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jzsessment services and, in some areas, @ccess to |IEC marks of conformity. IEC is not responsible foi

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internat
-operation on all questions concerning standardization in the electrical and electronic/iélds. To this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC) Publication(s)”). ]
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
ay participate in this preparatory work. International, governmental and non-goyernmental organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely withthe’International Organizatio
tandardization (ISO) in accordance with conditions determined by agreement,between the two organizatio

he formal decisions or agreements of IEC on technical matters express,as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical{committee has representation froj
terested IEC National Committees.

FC Publications have the form of recommendations for international use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are¢made to ensure that the technical content of]
ublications is accurate, IEC cannot be held responsibfe for the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in theirnational and regional publications. Any divergence bet
ny IEC Publication and the corresponding nationalhor regional publication shall be clearly indicated in the I

FC itself does not provide any attestation of-conformity. Independent certification bodies provide confo

rvices carried out by independent certification bodies.

Il users should ensure that they have the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any natureswhatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publica

ttention is drawn tosthe. Normative references cited in this publication. Use of the referenced publicatio
dispensable for the cerrect application of this publication.

ttention is drawn\to the possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC shall'\not be held responsible for identifying any or all such patent rights.

sing
onal
and
orts,
[heir
with
sing
h for
nsS.

onal
h all

onal
IEC
any

ions
een
tter.

mity
any

o liability shall attach to IEC orcits directors, employees, servants or agents including individual experts| and

e or
and
ions.

hs is

htent

ma
bee

eo-the previous edition. A vertical bar appears in the margin wherever a change
made. Additions are in green text, deletions are in strikethrough red text.

Thi{‘ redline version of the official IEC Standard allows the user to identify the chan

es
as
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International Standard IEC 62321-3-2 has been prepared by IEC technical committee 111:

Env

ironmental 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) Inthe previous edition, a screening test method for bromine (Br) content only was provided.

b)
The

Full

Br) has been added to the normative part of the document.
A screening test method by C-IC for iodine (I) has been added in Annex D (informative).

text of this International Standard is based on the following documents:

FDIS Report on voting
111/573/FDIS 111/577/RVD

nthic aditinn A cnrananina tact mathad hy C 1C far flinrina (EY ochlarina (O and hen -]ine
oot oo tre e g Te St et o o Oy oo oo e oo e o) are oo

information on the voting for the approval of this International;Standard can be found in| the
rep¢rt on voting indicated in the above table.

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

A ligt of all parts in the IEC 62321 series, publishedwunder the general title Determinatiop of

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

Thel committee has decided that the contentszof this document will remain unchanged untilfthe

stability date indicated on the IEC website“under "http://webstore.iec.ch" in the data related to

the ppecific document. At this date, the document will be

e feconfirmed,

e Withdrawn,

e feplaced by a revised edition, or

e Bmended.
IMPORTANT =.The 'colour inside’' logo on the cover page of this publication indicgtes
that it contains colours which are considered to be useful for the correct understandging
of lits contents. Users should therefore print this document using a colour printer.
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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
elegtrotechnical industry to determine the levels of certain substances—ef—congcern
eleqtrotechnical products on a consistent global basis.

The

Thig document (revised edition of IEC 62321-3-2) describes the test‘methods to qua
halggen (fluorine, chlorine and bromine) in polymers and electronics hn\C-IC in the normg

Sec

In a

chrematography is provided in Annex A (informative) and Aqex B (informative).

WA

Thig document does not purport to address all of the _safety problems, if any, associated
its Jse. It is the responsibility of the user to establish appropriate safety and health pract

and

ion and to quantify iodine (I) in an informative Annex D.

ddition, information on oxygen bomb combustion-ion chronfatography and oxygen flask

RNING — Persons using this document should be familiar with normal laboratory praci

to ensure compliance with any national regufatory conditions.

the
in

first edition of IEC 62321-3-2 (2013) was published to address screening fortotal bromline.

ntify
tive

Hion

ice.
with
ces
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DETERMINATION OF CERTAIN SUBSTANCES
IN ELECTROTECHNICAL PRODUCTS -

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

nd

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

Thig test method has been evaluated for ABS (acrylonitrile butadiene styrene), EMC (e

oxy

moylding 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
to Tjable 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 th
spetified below has not been evaluated.

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

E.1

ose

Substance/element Fluorine
Polymer Unit of PC
C ) measure
o] centrat_lon or mgikg 575
corjcentration range tested

Tables2'—Tested concentration ranges for chlorine by C-IC in PE

Substance/elentent Chlorine
Polymer Unit of PE
Concentrafion or measure
corjcentration range tested mg/kg 102,2

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

Substance/element Bromine
Medi )
Parameter tested
Polymer Unit of ABS EMC PE
measure

Concentration or mg/kg
concentration range 124 to 890 195 to 976 96
tested
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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.

2 |[Normative references

The|following documents are referred to in the text in such a way that some or allef their conftent
congtitutes requirements of this document. For dated references, only the edition-cited applies.
For| undated references, the latest edition of the referenced documeént‘ (including |any
amegndments) applies.

leope e A ol on cmene vplinel dlonline connbatlon of e o e fees o bloe Depen
Dotbrminati ‘ ! -

leotene o Dndtosenination ol eorlaln colbolonone Lo oloctaineholonl ceoclicls Pant—1-
Introduction-and-overvew®

IEC|62321-2, Determination of certain substance€s™in electrotechnical products — Parf 2:
Disgssembly,-disfointment disjunction and mechanical sample preparation*
IECY62321-3-1—Determination-of-certain-substances-in-electrotechnical products —Part 3-1:
Serponins—Loncl saorsotins cocleatoen ot L oheonlin ol lotol beornins fo olocieolochaion]
prodluctsusing-X-ray-fluorescence-spestrometry?

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
ISOYBIS 10304-1:20082007, Water quality — Determination of dissolved anions by liquid
chrgmatographyof-ions — Part 1: Determination of bromide, chloride, fluoride, nitrate, nityite,

pho

3

3.1

sphate and,Sulfate

Tenms, definitions and abbreviated terms

Terms and definitions

For the purposes of this document,-the-terms-and-definitions-giveninEC 62321-1-as-wel-as

the

following terms and definitions apply.

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

add

resses:

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

ISO Online browsing platform: available at http://www.iso.org/obp

4+__To bepublished.
2__To be published-
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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 5725-1:19951994, 3.6] 11}

3 own—matrix—spiked wit compound(s) renresentative_of the taraet analvites used to
d—KpoOWH—Ratb—SpHke —WHAR—COMPoURa{S)—represehatve—or—thRe—afrget—ahRaryteSs—usSed—to
pregision

clogeness of agreement between independent test results obtained under stipulated conditjons
[SOJURCE: ISO 5725-1:1994, 3.12, modified — The notes have begn-deleted.]

3.1
repeatability
pregision under repeatability conditions

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

3.1.4
repeatability limit
r
valye less than or equal to which thérabsolute difference between two test results obtained
under repeatability conditions maybe expected to be with a probability of 95 %

[SOURCE: ISO 5725-1:1994, 3.16]
3.1p
reproducibility

pregision under reproducibility conditions

[SOURCGESTSO 5725-1:1994, 3.17]

3.1.
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
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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-sample and from which test portions will be taken

[SOURCE: ISO 6206:1979, 3.2.13] 131

3.1.
tes{ portion

quantity of material drawn from the test sample (or from the laboratory sample if hoth are|the
samnje) 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
CcC continuing calibration verification
CD conductivity detector

C-1¢ combustion-ion chromatography
CRIM certified reference material

EMC epoxy moulding compound

IC ion chromatography

ICV initial calibration verification

IS internal standard

IUPAC International Union of Rure and Applied Chemistry

KRISS Korea Research Institute of Standards and Science
LCS laboratory controhsample

LCYD laboratory control sample duplicate
LOL limit of detection

LOQ Limit,of-quantification

MDL method detection limit

PBRBs —Polybrominated-biphenyls
e e e S
PC pnlyr‘arhnnatp

PE polyethylene

PP polypropylene

SRRt Eencdlucrncecnes conelioccony
SOP standard operation procedure

US EPA  United States Environmental Protection Agency
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Principle

020

£l H'S

tal taol i i H H 4
POTITOITTO O COTtOITT OUPDOLOITOT Ot O COUTTOCTTIH Ao OTg HToaritly Towor Orait 1to varas Of va

conlains 3 cartain substance at 2 concentration so-close to the value or values chosen as
cohpaHhsaecerai——SUosStaRceata - coheetatHoR—So661osSetotheVade o VaHUeS<GROSeasS
critdrion that when all nossible arrors of measurement and safatv factors are consideraedl no
cHeohthat-WnRehahposSSioeerHors oheasuremetahcSatetyactofrsare- ConsiGereGyno
conklusive decision-—can be made about the accentable abhsance or nresepcel of 3 centain
CORpHUSHEe—Gecisioh—Can—/oeMmMate apodt—tne acceptanie anSeRceorpresefpce o acelfidih
subktance and therefore 3 follow-un action-mav he reauired includina furth'er analvsis using
Stoptanceahnctheretroresa+oHowW-dpactHonayoefequre G HRGuaiRgHufimer—aharySiSUsihg

A sd
ratel
rich
in a
con

An aliquot of known volume efithe absorbing solution is then manually or automatically inje

into
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bromide and ghloride and then analysing unknown samples under the same conditions as

starn

mple of known weight or volume is placed into a sample boat and introduced at a contrg
into a high-temperature combustionitube. There the sample is combusted in an oxyg
pyrohydrolytic environment. The gaseous by-products of the combusted sample are trap
h absorption medium where the~hydrogen-bromide halide (HF, HCI, HBr) formed during
bustion dissociates into itss+espestive-ien specific anion (F-, Cl-, and Br-) and cation (H

an ion chromatograph_(IC) by means of a sample injection valve. The halide ani
iding fluoride, chloride and bromide are separated into individual elution bands on
Bration column of the'lC. The conductivity of the eluent is reduced with an anion suppres
ce prior to thegdon’chromatograph’s conductivity detector, where the anions of interest
sured. Quantification of-the-bremine halogen in the original combusted sample is achig
talibrating-the system with a series of standards containing known amounts of fluor

dards;—Fhe combined system of pyrohydrolytic combustion followed by ion chromatogra

detTction is referred to as combustion-ion chromatography (C-IC).
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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.


https://iecnorm.com/api/?name=624b540cc794e3961c1394a804e2347f

IEC 62321-3-2:2020 RLV © IEC 2020 -13 -

b)

d)

e)

g)
h)

k)

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

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

Quartz wool, fine grade or other suitable medium.
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-are
fecommended).

Oxygen, combustion gas, minimum 99,6 % purity.

Burning aids, tungsten oxide (WQO3) or iron oxide (Fe;0,)-ete—Minimum—particle—sizp—of
burping-aids-should-belessthan50-pm with < 50 um particle size and purity®y90 %. Before

using burning aids, it is necessary to check that the halogen content is below the MDL Igvel
pnd in addition always use a method blank.

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

Certified calibration standards from commercial sources, or_calibration standards prepared
n the laboratory, containing the elements of interest at the concentrations of interest|are
ised. Depending on the concentrations expected in the'sample, use the standard solution
0 prepare;—e-g- 5 to 10 calibration solutions with copeentrations distributed-as evenly-as
possible over the expected working range.

NOTE-4+ The solution is either prepared from a primary standard-erecalibrated-by-seme-othermeans solutipn or

Calibration solution.

i s whichean-be used-to
Y S ¥ 154 SE610
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Hepends on the chosen column_and detector (seek advice from IC manufacturer or coliimn
supplier). Eluent preparationlis carried out as specified in ISO 10304-1:2006:2007, 5.1

1) Sodium hydrogen carbonate, NaHCO,.

E - The choice of eIIent

P) Sodium carbonate, Na,CO;.

3) Sodium hydroxide, NaOH.

1) Potassiumihydroxide, KOH.

nternal standard (IS) solution (optional)

An internal standard can be used to correct analytical errors.
he internal standard used in the absorption solution-sheuld shall not contain any of|the

sample-components—and-shouldistobe-selected-based-on-theconditionofcelumn-and
mobile phase (e.g. phosphate, citric acid, oxalic acid, methane sulfonic acid,—ete:). 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).

Absorption solution, used for—quantifying—bromine trapping halogen — 3 ml of H,O,

(Clause 5 b)), is poured into a 1 000 ml volumetric flask, brought to volume with water-is
added-to-the-seale and mixed. This solution contains 900 mg/kg of H,0,.

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-bromine the halogen fall within 90 % to 110 %. A certified reference material is the
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best one for that purpose. If a certified reference material is not available, a reference

material can be prepared by mixing certaln amounts of-bromine—compounds—t—ecan—be

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)
b)
c)

d)

4 04 AV
T

1)

1 | NPT 1 H Y HHWH +
dararfovc allalyl.l\.lal, VVILd OUIIOILIVILy v ]
Scissors or shears.

Combustion system — in general, consists of the following components (see Figure C.1):

o000 L
v, UuUVu H\U,I IIIB,.

Auto sampler (optional) — an auto sampler is capable of accurately delivering 1 mpg to

100 mg of sample mto the sample boat. lhe—aute—sampie#may—be—used—as—leng—as%he

Sample boat — made of quartz, nickel, ceramic, platinum or stainless steel.

Sample introduction system — the system provides a sampling'poft for introduction of| the
sample into the sample boat and is connected to the_inlet of the pyrohydrojytic
combustion tube. The system is swept by a humidified-inert carrier gas and shal| be
capable of allowing the quantitative delivery of the<{material to be analysed into|the
pyrohydrolytic oxidation zone at a controlled and repeatable rate.

Electric furnace — it can be heated from 900 °G/to=1-400 1 000 °C and has a quartg or
ceramic tube installed inside-ef-the-device 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.

Pyrohydrolytic combustion tube — the pyrohydrolytic combustion tube is made of qupartz
and constructed such that when thelsample is combusted in the presence of humidified
oxygen, the by-products of combustion are swept into the humidified pyrohydrojytic
combustion zone. The inlet.lend 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 combusition
tube-must 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 pyrohydrojytic

combustion of the sample is ensured. If the sample contains-bremine-of halogen at high

concentration{&yg. samples containing more than one percent concentration of halogen),
a trap column:sheuld shall be installed between the absorption tube and the combusition
tube.

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 enwronme*nt.
Absorptlontube— glasspipe-size-iscapable-of-maintainingaboutone-half of thefots
olume-bvb 0-ml-to- 20 ml of the absorption-solution his—h he-config ion

saxsn —--'--ellqu aEsua

O
S

--euln-ei o ihe— e H avemm lIl-nnlu-- S—SuUome] -.'-v-- T—hre—absorpion
N

oo corrloannhele glass pipe of such a total volume that 10 ml to 20 mI 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.

lon chromatographic system —in—general; Consisting of the following components (see
Figure C.2):

1)

eluent reservoir;
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2) IC pump;

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

N

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 thahn3 mm x 3 mm) using
Ecissors or shears (Clause 6 b)).

b) Liquid sample

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

8 |Procedure

8.1 Combustion

a a an ove th o n

a O a 4 4 a O O i 5
1 ma to 100 maofsamdlesd arae weiadhed - with- nrecisionof 01 maandloaded-into-the - sanhnle
—Agt0—+ovuo-Rg-o+-Sanpresare-wWetgnea-WHnRprectstion-otuv+——MmgahRaioaceaHHtothe-Saipte

oatf samples-are-difficult to-combust (e-a—flux—solderpnaste) burning-aids(e-a—\WO
Oat—H-SampPies are GHHHEU 10 COMBUSTH{E- 8- Hth—So0IGerPasSte ) UG aias (68— 3
ave to be used Generallvy a3 5 to 1 ratio of burnina _aids to samnle _is sufficient flanv
KV e1t0DeUSeG—~geneahy ad - t0+ =t oF_uUHRgaGStoSampreISSUHce Rt any
vurnina aid ic beavna 1iead annlv annraovimataly 100 ma af it in 9 thin lavar nuvar tha curiaca
tHAHRgG 2GS e g USecappryapproxdmately——oohRgoHihatHhayeroverme-SsSuHace
ftha camnlaheyat avanly enraad tha waiadhad camnla an it and than covar tha camnla with
HAe-SaMpP 8P oA evVey-spreacmewelignecsampre oRisahcmenRcovertme Sampie th

After assample boat is heated sufficiently in the electric furnace to remove the contamin
rempve the sample boat from the furnace with clean tongs, let it cool to room temperatpre,
then weigh (typically 10 mg to 100 mg) the sample to the nearest 0,1 mg and load into| the

.g.
WOQO3) 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) His-then 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.-An-example—of 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.
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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—the
combustion 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

: — . — ol ’ PETIY ’ P PR S RPET ’
proooiottg dUSUTUITTY UTS CUTMTTOUSUDICS LdlT U TTHJeUIiCU iU 1T 1O,

8.2| IC analysis

The| general—rules—on—ion—chromatographic—analysis—as—set—out procedures for
chrgmatography described in ISO 10304-1 shall be followed:

on

a) [Setup the IC according to the instrument manufacturer’s instructions or laboratory standard
pperation procedure (SOP).—Typical Suitable operating conditions fer IC are showhp 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,—calibration calibriints
Clause 5 h)) and at least two blank solutions{5-g}} as desecribed in-8-5 8.3.

Opsgrating conditions—sheuld shall be selected and stabilized according to the deyice
marnufacturer or to the standard operation procedureASOP).

®
w

Blank test

[}
hun

o T

X
D

5

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

8.4| Cleaning and(recalibration

Clean any coke.orsoot from the combustion tube and sample boats as per the manufacturer’s
instfuctions. After-any cleaning-eradjustment, assemble the apparatus and check for legks.
Run a chegk’standard laboratory control sample or reference material to determine if|the
insttument.needs to be recalibrated or cleaned again.

8.5 Catibration

A calibration curve shall be developed for quantitative analysis. The calibration curve is
prepared by using a standard solution of fluoride, chloride and bromide.
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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) repare the calibration standard solutions ((‘.Iaucp 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,hot exceed
=10 +5 % within a batch.

d) |At least five calibration solutions shall be prepared in equidistant .contentration stéps.
Quant|f|cat|on is made on the basis of the measurement of the peak.areas or heights.{Fer
S The calibration curve is
generally used at a concentratlon of 0 ;5 mg/l to 8,0 mg/l. However the concentration [can
be adjusted if the detection limit is Iowered or ralsed

8.6 Measurement of the sample

Aftdr development of the calibration curve, thelaberatopyreagent method blank and the sample
soldtion are measured. If the sample concentrationsishabove the range of the-concentration
calibration curve, the solution shall be diluted withh water (Clause 5 a)) to the range of|the
calibration curve, if possible, to the middle rangesxand measured again. Measu;emen%p#eer;ien

is—¢d cked with—standard—calibration—solutionsat reqgularintervals—{suc as _once—everd-10
1S recKead +HHHOAS: egd Hterv-ais \ouull aS—ohce—eved 1+

Thal obtained - chromatoaram-should-exhibhit the same - senaration-of the halide ions including
HRe-optaea—-GchRfromatogam-—Shnotha—exdibhi—ne—SsSane—Sepalation—ortneaHae1oRsS—HGHEHRgG
the lbromide ion—as shown - in Fiagaura MG 1 which aives an -example of 3 chromatoaram- —6f-a
mehroae1ohasS—SRowh—Hh—+—igure~s+—WHHehR—gh/esah—exampie—otra—-cRromatogam—9p+—a

Aftdr every tenth sample rup-and at the end of each sample set, analyse a continuing calibration
verification (CCV) standard:-The percent recovery for-bromine halogen shall be between 90 %
and| 110 %. If the percent recovery for-bromine F, Cl and Br in the CCV standard falls outgide
of t;is range, the CGV\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 succegsful
CCY standard shall be re-analysed with a new calibration. A suitable separation for each of|the
halifle ipnsis shown in Figure H.1 which gives an example of a chromatogram of a standard
soldtign 4 mg/l) by IC.

