption solution is prepared at a concentration of 90
mg/kg of H,O, and then hydrazine solution is added to adjust the pH to approximately 10. (Add

a mass fraction of 35 % hydrazine solution in water to reach a pH of 10 as measured with a pH
meter or pH paper).

In the case of iodine, even though it is a member of the same elemental family as F, Cl and Br;
it is more likely to be oxidized to the neutral form (I,) because of its lower electron affinity. The

absorbing liquid (water) is neutral, but when the sample is burned, the combusted gases
containing halogens are captured by the absorbing liquid and the resulting solution becomes
acidic if no additional materials are added to the water used to capture the released halogens.
However, hydrogen iodide in the presence of water will decompose to form elemental iodine (l,)

which cannot be detected by IC and should be reduced back to iodide (I7). So, hydrazine
(Clause A.3.c), which is a good reducing agent for iodine and is also weakly alkaline, is an
excellent choice as a reagent added to the absorbing solution. So, it is recommended that the
absorbent be made of alkaline.

Alkaline solution shall be used for samples with high halogen content to ensure neutralization
of the acid compounds produced.

A.6.3 Preparation of the bomb

The bomb is prepared according to the manufacturer’s instructions and the free ends of the
firing wire (Clause A.4 c)) attached to the electric terminals of the ignition circuit (Clause A.4
d)). If using an absorption solution inside the bomb, add 10 ml of this absorption solution
(Clause A.3 d)) with or without the hydrogen peroxide (Clause A.3 b)) wetting the sides of the
bomb (Clause A.4 a)).

Documents

Document Sharing Hub

Full document details: IEC 62321-3-2-2020


http://www.avadocuments.com/doc/iec-62321-3-2-2020
http://www.avadocuments.com/doc/iec-62321-3-2-2020

- 22 - IEC 62321-3-2:2020 © |IEC 2020

The sample cup shall not be in contact with the absorption solution. Depending on the bomb
design, and/or the expected concentration range of the analytes of interest, it may be necessary
to adapt the amount of the absorption or trap the combustion gases in an external absorption
flask (see Clause A.3 e)).

A.6.4 Combustion

Depending on halogen content and the -calorific value in the sample (obtained by
determinization method), 0,05 g to 1 g of the sample is weighed (to the nearest 0,1 mg) into the
sample cup (Clause A.4 b). Samples that burn with difficulty (e.g. mineral samples or samples
with high water content), may require the addition of a burning aid (Clause A.3 f)). Liquid
samples may be weighed in a capsule (Clause A.3 i)). To avoid stirring up of the sample when
filling the bomb with oxygen, powdery samples may be covered with inert material (e.g.
aluminium oxide (Clause A.3 g)) or soaked with burning aid (Clause A.3 f)), depending on
halogen content. Depending on the type of bomb, the total sample mass plus enhancer shall
not exceed 1 g to 1,5 g to avoid dangerous high pressure and possibly rupturing the bomb.

The combined energy from sample and burning aids (Clause A.3 f)) is important to recover the
halogen from the sample compounds. Hence it may be necessary to optimize the
enhancer/sample amount ratio. Place the sample cup in position and arrange the firing wire
(Clause A.4 ¢)) so that it is just in contact with the sample but not touching the sample cup
(Clause A.4 b)).

NOTE Some operators use a nylon thread or cotton wick and loop it around the wire so that its ends immerse
directly in the liquid sample or is in contact with the solid sample.

Assemble the bomb and tighten the cover securely. Admit oxygen (Clause A.3 e)) carefully (to
avoid blowing the sample from the cup) to a pressure below the safety pressure specified by
the manufacturer. Connect the terminals to the open electrical circuit. Close the circuit to ignite
the sample. Let the bomb cool to ambient temperature, for example in a water bath.

A.6.5 Collection of halides

When relatively high levels of halogen (e.g. over 20 g/kg) are expected, and/or when there is
no absorption solution inside the bomb, connect the exit of the bomb to an absorption flask
filled with 20 ml of the same absorption solution (Clause A.3 d)) used in Clause A.3 d) and
release the pressure at a slow, uniform rate so that only small bubbles are observed in the
absorption tube.

If high levels of halogen are expected, it is highly recommended to measure a blank value
between the samples.

The volume of the absorption solution depends on the type and volume of the absorption flask.
In other cases, this collection of combustion gases in the absorption flask is not necessary and
it is possible to release the pressure quickly. Open the bomb and examine the content: if traces
of sooty deposits are found, discard the determination and repeat again with burning aid and/or
with a smaller test portion.

