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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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rfedures used to develop this document and those intended for its further maintenance ‘ai
d in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for th
types of ISO documents should be noted. This document was drafted in accordance with t}
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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list of patent declarations received (see www.iso.org/patents).

e name used in this document is information given for the conveniénce of users and does n¢t

e an endorsement.

xplanation on the voluntary nature of standards, the-meaning of ISO specific terms ar
bns related to conformity assessment, as well as infermation about ISO's adherence to t}
ade Organization (WTO) principles in the TechnicakBarriers to Trade (TBT) see the followiy
f'w.iso.org/iso/foreword.html.

This doc
A list of 4

Lment was prepared by Technical Committee ISO/TC 38, Textiles.

111 parts in the ISO 17881 series can be found on the ISO website.

r

d

g

© ISO 2018 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=3e20231608c08b42187aada574b11d75

TECHNICAL REPORT ISO/TR 17881-3:2018(E)

Textiles — Determination of certain flame retardants —

Part 3:
Chlorinated paraffin flame retardants

ARNING — The use of this document can involve hazardous substances and/or protedures.
Il refers only to technical suitability and does not purport to address all of thethealth and
safety risks associated with its use. It is the responsibility of users of this document to take
appropriate measures to ensure the safety and health of personnel and the environment prior
to application of the document, and it is assumed that the execution of its proyvisions is entrusted
to appropriately qualified and experienced people.

[y

Scope

—

his document describes a method for determining short-chain chlerinated paraffins (C10-C13) (SCCPs)
1] textiles using carbon skeleton reaction gas chromatography with aflame ionization detector [GC-FID).

—e

et

t]is applicable to all kinds of textile products.

[\S)

Normative references

=

here are no normative references in this document.

98]

Terms and definitions

Nl terms and definitions are listed in‘this document.

[

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

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

- 1SO Online browsing'platform: available at https://www.iso.org/obp

4 Principle

SCCPs are extracted from textile specimens by an ultrasonic generator with n-hexane/acetorje. SCCPs
are pretested by gas chromatography with an electron capture detector (GC-ECD) and then quiantified
by GC-FID"using an external standard method. SCCPs are dechlorinated by reacting with hydrogen
td geénerate straight-chain alkane (C19-C13) under the action of a PdCl, catalyst. GC-FID if used to
dptérmine the quantity of straight-chain alkane following an external standard method, and|then the
quantity of SCCPs is calculated.

5 Reagents

Unless otherwise specified, only reagents of recognized analytical grade are used.
5.1 Short-chain chlorinated paraffins (SCCPs) (C10-C13, 51,5 % Cl), 100 pg/ml in cyclohexane.
5.2 Short chain chlorinated paraffins (SCCPs) (C10-C13, 55,5 % Cl), 100 pg/ml in cyclohexane.

5.3 Short-chain chlorinated paraffins (SCCPs) (C10-C13, 63 % Cl), 100 pg/ml in cyclohexane.

© ISO 2018 - All rights reserved 1
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5.4 Straight-chain alkane (C10-C13), purity > 99,5 %.

5.5 n-hexane/acetone, 1:1 (volume fraction).

5.6 Diethyl ether.

5.7 Acetic acid solution, 5 % (volume fraction).

5 8 Amm"“=" 20 0 (onacc £o0 ot o)
. oo, 20— /0 (HITaSS T attroT T

59 Mi
5.10 Cy|
5.11 Cy,
512 Ca

5.13 Pa
After dis

glass fillrd with 19 g of glass beads (6.11). The watch glass is placed into a boiling water bath, ar
i

the solu
ammoni
beads ar
dried in

6 Apry

6.1 Gas chromatograph with an electron capture detector (GC-ECD), used for pretesting SCCPs.

6.2 Gas chromatograph with a flame ionization detector (GC-FID), used for quantifying SCCPs.

The PdC

6.3 Ul

6.4 Wi{

6.5 Glass yials, 40 ml with tight closure.

Icium carbonate (CaCO3).

jladium chloride (PdCl;) catalyst.

xture of n-hexane/diethyl ether, 90/10 (volume fraction).
clopentane.

rlohexane.

solving 0,08 g of PACl; in 10 ml of 5 % acetic acid (5.7), the’Solution is transferred to the watch
d

on is constantly stirred to evaporate until dried. Distilled water is added on the watch glags
W (5.8) is used to adjust the pH to 9, and the solution is evaporated until dried again. The glags
e transferred to a glass filter crucible to be washedwith 50 ml of cyclopentane (5.10) and thgn
the air.