8.7 Interference

Substances that co-elute with the anions of interest—will-interfere 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-/BIS 10304-1:20062007, Annex B.

9 Calculation
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Corcentration of halogen contained in the samples (peak area or peak height of halides
(flugride, chloride and bromide) ion) is calculated from the following fotmula:

F, Cland Br (mg/kg) = [(4 = Y) x V] / (S& M x Dy) (1)
or

F, Cland Br (mg/kg) = [(4d = 1) x V ]/ (Sx VxD,) (2)
whdre
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 ftest

specimen having the dilutiondmedium added thereto, in g/g;

D, | is the dilution factor of:the'volume method, mass of the sample specimen/volume off 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 .fRe* standard curve with area or height of the anion standard component
(y axis)@nd concentration of the standard sample (x axis, in mg/l);

Vv is thexvolume 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 ot 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 (I11S 4A) and (lIS 3-2) results in
more than 5 % of cases. See Table 4, Table 5 and Table 6.
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See Annex D for supporting data.
Table 4 — Fluorine results of international inter-laboratory study (1IS 4A)
Mean fluorine value (mg/l): 575
r (mg/l): 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 IIS 3-2)

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

r (mgll): 18,97 137,49

Sedq Annex E "Results of international inter-laboratepywstudy (I11S4A and 1IS 3-2)" for supporting
datg.

11 [Quality assurance and control

11.1 General

Thel|following parameters in Table\7 are taken for quality control:

Table 7 —(Acceptance criteria of items for quality control

Concentration of mg/kg

Parameters g Acceptance criteria
in test sample
Callibration curve R?2>>0,995
Initlal calibration/Verification (ICV) e.g. 1 mg/l for F, CI, Br Recovery: 90 % to 110 %
Continuing-calibration verification
e.g. 1 mg/l for F, CI, Br Recovery: 90 % to 110 %

(CQV)
Method-blank MB

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-4 Initial calibration verification (ICV) is performed whenever a calibration curve is established, using a
standard from a source different from the calibration standard.
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k which does not contain halogen can be used as a method blank sample.

Lild be analysed by means of either using certified reference material (GRM) or spiked

Fating conditions

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

s simplest form, a limit of detection (LOD).or method detection limit (MDL) is typiq
Cribed as the lowest amount or concentration™of analyte in a test sample that can be reli
rentiated from zero for a given measureniént system.

fument detection Iimits represent-an,instrument’s ability to differentiate low concentrat
hnalytes from "zero" in a blank™ or standard solution, and are commonly used
ufacturers to demonstrate the'measurement capability of a system-(e-g—atemic-abserp
trometer). Whilst instrument-detection limits are useful, they are often considerably lo
a limit of detection representing a complete analytical method measurement process.

by |

hplete analytical method detection limits are most appropriately determined experimen
berforming replicate, independent measurements on low-level or fortified sample matr
. plastic) carried out through the entire test procedure, including sample digestior

method blank should be analysed at least once for each batch of samples tested, A method

laboratory control sample (LCS) and laboratory control sample duplicate[(LCSD) per batch

Wwith

ecific concentration of halides in the blank matrix. The percent recovery for halogen ghall
between 80 % and 120 %. If the percent recovery for F, Cl and’BY in the LCS and LSD
dard falls outside of this range, the LCS and LCSD standard(should be re-analysed within
12 T If the recovery is still out of range after re-analysis of the ,LCS and LCSD standard,

the

ysis is stopped and maintenance shall be performed onltheé system to return it to optimal

ally
hbly

ons

by
tion
wer

ction. A mlnlmum of six replicates and analyte concentratlons of 3 to 5 times the estima

the number of repllcates and the Ievel of confldence (e g.t= 3 36 for six repllcates for 99 %
confidence). See Table 8.

All analyses used to calculate an MDL should be consecutive.


https://iecnorm.com/api/?name=624b540cc794e3961c1394a804e2347f

IEC

62321-3-2:2020 RLV © IEC 2020 -21-

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

Student’s z-statistic
(99 % confidence)

3,36
3,14
3,00
2,90

Number of samples

© |0 |N| O

The
is t
spe
acc
exp

12

Info

-
o

2,82

ypically described as the lowest concentration that can be reliably detepmined w
cified or acceptable limits of precision during routine laboratory operating.conditions.
bptable precision limit is often defined as 10 % relative standard~deviation or sin
ressed as a fixed multiple (2 to 10) of the method detection limit.

Test report

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

he sample;

he International Standard used (including its yearof publication);
he method used (if the standard includes several);

he resuli(s), including a reference to Clause 9;

hny deviations from the procedure;

bny unusual features observed;

he date of the test.

limit of quantification (LOQ) or estimated quantitation limit for a given measurement sys]tem

thin
The
nply
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Annex A
(informative)

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

General

ex 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

chrg
tharn

The
Insd
stef

A.2

The
Hal

matography. This method is applicable to solid, pasty and liquid samples containing more
0,025 g/kg of-bremine halogen contents.

limit of detection depends on the element, matrix and determination technique used.
luble-bremine-present halogens in the original sample or produced during.the combusition
-is are not completely determined by this method.

Principle

sample is oxidized by oxygen bomb combustion in &’ closed system under presspre.
bgenated (fluorine, chlorine, bromine and iodine)-centairihig compounds are convertef to

bretnide halides which are absorbed and/or dissolved in anyabsorption solution. In general, [this

met
the
diffi

A.3

All
Par

a)
b)

c)

d)

hod is applicable for concentrations over 0,025 g/Kg depending on the element, matrix jand
determination technique. It may be used for agueous samples or samples that burn Wwith
culty, which involves the use of a burning aid,

Reagents and materials

feagents shall be at least of analytical grade and suitable for their specific purposes.
icularly, they shall-be-free-of bromine not contain halogen above MDL values.
Water, complying with grade™1 as defined in ISO 3696.

Hydrogen peroxide, H,O5,"a mass fraction of 30 %.

Hydrazine, a massgftaction of 35 % in H,O, (N,H,), (hydrazine is only required for iogline
festing).

WARNING =\Hydrazine is an inorganic compound with the chemical formula N,H, (flso
vritten HNNH,). It is a colourless flammable liquid with an ammonia-like odour. Therefpre,
he operator shall wear goggles and gloves and shall work under a fume hood when handling
his feagent. Hydrazine is highly toxic and dangerously unstable unless handled in solufion.

Absorption solution — for the determination of-—bremine halogen, the nature Jand

concentration of which may depend on the end-determination technique and on the
expected-centent concentrations of-bremine 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-may can interfere with early eluting halogens—{fluoride;
chleride-and-bremide) 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).
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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, ofithe liquid.
ts inner surface may be made of stainless steel or any other material that will(hot' be affe¢ted
by combustion gases. Materials used for the bomb assembly, such as the-head gasket jand
vire insulation, shall be heat and chemical action resistant and shall lnot undergo [any
reaction that will affect the results. Bombs with pitted surfaces should never be used
pecause of their tendency to retain-bremine halogen. After repeated use of the bomb, a|film
may build up on the inner surface. This dullness should be remoyed by periodically polishing
he bomb according to the manufacturer’s instructions.
NOTE 1 The internal surface of some calorimetric bombs-may can{have a ceramic coating and/or plat/num
puckets sample cups, which have better resistance to corrosion.

b) BSample cup, platinum or stainless steel or quartz.

c) Firing wire, platinum or stainless steel.

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

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

f) sual laboratory equipment such aschomogenization devices (e.g. mixers, stirrers, grinders,
mills), analytical balance (accurate at least to 0,1 mg;-ete:).

g) [Bafety precautions.

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

Follpw 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 Combdstion of 1 g of hydrocarbons such as lubricating oil produces about 40 kJ (the calorific powefs 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
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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-may 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
pm. In this case, the ratio of aluminium oxide to sample-should-be is incorporated into the calculation of-the-bremine
halogen contents and burning aids-sheuld-be are added if necessary.

A.6 Procedure

A.6.1 General

Befpre each series of determinations, a blank and quality check-have-to shall be carried put.
The| blank test is performed by quantifying the blank solution (Clause 5 g)) which is\prepared
by fpllowing exactly the same procedure described above (Clause 5 h)) but withpubthe actual
sam|ple.

Altegrnately running samples that are high and low in-bremine halogen content-should is t¢ be
avo|ded 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 canry over from samplg-to-
sample has been observed. When a sample high in-bremine haloger’ content-has preceded a
san]ple low in concentration, the test on the second sample-shotfld is to be repeated and jone
or hoth of the low values thus obtained-should shall be considered suspect if they do noff 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-fas similar expected concentratipns.
Wth the composition or homogeneity of the sample<ds unknown, it is better to carry out|the
analysis in duplicate or triplicate and report the meah.result from all determinations.

In the case of significant carry over it is recommended to collect the exhaustien gases of|the
sample and the following method blank-samgle in one absorption liquid. After that, determine
the |[degree of contamination (carry over) '‘and take measures to reduce the concentration for
clegning.

A.6]2 Choice of the absorption,solution

Thelcombustion gases can be collected inside and/or outside the bomb in an absorption solution.
Watfer is generally used when low concentrations of-bremine halogen are expected (usually,
lesq than 10 g/kg). It is recommended to add 0,5 ml of hydrogen peroxide solution (Clause|A.3
b)) fo the absorption selution.

The| pH control of\tfié absorption solution is very important to control for the analysis of iodjine.
Thefefore, it isyrecommended that the absorption solution is prepared at a concentration of 90
mg/kg of H4O»*and then hydrazine solution is added to adjust the pH to approximately 10. (Add

a mpss fraction of 35 % hydrazine solution in water to reach a pH of 10 as measured with 4 pH
meterorpH 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.
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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 neung ah nhen:—phnn onlnhnn |no|rln +hn I—\Cnlnb nrlrl 1('\ ml nF +h|o nhonrphnn c\r\ll +|on

(Clguse A.3 d)) with or without the hydrogen peroxide (Clause A.3 b)) wetting the sides.of| the
bomb (Clause A.4 a)).

The| sample cup-sheuld 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

necgessary to-add-less-than10-mlof the-absorption-seolution adapt the amount of the absorption

or tfap the combustion gases in an external absorption flask (see Clause‘A)3 e)).

A.6)4 Combustion
Deg

Ad
method

d d
nto-the sample cun (A h))
Atothe-Sampte-6 <

Fal la_(to-the nearest 0 42ma)i
method;-weigh-0; le;{to-the-nearest-0;+-mg)i
Degending on halogen content and the calorific vdlue in the sample (obtained| by
detgrminization method), 0,05 g to 1 g of the sample is weighed (to the nearest 0,1 mg) into| the
sanjple cup (Clause A.4 b). Samples that burn with difficulty (e.g. mineral samples or samples
withl 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%)). To avoid-swirling stirring up of the sample
whgn filling the bomb with oxygen, powdery samples may be covered with inert material (e.qg.
aluminium oxide (Clause A.3 g)) or soaked with burning aid (Clause A.3 f)), depending-eftheir

: on halogen content. Depending “en the type of bomb, the total sample mass plus
enhpgn
rup

cer-should shall not exceed 1 g toi1,5 g to avoid dangerous high pressure and posgibly
uring the bomb.

Thel combined energy from sample and-enhancer burning aids (Clause A.3 f)) is-ret important
to recover-bremine 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-wil-be 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
direqtly in the ligdid‘'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
avo|d blowing the sample from the cup) to a pressure below the safety pressure specified by
the manufacturer Connect the termmals to the open eIectncaI CII’CUIt Close the CIrCUIt to ignite
the i ' F

A.6.5 Collection of-the bremine halides

When relatively high levels of-bremine 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-bremine halogen are expected, it is highly recommended to measure a blank
value between the samples.
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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).

SonLe oxygen bombs are connected to a demineralized water supply, which enables autenlatic
rinsjng of the bomb interior before opening. In this case, the rinsing water is pushed)by’ wleak
ovefpressure out of the bomb and combined with the absorption solution. Transfercthe solution
into] a volumetric flask. Dilute to the mark with water (Clause A.3 a)) or absorption solution
(Clguse A.3 c¢)). The choice of the final volume depends on the concentration)of-the-brermine
halggen as well as on the final method used for analysis.

A.6]6 Cleaning procedure

H-neecessary; 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.7l lon chromatographic analysis

See 8.2 to 8.6.

A.8 Calculation

Calgulate the-bremine halogen contentin g/kg of waste using Formula (A.1):

X=(Cx7V)/1000xm (A1)
whdre
X is the element (fluorine, chlorine, bromine and iodine) content in the test sample in grams
per kilogram/(gtkg);
C is the congentration expressed in milligram per litre (mg/l) of this fluorine, chloifine,

bromine.and iodine content in the absorption solution;
vV is thexfinal volume of the absorption solution, expressed in millilitres (ml);
i5'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):

X4 =X %100/ Wy, (A.2)

where

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

Electrode terminal

Oxygen .\-l. -“.

inlet/outlet

Bomb

AN )

7%

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

General

Annex B specifies a combustion method for screening of halogen (fluorine, chlorine, bromine

and
flas

usir|g-gifferent-analytical-techniques ion chromatography.

iodine) contents in materials by combustion in a closed system containing oxygen (oxygen
K combustion (Schoeniger flask)), and the subsequent analysis of the combustion\progluct

The method is applicable to solid, pasty and liquid samples containing more than 0,25 g/kg of

de
pro

—

B.2

halogen. The limit of detection depends on the elemeht, matrix [and
rmination technique used. Insoluble-bremine—present halogen in theoriginal sampl¢ or
uced during the combustion step are not completely determined byrthis method.

Principle

Thel sample is oxidized by combustion in a closed system (heavy walled glass flask —
Schioeniger apparatus — filled with oxygen). Halogen (fldorine, chlorine, bromine and iodjne)

con
abs

be ysed for determining-the-bremine halogen congentrations in the absorption solution.

aining compounds are converted to fluorides, bromides, chlorides and iodides which|are
brbed and/or dissolved in an absorption solutionsSeveralmetheds lon chromatography may

ltuges When using a smaller amount of sample-and-therefore-needs, more attention has t¢ be
paid on homogenization. In general, it is applicable-forconcenirationsover250-mgtkg to solid,

pas
and

B.3] Reagents and materials

Thel|following reagents and materials apply:

a)
b)

B.4 Apparatus

Thel| following apparatus shall be used:

a)

b)

y and liquid samples containing mare* than 0,25 g/kg of halogen, depending on the matrix
determination technique.

filter paper wrappers, e.g. 3 cm x 3 cm with a 3,5 cm x 1 cm extension (see Figure B.2);

pll other reagents and control mixtures are mentioned in Clause A.3.

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-may 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
must shall wear safety goggles and gloves.

Platinum gauze sample carrier sealed into another standard taper ground glass stopper
(see Figure B.1).


https://iecnorm.com/api/?name=624b540cc794e3961c1394a804e2347f

IEC

62321-3-2:2020 RLV © IEC 2020 - 29 —

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.

d)safety precautions.

B.5

B.5.

Sampling

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

sanj

B.5

Foldg
Figu
con
plag
the

twe

Plaq

B.5

Pla

cap
cap
sanm

B.6

B.6

Bef
Veri
blar
follg
Run
avo

ple shall not contain more than 10 mg to 20 mg of-bremine halogen.

2 Solid and paste-like samples

the filter paper (Clause B.3 a)) used for wrapping the sample to form a bdat'as show
re B.2. Wait several minutes before weighing to allow the filter paper tp, equilibrate to

n in
the

Hitions of humidity of the room and record the tare weight to 0,1 mg. Using a small spafula,

e the estimated amount of sample on the tared paper and reweigh,to 9,1 mg. Then, u
spatula, fold the filter paper as shown in Figure B.2. Squeeze the)packed filter with cl
bzers.

e the sample in the platinum sample carrier (Clause B.4_b))-

3 Liquid samples
ing small-size drops on the paper, introduce the‘estimated amount of sample into a ta
sule (Clause A.3 i) containing a small piece of folded filter paper. Immediately reweigh

sule to 0,1 mg. Wrap the capsule in the filteropaper (Clause B.3 a)) as in the case of s
ples and insert in the platinum sample carrier (Clause B.4 b)).

Procedure

1 General

5ing
ean

red
the
olid

bre each series of determinations, a method blank and quality check (i.e. initial calibrajtion

fication and continuing calibration verification, refer to Table 7) shall be carried out.
k test is performed.\by quantifying the blank solution (Clause 5 g)) which is prepareq
wing exactly the(same procedure described above (Clause 5 h)) without the actual sam
ning samples that are alternately high and low in-bremine halogen content-sheuld is tq
ded whenever possible as it is difficult to rinse the last traces of ions from the inte|

surfaces of the apparatus and a tendency for residual elements to carry over from a sampl

the

pred
be 1

next sample has been observed. When a sample high in—bromine halogen content-
teded precedes a sample low in concentration, the test on the second sample-should s
epeated and one or both of the low values thus obtained should be considered suspe

The

e to

hall
ct if

they

do not fall within the limits of rnnnafahlhh/ of this-method.-lt is mnnri nrgr‘hr‘n toins

rt a

method blank between each sample, unless the series of samples belng 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.

See

2 Choice of the absorption solution

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.-Stopper Seal the flask with-theregular a standard stopper.

While-ebservingsafetyprecautions; 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.

NOT]

As
carr
is c
abs
pips§
stoq
coo
wat
dep

B.7

See

F  Systems with electrical remote ignition are also applicable.

bmplete, allow the inverted flask to cool for 1 min, and then vigorously shake\jit'for 3 mi
brb the combustion products. Allow to stand for 5 min in the normal jposition. Care
tte 10 ml of the absorption solution (Clause 5 k)) into the neck-well.of ithe flask. Lift
for 15 min. Transfer the contents of the flask into a volumetric flask, dilute to the mark
ends on the expected concentration of the solution and on théend-method of analysis.

lon chromatographic analysis, calculation, quality assurance and contr
and test report

Clauses A.7, A.8 and A.9.

