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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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Introduction

Carbon fibre has drawn much attraction in various industries due to its high stiffness, specific strength
and anti-corrosion. These outstanding properties of carbon fibre enable the expansion of its application
from textile usage to mechanical parts used in automobile and aircraft industry, if carbon fibre is used
as areinforced component in polymer matrix.

In order to accelerate the trend of productization using carbon fibre, there is a prerequisite that the
carbon content in the fibre should be evaluated quantitatively. In addition, it is difficult to issue a test
report because even an accredited test organization cannot provide a clear method of quantification.

X-ray|photoelectron spectroscopy is one of the measurement method suitable for analysif of chemical
comppnents with quality and quantity. However, its detecting area is too small to cover|the entire fibre.

This glocument aims to quantifz carbon content in textiles and textile products includix:r|g PAN-based
carb;ln fibre using elemental analyser (EA) and gas chromatography (GC), successively. Furthermore,
this method can also analyse the contents of H and N, simultaneously.

© IS0 2023 - All rights reserved v
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INTERNATIONAL STANDARD ISO 5533:2023(E)

Textiles — Quantification of carbon fibre constituent
element — Elemental analyser method

1 Scope

This document specifies a quantitative measurement of chemical constituent element on carbon fibre

and its-textile hy aneclemental ann]ycnr

2 Normative references

Therg are no normative references in this document.

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

ISO apd IEC maintain terminology databases for use in standatdization at the following addresses:

et

$0 Online browsing platform: available at https://wwwiso.org/obp

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

31
polydcrylonitrile
PAN
synthletic, semicrystalline organic polymet-resin for carbon fibre production

4 Principle

The darbon fibre constituent elements are determined with the quantification method| by using an
elemgntal analyser (EA). All-types of textiles and textile product or samples, including PAN-based
carbdn fibre, are oxidisedin a carbon fibre by dynamic flash combination method in a high gurity oxygen
envirpnment, separated on gas chromatography column, and analysed using a thermgl conductive
detector (TCD). When the tin boat with sample is dropped in to the reactor, the oxygen environment
triggdrs a strongexothermic reaction. Temperature rises approximately to 1 200 °C, causing the sample
to combust. The combustion products are conveyed across the reactor, where oxidation {s completed.
Nitrogen oxides and sulfur trioxide are reduced to elemental nitrogen and sulfur dioxid¢ and oxygen
excesp is‘retained. The gas mixture containing N,, CO,, H,0 and SO, flows into the chrdgmatographic
colunmn_iwhere separation takes place. Eluted gases are sent to the TCD where elecfrical signals
processed by the EA software provide percentages of nitrogen, carbon, hydrogen, and sulfur contained
in the sample.

5 Reagents and materials

Unless otherwise specified, chemicals of analytical grade shall be used.

5.1 Toluene, CAS No. 108-88-31

1) Chemical Abstracts Service (CAS) Registry Number® is a trademark of the American Chemical Society (ACS).
This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.

©1S0 2023 - All rights reserved 1
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SAFETY PRECAUTIONS — The safety precautions for the harmful effects of this reagent shall be
considered and shall be taken during use.

5.2 Helium, with minimum purity of 99,999 % used as carrier gas.
5.3 Oxygen, with minimum purity of 99,999 %, used as oxidation gas.

5.4 Standard and calibration standard materials, is shown in the Table 1.

Standard materials shall be compounds not contained in the test sample and completely separated from

other compopentsin Phrnmafngrnm nn:\]ycic The materials shall be inert to cnmp]n compaosition, and

stable withir) a test temperature range and their purity shall be obviously known.

Table 1 — List of standards and calibration standard materials

Material Compound Purpose

Aspartic acid C,H,NO, Standard reférence material
2.5-Bis(5-terf-butyl-benzoxaz- CyHy6N,0,S Standard référence material
ol-2-yl) thiophene (BBOT)

Sulfanilamidg¢ C¢HgN,SO0, Calibration standard
L-Cystine CgH{,N,0,4S, Calibration standard

6 Appargtus
6.1 Vial, with a capacity of approximately 25 ml.

6.2 Desicdator, containing desiccant (silica gel;’ calcium chloride anhydride, calcium splfate
anhydride) tp dry solvent and cool down to test spécimens.

6.3 Volumletric graduated pipette, with capacity of approximately 5 ml and 10 ml.
6.4 Thermostatic ultrasonic bath,capable by operating by a frequency of 40 kHz.
6.5 Vacuum oven, capable to.dry test specimen at least at 80 °C.

6.6 Analytical balance; with a resolution of at least 0,01 mg for weighing the standard materidls.

6.7 Elemeptal analyser equipment

6.7.1 Oxidation reactor, GC column and ndcnrnhnn trap, shall be installed and used accord ng to
the manual provided by their manufacturer. All the parts coming in contact with a test specimen shall
be made of materials which are resistant to the sample and do not generate any chemical change.