If pink vapours are seen, discard the determination and repeat using precautions to trap all the
iodine (e.g. smaller test portion and/or addition of ascorbic acid). Rinse the interior of the bomb,
terminals, inner surface of the bomb cover and the sample cup thoroughly with 20 ml of
absorption solution (see A.6.2).

Some oxygen bombs are connected to a demineralized water supply, which enables automatic
rinsing of the bomb interior before opening. In this case, the rinsing water is pushed by weak
overpressure out of the bomb and combined with the absorption solution. Transfer the solution
into a volumetric flask. Dilute to the mark with water (Clause A.3 a)) or absorption solution
(Clause A.3 c)). The choice of the final volume depends on the concentration of halogen as well

as on the final method used for analysis.
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A.6.6 Cleaning procedure

Remove any residual fuse wire from the bomb terminals and the cup. Using hot water, rinse the
interior of the bomb, sample cup, terminals and the inner surface of the bomb cover. Thoroughly
rinse the bomb, cover and cup with water (Clause A.3 a)).

A.7 lon chromatographic analysis

See 8.2 to 8.6.

A.8 Calculation

Calculate the halogen content in g/kg of waste using Formula (A.1):

X=(Cx7V)/1000xm (A.1)
where
X is the element (fluorine, chlorine, bromine and iodine) content in the test sample in grams
per kilogram (g/kg);
C is the concentration expressed in milligram per litre (mg/l) of this fluorine, chlorine,

bromine and iodine content in the absorption solution;
14 is the final volume of the absorption solution, expressed in millilitres (ml);
is the mass of the test portion, expressed in grams (g).

If the sample contains inert materials, for example aluminium oxide, which have been added
during sample preparation, the ratio of this addition should be incorporated into the calculation.

The element content resulting from Formula (A.1) is calculated on a dry matter basis according
to Formula (A.2):

Xy is the element (fluorine, chlorine, bromine and iodine) content calculated on dry matter
in grams per kilogram (g/kg);

Wqw is the dry matter of the original sample, according to Clause A.5, as mass fraction in per
cent (%).

These results may also be calculated and reported in milligram per kilogram (mg/kg) or in a
mass fraction of per cent. Fluorine, chlorine and bromine content is usually determined on an
undried sample but is always reported on dry matter.

A.9 Quality assurance and control and test report

Information on control measurements and on the test report is given in Clauses 11 and 12.
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Electrode terminal

Oxygen
inlet/outlet

Bomb

7 7 4

Absorbing solution Firing wire ~ Sample cup
IEC

Figure A.1 — Example of oxygen bomb combustion device
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Annex B
(informative)

Screening for fluorine, chlorine, bromine and iodine in polymers
and electronics by oxygen flask combustion-ion chromatography

B.1 General

Annex B specifies a combustion method for screening of halogen (fluorine, chlorine, bromine
and iodine) contents in materials by combustion in a closed system containing oxygen (oxygen
flask combustion (Schoeniger flask)), and the subsequent analysis of the combustion product
using ion chromatography.

The method is applicable to solid, pasty and liquid samples containing more than 0,25 g/kg of
halogen. The limit of detection depends on the element, matrix and determination technique
used. Insoluble halogen in the original sample or produced during the combustion step are not
completely determined by this method.

B.2 Principle

The sample is oxidized by combustion in a closed system (heavy walled glass flask —
Schoeniger apparatus — filled with oxygen). Halogen (fluorine, chlorine, bromine and iodine)
containing compounds are converted to fluorides, bromides, chlorides and iodides which are
absorbed and/or dissolved in an absorption solution. lon chromatography may be used for
determining halogen concentrations in the absorption solution.

When using a smaller amount of sample, more attention has to be paid on homogenization. In
general, it is applicable to solid, pasty and liquid samples containing more than 0,25 g/kg of
halogen, depending on the matrix and determination technique.

B.3 Reagents and materials

The following reagents and materials apply:

a) filter paper wrappers, e.g. 3 cm x 3 cm with a 3,5 cm x 1 cm extension (see Figure B.2);
b) all other reagents and control mixtures are mentioned in Clause A.3.

B.4 Apparatus

The following apparatus shall be used:

a) Combustion flask (see Figure B.1), chemically resistant heavy-walled, 500 ml to 1 000 ml
Erlenmeyer flask equipped with a slightly enlarged neck, fitted with a standard-taper ground-
glass stopper.