Fire

Combustion flask
(or equivalents)

-.\\Q.;;-._}..{f///
W
W

Platinum gauze sample carrier

Alkaline solution as absorbent
IEC

Figure B.1 — Example of oxygen flask combustion device

Ehown in Figure B.1, the flask shall be held so that the open part of the platinuntsample
ier faces upward so that the sample cannot fall out during combustion. After the\combustion

n to
ully
the

per slightly to allow the liquid to be sucked into the flask. Then let the stoppered flask ggntly

with

br (Clause A.3 a)) or absorption solution (Clause 5 k)). Theschoice of the final voliime

i

Sample

IEC

Figure B.2 — Example of wrapping of sample
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Annex C
(informative)

Example of a combustion device and IC system

Sample boat

Injection Pyrohydrolytic combustion tube
valve
Electric furnace

Sample injection port
TolIC
—() B A .

—L V=

Sample introduction system

tube

Absorption lOutIet furnacel Inlet furnace |
AT(O
(0]

5 Water supply device
IEC

Sample

Figure C.1 — Example of a combustion device connected to an ion chromatograph (|[C)

Eluent

—

Separation

IC pump ': Precolumn —

column ™ Suppressor —» CD detector —# Waste

'

Recorder

Figure C.2 — Example\of ion chromatographic system

IEC
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Annex D
(informative)

Screening for iodine in polymers and electronics
by combustion-ion chromatography (C-IC)

General

Annex D specifies a combustion method for the screening of iodine in polymers and electronics

by gombustion-ion chromatography. A

D.2| Principle Q(I/Q

Q}/

Gerlerally, the iodine analysis method in polymers and electronics is the sa ‘Qs’that described
in the normative section of this document. However, in the case of iodinesrecovery is ensyred
only when alkaline pH conditions (8 to 10) in the absorbent solution arejused. Therefore, in|this

D.3] Reagents and materials

informative annex, iodine analysis is carried out specifically using tr}%’pnnciple.

&
Q/
\

WARNING — All recognized health and safety precautioné@hall be in effect when carrying|out
the |operations specified in this document. Failure eed the directions contained in [this
dochment, or those of the manufacturer of the devi used, may result in injury or equipnpent
damage. A
>
Usg only reagents of recognized analytical grade. Weigh the reagents with an accuracy of 1 %
of the nominal mass, unless stated other . All reagents used shall not contain observable
amqunt of halides.
.\QJ
a) [Water, complying with grade 16$defined in ISO 3696.
b) Hydrogen peroxide, a mass\ir:a\stion of 30 %, (H50,).
Q)
N
WARNING — Hydrogen per e is very caustic, thus the operator shall wear goggles and glqves
and| shall work under a.fume hood when handling this reagent. As this method uses a [gas
(oxygen) at a high lﬁ@%rature and under high pressure, precautions shall be taken by|the
opefator. C)
c) Hydrazin@éss fraction of 35 % in Hy0, (NyHy).
WARNIN Q|ydrazine is an inorganic compound with the chemical formula N,H, (also written
HoNN It is a colourless flammable liquid with an ammonia-like odour. Therefore, |the

opekatdr shall wear goggles and gloves and shall work under a fume hood when handlinglthis
reagent. Hydrazine is highly toxic and dangerously unstable unless handled in solution.

d)
e)

g)

h)

Quartz wool, fine grade or other suitable medium.

Argon, carrier gas minimum of 99,9 % purity.

NOTE 1 Purification scrubbers such as moisture (molecular sieve) and hydrocarbon trap filters (activated
charcoal or equivalent) can be used to ensure the removal of contamination.

Oxygen, combustion gas of minimum of 99,6 % purity.

Burning aids, tungsten oxide (WQO3) or iron oxide (Fe30,), etc. Minimum particle size of
burning aids shall be less than 50 um. WO4 and Fe3;0, purity of more than 90 % is required.

And also, before using burning aids, it is necessary to check if the halogens contained or
not are below the MDL level by using a method blank.

Blank solution, fill a volumetric flask (e.g. 100 ml flask) with water (Clause D.3 a)).
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i)

k)

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, for example 5 to 10 calibration solutions distributed as evenly as possible over
the expected working range.

NOTE 2 The solution is either prepared from a primary standard or calibrated.
Eluents

Eluents are used as a solvent in separating materials in elution. The choice of eluent
Hepends on the chosen column and detector (seek advice from column supplier). Ellient
breparation is carried out as specified in ISO 10304-1:2007, 5.10. Q}/

1) Sodium hydrogen carbonate, NaHCOj.

- S
P) Sodium carbonate, Na,COj. Q
3) Sodium hydroxide, NaOH. fl,
1) Potassium hydroxide, KOH. :b
nternal standard (IS) solution (optional) (bq/

An internal standard can be used to correct analytical errors. @q/

he internal standard used in the absorption solution sh%Shot contain any of the sample
components, and should be selected based on the condition of column and mobile phase
e.g. phosphate, citric acid, oxalic acid, methane sulf acid).

Absorption solution, used for trapping halogen | of H,O, (Clause D.3 b)), is poyred

nto a 1 000 ml volumetric flask and water is Qd d to the scale and mixed. This solution
contains 900 mg/kg of H,O, depending on te@g target samples. Especially, the pH control

pf the absorption solution is very importa s{b analyse iodine. Therefore, it is recommen|ded
that the absorption solution is prepar a concentration of 90 mg/kg of H,O, and then

hydrazine solution is added to adjustithe pH to approximately 10. (Add a mass fractiop of
35 % hydrazine solution in water&@each a pH of 10 with a pH meter or pH paper.)

Very careful use of H,O, is _rgquired when handling especially high concentrationg of

luorine-containing sample hen analysing samples containing a high concentratiop of
luorine, use a minimueﬁgﬁount of hydrogen peroxide to diminish IC peak identificaftion
ssues.

n the case of iodi ven though it is a member of the same elemental family as F, Cljand
Br, it is more lik I@o be oxidized to the neutral form (l,) because of its lower electron affinity.

iquid (water) is neutral, but when the sample is burned, the combusted ggses
gens are captured by the absorbing liquid and the resulting solution becomes
additional materials are added to the water used to capture the reledsed
“However, hydrogen iodide in the presence of water will decompose to form
eleniental iodine (l,) which cannot be detected by IC and shall be reduced back to ioglide

o, hydrazine (Clause D.3.c), which is a good reducing agent for iodine and is flso
weaKly alkaline, 1S an excellent choice for a reageni added 10 ithe absorbing solution.
Reference materials — A reference material can be used to ensure recovery rates of the
halogen fall within 90 % to 110 %. A certified reference material is the best choice for that
purpose. If a certified reference material is not available, a reference material can be
prepared by mixing certain amounts of the iodine compounds, diluting with cellulose or
aluminium oxides to obtain a suitable concentration, and then pulverizing the mixture to
homogenize.

containin
hcidic if

D.4 Apparatus

The following apparatuses shall be used.

a) Balance — analytical, with sensitivity to 0,000 1 g (0,1 mg).

b) Scissors.
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c) Combustion system — in general, it 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. The auto sampler may be used as long as the
accuracy and performance of the method are not degraded.

2) Sample boat — the boat is generally made of quartz, nickel, ceramics, platinum or
stainless steel.

3) Sample introduction system — the system provides a sampling port for the 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 allnwing the quantitative dplivpry of the material to he analyepd into the

pyrohydrolytic oxidation zone at a controlled and repeatable rate. A

1) Electric furnace — it can be heated from 900 °C to 1 000 °C and have th rtg or
ceramic tube installed inside of the device and connected to the equipment@r injedting
the sample. Therefore, it is designed so that the combustion gas of the@‘ample can be
discharged without loss. )

5) Pyrohydrolytic combustion tube — the pyrohydrolytic combustion t Q'rs made of unrtz
and constructed such that when the sample is combusted in theis ence of humidified

oxygen, the by-products of combustion are swept into the idified pyrohydrolytic
combustion zone. The inlet end shall allow for the wise introduction [and
advancement of a sample boat into the heated zone and @qéll have a side arm for|the
introduction of the humidified carrier gas and oxyge .Cl'ﬁe pyrohydrolytic combustion
tube shall be of ample volume, and have a heated zo ith quartz wool or other sui’}ble
medium providing sufficient surface area so that thﬁomplete pyrohydrolytic combusftion
of the sample is ensured. If the sample contair(i logen of high concentration, a frap
column should be installed between the abs&)@ n tube and the combustion tube.

f delivering grade 1 water (Clause D.3 a))

B) Water supply device — this device is capa%
ate sufficient to provide a pyrohydrojytic

to the combustion tube at a controll
environment. %)

7) Absorption tube — a size of glass gfé\capable of maintaining about one-half of theaiftal

volume by putting 10 ml to 20, f the absorption solution. This has the configuraltion
that the discharge gas pipe the heating furnace is submerged in the absorption
solution to absorb the djsgharged gas. Further, it has the configuration that|the
absorption solution of th% n chromatograph can be injected through the connegting
device. For preventin @ tamination from other samples, the absorption tube should be
washed after sampléﬁalysis.

d) Jon chromatographit.system — in general, it consists of the following components (see
Figure C.2): O

D.5 Samp@’

Sannplin&?a | be carried out as described in IEC 62321-2. It should be done randomly and|the
coll ac@ egments should represent the entire sample.
A

a) Solid sample

The sample shall be cut into small pieces (approximately less than 3 mm x 3 mm) using
scissors (Clause D.4 b)).

b) Liquid sample
For sampling of liquid sample, sampling should be performed after rinsing the inside of the
pipette a few times with the sample liquid.

D.6 Procedure

D.6.1 Combustion

General combustion procedures by using an electric furnace are described in [IEC 60754-3:2018,
Clause 7 (Test procedure).


https://iecnorm.com/api/?name=624b540cc794e3961c1394a804e2347f

IEC 62321-3-2:2020 RLV © IEC 2020 - 35—

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 normally 10 mg to 100 mg of samples are weighed with a precision of 0,1 mg and
loaded into the sample boat. If samples are difficult to combust (e.g. flux, solder paste), a
burning aid (e.g. WO3) has to be used. Generally, a 5 to 1 ratio of burning aids to sample is

sufficient. If any burning aid is being used, apply approximately 100 mg of it in a thin layer
over the surface of the sample boat, evenly spread the weighed sample on it, and then
cover the sample with approximately 300 mg of the burning aid.

b) Itis then 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
;IC bUIIIIUub“UII i'ullldbC AII U)\dlllpiU Ulr bUIIIIUubi.iUII bUIIUIi'liUIIb ib UIUbeiIUUUI ill TdUI If
fthe combustion boat shows evidence of soot generation or unburned sample partlcl'sg the
combustion shall be judged to be insufficient and the procedure shall be rep . [The
contaminated area shall be cleaned thoroughly before repeating the procedureQ

c) Mpon completion of combustion operations, wash the tubing at the ustion [gas
discharge outlet, and pour all washing solutions into the absorbing bottlg.}/ measuring.
e

d) For the blank test, perform a similar operation without inserting the s or a blank bpat,
and use this absorption solution obtained as the blank solution NFollow the procequre
described in D.5.3. 0y

NOTE If the combustion furnace and IC are connected and operated al.é(atically, the absorption solption
hbsorbing the combustibles can be injected into the IC. Q/

Thelgeneral rules on ion chromatographic analysis a&t out in ISO 10304-1 shall be folloWed:

D.6j2 IC analysis

a) [Betup the IC according to the instrument mal\cgcturer’s instructions or laboratory standard
pperation procedure (SOP). Typical operat@ onditions for IC are shown in Table H.1

b) Run the eluent and wait for a stable ba @he

c) Perform the calibration as desc\% in D.6.5. Measure the samples, calibration

Clause D.6.5)) and at least two b@ solutions as described in D.6.5.

Opsgrating conditions should be s @cted and stabilized according to the device manufacturer's
instfuctions or to the standardeberatlon procedure (SOP).

&
D.6|3 Blank test

A bllank test is perfor %by quantifying and with at least two blank solutions which are prepgred
by fpllowing exactl@m same procedure described in Clause 5 h) but without the actual samlple.
A blank solutio lause D.3 h)) which does not contain halides (lower than MDL, or nornjally
0,1 mg/l) canQ& sed as a method blank sample.

D.6{4 Cﬁaaning and recalibration

Cle& Q/ the

apparatus and check for leaks. Run a check standard to determlne |f the mstrument needs to
be recalibrated.

D.6.5 Calibration

A calibration curve shall be developed for quantitative analysis. The calibration curve is
prepared by using a standard solution of iodide.

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 iodine
concentrations for the measurement.
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For example, iodine calibration standards 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 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 D.3 i)).

b) Inject the calibration standard solutions (Clause D.3 i)) directly to the IC.

c) ldentify the peaks for particular anions by comparing the retention times with those of the
calibration standard solutions (Clause D.3 i)). Deviation of retention times shall not exceed
+5 % 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 heigrQ. For
example, proceed as follows for the range of 0,5 mg/l to 8,0 mg/I. Q},

D.7l Measurement of the sample Q(I/Q

Aftdr development of the calibration curve, the laboratory reagent blank and fﬂz‘sample soluftion
are |measured. If the sample concentration is above the range of the corf&}:ntration curve,|the
soldtion shall be diluted with water (Clause D.3 a)) to the range o calibration curve, if
pospible to the middle range, and measured again. Measurement(py€cision is checked ith
standard calibration solutions at regular intervals (such as once ate) 10 samples). If necessary,
a cglibration curve is developed again. Q/C)

Thel obtained chromatogram should exhibit the same sep&on for each of the halide ion$ as
shon in Figure H.1 which gives an example of a chroQat gram of a standard solution (4 mg/l)
by IC. Additional IIS results (Difference in recovery{?@of iodine according to adsorbents (H,0,,
Hydrazine)) are shown in Table G.4. \\
QO

D.8| Interference \‘(\@

N

Substances that co-elute with the an%gé of interest are filled in the specific laboratory librjary.
An g@nion of high concentration cap~interfere with other constituents if their retention times|are
cloge enough to affect the r. tion of their peaks. Additional information on chedked
infefences is specified in ISC;\\ 04-1:2007, Annex B.

D.9| Calculation @

Corcentration o igaine contained in the samples (peak area or peak height iodide ior]) is
calqulated fro e following formula:

Q% I (mg/kg) = [(4 = Y) x V] /(S x M x Dg) (b.1)
N
or
I (mg/kg) = [(4 = Y) x Vo] 1 (S*x V' xD,) (D.2)
where
A is the peak area or peak height of the iodide 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;

D, 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;
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%]

is the mass of the sample injected into the sample boat, in g;
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);

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;

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, pS/cm x min) and concentration of the standard sample (x axis, in mg/%
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Annex E
(informative)

Results of international interlaboratory study-#4A(HS-4A)
(1S 4A and IIS 3-2)

Table E.1 — Mean results and recovery rates for-toetal bromine obtained
in the IIS4A study using C-IC

Total Number
Salnple Sample C‘;':I'S:d I!::f‘?t Standard | Recovery lfeacnogvee?f number of dafta
number | description of Br of Br deviation rate? rate y of data setg
sets® tsed
mg/kg mg/kg mg/kg % %
KRISS CRM
113-01-015
[IS$#A-04 (acrylonitrile 890 896 47,2 101 90 to 111 10 9
butadiene
styrene)
ERM CRM
lIS§A-07 680k 96 95 6.9 99 84 to 112 10 10
(poly
ethylene)
a8 |Recovery rate is defined as the ratio of the actually measure@d/concentration of analyte to the expected dne,
and multiplied by 100. In other words, it illustrates inaccurdey of the results.
b |Each data set typically represents three replicate analyses'of the sample.

Table E.2 — Statistical-total bromine data for IIS 4A results using C-IC

Sample Parameter m v N s(r) r s(R) R
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

[1S4A-04 Br 896,2 890 25 12,14 34,00 49,10 13749
[1S4A-07 Br 94,8 96 27 2,14 6,01 6,78 18,97

Key

m = arithmetic mean of'test results

v = expected value

N = numberof accepted results

s(r) | = repeatability standard deviation

~
!

repeatability limit

ol TRETE " ol orparalal. o
S(R) = TCPTUUULTUTITY Stdiiuaru ucviatiutl

=
1

= reproducibility limit
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Table E.3 — Mean results and recovery rates for fluorine obtained
in the 1IS 3-2 study using C-IC

Estimated Mean Range of Total Number
Sample Sample Standard | Recovery 9 number of data
P value result P recovery
number description deviation rate? of data sets
of F of F rate b
sets used
mg/kg mg/kg mg/kg % %
11S3- Custom made
B02 sample 575 535,2 82,5 93 76 to 121 18 18
\pu:yualbullatc)
@ | Recovery rate is defined as the ratio of the actually measured concentration of analyte to the expected ope,
and multiplied by 100. In other words, it illustrates inaccuracy of the results.
b | Each data set typically represents three replicate analyses of the sample.
Table E.4 — Statistical fluorine data for IIS 3-2 resultsusing C-IC
$ample Parameter m y N s(r) r s(R) R
mg/kg mg/kg mgrKg mg/kg mg/kg mg/kg
1S3-B02 F 535,2 575 18 14,5 40,62 87,67 245,48
Key
m = arithmetic mean of test results
v = expected value
N = number of accepted results
s(r)] = repeatability standard deviation
r = repeatability limit
s(R = reproducibility standard deviatigh
R = reproducibility limit
Table E.55Mean results and recovery rates for chlorine obtained
in the IIS 3-2 study using C-IC
e Total Numbegr
Sgmple Sample Certified | Mean | o\ 4ard | Recovery | Range of | nper | of dafa
PP value result e recovery
nymber description deviation rate? of data sets
of CI of CI rate b
sets used
mg/kg mg/kg mg/kg % %
ERM®-
Yl EC680k® 102,2 | 1035 8,68 101 92 to 116 18 18
(polyethylene)

Each data set typically represents three replicate analyses of the sample.

2 Recovery rate is defined as the ratio of the actually measured concentration of analyte to the expected one,
and multiplied by 100. In other words, it illustrates inaccuracy of the results.

¢ ERM® (European Reference Materials) is a registered trademark of the European Commission.
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Table E.6 — Statistical for chlorine data for IIS 3-2 results using C-IC

Sample Parameter m v N s(r) r s(R) R
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

[1S3-A01 Cl 103,5 102,2 18 3,4 9,43 9,16 25,64

Key

m = arithmetic mean of test results

v = expecied value

N = number of accepted results

s(r)] = repeatability standard deviation

r = repeatability limit

s(R = reproducibility standard deviation

R = reproducibility limit
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Annex F
(informative)

Additional results of TG 3-2 test

Table F.1 — Mean results and recovery rates for-total bromine obtained

in the TG 3-2 internal test study by using C-IC

Sample Sample Certified Mean Standard Recovery | Range of
number description value result deviation rate 2 recovery

Total
number

Number
of data

(2 -14 Of BT rate

mg/kg mg/kg mg/kg % %

OT ddld
sets P

o

Tq

KRISS CRM

113-01-013
(acrylonitrile
butadiene
styrene)

3-2-01 124,4 120 8,0 97 80 to104

10

10

TQ

KRISS CRM

113-01-015
(acrylonitrile
butadiene
styrene)

3-2-02 890 872 55,3 98 89 to 107

10

10

Tq

EMC

3-2-03 | (epoxy 195 178 13,0 91 82 to 99
moulding

compound)

TQ

EMC

3-2-04 | (epoxy 976 902 82,4 92 79 to 102
moulding

compound)

Recovery rate is defined as the ratio of the“actually measured concentration of analyte to the expected o

and multiplied by 100. In other words,_it'illustrates inaccuracy of the results.