6.7.2 TCD detector, with gas supply for the detector, injected sample volume, separation ratio
and sensitivity adjustment shall be optimized so that the signal (peak area) utilized in calculation is
proportional to the material amount.

6.7.3 Oven, capable to dry at (105 £ 5) °C.

6.74 Tin boat, with a disc-type holder in which a pretreated sample of carbon fibre is located for the
EA measurement.

Any unavoidable deposit of dust shall be regularly removed.

2 © IS0 2023 - All rights reserved
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reparation of test specimen

General

[f the test specimen are yarns, unravel the fibres and cut them to about 50 mm * 5 mm in length.

If the test specimen is all kinds of fabrics, cut the test specimens pieces to
50 mm x (50 mm = 5 mm).

In case of woven fabric, unravel warp and weft yarns in order to get couple(s) of representative yarns

from

Fabri

7.2

Cut te
If the

and ektract the test specimen at (60 = 5) °C for (60 = 5) min in an ultrasonic bath. Cool d

temp

After
desic

Do nd

7.3
The v
After

Do nad

7.4

Unray
1 mg

8 1

8.1

1 cc 1 £ 11 .
WU UIICT It PIdatEs U €4l UIT'CCLIUILL

'S or yarns may contain of different components, so take this into account whemneolle

Desizing

st specimen about 50 mm in length and put test specimen in a vial (6¢1). Add 20 ml of
test specimen is not sufficiently immersed in the solvent, add mofesolvent. Close th

brature to less than 27 °C.

desizing, test specimens shall be dried at 80 °C for 5 h in“a vacuum oven (6.5) an
fator (6.2).

t touch the test specimen with bare hands during dyying and mass measurements.
Drying
ial (6.1) and tin boat (6.7.4) dry at 105 2Cto 110 °C for 4 h to 16 h in oven (6.7.3) to a cd

Drying, cool them in the desiccator(6.2).

t touch the test specimen with-bare hands during drying and mass measurements.

Cutting

rel the test specimen-and cut them to about 10 mm. Cut this test specimen to 1 mm or
fo 2 mg of test specimen.

est proeedure

Préparation of dosing test specimen

cting them.

toluene (5.1).
e vial tightly
pwn to room

1 kept in the

nstant mass.

less and take

8.1.1

8.1.2

Break clumpy test specimen into pieces and drying completely.

Weight the tin boat using analytical balances (6.6) and zero it.

8.1.3 The dosing test specimen is placed in a tin boat and weight using analytical balance (6.6).

Do not touch the dosing test specimen with bare hands during drying and mass measurements.

8.2

8.2.1

Procedure

Prepare the instrument for running dosing test specimens.

© IS0 2023 - All rights reserved
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8.2.2 The weighed dosing test specimen with tin boat (8.1.3) is located on a tin boat to be inserted
into an elemental analyser.

The above measurement should be repeated at least five times from five different doses obtained from
the test specimen.

The experimental parameters such as the amount of a sample, flow rates of carrier gases, etc. are

described in

Annex A in details.

8.2.3 Summarize, edit and analyse results.

9 (Calculg

Electrical sig
carbon, hydr

The quantifi
obtained fro

Formula (1):
K =(Ag 1

where
K isth
Ag isth
Ag istl
T isth
W isth

itions and display results
fnal data converted by the software in the TCD give information on the arholint
pbgen and nitrogen in the sample.

m the analysis of the sample with the analysis of the use of a reference factor accord

4g)/((T xW)/100)

e average K-Factor;

e peak area or integral of standard material;

e peak area or integral of blank;

e theoretical percentage of standard material, in %;

le mass of standard material, in g.

The calculation of the percentage of element (%) is given by Formula (2):

Ca =((Aq

where
is th

K isth

~Ag)/K)/Wx100

e calculated percentage of element, %);

e average K-Factor;

%) of

cation of the element that has been analysed is determined by comiparing the values

ing to

@)

(2)

Ay isth

1 S 1l ofel ]
< }JCGI\ dlCTd Ul lllLCSl dl Ul LIIT UIINIIUVVII,

Ap isthe peak area or integral of the blank;

W  is the mass of the unknown, in g.

Test results shall be calculated up to two decimal places and end at one decimal place.

10 Test report

The test results shall include the following information:

a) areference to this document, i.e. ISO 5533:2023;

b) detailso

4

f the sample to be tested;
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c) details of the testing conditions such as atmosphere, temperature, combustion condition if
necessary, etc;

d) details of the testing results;
e) details of any deviation from the specified procedure;
f) details of any unusual features observed;

g) the date of the test.

© IS0 2023 - All rights reserved 5
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