The flask shall not contain any residue or vapours of organic solvents used for rinsing and
drying. If these materials are present, a violent explosion can take place when the burning
filter paper is introduced. After inserting the flaming paper into the flask, the stopper shall
be held securely. A slight pressure drop inside the flask during the initial stage of burning
normally happens, while a slight vacuum is formed after complete absorption of the
combustion products. Combustion shall be carried out under a fume hood and the operator
shall wear safety goggles and gloves.

b) Platinum gauze sample carrier sealed into another standard taper ground glass stopper
(see Figure B.1).
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c) Usual laboratory equipment including homogenization devices (e.g. mixers, stirrers,
grinders, mills) and an analytical balance (accurate at least to 0,1 mg), etc.

B.5 Sampling

B.5.1 General

The test sample is prepared according to IEC 62321-2. Between 10 mg and 50 mg of
homogeneous (or homogenized) sample are weighed to the nearest 0,1 mg. The weighed
sample shall not contain more than 10 mg to 20 mg of halogen.

B.5.2 Solid and paste-like samples

Fold the filter paper (Clause B.3 a)) used for wrapping the sample to form a boat as shown in
Figure B.2. Wait several minutes before weighing to allow the filter paper to equilibrate to the
conditions of humidity of the room and record the tare weight to 0,1 mg. Using a small spatula,
place the estimated amount of sample on the tared paper and reweigh to 0,1 mg. Then, using
the spatula, fold the filter paper as shown in Figure B.2. Squeeze the packed filter with clean
tweezers.

Place the sample in the platinum sample carrier (Clause B.4 b)).

B.5.3 Liquid samples

Placing small-size drops on the paper, introduce the estimated amount of sample into a tared
capsule (Clause A.3 i)) containing a small piece of folded filter paper. Immediately reweigh the
capsule to 0,1 mg. Wrap the capsule in the filter paper (Clause B.3 a)) as in the case of solid
samples and insert in the platinum sample carrier (Clause B.4 b)).

B.6 Procedure

B.6.1 General

Before each series of determinations, a method blank and quality check (i.e. initial calibration
verification and continuing calibration verification, refer to Table 7) shall be carried out. The
blank test is performed by quantifying the blank solution (Clause 5 g)) which is prepared by
following exactly the same procedure described above (Clause 5 h)) without the actual sample.
Running samples that are alternately high and low in halogen content is to be avoided whenever
possible as it is difficult to rinse the last traces of ions from the internal surfaces of the apparatus
and a tendency for residual elements to carry over from a sample to the next sample has been
observed. When a sample high in halogen content precedes a sample low in concentration, the
test on the second sample shall be repeated and one or both of the low values thus obtained
should be considered suspect if they do not fall within the limits of repeatability of this method.
It is good practice to insert a method blank between each sample, unless the series of samples
being analysed has similar expected concentrations. When the composition or homogeneity of
the sample is unknown, it is better to carry out the analysis in duplicate or triplicate and report
the mean result from all determinations.

In the case of significant carry-over of the analyte, it is recommended to collect the exhaustion
gases of the sample and the following blank sample in one absorption liquid.

B.6.2 Choice of the absorption solution

See A.6.2.
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B.6.3 Combustion

Add 10 ml of absorption solution (Clause 5 k)) into the combustion flask (Clause B.4 a)). Flush
the flask with oxygen for 1 min, keeping the gas delivery tube near the bottom of the flask to
displace the air. Seal the flask with a standard stopper.

Ignite the filter paper packet containing the sample, remove the regular stopper, and quickly
replace it by inserting the stopper (Clause B.4 b)) with the burning paper into the flask.
Immediately invert the stoppered flask so that the absorbing liquid forms a tight seal around the
stopper.

NOTE Systems with electrical remote ignition are also applicable.

As shown in Figure B.1, the flask shall be held so that the open part of the platinum sample
carrier faces upward so that the sample cannot fall out during combustion. After the combustion
is complete, allow the inverted flask to cool for 1 min, and then vigorously shake it for 3 min to
absorb the combustion products. Allow to stand for 5 min in the normal position. Carefully
pipette 10 ml of the absorption solution (Clause 5 k)) into the neck-well of the flask. Lift the
stopper slightly to allow the liquid to be sucked into the flask. Then let the stoppered flask gently
cool for 15 min. Transfer the contents of the flask into a volumetric flask, dilute to the mark with
water (Clause A.3 a)) or absorption solution (Clause 5 k)). The choice of the final volume
depends on the expected concentration of the solution and on the end-method of analysis.

B.7 lon chromatographic analysis, calculation, quality assurance and control
and test report

See Clauses A.7, A.8 and A.9.
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Combustion flask
(or equivalents)

\

Platinum gauze sample carrier

Alkaline solution as absorbent
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Figure B.1 — Example of oxygen flask combustion device

Y

Sample
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Figure B.2 — Example of wrapping of sample
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