Each data set typically represents three replicate analyses of the sample.
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Table F.2 — Mean results and recovery rates for-total bromine obtained
in the TG 3-2 internal test study by using oxygen bomb-IC

Sample Sample Certified Mean Standard | Recovery | Range of Total Number
number description value result deviation rate 2 recovery | number of data
of Br of Br rate of data sets
sets b used

mg/kg mg/kg mg/kg % %

KRISS CRM

113-01-013
TG 3-2-01 | (acrylonitrile 1244 113 10,7 91 80 to107 8 8

Jor et dbamral
outaarene

styrene)

KRISS CRM

113-01-015
TG 3-2-02 | (acrylonitrile 890 788 73,8 89 81 to 101 10 8
butadiene
styrene)

EMC

TG 3-2-03 (epoxy 195 146 18,7 75 58,1085 8 8
moulding

compound)

EMC

TG 3-2-04 (epoxy 976 736 60,9 75 64 to 83 8 8
moulding

compound)

Recovery rate is defined as the ratio of the actually measured concentration of analyte to the expected one,
and multiplied by 100. In other words, it illustrates inaccurdcy, of the results.

Each data set typically represents three replicate analysés of the sample.
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Annex G
(informative)

Additional validation data

Table G.1 — General conditions for the combustion furnace and the absorption solution

Parameters Conditions
Temperature of combustion furnace 900 °C to-4+166 1 000 °C
Flow rate of oxygen 200 mIfmin
Flow rate of argon 200 ml/min
Flow rate of water 0,01 ml/min to 0,04 ml/min
Amount of absorption solution 10 ml to 20 ml

Table G.2 — Additional information — Difference in sample sizes and
measured bromine values in solder paste with burning aid) (WO; powder)

Amount of sample IC results of bromine
mg mg/kg
7,9 1670
18,3 1672
36,1 1794
55,6 1788
72,8 1824
93,5 1833

Table G.3 — Additional information — Difference in combustion temperatures
and measured bromine values in solder paste with burning aid
(WO3 powder)

Combustion temperature Amount of sample IC results of bromine

Inlet((°C)/Outlet (°C) mg mg/kg
500 / 500 38,5 880

600 / 600 36,9 1461

700 /700 40,3 1573

800 / 800 36,8 1708

900 / 900 38,0 1728

1000/ 1000 37,9 1760

1-000/4-100 36:4 1794
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Table G.4 — Additional information — Difference in recovery rate

of iodine according to adsorbents (H,0,, hydrazine)

Mean Expected Standard Relative Recover Total
Sample Adsorbent result value of Range deviati standard y number of
. R, eviation R rate
of iodine iodine deviation data sets
mg/kg mg/kg mg/kg mg/kg % mg/kg
11S3-C03
H,0, 1263 1775 951 255,2 20,2 71,2 12
(Nylon 66)
11S3-D04
H,0, 2 416 3 320 3079 1100,3 45,5 72,8 12
(Nylon §6)
11S3-CO
Hydrazine 1462 1775 178 34,00 3,8 82,4 12
(Nylon §6)
11S3-D04
Hydrazine 3 505 3 320 801 6,01 6,9 105,6 12
(Nylon §6)
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Conductivity (uS/cm)

Annex H
(informative)

Additional IC data

hin
IEC

Detection

Conductivity (with suppressor)

A
30
2P Fluoride Chloride
20 A
1P
10
Bromide
] lodide
| L I
P ‘l T T Y Y Y Y T Y Y Y Y T Y
0 5 10 15 20 25
Y
Figure H.1 — Example of a chromatogram of the standard solution
(4 mg/kgl of each standard) by IC
Table H.1 — Typical operating conditions for IC
Parameters Conditions
Analytical column Anion exchange column (4 mm x 250 mm)
Eluent 1,8 mmol/I Na2003/ 1,7 mmol/l NaHCO3
Flow rate 1,0 ml/min
Injection volume 100 pl
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Table H.2 — Example of fluorine calibration solutions for IC

+ 05 0129 0,722
2 40 0;296 1640
3 20 0,608 3347
4 40 4283 6-300
5 8.0 2,646 13,164
C_once_ntration of Peak area of calibration f’eak_height of
calibration standard . calibration standand
No. solutions (F) standard solutions (F) solutions (F)
mg/I pS x min uS
1 0,5 0,658 6,91
2 1,0 1,264 11,65
3 2,0 2,438 18,41
4 4,0 4,762 27,48
5 8.0 9,294 39,60

Table H.3 — Example of chlorine calibration solutions for IC

Concentration of
calibration standard

Peak‘area of calibration
standard solutions (Cl)

Peak height of
calibration standard

No. solutions (Cl) solutions (Cl)
mg/| US x min uS
1 0,5 0,373 4,36
2 40 0,753 8,73
3 2,0 1,485 17,09
4 4,0 3,007 34,21
5 8.0 6,112 66,48

Table H.4 — Example of bromine calibration solutions for IC

Concentration of

calibration-standard

Peak area of calibration

Peak height of

calibration-standard

standard solutions (Br)

No. solutions (Br) solutions (Br)
mg/I pS x min uS
1 0,5 0,157 1,53
2 1,0 0,322 3,09
3 2,0 0,653 6,05
4 4.0 1,306 11,30
5 8.0 2,663 20,03
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9)

Intefnational~Standard |IEC 62321-3-2 has been prepared by IEC technical committee
Environtnental standardization for electrical and electronic products and systems.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

DETERMINATION OF CERTAIN SUBSTANCES
IN ELECTROTECHNICAL PRODUCTS -

Part 3-2: Screening — Fluorine, chlorine and bromine in polymers and

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internat
-operation on all questions concerning standardization in the electrical and electronic/ields. To this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rep

sing
onal

and
orts,

ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC) Publication(s)”). Their

reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
ay participate in this preparatory work. International, governmental and non-goyernmental organizations lia

with
sing

ith the IEC also participate in this preparation. IEC collaborates closely with'the’International Organizatiop for
tandardization (ISO) in accordance with conditions determined by agreement,between the two organizatiops.

he formal decisions or agreements of IEC on technical matters express,as nearly as possible, an internat
consensus of opinion on the relevant subjects since each technical{committee has representation fror
interested IEC National Committees.

IEC Publications have the form of recommendations for intermational use and are accepted by IEC Nat
Gommittees in that sense. While all reasonable efforts are¢made to ensure that the technical content of
Hublications is accurate, IEC cannot be held responsibfe for the way in which they are used or for|
misinterpretation by any end user.

Ih order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in theirnational and regional publications. Any divergence bet
gny IEC Publication and the corresponding nationalhor regional publication shall be clearly indicated in the I3

IEC itself does not provide any attestation of\conformity. Independent certification bodies provide confo
jzsessment services and, in some areas, @ccess to IEC marks of conformity. IEC is not responsible foi
rvices carried out by independent certification bodies.

Il users should ensure that they have the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any natureswhatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publica

ttention is drawn tosthe. Normative references cited in this publication. Use of the referenced publicatio
dispensable for the cerrect application of this publication.

= > O 0O J =Z o

Attention is drawnito the possibility that some of the elements of this IEC Publication may be the subject of p
rlghts. IEC shall*not be held responsible for identifying any or all such patent rights.

onal
h all

onal
IEC
any

ions
een
tter.

mity
any

o liability shall attach to IEC orcits directors, employees, servants or agents including individual experts| and

e or
and
ions.

hs is

htent

11:

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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The text of this International Standard is based on the following documents:

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 ligt of all parts in the IEC 62321 series, published under the general title Determinatiop 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
stahility 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 feconfirmed,
e Withdrawn,
e feplaced by a revised edition, or

e amended.



https://iecnorm.com/api/?name=624b540cc794e3961c1394a804e2347f

IEC 62321-3-2:2020 © IEC 2020 -7-

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 adaptatio
regulations affecting wastes, substances and energy use of electrotechnical products.

n of

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
proposed regional legislation.

and

eledtrotechnical industry to determine the levels of certain substances in electrotechn

Th?ipurpose of the IEC 62321 series is therefore to provide test methods that will allow
ucts on a consistent global basis.

pro

the
ical

Thelfirst edition of IEC 62321-3-2 (2013) was published to address screening for.total bromjine.

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

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

WARNING - Persons using this document should be familiar with normal laboratory pract
Thig document does not purport to address all of the _safety problems, if any, associated

its dse. It is the responsibility of the user to establish appropriate safety and health pract
and|to ensure compliance with any national regutatory conditions.

ntify
tive

Fion

ice.
with
ces
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DETERMINATION OF CERTAIN SUBSTANCES
IN ELECTROTECHNICAL PRODUCTS -

020

Part 3-2: Screening — Fluorine, chlorine and bromine in polymers and

electronics by combustion-ion chromatography (C-IC)

1 Seepe
Thig part of IEC 62321 specifies the screening analysis of fluorine, chlorine and breming in
polymers and electronics using combustion-ion chromatography (C-1C). A C-1C\screening
analysis procedure for iodine can be found in Annex D.
Thig test method has been evaluated for ABS (acrylonitrile butadiene styrene), EMC (egoxy
moylding 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 Tlable E.6, and in Annex F (Table F.1 and Table F.2).
The| use of this method for other types of materials or cohcentration ranges outside those
spegified below has not been evaluated.

Table 1 — Tested concentration ranges for fluorine by C-IC in PC
Substance/element Fluorine
Polymer Unit of PC
Concentration or measure
corfcentration range tested ma/kg 575

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

Substance/element Chlorine

Polymer Unit of PE

Co

corlcentration range, tested

measure

centration or mg/kg 102,2

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

concentration range tested

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

This horizontal standard is primarily intended for use by technical committees in the preparation

of s

tandards 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, chromatogrdphy
of ipns — Part 1: Determination of bromide, chloride, fluoride, nitrate, nitrite, phosphate land
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/
accuracy
clogeness of agreement betweeh a test result and an accepted reference value

Notel 1 to entry: The term ‘accuracy, when applied to a set of test results, involves a combination of ranjdom
components and a commen, systematic error or bias component.

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

3.12
pregcision
clogeness’ 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 %
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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
valye 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
scrfening
analytical procedure to determine the presence or absence of substances in the representgtive
parf or section of a product, relative to the value or values chosen.as the criterion for presence,
absgnce or further testing

Notel 1 to entry: If the screening method produces values that are not«conclusive, then additional analysis or ¢ther
folloyv up actions may be necessary to make a final presence/absence(dgecision

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

3.18
tes{ sample
san|ple prepared from the laboratory and from which test portions will be taken

[SOURCE: ISO 6206:1979, 3.2.13]

3.19

tes{ portion
quaptity 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 620611979, 3.2.14]

3.2 Abbreviated terms

ABS§ acrylonitrile butadiene styrene
ccC 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


https://iecnorm.com/api/?name=624b540cc794e3961c1394a804e2347f

IEC 62321-3-2:2020 © IEC 2020 -11 -

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 contrglled
rate] into a high-temperature combustion tube. There the sample is compustéd in an oxygen-
rich|pyrohydrolytic environment. The gaseous by-products of the combusted’sample are trapjped
in an absorption medium where the hydrogen halide (HF, HCI,_HBr) formed during|the
conlbustion dissociates into its specific anion (F-, Cl-, and Br-) and-cation (H30*). An aliqugt of
known volume of the absorbing solution is then manually or automatically injected into anfion
chrgmatograph (IC) by means of a sample injection valve. The halide anions, including fluorfide,
chigride and bromide are separated into individual elution bands on the separation columh of
the IC. The conductivity of the eluent is reduced with an afion suppression device prior to|the
ion [chromatograph’s conductivity detector, where the anions of interest are measufed.
Qugntification 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 ien“chromatographic detection is referred tq as
conbustion-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.

Us€| 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) tp k)
may be considered representative examples for the preparation of eluents (Clause 5 i))| All

a)

ater, complying with grade 1 as defined in ISO 3696.

reaI;nts used shall not contain an amount of halides above the limit of detection (LOD).

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)
d)

Quartz wool, fine grade or other suitable medium.
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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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.
Blank solution, fill a volumetric flask (e.g. 100 ml flask) with water (Clause 5 a)).
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

+ao ol | P
CAMTULCU WUITRIITY TAalryc.

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

Fluents

manufacturer or column supplier). Eluent preparation is carried out-as specifieg
SO 10304-1:2007, 5.10.

1) Sodium hydrogen carbonate, NaHCOj.

P) Sodium carbonate, Na,COj.

3) Sodium hydroxide, NaOH.

1) Potassium hydroxide, KOH.

nternal standard (IS) solution (optional)

An internal standard can be used to correct analyti¢al errors.

should be prepared by selecting a middle range of concentration in the calibration ¢
range when preparing the calibrationssolution. (e.g. 1 mg/l).

D00 mg/kg of HyO,.

shall be used.

and then pulverizing the mixture to homogenize.

Apparatus

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

a)
b)
c)

Balance — analytical, with sensitivity to 0,000 1 g (0,1 mg).
Scissors or shears.

Combustion system — in general, consists of the following components (see Figure C.1):

he choice of eluent depends on the chosen column and detector (seek @dVice from IC

in

The internal standard used in the absorptionssolution shall not contain any of the sample
components, and is to be selected based on:the condition of column and mobile phase (e.g.
bhosphate, citric acid, oxalic acid, methane sulfonic acid). The internal standard sollltion

rve

Absorption solution, used for trapping halogen — 3 ml of H,O, (Clause 5 b)), is poured finto
g 1 000 ml volumetric flask, brdught to volume with water and mixed. This solution contains

Very careful use of H,O5 is required when handling especially high concentrationg of

luorine-containing samples. When analysing samples containing a high concentration of
luorine, a minimumyamount of hydrogen peroxide to diminish IC peak identification isques

| aboratory-control sample (LCS) — Reference materials can be used to ensure recoyery

rates ofthe halogen fall within 90 % to 110 %. A certified reference material is the bestjone
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 bromijne)
campounds, diluting with cellulose or aluminium oxides to obtain a suitable concentrat]ion,

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.
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7

Sa

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
pyrohydrolytic oxidation zone at a controlled and repeatable rate.

the

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 qu
and constructed such that when the sample is combusted in the presence of humidi

artz
fied

OXygen, the by-producis of combustion are swept into the humidiiied pyrohydro
combustion zone. The inlet end shall allow for the stepwise introduction
advancement of a sample boat into the heated zone and shall have a side atm-for|

tube shall be of ample volume, and have a heated zone with quartz wool orother suit
medium providing sufficient surface area so that the complete pyrohydrolytic combus

of the sample is ensured. If the sample contains halogen at high conhcentration (

shall be installed between the absorption tube and the combustjon tube.

B) Water supply device — capable of delivering grade 1cwater (Clause 5 a)) to
combustion tube at a controlled rate sufficient to provide a pyrohydrolytic environme

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

1) eluent reservoir;
P) 1C pump;

3) sample injection system — incorporating a sample loop of appropriate volume (e.qg.
ml) or auto sampler devige,;

introduction of the humidified carrier gas and oxygen. The pyrohydrolytic combusEion

on chromatographic system — Consistingzof the following components (see Figure C.2]):

ytic
and
the

ble
ion

e.g.

samples containing more than one percent concentration of halogen), a trap coliimn

the
nt.

tion
gas
the
aph
ySis

02

1) precolumn or guard eolumn;
b) separation column;
B) suppressor;
7) conductivity.detector (CD);
8) recording-device — e.g. computer, integrator.
Sampling
L o TN + ol 4+ 2l HN ol O 00094 0O 1+ | Lol o ol 2l l 2l
Ty oiairt oo LailTitu UULl do UTOUTTUTU TIT TEEU UZo42 T4 TU STTUUTU DT UUTIC Tarnuultity diriu

collected segments should represent the entire sample.

a)

b)

Solid sample

the

The sample shall be cut into small pieces (approximately less than 3 mm x 3 mm) using

scissors or shears (Clause 6 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
ppproximately % of the total burning aid mass. Detailed analysis conditions are described
n 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 conditionsrare describgd in
Table G.1. If the combustion boat shows evidence of soot generation orjuniburned sample
particles, the combustion shall be judged to be insufficient and therprocedure shal| be
repeated. The contaminated area shall be cleaned thoroughlynbefore 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 @re detected. Any halides detecteq can
be summed. Alternatively, the analysis can be repeated with a fresh sample altering the conditions (e.g. refluce
bample 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 bjoat,
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 solption
hdsorbing 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) et up the IC according'to the instrument manufacturer’s instructions or laboratory standqard
pperation procedure(SOP). Suitable operating conditions for IC are shown in Table G.{|;
b) Run the eluent,and wait for a stable baseline;

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

Opsgratingseonditions shall be selected and stabilized according to the device manufacturgr or
to tTe 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/I'sfock
soldtion for each halide in a 1 000 ml volumetric flask with a pipette and filled with water\(Clquse
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) [dentify the peaks for particular anions by comparing the retentiontimes with those of|the
calibration standard solutions (Clause 5 h)). Deviation of retentijon times shall not exceed
5 % within a batch.

d) At least five calibration solutions shall be prepared in equidistant concentration stéeps.
Quantification is made on the basis of the measurement<f ,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

Aftdr development of the calibration curve, theymethod blank and the sample solution|are
megsured. If the sample concentration is abaye the range of the calibration curve, the solution
shal|l be diluted with water (Clause 5 a)) toxthe range of the calibration curve, if possible, to|the
midfle range, and measured again. Afterrevery tenth sample run and at the end of each sample
set,| analyse a continuing calibration.verification (CCV) standard. The percent recovery| for
halggen shall be between 90 % and 10 %. If the percent recovery for F, Cl and Br in the ¢CV
standard falls outside of this range;-the CCV standard should be re-analysed within 12 h. If the
recgvery is still out of range aftérre-analysis of the CCV standard, the analysis is stopped jand
maiptenance shall be performed on the system to return it to optimal operating conditions| All
samples loaded before the [ast successful CCV standard may be reported, but all samples 3gfter
the |last successful CCW standard shall be re-analysed with a new calibration. A suitable
seppration for each (ofi 'the halide ions is shown in Figure H.1 which gives an example of a
chrgmatogram of a.standard solution (4 mg/l) by IC.

8.7 Interference

Sublstances that co-elute with the anions of interest are filled in the laboratory library anf/or
database. An anion of high concentration can interfere with other constituents if their retenftion

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;
D 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;

D, s 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 @nion standard componer
axis, uS/cm x min) and concentration of the standard sample (x axis, in mg/l).

(y

10 |Precision

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

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

Mean fluorine value_(mg/): 575

r (mgll): 40,62

Table 5% Chlorine results of international inter-laboratory study (lIS 4A)

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

7~(mg/l): 9,43

Table 6 — Bromine results of international inter-laboratory study (IIS4A and IIS 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.


https://iecnorm.com/api/?name=624b540cc794e3961c1394a804e2347f

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 R4 > 0,995
Initlal calibration verification (ICV) e.g. 1 mg/l for F, CI, Br Recovery: 90 % to 110,%
Continuing calibration verification
e.g. 1 mg/l for F, CI, Br Recovery: 90(%to 110 %

(CQV)
Method blank < MDL

Middle of calibration range solution

Labhoratory control sample (LCS) or reference material

Recovery: 80 % to 120 %

LaQoratory control sample Middle of calibration range solution

i f terial Relative deviation < 20 %
duglicate (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.