-

aratus

2 catalyst (5.13) and reaetion injection liners (6.9) are prepared and fitted into the GC-FID.
[rasonic generator, with a frequency of 35 kHz to 45 kHz.

pter bath and rotary evaporator.

6.6 K

D concentrator [llbe, S5U ml.

6.7 Round-bottom flask, 100 ml.

6.8 Florisil®V) solid phase extraction (SPE) column, 1 g, 6 ml.

6.9 Re

action injection liners, successively filled with 0,5 cm rock wool, 0,2 cm CaCO3, 2,0 cm PdCIp

catalyst and 0,5 cm rock wool.

1) Florisil® isan example of a suitable productavailable commercially. This information is given for the convenience

of users o

2

f this document and does not constitute an endorsement by ISO of this product.
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6.10 Balance, accurate to 0,1 mg.

6.11 Watch glass, filled with 19 g of glass beads (60 to 80 mesh).

7 Procedure

7.1 Preparation of standard solutions

711.1 Stock standard solutions

Al100 pg/ml stock standard solution of SCCPs is prepared in cyclohexane (5.11).

=

1 000 pg/ml stock standard solution of straight-chain alkane (5.4) is prepared innn<hexane (|
far GC-FID.

711.2  Working solutions

=]

br GC-ECD, a working solution of SCCPs is prepared in n-hexane (55) and dilutions are ca
ith a series of suitable concentrations depending on the test need$~At least five appropriate
Fthe calibration sets are selected to create a calibration curve afid an analysis is performed.

e =

br GC-FID, a working solution of straight-chain alkane (5.4)is‘prepared in n-hexane (5.5) and
re carried out with a series of suitable concentrations_depending on the test needs. At |
ppropriate dilutions of the calibration sets are selected\to create a calibration curve and an
4 performed. The working solution of SCCPs is prepatred in n-hexane to calculate the transf
ficiency (8.2.2).

D O O

The specimen liquid should be diluted properlyi'when its concentration is beyond the detecti
r¢sponse linear range of the equipment.

~

L2 Specimen extraction

|

2.1 Ultrasonic wave extraction

™

Very specimen is extracted in duplicate and a blank test is run to control contamination.

Alrepresentative specimen is cut into small pieces, (1,00 + 0,01) g of which is weighed with &
6.10) and placed intga vial with a tight closure (6.5), where 20 ml of n-hexane/acetone (5.5)
he vial is placed<into an ultrasonic generator (6.3) for 30 min at room temperature. The €
iltered and transferred into a 100 ml round-bottom flask (6.7), and 20 ml of n-hexane/acetone

~

o =4

nd the residue is extracted. The extract is filtered and merged into the round-bottom flask (6

o8]

5.5) only

'ried out
dilutions

dilutions
east five
analysis
rmation

bn of the

balance
is added.
xtract is
is added

the residuesin the vial. The vial is placed into the ultrasonic generator for 15 min at room temperature

7).

hter bath

The €xtract obtained is concentrated almost to dryness by the rotary evaporator (6.4) in the w
at 40°C, and 1 ml of n-hexane is added to dissolve the residue.

7.2.2 Purification

After the SPE column (6.8) is activated with 10 ml of n-hexane, the solution obtained at 7.2.1

is added

to the SPE column, then 2 ml of n-hexane is added to the column and the effluent liquid is removed.
The elution is performed with 5 ml of n-hexane/diethyl ether (5.9). The eluent is collected into the K-D
concentrator tube (6.6) and concentrated almost to dryness by the rotary evaporator in the water bath
at 40 °C, and 2 ml of n-hexane is added to dissolve the residue. The solution is ready for determination

of SCCPs.

© ISO 2018 - All rights reserved
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7.3 Pretesting by GC-ECD

Pretesting is performed by the GC-ECD (6.1). A set of test parameters is given in Annex A as an example.

If typical peaks of SCCPs are observed, the GC-FID is used to quantify SCCPs as described in 7.4.

Otherwi

se, the result is reported as “not detectable”.

7.4 Determination by GC-FID

According to the pretesting result, one kind of SCCP reference material with a suitable degree of

chlorina

SCCPs in| the solution (see 7.2) react with hydrogen to generate straight-chain alkane (C19-Cy3) undjg
the effedt of the PdCl; catalyst (5.13). The GC-FID (6.2) is used to determine the straight-chainalkar

followin
explaine

The wor
8.2.2) of

A set of tiest parameters for GC-FID is given in Annex B as an example.