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

Ong laboratory control sample (LCS) and laboratory control sample duplicate (LCSD) per batch
sholld 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 ghall
be between 80 % and 120 %. If the-percent recovery for F, Cl and Br in the LCS and LESD
standard falls outside of this range,)the LCS and LCSD standard should be re-analysed within
12 T 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
opefating conditions

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

In ifs simplest form, a limit of detection (LOD) or method detection limit (MDL) is typiqally
destribed as the'lowest amount or concentration of analyte in a test sample that can be reliably
diffgrentiated from zero for a given measurement system.

Instfufrent detection limits represent an instrument’s ability to differentiate low concentrations

Of bnAalutac fram "oarA" 1n A KWlanle Ar octanAdard ocAliitinn and Aarn ~cammAanhy rioad b
bralytes—from—zero" r—a—blanrk—or—standard—solution,—and—are—commoniy—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 ¢ value chosen for
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020

the number of replicates and the level of confidence (e.g. ¢ = 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 = ¢ % s,_4)

Student’s #-statistic

Number of samples (99 % confidence)

The
is t
spe
acc
exp

12

Info

3,36
3,14
3,00
2,90
2,82

© || N| O

-
o

ypically described as the lowest concentration that can be- reliably determined w
cified or acceptable limits of precision during routine laboratory operating conditions.
bptable precision limit is often defined as 10 % relative standard deviation or sin
ressed as a fixed multiple (2 to 10) of the method deteégtion limit.

Test report

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

he sample;

he International Standard used (including its year of publication);
he method used (if the standard includes several);

he resuli(s), including a reference to Clause 9;

hny deviations from thesprocedure;

bny unusual features_observed;

he date of the test)

limit of quantification (LOQ) or estimated quantitation limit for a.given measurement sys]tem

thin
The
nply
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Annex A
(informative)

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

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

chrg
tharn

The
Insd
comn

A.2

The
Hal
are
for
tech
invg

A.3

All
Par

a)
b)

c)

d)

matography. This method is applicable to solid, pasty and liquid samples containing 1
0,025 g/kg of halogen contents.

limit of detection depends on the element, matrix and determination technique u
luble halogens in the original sample or produced during the combustion step are
pletely determined by this method.

Principle

sample is oxidized by oxygen bomb combustion in & closed system under press
pbgenated (fluorine, chlorine, bromine and iodine) compaounds are converted to halides w
absorbed and/or dissolved in an absorption solution.{n general, this method is applic
concentrations over 0,025 g/kg depending on theiélement, matrix and the determin
nique. It may be used for aqueous samples or\samples that burn with difficulty, w
Ives the use of a burning aid.

Reagents and materials

feagents shall be at least of analytical grade and suitable for their specific purpo
icularly, they shall not contain halogen above MDL values.

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

Hydrogen peroxide, H,O5,"a mass fraction of 30 %.

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

WARNING —"Hydrazine is an inorganic compound with the chemical formula NoH, (
vritten H;NNH,). It is a colourless flammable liquid with an ammonia-like odour. Theref
he operator shall wear goggles and gloves and shall work under a fume hood when hand

Absorption solution — for the determination of halogen, the nature and concentratio

ion
ore

sed.
not

ure.
hich
ble
ion
hich

BES.

line

hlso
pre,
ling

his feagent. Hydrazine is highly toxic and dangerously unstable unless handled in solufion.

h of

which may depend on the end-determination technique and on the expected concentrat
of halogen. For example:

— water (a); or

ons

— 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 NaHCO,

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 b

chromatography.

and

y ion

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).
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Burning aids (e.g. paraffin).

020

g) Aluminium oxide, Al,O3 — neutral, particle size is less than 200 ym, pre-heated to 600 °C.

h)
i)

A.4

Reference materials — ensure recovery rates fall between 90 % to 110 %.

Gelatine or aceto-butyrate capsules.

Apparatus

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

purging system

b)
c)
d)

g)
The

Foll
boni

NOT]
benZ

A.5

The

ts inner surface may be made of stainless steel or any other material that will not b@.affe
by combustion gases. Materials used for the bomb assembly, such as the head gasket
vire insulation, shall be heat and chemical action resistant and shall not_ undergo

because of their tendency to retain halogen. After repeated use of the bomb, a film
build up on the inner surface. This dullness should be removed by periadically polishing
bomb according to the manufacturer’s instructions.

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

Sample cup, platinum or stainless steel or quartz.
Firing wire, platinum or stainless steel.

gnition circuit, capable of supplying a sufficient cufrent to ignite the sample without mel
the wire.

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

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

Safety precautions.

b and the maximum, allowable calorific value of the test portion.

oic acid and isogctane are about 26 MJ/kg and 48 MJ/kg respectively).
Sampling

test;'sample is prepared according to IEC 62321-2. The solid sample shall be cut into s

pied

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

This bomb shall not leak during testing and shall permit a quantitative recovery of the-liquid.

cted
and
any

feaction that will affect the results. Bombs with pitted surfaces should never be ysed

may
the

mple

ting
the

ers,

bw the manufacturer’s instructions, especially with regard to the oxygen pressure insidel the

FE 2 Combustion of 1g of hydrocarbons such as lubricating oil produces about 40 kJ (the calorific powefs of

mall

es (appmyimatply less than 15 mm x 15 mm x 15 mm) ||Qing scissars 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 “““ v—10 estehua ETEMEeRtS—TO—C V—OVE OT—SaimPT€e “2“6““““““
When a sample high in halogen content preceded a sample low in concentration, the tesf on
the [second sample is to be repeated and one or both of the low values thus obtained) shall be
congidered suspect if they do not fall within the limits of repeatability of this methad. 1t is good
pragtice to insert a blank between each sample, unless the series of samples being analysed
has|similar expected concentrations. When the composition or homogeneity @f-the sample is
unkhown, it is better to carry out the analysis in duplicate or triplicate and reportthe mean result
from all determinations.

In the case of significant carry over it is recommended to collect‘the exhaust gases of|the
san|ple and the following method blank in one absorption liquid. Afterthat, determine the degree
of cpntamination (carry over) and take measures to reduce thestoncentration for cleaning.

A.6]2 Choice of the absorption solution

Thelcombustion gases can be collected inside and/or©utside the bomb in an absorption soltjtion.
Water is generally used when low concentrations ©f 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
absprption solution.

The| pH control of the absorption solutioniis very important to control for the analysis of iodjine.
Therefore, it is recommended that the @bsorption solution is prepared at a concentration of 90
mg/kg of H,0, and then hydrazine solution is added to adjust the pH to approximately 10. (Add

a mpss fraction of 35 % hydraziné.solution in water to reach a pH of 10 as measured with g 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 ismore likely to be oxidized to the neutral form (I,) because of its lower electron affinity. [The

absprbing liquid (water) is neutral, but when the sample is burned, the combusted ggses
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 halogé¢ns.
However, hydregen iodide in the presence of water will decompose to form elemental ioding|(l,)

whi¢h cannot be detected by IC and should be reduced back to iodide (I7). So, hydrazine
(Clgquse“A.3.c), which is a good reducing agent for iodine and is also weakly alkaline, i§ 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)).
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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
sanples 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)), depefiding on
halggen content. Depending on the type of bomb, the total sample mass plus enhancer ghall
not exceed 1 g to 1,5 g to avoid dangerous high pressure and possibly rupturing the bomb

Thelcombined energy from sample and burning aids (Clause A.3 f)) is impoftant to recover|the
halggen from the sample compounds. Hence it may be necessdry to optimize [the
enhpncer/sample amount ratio. Place the sample cup in position and arrange the firing yire
(Clquse A.4 ¢)) so that it is just in contact with the sample but not touching the sample |cup
(Clquse A.4 b)).

NOTE Some operators use a nylon thread or cotton wick and loop it ardund the wire so that its ends imnjerse
direqtly 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
avo|d blowing the sample from the cup) to a pressudre below the safety pressure specified by
the manufacturer. Connect the terminals to the,open electrical circuit. Close the circuit to ighite
the pample. Let the bomb cool to ambient temperature, for example in a water bath.

A.6{5 Collection of halides

When relatively high levels of halogenh (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
fille with 20 ml of the same ,absorption solution (Clause A.3 d)) used in Clause A.3 d) [and
relefpse the pressure at a slew, uniform rate so that only small bubbles are observed in|the
absprption tube.

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

The|volumesofithe absorption solution depends on the type and volume of the absorption flask.
In ofher cases, this collection of combustion gases in the absorption flask is not necessary fand
it is|possible to release the pressure quickly. Open the bomb and examine the content: if trdces
of spety/deposits are found, discard the determination and repeat again with burning aid ang/or
with-a smatter 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 ¢)). 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

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

X=(Cx7V)/1000xm (A1)
whegre
X is the element (fluorine, chlorine, bromine and iodine) contentinthe 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 (9).

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 calculafion.

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

whdre

Xy is the element(fluorine, chlorine, bromine and iodine) content calculated on dry matter
in grams peér kilogram (g/kg);
Wqd  is the dryematter 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 jn a
mags\fraction of per cent. Fluorine, chlorine and bromine content is usually determined on an
undried sample but i1s 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
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20 2

2

Absorbing solution Firing wire ~ Sample cup
IEE

Figure A.1 — Example of oxygen bomb ¢ombustion 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

General

ex B specifies a combustion method for screening of halogen (fluorine, chlorine, bromine

and
flas
usin

The
halg
use
conj

B.2

The
Sch
con
abs

detg¢rmining halogen concentrations in the absorption solution.

gen

halggen, depending on the matrix and determination technique.

B.3] Reagents and materials

Thel|following reagents and materials apply:

b)

B.4 Apparatus

The|following apparatus shall be used:

Whtn using a smaller amount of sample, mote attention has to be paid on homogenization. In

iodine) contents in materials by combustion in a closed system containing oxygen (oxygen
K combustion (Schoeniger flask)), and the subsequent analysis of the combustion\proguct
g ion chromatography.

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

Principle

sample is oxidized by combustion in a closed system (heavy walled glass flagk —
oeniger apparatus — filled with oxygen). Halogen (fldorine, chlorine, bromine and iodjne)
aining compounds are converted to fluorides, bromides, chlorides and iodides which|are
brbed and/or dissolved in an absorption solution/ lon chromatography may be used for

ral, it is applicable to solid, pasty and>liquid samples containing more than 0,25 g/kg of

filter paper wrappers,*e.g. 3 cm x 3 cm with a 3,5 cm x 1 cm extension (see Figure B.2);

all other reagents-and control mixtures are mentioned in Clause A.3.

b)

ombustiomftask{seeFigure B-H);chemicatty resistant-heavy=-watted; 566 mtto—t+0660 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.

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

B.5.

Sampling

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

Foldg
Figu
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plag
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B.5
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cap
cap
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B.6

B.6

Bef
veri
blarn
folld
Run
pos
and
obs
test
sho
Itis
beir

2 Solid and paste-like samples

the filter paper (Clause B.3 a)) used for wrapping the sample to form a boat@s show
re B.2. Wait several minutes before weighing to allow the filter paper to equilibrate to

e the estimated amount of sample on the tared paper and reweigh to 0,1,mg. Then, u
spatula, fold the filter paper as shown in Figure B.2. Squeeze the packed filter with cl
bzers.

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

3 Liquid samples

ing small-size drops on the paper, introduce the eStimated amount of sample into a ta
sule (Clause A.3 i) containing a small piece of folded filter paper. Immediately reweigh
sule to 0,1 mg. Wrap the capsule in the filter paper (Clause B.3 a)) as in the case of s
ples and insert in the platinum sample carrier\(Clause B.4 b)).

Procedure

1 General

fication and continuing calibration verification, refer to Table 7) shall be carried out.
k test is performed by\quantifying the blank solution (Clause 5 g)) which is prepareq
wing exactly the same-procedure described above (Clause 5 h)) without the actual sam
ning samples that-are alternately high and low in halogen content is to be avoided when
Sible as it is difficult to rinse the last traces of ions from the internal surfaces of the appar
a tendency for.residual elements to carry over from a sample to the next sample has b
brved. When'a sample high in halogen content precedes a sample low in concentration,
on the §econd sample shall be repeated and one or both of the low values thus obtai

n in
the

Hitions of humidity of the room and record the tare weight to 0,1 mg. Using a;small spafula,

5ing
ean

red
the
olid

bre each series of determindtions, a method blank and quality check (i.e. initial calibration

The

by
ple.
ver
tus
een
the
ned

granalysed has similar expected concentrations. When the composition or homogenei

Lild besconsidered suspect if they do not fall within the limits of repeatability of this metgd.

good.practice to insert a method blank between each sample, unless the series of samples

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 platinunrsample
carrfier faces upward so that the sample cannot fall out during combustion. After the combusl:ion
is complete, allow the inverted flask to cool for 1 min, and then vigorously shake\it'for 3 min to
absprb the combustion products. Allow to stand for 5 min in the normal position. Carefully
pipgtte 10 ml of the absorption solution (Clause 5 k)) into the neck-well.of ithe flask. Lift|the
stopper slightly to allow the liquid to be sucked into the flask. Then let the stoppered flask ggntly
coo| for 15 min. Transfer the contents of the flask into a volumetric flask, dilute to the mark Wwith
water (Clause A.3 a)) or absorption solution (Clause 5 k)). Theschoice of the final voliime
depgends on the expected concentration of the solution and on théend-method of analysis.

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

Sed Clauses A.7, A.8 and A.9.

Fire

Combustion flask
(or equivalents)

-.\\Q.;;-._}..{f///
W
W

Platinum gauze sample carrier

Alkaline solution as absorbent

IEC

Figure B.1 — Example of oxygen flask combustion device

i

Sample

IEC

Figure B.2 — Example of wrapping of sample
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Annex C
(informative)

Example of a combustion device and IC system

Sample boat
Injection / Pyrohydrolytic combustion tube
valve )
Tolc Electric furnace A Sample injection port
@ E B <~
Ly =

Sample introduction system

tube

Absorption lOutIet furnacel Inlet furnace |
AT(O
(0]

5 Water supply device
IEC

Figure C.1 — Example of a combustion device connected to an ion chromatograph (|C)

Sample
Fluent —#{ IC pump Y » Precolumn —» Si;:;‘l'zlur;t:‘]on —{ Suppressor —» CD detector —®{ Waste
Recorder

IEC

Figure C.2 — Example\of ion chromatographic system
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D.1

Annex D
(informative)

Screening for iodine in polymers and electronics
by combustion-ion chromatography (C-IC)

General

Annex D specifies a combustion method for the screening of iodine in polymers and electronics

by gombustion-ion chromatography.

D.2| Principle

Gerlerally, the iodine analysis method in polymers and electronics is the same ‘as’that described
in the normative section of this document. However, in the case of iodine;recovery is ensyred
only when alkaline pH conditions (8 to 10) in the absorbent solution arejused. Therefore, in|this

informative annex, iodine analysis is carried out specifically using this principle.

D.3] Reagents and materials

WA
the
doc

damage.

RNING — All recognized health and safety precautionsyshall be in effect when carrying|out
operations specified in this document. Failure to/heed the directions contained in |this
Liment, or those of the manufacturer of the deviees/used, may result in injury or equipment

Useg only reagents of recognized analytical grade. Weigh the reagents with an accuracy of {1 %

of t

amqunt of halides.

a)
b)

WA
and

he nominal mass, unless stated otherwise. All reagents used shall not contain observable
Water, complying with grade 1 as-defined in ISO 3696.
Hydrogen peroxide, a mass.fraction of 30 %, (H,O,).

RNING — Hydrogen peraxide is very caustic, thus the operator shall wear goggles and glgves
shall work under a.fume hood when handling this reagent. As this method uses a |gas

(oxygen) at a high temperature and under high pressure, precautions shall be taken by|the

operator.

c)

WA

Hydrazinena:mass fraction of 35 % in H,O, (N,yHy).

RNING-="Hydrazine is an inorganic compound with the chemical formula N,H, (also written

HoNNHZ)/ It is a colourless flammable liquid with an ammonia-like odour. Therefore, |the
opetator shall wear goggles and gloves and shall work under a fume hood when handlinglthis
reagent. Hydrazine is highly toxic and dangerously unstable unless handled in solution.

d)
e)

g)

h)

Quartz wool, fine grade or other suitable medium.

Argon, carrier gas minimum of 99,9 % purity.

NOTE 1 Purification scrubbers such as moisture (molecular sieve) and hydrocarbon trap filters (activated
charcoal or equivalent) can be used to ensure the removal of contamination.

Oxygen, combustion gas of minimum of 99,6 % purity.

Burning aids, tungsten oxide (WQO3) or iron oxide (Fe30,), etc. Minimum particle size of
burning aids shall be less than 50 um. WO4 and Fe3;0, purity of more than 90 % is required.

And also, before using burning aids, it is necessary to check if the halogens contained or
not are below the MDL level by using a method blank.

Blank solution, fill a volumetric flask (e.g. 100 ml flask) with water (Clause D.3 a)).
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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, for example 5 to 10 calibration solutions distributed as evenly as possible over
the expected working range.

NOTE 2 The solution is either prepared from a primary standard or calibrated.
Eluents

Eluents are used as a solvent in separating materials in elution. The choice of eluent
Hepends on the chosen column and detector (seek advice from column supplier). Ellient
breparation is carried out as specified in ISO 10304-1:2007, 5.10.

1) Sodium hydrogen carbonate, NaHCOj.

P) Sodium carbonate, Na,COj.

3) Sodium hydroxide, NaOH.

1) Potassium hydroxide, KOH.

nternal standard (IS) solution (optional)

An internal standard can be used to correct analytical errors.

The internal standard used in the absorption solution should/not contain any of the sample
components, and should be selected based on the condition of column and mobile phase
e.g. phosphate, citric acid, oxalic acid, methane sulfaonic acid).

Absorption solution, used for trapping halogen =3 ml of H,0, (Clause D.3 b)), is poyred

nto a 1 000 ml volumetric flask and water is_added to the scale and mixed. This solution
contains 900 mg/kg of H,O, depending on testing target samples. Especially, the pH control

pf the absorption solution is very important to analyse iodine. Therefore, it is recommenjded
that the absorption solution is prepared’at a concentration of 90 mg/kg of H,O, and fhen

hydrazine solution is added to adjustithe pH to approximately 10. (Add a mass fraction of
35 % hydrazine solution in water todreach a pH of 10 with a pH meter or pH paper.)

Very careful use of H,O, is_required when handling especially high concentrationg of

luorine-containing samples..When analysing samples containing a high concentration of
luorine, use a minimum~amount of hydrogen peroxide to diminish IC peak identification
ssues.

n the case of iodinej even though it is a member of the same elemental family as F, Cljand
Br, it is more likely to be oxidized to the neutral form (l,) because of its lower electron affinity.

The absorbing liquid (water) is neutral, but when the sample is burned, the combusted ggses
containing lfalogens are captured by the absorbing liquid and the resulting solution becoines
hcidic if-n0 additional materials are added to the water used to capture the relegsed
nalogens~ However, hydrogen iodide in the presence of water will decompose to form
elemental iodine (l,) which cannot be detected by IC and shall be reduced back to ioglide

Is)¢/So, hydrazine (Clause D.3.c), which is a good reducing agent for iodine and is also
weakly alkaline, 1s an excellent choice for a reageni added to the absorbing solution.
Reference materials — A reference material can be used to ensure recovery rates of the
halogen fall within 90 % to 110 %. A certified reference material is the best choice for that
purpose. If a certified reference material is not available, a reference material can be
prepared by mixing certain amounts of the iodine compounds, diluting with cellulose or
aluminium oxides to obtain a suitable concentration, and then pulverizing the mixture to
homogenize.

D.4 Apparatus

The following apparatuses shall be used.

a) Balance — analytical, with sensitivity to 0,000 1 g (0,1 mg).

b) Scissors.
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c) Combustion system — in general, it 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. The auto sampler may be used as long as the
accuracy and performance of the method are not degraded.

2) Sample boat — the boat is generally made of quartz, nickel, ceramics, platinum or
stainless steel.

3) Sample introduction system — the system provides a sampling port for the 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 allnwing the quantitative dplivpry of the material to be annlyqu into the

pyrohydrolytic oxidation zone at a controlled and repeatable rate.

1) Electric furnace — it can be heated from 900 °C to 1 000 °C and have thedquartz or
ceramic tube installed inside of the device and connected to the equipmentcforinjecting
the sample. Therefore, it is designed so that the combustion gas of the sample can be
discharged without loss.

b) Pyrohydrolytic combustion tube — the pyrohydrolytic combustion tube lis made of qul?rtz
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 pyrohydrojytic
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 zonelwith quartz wool or other sui’}ble
medium providing sufficient surface area so that theeomplete pyrohydrolytic combusition
of the sample is ensured. If the sample contains halogen of high concentration, a trap
column should be installed between the absorption tube and the combustion tube.

B) Water supply device — this device is capable of delivering grade 1 water (Clause D.3 a))
to the combustion tube at a controlled)rate sufficient to provide a pyrohydro|ytic
environment.

volume by putting 10 ml to 20 ml-of the absorption solution. This has the configuration
that the discharge gas pipe.of the heating furnace is submerged in the absorption
solution to absorb the discharged gas. Further, it has the configuration that|the
absorption solution of the ifon chromatograph can be injected through the connecting
device. For preventing-¢ontamination from other samples, the absorption tube should be
washed after sample ahalysis.

7) Absorption tube — a size of glass pipe capable of maintaining about one-half of theﬂ:)tal

d) Jon chromatographic.system — in general, it consists of the following components (see
Figure C.2):

D.5| Sampling

Samplingsshall be carried out as described in IEC 62321-2. It should be done randomly and|the
collected_segments should represent the entire sample.

a) Solidsample

The sample shall be cut into small pieces (approximately less than 3 mm x 3 mm) using
scissors (Clause D.4 b)).

b) Liquid sample
For sampling of liquid sample, sampling should be performed after rinsing the inside of the
pipette a few times with the sample liquid.

D.6 Procedure

D.6.1 Combustion

General combustion procedures by using an electric furnace are described in IEC 60754-3:2018,
Clause 7 (Test procedure).
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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 normally 10 mg to 100 mg of samples are weighed with a precision of 0,1 mg and
loaded into the sample boat. If samples are difficult to combust (e.g. flux, solder paste), a
burning aid (e.g. WO3) has to be used. Generally, a 5 to 1 ratio of burning aids to sample is

sufficient. If any burning aid is being used, apply approximately 100 mg of it in a thin layer
over the surface of the sample boat, evenly spread the weighed sample on it, and then
cover the sample with approximately 300 mg of the burning aid.

b) Itis then 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
;IC bUIIIIUub“UII i'ullldbC. AII U)\dlllpiU Ulr bUIIIIUubi.iUII bUIIUIi.liUIIb ib u'cbui'ucu' iII Tdbic F 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 repedted. [The
contaminated area shall be cleaned thoroughly before repeating the procedure:

c) Mpon completion of combustion operations, wash the tubing at the combustion |gas
discharge outlet, and pour all washing solutions into the absorbing bottle formeasuring.

d) For the blank test, perform a similar operation without inserting the sample or a blank bjoat,
and use this absorption solution obtained as the blank solution \Follow the procedure
described in D.5.3.

NOTE If the combustion furnace and IC are connected and operated automatically, the absorption solption
hbsorbing the combustibles can be injected into the IC.

D.6)2 IC analysis
Thelgeneral rules on ion chromatographic analysis as-s€t out in ISO 10304-1 shall be followed:

a) [Setup the IC according to the instrument manufacturer’s instructions or laboratory standard
pperation procedure (SOP). Typical operating-conditions for IC are shown in Table H.1

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

c) Perform the calibration as described in D.6.5. Measure the samples, calibrat
Clause D.6.5)) and at least two blank solutions as described in D.6.5.

on

Opsgrating conditions should be selected and stabilized according to the device manufacturer's
instfuctions or to the standard operation procedure (SOP).

D.6|3 Blank test

A blank test is performed by quantifying and with at least two blank solutions which are prepared
by fpllowing exactly the same procedure described in Clause 5 h) but without the actual samlple.
A blank solution (Clause D.3 h)) which does not contain halides (lower than MDL, or normally
0,1 mg/l) can<be-used as a method blank sample.

D.6{4 Cleaning and recalibration

be recalibrated.

D.6.5 Calibration

A calibration curve shall be developed for quantitative analysis. The calibration curve is
prepared by using a standard solution of iodide.

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 iodine
concentrations for the measurement.
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For example, iodine calibration standards 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 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 D.3 i)).

b) Inject the calibration standard solutions (Clause D.3 i)) directly to the IC.

c) ldentify the peaks for particular anions by comparing the retention times with those of the
calibration standard solutions (Clause D.3 i)). Deviation of retention times shall not exceed
+5 % 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.|For
example, proceed as follows for the range of 0,5 mg/l to 8,0 mg/I.

D.7| Measurement of the sample

Aftdr development of the calibration curve, the laboratory reagent blank and the'sample solution
are |measured. If the sample concentration is above the range of the concentration curve,|the
soldtion shall be diluted with water (Clause D.3 a)) to the range of-the calibration curve, if
posgible to the middle range, and measured again. Measurement/precision is checked with
standard calibration solutions at regular intervals (such as once every’10 samples). If necessary,
a cglibration curve is developed again.

The| obtained chromatogram should exhibit the same separation for each of the halide ions as
shown in Figure H.1 which gives an example of a chromatogram of a standard solution (4 mg/l)

by IC. Additional IIS results (Difference in recovery rate/of iodine according to adsorbents (H,O,,
Hydrazine)) are shown in Table G.4.

D.8| Interference

Substances that co-elute with the anions of interest are filled in the specific laboratory librjary.
An anion of high concentration can-interfere with other constituents if their retention times|are
cloge enough to affect the resolution of their peaks. Additional information on chedked
infefences is specified in ISO. 10304-1:2007, Annex B.

D.9| Calculation

Concentration of, iodine contained in the samples (peak area or peak height iodide ion) is
calqulated fromthe following formula:

I (mg/kg) = [(4 = Y) x V] /(S x M x Dg) (b.1)
or

I (mg/kg) =[(4 = Y) x Vo] 1 (S*x V' xD,) (D.2)
where
A is the peak area or peak height of the iodide 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;

D, 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;
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is the mass of the sample injected into the sample boat, in g;
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);

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;

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, pS/cm x min) and concentration of the standard sample (x axis, in mg/l):
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Annex E
(informative)

Results of international interlaboratory study (IS 4A and IIS 3-2)

Table E.1 — Mean results and recovery rates for bromine obtained
in the IIS4A study using C-IC

Certified Mean Range of Total Number
Sample Sample alun racrlt Standard | Recovery Ay number of data
number | description of Br of Br deviation rate® rate 7 of ua;a sets
sets used
mg/kg mg/kg mg/kg % %
KRISS CRM
113-01-015
[IS4A-04 (acrylonitrile 890 896 47,2 101 90 to 111 10 9
butadiene
styrene)
ERM CRM
1S§A-07 680k 96 95 6,9 99 8446'112 10 10
(poly
ethylene)
28 |Recovery rate is defined as the ratio of the actually measured congentration of analyte to the expected dne,
and multiplied by 100. In other words, it illustrates inaccuracy/0f the results.
b |Each data set typically represents three replicate analysesyofthe sample.

Table E.2 — Statistical brominé/data for IIS 4A results using C-IC

Sample Parameter m v N s(r) r s(R) R
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

11S4A-04 Br 896,2 890 25 12,14 34,00 49,10 13749
11S4A-07 Br 94,8 96 27 2,14 6,01 6,78 18,97

Key

m = arithmetic mean of test results

v = expected valué

N = number oft«accepted results

s(r) | = repeatability standard deviation

r = repeatability limit

s(R) | .£reproducibility standard deviation

R =Teproductbitity timit
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Table E.3 — Mean results and recovery rates for fluorine obtained

in the 1IS 3-2 study using C-IC

IEC 62321-3-2:2020 © |IEC 2020

Estimated Mean Range of Total Number
Sample Sample Standard | Recovery number of data
PN value result P recovery
number description deviation rate? of data sets
of F of F rate b
sets used
mg/kg mg/kg mg/kg % %
11S3- Custom made
B02 sample 575 535,2 82,5 93 76 to 121 18 18
\pu:yualbullatc)
2 | Recovery rate is defined as the ratio of the actually measured concentration of analyte to the expected ope,
and multiplied by 100. In other words, it illustrates inaccuracy of the results.
b | Each data set typically represents three replicate analyses of the sample.
Table E.4 — Statistical fluorine data for IIS 3-2 results'using C-IC
$ample Parameter m v N s(r) r s(R) R
mg/kg mg/kg mgrKg mg/kg mg/kg mg/kg
1S3-B02 F 535,2 575 18 14,5 40,62 87,67 245,48
Key
m = arithmetic mean of test results
v = expected value
N = number of accepted results
s(r)] = repeatability standard deviation
r = repeatability limit
s(R = reproducibility standard deviatieh
R = reproducibility limit
Table E.5='Mean results and recovery rates for chlorine obtained
in the 1IS 3-2 study using C-IC
. Total Numbegr
Sample Sample Certified Mean Standard | Recovery Range of |\ mper of dafa
L value result s recovery
nymber description deviation rate? of data sets|
of Cl of Cl rate b
sets used
mg/kg mg/kg mg/kg % %
ERM®-
'LSO?;‘ EC680k® 102,2 103,5 8,68 101 92 to 116 18 18
(polyethylene)

2 Recovery rate is defined as the ratio of the actually measured concentration of analyte to the expected one,

and multiplied by 100. In other words, it illustrates inaccuracy of the results.

Each data set typically represents three replicate analyses of the sample.

¢ ERM® (European Reference Materials) is a registered trademark of the European Commission.
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Table E.6 — Statistical for chlorine data for 1IS 3-2 results using C-IC

Sample Parameter m v N s(r) r s(R) R
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

11S3-A01 Cl 103,5 102,2 18 3,4 9,43 9,16 25,64

Key

m = arithmetic mean of test results

v = expected value

N = number of accepted results

s(r)] = repeatability standard deviation

r = repeatability limit

s(R = reproducibility standard deviation

R = reproducibility limit
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Annex F
(informative)

Additional results of TG 3-2 test

Table F.1 — Mean results and recovery rates for bromine obtained
in the TG 3-2 internal test study by using C-IC

Sample Sample Certified Mean Standard Recovery | Range of Total Number

number description value result deviation rate 2 recovery | number | of data

or or or or rate OT Uddld 5935
sets P used

mg/kg mg/kg mg/kg % %

KRISS CRM

113-01-013
(acrylonitrile
butadiene
styrene)

TG 3-2-01 124,4 120 8,0 97 80 to104 10 10

KRISS CRM

113-01-015
(acrylonitrile
butadiene
styrene)

TG 3-2-02 890 872 55,3 98 89 to 107 10 10

EMC

TG 3-2-03 | (epoxy 195 178 13,0 91 82 to 99 9 9
moulding

compound)

EMC

TG 3-2-04 | (epoxy 976 902 82,4 92 79 to 102 9 9
moulding
compound)

a Recovery rate is defined as the ratio of the“actually measured concentration of analyte to the expected one,
and multiplied by 100. In other words,_it'illustrates inaccuracy of the results.

b Each data set typically represents three replicate analyses of the sample.
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Table F.2 — Mean results and recovery rates for bromine obtained
in the TG 3-2 internal test study by using oxygen bomb-IC

Sample Sample Certified Mean Standard | Recovery
number description value result deviation rate 2
of Br of Br

mg/kg mg/kg mg/kg %

Range of
recovery
rate

%

Total
number
of data

sets ?

Number
of data
sets
used

KRISS CRM

113-01-013
TG 3-2-01 (acry|on|tr||e 124,4 113 10,7 91

80 to107

Jor et dbamral
outaarene

styrene)

KRISS CRM

113-01-015
TG 3-2-02 (acry|on|tr||e 890 788 73,8 89

butadiene
styrene)

81 to 101

10

EMC

TG 3-2-03 (epoxy 195 146 18,7 75
moulding

compound)

581085

EMC

TG 3-2-04 (epoxy 976 736 60,9 75
moulding

compound)

64 to 83

a8 | Recovery rate is defined as the ratio of the actually measured concentration of analyte to the expected one,

and multiplied by 100. In other words, it illustrates inaccurdcy, of the results.

Each data set typically represents three replicate analysés of the sample.
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Annex G
(informative)

Additional validation data

Table G.1 — General conditions for the combustion furnace and the absorption solution

Parameters Conditions
Temperature of combustion furnace 900 °C to 1 000 °C
Flow rate of oxygen 200 mIfmin
Flow rate of argon 200 ml/min
Flow rate of water 0,01 ml/min to 0,04 ml/min
Amount of absorption solution 10 ml to 20 ml

Table G.2 — Additional information — Difference in sample sizes and
measured bromine values in solder paste with burning aid) (WO; powder)

Amount of sample IC results of bromine
mg mg/kg
7,9 1670
18,3 1672
36,1 1794
55,6 1788
72,8 1824
93,5 1833

Table G.3 — Additional information — Difference in combustion temperatures
and measured bromine values in solder paste with burning aid
(WO3 powder)

Combustion temperature Amount of sample IC results of bromine

Inlet((°C)/Outlet (°C) mg mg/kg
500 / 500 38,5 880

600 / 600 36,9 1461

700 /700 40,3 1573

800 / 800 36,8 1708

900 / 900 38,0 1728

1000/ 1000 37,9 1760
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Table G.4 — Additional information — Difference in recovery rate

of iodine according to adsorbents (H,0,, hydrazine)

Mean Expected Standard Relative Recover Total
Sample Adsorbent result value of Range deviati standard y number of
L L eviation [ rate
of iodine iodine deviation data sets
mg/kg mg/kg mg/kg mg/kg % mg/kg
11S3-C03
H,0, 1263 1775 951 255,2 20,2 71,2 12
(Nylon 66)
11S3-D04
H,0, 2 416 3320 3079 1100,3 45,5 72,8 12
(Nylon 66)
11S3-CO
Hydrazine 1462 1775 178 34,00 3,8 82,4 12
(Nylon 66)
11S3-D04
Hydrazine 3 505 3320 801 6,01 6,9 105,6 12
(Nylon 66)
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Annex H
(informative)

Additional IC data

A
30
2P Fluoride Chloride
20 A
1P
10
Bromide
] lodide
| L I
=P 7r : T e T i o
0 5 10 15 20 25 ]
y min
IEC
Figure H.1 — Example of a chromatogram of the standard solution
(4 mg/l of each standard) by IC
Table H.1 — Typical operating conditions for IC
Parameters Conditions
Analytical column Anion exchange column (4 mm x 250 mm)
Eluent 1,8 mmol/I Na2003/ 1,7 mmol/l NaHCO3
Flow rate 1,0 ml/min
Injection volume 100 pl

Detection

Conductivity (with suppressor)
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Table H.2 — Example of fluorine calibration

solutions for IC

Concentration of . . Peak height of
calibration standard Psetzl:‘:::: g;ltzlat::)bnr:t(lg)n calibration standard
No. solutions (F) solutions (F)
mg/| US x min uS
1 0,5 0,658 6,91
2 1,0 1,264 11,65
3 2,0 2,438 18,41
4 4-0 4762 2748
5 8.0 9,294 39,60

Table H.3 — Example of chlorine calibration solutions for IC

Concentration of . . Peak height.of
calibration standard Zf::dzrlsjasojlszuzrsatg;‘ calibration standard
No. solutions (Cl) solutions (CI)
mg/| US x min uS

1 0,5 0,373 4,36
2 1,0 0,753 8,73
3 2,0 1,485 17,09
4 4,0 3,007 34,21
5 8.0 6,112 66,48

Table H.4 — Example of bromine calibration solutions for IC

Concentration of
calibration standard

Peak area of calibration
standard solutions (Br)

Peak height of
calibration standard

No. solutions (Br) solutions (Br)
mg/| US x min uS
1 0,5 0,157 1,53
2 1,0 0,322 3,09
3 2,0 0,653 6,05
4 4,0 1,306 11,30
5 8.0 2,663 20,03
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

DETERMINATION DE CERTAINES SUBSTANCES
DANS LES PRODUITS ELECTROTECHNIQUES -

Partie 3-2: Détection — Fluor, chlore et brome dans les polymeéres et le

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comp
de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’'lEC- a pour obje
favoriser la coopération internationale pour toutes les questions de normalisation dahs”les domaine
slectricité et de I'électronique. A cet effet, I'|EC — entre autres activités — publie des, Naormes internation
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) e
Guides (ci-aprés dénommés « Publication(s) de I'lEC »). Leur élaboration est confiée a des comités d'éty
dqux travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisa
internationales, gouvernementales et non gouvernementales, en liaison avec\’lEC, participent également
tfavaux. L'IEC collabore étroitement avec I'Organisation Internationale deyNormalisation (ISO), selon
donditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesu
possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intére]
sont représentés dans chaque comité d’études.

es Publications de I'lEC se présentent sous la forme deecemmandations internationales et sont agr
gomme telles par les Comités nationaux de I'lEC. Tous I€s ‘efforts raisonnables sont entrepris afin que
sfassure de I'exactitude du contenu technique de ses publications; 'lEC ne peut pas étre tenue responsab
éventuelle mauvaise utilisation ou interprétation qui en“gst faite par un quelconque utilisateur final.