When the SCCP level is very low, the mass of the specimens is increased-in order to reach at least thrg¢

times th

8 Calg¢ulation

8.1 Pretesting result obtained by GC-ECD
The pret|

ion is taken (51,5 %, 55,5 % or 63 %), as provided in 5.1 to 5.3.

b an external standard method. The quantity of SCCPs in the textile specimen is talculated 4
d in 8.2.

king solution of SCCPs is injected in the GC-FID to confirm the transformation efficiency (s¢
SCCPs (r =2 80 %). If r is lower than 80 %, the reaction injection liners (69}.are re-prepared.

b detection limit.

C—Co)xV

esting concentration of SCCPs is read on the€alibration curve. The pretested quantity of SCCEs
is calculated by using Formula (1):

P
e
LS

x =3 ()
m
where
X ]s the mass ratio of SEEPS to test specimen, in pug/g;
s the concentratioh of SCCPs in the specimen solution, in pg/ml;
Co s the concentration of SCCPs in the blank solution, in pg/ml;
V' Is the final’'volume of the specimen solution, in ml;
m |sthe mass of the textile specimen, in g.
8.2 Quantity of SCCPs obtained by GC-FID
8.2.1 The transformation factor is calculated by using Formula (2):
100—z+3525
k=———=—""— 2
100 (2)
where

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=3e20231608c08b42187aada574b11d75

ISO/TR 17881-3:2018(E)

k is the transformation factor;
z is the chlorine percentage of SCCPs;

35,5 isthe atomic weight of Cl.
EXAMPLE  For SCCPs (C10-C13, 55,5 % Cl), k = (100 - 55,5 + 55,5/35,5)/100 = 0,460 6.

8.2.2 The concentration of the straight-chain alkane is read on the calibration curve. The transformation
efficiency is calculated by nusing Formula (3):

2Ca
r==—x100 (3)
kxCy
where
r is the transformation efficiency in % (r = 80 %);

Cci  isthe concentration of the straight-chain alkane transformed from SCCPs in the
calibration solution, in pg/ml (i = C19-C13);

k is the transformation factor;

Cs  isthe concentration of SCCPs in the calibration selution, in pg/ml.

8]2.3 The concentration of the straight-chain alkane*is‘read on the calibration curve. The quantity of
SCCPs in the specimen is calculated by using Formulaz(4):
Z(Csi —Coi ¥V
= (4)
mxk

X  isthe quantity of SCCPs.in the specimen, in pg/g;

Csi is the concentration of the straight-chain alkane transformed from SCCPs in the specfmen
solution, in pg/ml (i = C19-C13);

Coi isthe coneéentration of the straight-chain alkane transformed from SCCPs in the blank
solution,in ug/ml (i = C19-C13);

V is the'final volume of the specimen solution, in ml;
m IS the mass of the textile specimen, in g;

k is the transformation factor.

9 Detection limit

The detection limit of the GC-ECD method or the GC-FID method is 20 mg/kg.

10 Test report
The test report includes the following information:

a) areference to this document, i.e. ISO/TR 17881-3:2018;

© IS0 2018 - All rights reserved 5
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b) all details related to the identification of the sample tested;
c) the kind of SCCPs used with its degree of chlorination (51,5 %, 55,5 % or 63 %);
d) the quantity of SCCPs;

e) any deviation from the procedure specified.

6 © ISO 2018 - All rights reserved
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Annex A
(informative)

Test parameters for GC-ECD

Asthe instrumental equipment of the laboratories can varv no gpnpr;ﬂly npplirnhlp parameters can be
provided for chromatographic analyses. The following parameters have been found to be sucegssful.

Igstrument parameters for GC-ECD are shown in Figures A.1 to A.3.

a] Capillary column: HP-5, length 30 m, inside diameter 0,35 mm, filmythickness 0,25 pm;

b) Temperature programme: 90 °C for 1 min, 90 °C to 150 °C (25 °C/min),
150 °C to 300 °C (8 °C/min), 300 °C for k34min;

c] Injector temperature: 300 °G;

d) Detector temperature: 320 °G;

e] Carrier gas: Helium, purity =2 99,999 %;4)ml/min;

f] Make-up gas: Nitrogen, purity = 99,999 %, 60 ml/min;
g) Injector volume: 1 ul;

h) Injector system: Splitless, split;at 1 min.

© ISO 2018 - All rights reserved 7
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Figure A<1, — GC-ECD chromatogram for SCCPs (51,5 % Cl)
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Figure A.2 — GC-ECD chromatogram for SCCPs (55,5 % CI)
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Figure A.3 — GC-ECD.chromatogram for SCCPs (63 % CI)
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