Dans le but d'encourager I'uniformité internationaley,les Comités nationaux de I'lEC s'engagent, dans tou
esure possible, a appliquer de fagon transparente les Publications de I'l[EC dans leurs publications nation
dt régionales. Toutes divergences entre toutes”Publications de I'lEC et toutes publications nationale
regionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
fournissent des services d'évaluation(de conformité et, dans certains secteurs, accédent aux marque
donformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certific
indépendants.

ous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité neydoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandat3
compris ses experts_patticuliers et les membres de ses comités d'études et des Comités nationaux de |
pour tout préjudice cause en cas de dommages corporels et matériels, ou de tout autre dommage de que
ature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépe
découlant de la_publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de |
du au crédit gui'lui est accordé.

attention( est attirée sur les références normatives citées dans cette publication. L'utilisation de publica
reférencées est obligatoire pour une application correcte de la présente publication.

'attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire I’
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de“droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droills de

bFEVETS et de ne pas avoir signale leur existence.

La Norme internationale IEC 62321-3-2 a été établie par le comité d'études 111 de I'lEC:
Normalisation environnementale pour les produits et les systémes électriques et électroniques.

Cette deuxiéme édition annule et remplace la premiére édition publiée en 2013. Cette édition
constitue une révision technique.
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020

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente.

a) La précédente édition présentait une méthode d’essai de détection pour le brome (Br)
seulement. La présente édition ajoute, dans sa partie normative, une méthode d’essai de
détection par C-CI pour le fluor (F), le chlore (Cl) et le brome (Br).

b) Une méthode d’essai de détection par C-Cl de I'iode a été ajoutée a I’Annexe D (informative).
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EDIS Rapport de vote
111/573/FDIS 111/577/RVD
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uti a I'approbation de cette Norme internationale.

Hocument a été rédigé selon les Directives ISO/IEC, Partie 2

liste de toutes les parties de la série IEC 62321, publi¢es” sous le titre gén
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INTRODUCTION

L'utilisation largement répandue des produits électrotechniques suscite une attention accrue
concernant leur impact sur 'environnement. Dans de nombreux pays dans le monde, ceci a
conduit a adapter les réglementations relatives aux déchets, aux substances et a la
consommation d'énergie des produits électrotechniques.

L’'utilisation de certaines substances (par exemple le plomb (Pb), le cadmium (Cd), les
diphényléthers polybromés (PBDE) et les phtalates) dans les produits électrotechniques est

une

L'ol
mar

déterminer les niveaux de certaines substances dans les produits électrotechniques:

La

brome total.

Le
mét
poly

permettant de quantifier I'iode (1).

Par
sur
I'ox

AVERTISSEMENT - Il convient que les personnes appliquant le présent document aient

source d'inquiétude dans la législation régionale actuelle et en cours de préparation.

jet de la série IEC 62321 est par conséquent de fournir, a une échelle mondiale e
iere cohérente, des méthodes d'essai qui permettront a l'industrie électrotechfiique

bremiére édition de I'IEC 62321-3-2 (2013) a été publiée pour permettre.fa détectiorn

présent document (édition révisée de 'lEC 62321-3-2) décrit dans/la partie normative
hodes d’essai permettant de quantifier le taux d’halogéne (flugr) chlore et brome) dans
meres et les produits électroniques par C-CI. |l décrit dans ygne"Annexe D informative ce

ailleurs, ’Annexe A (informative) et 'Annexe B (informative) fournissent des informat

géne — chromatographie ionique.

de
de

du

les
les
lles

ons

la bombe de combustion & oxygéne — chromatographie ionique et la fiole purgée a

une

bonhe connaissance des pratiques normales.de laboratoire. Le présent document ne prétend

pas
I'uti

d’adsurer la conformité aux conditions réglementaires nationales.

couvrir tous les problemes de sécurité’éventuels associés a son utilisation. Il incomk
isateur de mettre en place les pratiques adéquates de sécurité et de santé, mais a
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DETERMINATION DE CERTAINES SUBSTANCES
DANS LES PRODUITS ELECTROTECHNIQUES -

Partie 3-2: Détection — Fluor, chlore et brome dans les polymeéres et les
produits électroniques par combustion-chromatographie ionique (C-Cl)

1 Pemaine-drapplieation
La présente partie de I'lEC 62321 spécifie une méthode d’analyse par détection du fluor| du
chigre et du brome dans les polymeres et les produits électroniques en appliquant (a technique
de ¢ombustion-chromatographie ionique (C-Cl). Une procédure d’analyse parcdétection ¢-CI
de l[iode est décrite a I'Annexe D.
Cetfe méthode d’essai a été évaluée pour ’ABS (acrylonitrile butadiéne styréne), 'HMC
(composé de moulage époxy), le PE (polyéthyléne) et le PC (polycafbonate) dans les pldges
de roncentration spécifiées dans le Tableau 1, le Tableau 2 et de Tableau 3. Les résultats
détaillés sont présentés du Tableau E.1 au Tableau E.6, et acl"Annexe F (Tableau F.1 et
Tabjeau F.2)
L'ut|lisation de cette méthode pour d'autres types de matériaux ou plages de concentration en
dehprs de celles qui sont spécifiées ci-dessous n'a pasc/été évaluée.
Tableau 1 — Plages de concentration de fluor soumises a I’essai par C-Cl
dans\PC
Substance/élément Fluor
Polymeére PC
Unité de
Concentration ou plage de mesure
corlcentration vérifiée par mg/kg 575
esdai
Tableau 2 - Plages de concentration de chlore soumises a I’essai par C-Cl
dans PE
Substance/élément Chlore
Polymere PE
Unité de
Cofcentrafion ou plage de mesure
cor|centration vérifiée par mg/kg 102,2
esseai

Tableau 3 — Plages de concentration de brome soumises a I’essai par C-Cl
dans différents matériaux

Substance/élément Brome
Polymére ABS EMC PE
Unité de
Concentration ou plage de mesure
concentration vérifiée par mg/kg 124 a 890 195 a 976 96

essai
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Cette norme horizontale est essentiellement destinée a l'usage des comités d'études dans la
préparation des normes, conformément aux principes établis dans le Guide 108 de I'lEC.

Une des responsabilités d'un comité d'études est, partout ou cela est possible, de se servir des
normes horizontales lors de la préparation de ses publications. Le contenu de cette norme
horizontale ne s'appliquera pas, a moins qu'il ne soit spécifiquement désigné ou inclus dans
les publications concernées.

2

Références normatives

Les
exigd

Pour les références non datées, la derniére édition du document de référence s‘appliqu

conm

IEC
Par

ISO

ISO
des
a’ét

ISO

documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,

pris les éventuels amendements).

62321-2, Détermination de certaines substances dans les produits électrotechnique
ie 2: Démontage, désassemblage et préparation mécanique de I’échantillon

3696, Eau pour laboratoire a usage analytique — Spécification-etméthodes d’essai

8466-1, Qualité de I'eau — Etalonnage et évaluation des méthodes d'analyse et estima
caracteres de performance — Partie 1: Evaluation, $tatistique de la fonction liné
nlonnage

10304-1:2007, Qualité de I'eau — Dosage des anjons dissous par chromatographie des

des

ences du présent document. Pour les références datées, seule I'édition citée s’applique.

e (Y

S_

tion

aire

ons

en phase liquide — Partie 1: Dosage du bromure,xchlorure, fluorure, nitrate, nitrite, phosphate

ets

3

3.1

Pour les besoins du présent decument, les termes et définitions suivants s'appliquent.

L'1S
en |

l/Ifate

Termes, définitions et termes abrégés

Termes et définitions

ormalisation, consultables aux adresses suivantes:

EC Electropedia: disponible a I'adresse http://www.electropedia.org/
SO Onlinébrowsing platform: disponible a I'adresse http://www.iso.org/obp

3.1.
exa

étroitesse de I'accord entre le résultat d’essai et la valeur de référence acceptée

1
titude

O et I'lEC tiennent 3§ jour des bases de données terminologiques destinées a étre utiligées

Note

1 a l'article: Le terme « exactitude », appliqué a un ensemble de résultats d'essai, implique une combinaison
de composantes aléatoires et d'une erreur systématique commune ou d'une composante de biais.

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

3.1.2

fidélité

étroitesse d'accord entre des résultats d'essai indépendants obtenus sous des conditions
stipulées

[SO

URCE: ISO 5725-1:1994, 3.12, modifiée — Les notes ont été supprimées.]
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3

répétabilité

fidé
[SO

3.1.

lité sous des conditions de répétabilité
URCE: ISO 5725-1:1994, 3.13]

4

limite de répétabilité

7

020

valeur au-dessous de laquelle est située, avec une probabilité de 95 %, la valeur absolue de la

diff
[SO

3.1
rep
fidé

[SO

3.1.

4 ol 4 [Fy oLl H lok ol T ol 4 L N 4
ITTILT TITUT UTUA TTOSUTIALS U Toodl, UVITTTUS SUUS UTS LUTIUTUUTTS UT TTPUTLAUTIIT

URCE: ISO 5725-1:1994, 3.16]

5
roductibilité
ité sous des conditions de reproductibilité

URCE: ISO 5725-1:1994, 3.17]

6

limite de reproductibilité

R

valdur au-dessous de laquelle est située, avec une probabilité de 95 %, la valeur absolue d
difference entre deux résultats d'essai obtenus sous_de€s conditions de répétabilité

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

3.1

détection

pro{édure analytique utilisée pour déterminer la présence ou lI'absence de substances dan
parfie ou section représentative d'un<produit, eu égard a la (aux) valeur(s) choisie(s) con

critg¢re(s) de présence, d'absence«ou d'essais supplémentaires

Notel 1 a I'article: Si les valeurs® obtenues par la méthode de détection ne sont pas concluantes, une ang
suppllémentaire ou d'autres mesures de suivi peuvent étre nécessaires pour prendre la décision finale quant

prés
[SO
3.1.

éch
éch

bnce/absence de la substance ou du composé.

URCE: IEC 62324-1:2013, 3.1.10]

8
antillon pour essai
Antillon-préparé a partir de I'échantillon du laboratoire et a partir duquel les prises d’'e

sergni’prélevées

e la

s la
me

lyse
ala

5sai

[SOURCE: ISO 6206:1979, 3.2.13]

3.1.

9

prise d'essai
quantité de matiere prélevée dans I'échantillon pour essai (ou, s'il est identique, dans
I'échantillon pour laboratoire) et sur laquelle est effectivement effectué(e) I'essai
l'observation

[SOURCE: ISO 6206:1979, 3.2.14]

ou
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3.2 Termes abrégés

ABS acrylonitrile butadiéne styréne

ccv continuing calibration verification (vérification continue de I'étalonnage)

CD conductivity detector (détecteur de conductivité)

C-ClI combustion-chromatographie ionique

CRM certified reference material (matériau de référence certifié)

EMC epoxy molding compound (composé de moulage époxy)

Cl chromatographie ionique

ICV initial calibration verification (vérification initiale de I'étalonnage)

IS internal standard (étalon interne)

IUPAC International Union of Pure and Applied Chemistry (Union internationale’ de chimie
pure et appliquée)

KRISS Korea Research Institute of Standards and Science (Institut coréen de recheiche
en sciences et en normalisation)

LCS laboratory control sample (échantillon de contrdle de laboratoire)

LCYD laboratory control sample duplicate (échantillon de' contréle de laboratoirgp —
duplication)

LOL limit of detection (limite de détection)

LOQ limit of quantification (limite de quantification)

MDL method detection limit (limite de détection~de la méthode)

PC polycarbonate

PE polyéthyléne

PP polypropyléne

SOF standard operation procedurey(procédure normalisée d'utilisation)

US EPA  United States Environmental Protection Agency (Agence américaine pouf la
protection de I'environnement)

4 |Principe

Un Echantillon de poidsiou de volume connu est disposé dans une nacelle et introduit a [une

vitegse contrblée dans un tube de combustion a haute température. L'échantillon est ensjuite

bralg dans un enyironnement pyrohydrolytique riche en oxygéne. Les sous-produits gazeux de

I'échantillon brdté sont piégés dans un milieu d'absorption ou I’halogénure d’hydrogéne (HF,

HCIl HBr) formé pendant la combustion se dissocie en son anion (F-, Cl- et Br-) et cation (Hg0*)

spétifiquesiUne aliquote de volume connu de la solution d'absorption est ensuite inje¢tée

marnuellement ou automatiquement dans un chromatographe ionique (Cl) au moyen d'un simple

robinet.d'injection. Les anions d'halogénure, incluant des fluorures, chlorures et bromures, $ont

sépares en bandes d'elution Individuelles sur la colonne de separation de la ClI. La conductivité

de I'éluant est réduite au moyen d'un dispositif de suppression d'anions avant le détecteur de
conductivité du chromatographe ionique, ou les anions concernés sont mesurés.
quantification du taux d’halogéne dans I'échantillon brilé d'origine est réalisée en étalonnant le
systéme au moyen d'une série d'étalons contenant des quantités de fluorures, bromures,
chlorures et iodures connues, puis en analysant les échantillons inconnus dans les mémes
conditions que les étalons. Le systéme combiné de combustion pyrohydrolytique suivi de la
détection par chromatographie ionique est appelé combustion-chromatographie ionique (C-Cl).

La
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5 Réactifs et matériaux

AVERTISSEMENT - Toutes les précautions reconnues d’hygiéne et de sécurité doivent étre
effectivement prises lors de I'exécution des opérations spécifiées dans le présent document.
Ne pas tenir compte des directives contenues dans le présent document ou de celles du
fabricant des dispositifs peut conduire a des blessures ou a des dommages matériels.

Utiliser uniquement des réactifs de qualité analytique reconnue. Peser les réactifs avec une
exactitude de +1 % de la masse nominale, sauf indication contraire. Les réactifs mentionnés a
I'Article 5 b) et de g) a k) peuvent étre considérés comme des exemples représentatifs pour la
prégarationm des efuants (Articte 51))—Aucumnm des Teactifs utitises e doitTontenir ume quantité
d’hglogénure supérieure a la limite de détection.

a) Eau, conforme a la qualité 1, comme cela est défini dans I''SO 3696.

b) Peroxyde d'hydrogéne, fraction massique de 30 %, (H,0O,).
e peroxyde d'hydrogéne est caustique; I'opérateur doit donc porter une‘protection oculaire
bt des gants et doit travailler sous une hotte a fumées lorsqu'il manipdle ce réactif. Cette

méthode utilisant un gaz (oxygéne) a une haute température et sous’ pression, I'opérateur
Hoit prendre des précautions.

c) Laine de quartz, de qualité fine ou un autre milieu approprié.
d) |Argon, gaz vecteur, pureté minimale 99,9 %.

Des épurateurs, par exemple des absorbeurs d'humidité (tamis moléculaire) et a pigges
j'hydrocarbures (charbon actif ou équivalent)y, sont recommandés, pour assprer
‘élimination des contaminants.

e) Pxygeéene, gaz de combustion, pureté minimale 99,6 %.

f) RAides a la combustion, oxyde de tungsténe (WO;) ou oxyde de fer (Fez0,),| de

granulométrie < 50 um et de pureté > 90%. Avant d’utiliser des aides a la combustiop, il
st nécessaire de vérifier que la teneur en halogénes est bien au-dessous du niveau de MIDL.
Par ailleurs, toujours utiliser un échantillon témoin.

g) Polution témoin, remplir une fiole“volumétrique (par exemple une fiole de 100 ml) ave¢ de
'eau (Article 5 a)).

h) Bolutions étalons.

Des étalons certifiés .provenant de sources commerciales, ou des étalons préparég en
aboratoire, contenaht les éléments d'intérét aux concentrations d'intérét, sont utilisés| En
onction des concCentrations attendues dans I'échantillon, utiliser la solution étalon pour
pbréparer 5 a 10@ solutions d’étalonnage aux concentrations distribuées réguliérement sur le
Homaine de. ravail attendu.

NOTE La solution est préparée a partir d’'une solution étalon primaire ou d’'une solution d’étalonnage.

i) Eluants

| e'\Choix de I'éluant dépend de la colonne et du détecteur choisis (demander conseil auprés
b oot L " . : I — . . E de

I'éluant est effectuée comme cela est spécifié dans I''SO 10304-1 :2007,. 5.10.

1) Hydrocarbonate de sodium, NaHCO5
2

)
3) Hydroxyde de sodium, NaOH.
4)

Carbonate de sodium, Na,CO,.

Hydroxyde de potassium, KOH.
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)

Solution étalon interne (IS) (facultative)

Un étalon interne peut étre utilisé pour corriger les erreurs analytiques.

L’étalon interne utilisé dans la solution d'absorption ne doit contenir aucun des composants
de I'échantillon et il doit étre choisi en fonction du type de colonne et de la phase mobile
(par exemple, phosphate, acide citrique, acide oxalique, acide méthane-sulfonique) Il
convient de préparer la solution étalon interne en choisissant une plage de concentration
moyenne incluse dans la plage de courbe d’étalonnage choisie lors de la préparation de la
solution d’étalonnage. (par exemple 1 mg/l).

k) Solutlon d' absorptlon utlllsee pour piéger I'halogéne — 3 ml de H202 (Artlcle 5 b)) sont

Les

a)
b)
c)

1)

2
B)

A)

Appareils

appareils suivants doivent étre utilisés: Voir.également I’Annexe C.

Balance — analytique, avec une sensibilité de 0,000 1 g (0,1 mg).
Ciseaux ou pinces coupantes.

diluées avec de la cellulose ou des oxydes d'aluminiury pour obtenir une concentration
convenable, puis en pulvérisant le mélange pour I'homegénéiser.

Systéme de combustion — généralement constitué des composants suivants (voir
a Figure C.1):

Autoéchantillonneur (facultatif) — un autoéchantillonneur est capable de placer gvec
exactitude 1 mg a 100 mg d'échantillon dans la nacelle.

Nacelle — constituée de quartz, nickel, céramique, platine ou acier inoxydable.

Systéme d’infroduction de [I'échantillon - le systéme comporte un adces
d'échantillonnage pour introduire I'échantillon dans la nacelle et il est relié a I'entrée¢ du
tube de eombustion pyrohydrolytique. Le systéme est parcouru par un gaz vecteur inerte
humidifié-'et il doit étre capable de permettre I'introduction quantitative du matérigu a
analyser dans la zone d'oxydation pyrohydrolytique a une vitesse contrdlée et répétaple.

Four électrique — il peut étre chauffé entre 900 °C et 1 000 °C et comporte un tubg en
quartz ou en céramique placé a l'intérieur et relié au matériel d’injection de I’échantillon

—_ I est donc congu pour que e gaz de combustion de I'echantiffon puisSe etre recupéreé

5)

sans perte.

Tube de combustion pyrohydrolytique — le tube de combustion pyrohydrolytique est
constitué de quartz et il est construit de telle sorte que lorsque I'échantillon est brilé en
présence d'oxygéne humidifié, les sous-produits de combustion parcourent la zone de
combustion pyrohydrolytique humidifiée. L'extrémité d'entrée doit permettre d'introduire
et de faire avancer pas a pas une nacelle dans la zone chauffée et doit comporter un
orifice latéral destiné a introduire le gaz vecteur humidifié et I'oxygéne. Le tube de
combustion pyrohydrolytique doit avoir un grand volume et comporter une zone chauffée
avec de la laine de quartz ou un autre milieu approprié fournissant une surface suffisante
pour que la combustion pyrohydrolytique compléte de I'échantillon soit assurée. Lorsque
I’échantillon contient de I’halogéne en forte concentration (par exemple un échantillon
contenant une concentration en halogéne de plus de 1 %), une colonne piége doit étre
placée entre le tube d’absorption et le tube de combustion.
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6) Dispositif d'approvisionnement en eau — capable de fournir de Il'eau de qualité 1
(Article 5 a)) au sein du tube de combustion a une vitesse contrbélée, suffisante pour
fournir un environnement pyrohydrolytique.

7) Tube d’absorption — tube en verre rempli a moitié de son volume lors de I’'ajout de 10 ml
a 20 ml de solution d’absorption. Le tuyau d'évacuation des gaz du four chauffant est
immergé dans la solution d'absorption pour absorber le gaz évacué. La solution
d’absorption peut étre injectée dans le chromatographe ionique par le biais d’un
dispositif de raccordement. Le tube d’absorption doit étre lavé aprés analyse des
échantillons pour éviter une contamination par les échantillons précédents.

d) Systéme de chromatographie ionique - constitué des composants suivants (voir

a Figure C.2):

1) réservoir d'éluant;

P) pompe de CI;

3) systéme d'injection d'échantillon — comportant une boucle d'échantillon” de volliime
approprié (par exemple, 0,02 ml) ou un dispositif autoéchantillonneur;

1) précolonne ou colonne de protection;

b) colonne de séparation;

B) suppresseur;

7) détecteur de conductivité (CD);

B) dispositif d'enregistrement — par exemple, ordinateuryintégrateur.

7 |Echantillonnage
L'éghantillonnage doit étre réalisé comme celavest décrit dans I'IEC 62321-2. Il conVient
d'effectuer I'échantillonnage de maniere aléatoire et il convient que les segments recuagillis
repiésentent tout I'échantillon.
a) Echantillon solide
| 'échantillon doit étre coupé-ien petits morceaux (approximativement inférigurs
B 3 mm x 3 mm) a l'aide de ciseaux ou pinces coupantes (Article 6 b)).
b) Echantillon liquide
L ors de I’échantillonnage’ des liquides, l'intérieur de la pipette de transfert (ou récipient
similaire) doit étre rincé plusieurs fois avec du liquide d’échantillonnage.
8 [Mode opératoire
8.1| Combustion
a) Aprestavoir suffisamment chauffé une nacelle dans le four électrique pour éliminer|les

contaminants, retirer la nacelle du four a I'aide de pinces propres, et la laisser refroidir
usqu’a la température ambiante, puis peser I’échantillon (généralement 10 mg a 100 mg

d’échantillon) a 0,1 mg prés et le charger dans la nacelle. Si les échantillons sont difficiles
a braler (par exemple flux, pate de soudure), une aide a la combustion (par exemple WO)

doit étre utilisée. Un rapport de 5 sur 1 des aides a la combustion est généralement suffisant.

Si

une quelconque aide a la combustion est utilisée, appliquer approximativement 1/4 de

sa masse totale en une couche mince a la surface de la nacelle, placer I'échantillon pesé
sur celle-ci, puis recouvrir I'échantillon approximativement de % de la masse totale de I'aide

a

la combustion. Les conditions d’analyse détaillées sont décrites a I'Annexe G

(Tableau G.1, Tableau G.2, Tableau G.3)
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b) L’échantillon et la nacelle sont chauffés dans le four de combustion pendant 10 min a 20 min
avec de l'argon, de l'oxygéne et de I'eau en utilisant le dispositif d'injection d'échantillon

situé au centre du tube en quartz du four de combustion. Les conditions de combus
appropriées sont décrites dans le Tableau G.1. Si la nacelle de combustion présente
preuve de génération de suie ou de particules d'échantillon non brilées, la combustion
étre considérée comme insuffisante et la procédure doit étre répétée. La zone contami
doit étre soigneusement nettoyée avant de répéter la procédure.

NOTE 1

tion
une
doit
née

Lorsqu’'une combustion insuffisante est suspectée (par exemple, suie visible dans la nacelle de

combustion), il est possible de répéter la combustion et la chromatographie sur le résidu jusqu’'a ce que plus
aucun halogénure ne soit détecté. Les halogénures détectés peuvent étre additionnés. En variante, il est

possible de répéter 'analyse avec un nouvel échantillon et de modifier les conditions (par exemple, réduire la
aille de I'’échantillon, augmenter la température du four ou la durée de chauffage) pour obtenir une combuption
Compléte.

c) I la fin des opérations de combustion, laver les tubes placés a la sortie d'évactation [des
gaz de combustion et verser toutes les solutions de lavage dans la bouteille~contenant la
solution d’absorption pour effectuer un mesurage.

d) Pour I'essai témoin, exécuter une opération similaire sans insérer I'échantillon ou a 'aide
H’'une nacelle témoin et utiliser cette solution d'absorption obtenue comme solution témpoin.
Suivre la procédure décrite en 8.3.

NOTE 2 Si le four de combustion et la Cl sont reliés et actionnés automatiquement, la solution d'absorption
bbsorbant les combustibles peut étre injectée dans la Cl.

8.2| Analyse CI

Les|procédures générales de chromatographie ionique décrites dans I''SO 10304-1 doivent Btre

suiVies:

a) Mettre en marche la Cl conformément aux instructions du fabricant de I'instrument ou a la
procédure normalisée d’utilisation (SOP) en\laboratoire. Les conditions de fonctionnement
appropriées pour la Cl sont indiquées dans le Tableau G.1;

b) Envoyer I'éluant et attendre une ligne . de'base stable;

c) Effectuer I'étalonnage comme celalest décrit en 8.5. Mesurer les échantillons, les étalons
Article 5 h)) et au moins deux solutions témoin comme cela est décrit en 8.3.

Les| conditions de fonctionnement doivent étre choisies et stabilisées selon |les

recommandations du fabricant.du dispositif ou selon la SOP.

8.3| Essai a blanc

Un pssai d’échantillon témoin est effectué en quantifiant au moins deux solutions témoin| qui

soni préparées.'en suivant exactement la méme procédure que celle décrite ci-dedsus

(Artjcle 5 h)),“mais sans I'échantillon réel. Une solution témoin (Article 5 g)) ne contenant |pas

d’hglogénure (moins de la limite MDL, ou généralement 0,1 mg/I) doit étre utilisée pour préparer

I’échantilon témoin.

8.4 “—Nettoyageetréétalonnage

Nettoyer tout le coke ou la suie du tube de combustion et des nacelles selon les instructions du
fabricant. Aprés nettoyage, assembler I'appareil et contrdler les fuites. Effectuer une vérification
de I’échantillon de contrbéle de laboratoire ou du matériau de référence pour déterminer si
I'instrument a besoin d'étre réétalonné ou nettoyé a nouveau.
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8.5 Etalonnage

Une courbe d'étalonnage doit étre réalisée pour effectuer une analyse quantitative. La courbe
d'étalonnage est préparée en utilisant une solution étalon de fluorure, de chlorure et de bromure.

Lorsque le systéeme d’analyse est évalué pour la premiére fois et a intervalles réguliers par la
suite, établir une fonction d'étalonnage encadrant la gamme des concentrations d'halogénures
attendues lors de la mesure (par exemple, comme spécifié dans la norme ISO 8466-1). Des
exemples de solutions d'étalonnage et leurs concentrations en fluor, chlore et brome sont
présentés a I'annexe H (voir tableau H.2, tableau H.3 et tableau H.4).

Par|lexemple, les étalons pour le fluor, le chlore et le brome indiqués aux tableaux H.2,H.3 et
H.4|peuvent étre préparés en ajoutant a l'aide d'une pipette 0,5, 1,0, 2,0, 4,0 et 8,0-ml-dfune
soldtion mére de 1 000 mg/l de chaque halogénure dans une fiole jaugée de 1 0Q0"ml e en
conlplétant avec de I'eau (clause 5 a)) jusqu'au repére.

a) Préparer les solutions étalons (Article 5 h)).

b) |njecter les solutions étalons (Article 5 h)) directement dans la ClI.

c) |dentifier les pics d’anions particuliers en comparant leurs temps‘de rétention a ceux|des
solutions étalons (Article 5 h)). L'écart sur ces temps de rétention ne doit pas dépasser b %
dans un lot.

d) Au moins cing solutions d’étalonnage doivent étre préparéés-a des niveaux de concentration
Bquidistants. Une quantification est effectuée en se fondant sur le mesurage des aires ou
nauteurs de pics. La courbe d'étalonnage est généralement utilisée a des concentratfons
comprises entre 0,5 mg/l et 8,0 mg/l. Cependant la*Concentration peut étre ajustée lorsque
a limite de détection est abaissée ou relevée.

8.6| Mesurage de I'échantillon

Apres la réalisation de la courbe d'étalonnage, I'échantillon témoin et la solution d'échantillon
sont mesurés. Si la concentration en halogéne de I'échantillon est au-dessus de la plage de la
coufbe d’étalonnage, la solution doit-&ire diluée dans I'eau (Article 5 a) jusqu'a la plage de la
coufbe d’étalonnage, si possible jusqu’a la plage moyenne, et doit étre a nouveau mesufée.
Toutes les dix exécutions d'échantillon et a la fin de chaque ensemble d'échantillons, analyser
un étalon de vérification continue-de I'étalonnage (CCV). Le taux de récupération de I’halogene
doit|étre compris entre 90 % et"110 %. Si le taux de récupération des F, Cl et Br dans I'étalon
de CCV sort de cette plage, il convient d'analyser une nouvelle fois I'étalon de CCV dans
les 12 h. Si la récupération est toujours en dehors de la plage aprés une nouvelle analys¢ de
I'étglon de CCV, l'analyse est arrétée et une maintenance doit étre effectuée sur le systgme
pouf le ramener dans les conditions de fonctionnement optimales. Tous les échantillons
chargés avant_le.-dernier échantillon CCV réussi peuvent étre consignés, mais tous|les
échpntillons aprés le dernier étalon de CCV réussi doivent étre a nouveau analysés aveg un
noupel étalonnage. Une séparation appropriée pour chacun des ions d’halogénure |est
repiésentée’ a la Figure H.1 qui présente I'exemple d'un chromatogramme d’une soldtion
étalpn/(4-mg/l) par ClI.

8.7 Interférence

Les substances co-éluantes avec les anions d’intérét sont renseignées dans la bibliothéque
et/ou la base de données du laboratoire. Un anion présent en forte concentration peut interférer
avec d'autres constituants si leurs temps de rétention sont suffisamment proches pour influer
sur la résolution de leurs pics. Des informations supplémentaires concernant les interférences
connues sont spécifiées dans I'lSO 10304-1:2007, Annexe B.

9 Calcul

La concentration en halogéne contenue dans les échantillons (aire de pic ou hauteur de pic de
I'ion d’halogénures (fluorure, chlorure et bromure) est calculée d'aprés la formule suivante:
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F, Clet Br (mg/kg) =[(4 — Y) x V ]/ (S *x M x Dg)

ou
F,Clet Br (mg/kg) =[(4 - Y)x V,]1/(Sx VxD,) (2)
ou
A est I'aire de pic ou la hauteur de pic de I'anion d’halogénures présent dans I'étalon;
Dy est le facteur de dilution de la méthode massique, masse de I'échantillon/masse totale
incluant la masse de I'échantillon auquel est ajouté la masse du diluant, en g/g;
D, | estle facteur de dilution de la méthode volumique, volume de I'échantillon/yglume fotal
incluant le volume de I'échantillon auquel est ajouté le volume du diluant,(en‘g/ml;
M est la masse de I’échantillon placé dans la nacelle, en g;
S est la pente de la courbe d'étalonnage;
pente de la courbe d'étalonnage avec surface ou hauteun,du composant anion
etalon (axe y) et concentration de I'échantillon étalon (axe xsen’mg/l);
vV est le volume de I'échantillon placé dans la nacelle, M/p (masse volumique), en ml;
V4 | estle volume de la solution d'absorption, en mi;
est l'interception y de la courbe d'étalonnage;
Interception y de la courbe d'étalonnage avec.surface ou hauteur du composant anion
étalon (axe y, uS/cm x min) et concentration de I'échantillon étalon (axe x, en mg/l).
10 |Fidélité
Lorgque les valeurs de deux résultats d'essai uniques indépendants obtenus en appliquant la
méme méthode sur un matériau d'essai identiqgue dans le méme laboratoire par le m¢me
opérateur utilisant le méme matériehdans un court intervalle de temps, appartiennent a la plage
de yaleurs moyennes citée ci-dessous, la différence absolue entre les deux résultats d'egsai

obtgnus ne dépasse pas la limite de répétabilité » déduite par analyse statistique des résu

de |
Tab

étude internationale interlaboratoires (1S 4A) et (IIS 3-2) dans plus de 5 % des cas. Vo

eau 4, le Tableau 5.et-le Tableau 6.

Tableau 4 - Résultats de I'étude internationale interlaboratoires (1IS 4A)
pour le fluor

Teneur moyenne en fluor (mg/l): 575

r (mg/l): 40,62

tats
ir le

Tableau 5 — Résultats de I'étude internationale interlaboratoires (IS 4A)
pour le chlore

Teneur moyenne en chlore (mg/l): 102,2

r (mg/l): 9,43

Tableau 6 — Résultats de I'étude internationale interlaboratoires (IIS4A et IIS 3-2)
pour le brome

Teneur moyenne en brome (mg/l): 94,8 896,2
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r (mgll): 18,97 ‘ 137,49 ‘

Voir I'Annexe E « Résultats de I'étude internationale interlaboratoires (11S4A et IS 3-2) » pour
des données complémentaires.

11 Assurance qualité et controle de la qualité

11.1 Généralités

Les|parameétres suivants du Tableau 7 sont pris en compte pour le contrbéle de la qualité:

Tableau 7 — Critéres d'acceptation des éléments pour le contréle de la_qualité

Concentration en mg/kg dans

Parameétres s < L . Critéres’d’acceptatiop

I’échantillon pour essai

Coufbe d’étalonnage R? >,07995

Vérification initiale de I'étalonnage (ICV) Par exemple, 1 mg/l pour le F, Cl, Br¢).Récupération: 90 % a 11Q %

z/ce(r:' J'iam” continue de I'étalonnage Par exemple, 1 mg/l pour le F, CI'8F"| Récupération: 90 % & 114 %

Echantillon témoin < MDL

Echantillon de contréle de laboratoire M.a.terlau de referen’c’e oy solution du Récupération: 80 % a 124 %

(LC®) milieu de la plage d’étalonnage

Echantillon de contrdle de laboratoire — Matériau de référenee ou solution du | - . o

duplication (LCSD) milieu de la plage\d’étalonnage Ecart relatif < 20 %

NOTE Une vérification initiale de I'étalonnage (IC\/). est effectuée a chaque fois qu'une courbe d'étalonnag¢ est
réaligée, en utilisant un étalon provenant d'une source différente de I'étalon.

Il cgnvient d'analyser un échantillon~témoin au moins une fois pour chaque lot d’échantillons
soumis a I’essai. Un échantillon témoin ne contenant pas d’halogene peut étre utilisé commme
échpntillon témoin.

Il cpnvient d’analyser un. échantillon de contréle de laboratoire (LCS) et un échantillorl de
conjrble de laboratoire = duplication (LCSD), par lot, au moyen d'un matériau de référence
certifi¢ (CRM) ou en)dopant une matrice vierge a l'aide d’'une concentration spécifique
d’hglogénures. Le taux de récupération de I’halogéne doit étre compris entre 80 % et 120 %. Si
le taux de récuperation des F, Cl et Br dans I'étalon de LCS et de LCSD sort de cette pladle, il
conyient d'analyser une nouvelle fois I'étalon de LCS et de LCSD dans les 12h. Si la
récypération_est toujours en dehors de la plage apres une nouvelle analyse de I'étalon de LCS
et dF LCSD, I'analyse est arrétée et une maintenance doit étre effectuée sur le systeme gour

le ramener dans les conditions de fonctionnement optimales.

11.2 Limites de détection (LOD) et limites de quantification (LOQ)

Sous sa forme la plus simple, une limite de détection (LOD) ou la limite de détection de la
méthode (MDL) est en général décrite comme la quantité ou la concentration la plus faible
d'analyte dans un échantillon pour essai qui puisse étre différenciée de zéro de maniére fiable
pour un systéme de mesure donné.
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Les limites de détection d’un instrument représentent I'aptitude d'un instrument a différencier
les faibles concentrations d'analytes par rapport au « zéro » dans une solution témoin ou
solution étalon, et sont en général utilisées par les fabricants pour démontrer la capacité de
mesure d'un systéme. Méme si les limites de détection des instruments sont utiles, elles sont
souvent bien plus basses qu'une limite de détection représentant un processus de mesure d'une
méthode d'analyse compléte.

Les limites de détection d'une méthode d'analyse compléte sont de préférence déterminées
expérimentalement en réitérant les mesurages indépendants sur des matrices d'échantillons a
faible teneur ou enrichies (par exemple du plastique) effectués sur I'ensemble du mode

) . ; . . . Lo ) il 3 &té
sugpeéré d'utiliser au minimum six répétitions et concentrations d'analytes de 3 a 5 fois la \imite
estimée de détection de la méthode. La limite de détection de la méthode compléte pour
I'engemble d'un mode opératoire est déterminée en multipliant I'écart type des. répétitions
d'egsais par un facteur approprié. L'Union internationale de chimie pure et appliquée (IUPAC)
recommande un facteur 3 pour un minimum de six répétitions, tandis que 'US\EPA utilisg¢ un
intefvalle de confiance unilatérale avec un multiplicateur égal a la valeur ¢.de'Student, choisi
en fonction du nombre de répétitions et du niveau de confiance (par exembple, ¢ = 3,36 pour
six répétitions avec un niveau de confiance de 99 %). Voir le Tableau 8.

Il cqnvient que toutes les analyses utilisées pour calculer une MDL soient consécutives.

Tableau 8 — Valeurs de 7 de Student utilisée’s pour le calcul
de la limite de détection de la méthode (MDL =¢x s,_4)

Statistique de 7 de
Nombre d’échantillons Student
(confiance de 99 %)

3,36
3,14
3,00
2,90
2,82

© || N|O®

L€
o

La limite de quantification. (LOQ) ou la limite de quantification estimée pour un systémg de
megqure donné est enigenéral décrite comme la concentration la plus faible qui puisse BEtre
déterminée de mapniére fiable dans des limites de fidélité spécifiées ou acceptables dans|des
conflitions de fonctionnement normales de laboratoire. La limite de fidélité acceptable|est
souyent définieva 10 % de I'écart type relatif ou simplement exprimée comme un mul{iple
fixe|(2 a 10)de la limite de détection de la méthode.

12 |Rapport d'essai

Les informations doivent étre fournies au moins pour les aspects suivants de I'essai:

I'échantillon;

la Norme internationale utilisée (y compris son année de publication);

la méthode utilisée (si la norme en comporte plusieurs);

le ou les résultats, incluant une référence a I'Article 9;

tout écart par rapport a la procédure;

toutes propriétés inhabituelles observées;
la date de l'essai.
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