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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

It is possible to determine the degree of crosslinking of a crosslinked epoxy resin by observing changes
in its mechanical, electrical or thermal properties.

However, such approaches are inadequate in cases where the test sample is to be examined under
various crosslinking conditions. This document provides a method whereby the degree of crosslinking
is determined without the need for complicated procedures for preparing, conditioning or configuring
the test sample. The degree of crosslinking is determined by measuring the disappearance of the epoxy
group during the resin crosslinking, using Fourier Transform Infrared spectroscopy.

The advantages of this method are that sample preparation is simple, measurements car\bp made with
very|small amounts of resin and it is possible to measure the reaction rate of the epexy group for an
epoxly compound containing another active functional group. For these reasons, this'decument is useful
for investigations and for establishing conditions for crosslinking reactions. It-c¢an also|be used for
production and quality control.

Sincg epoxy resin systems are highly diverse, the applicability of this documeént to each regin system is
interlded to be established prior determination. A technique to test the@pplicability to any|epoxy resin
systdm is included in this document.

© IS0 2017 - All rights reserved v
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INTERNATIONAL STANDARD ISO 20368:2017(E)

Plastics — Epoxy resins — Determination of degree

of crosslinking of crosslinked epoxy resins by Fourier
Transform Infrared (FTIR) Spectroscopy

SAFETY STATEMENT — Persons using this document should be familiar with normal laboratory
practlce, 1f appllcable This document does not purport to address all of the safety concerns, if

any, 2 : propriate safety
and health practlces and to determlne the appllcablhty of any other restrlctlons

1 $cope
This|document specifies a method for determining the degree of crosslinking of crosslinked epoxy
resins by the disappearance of the epoxy group during epoxy resin crosslinking measuregl by Fourier
Trangform Infrared (FTIR) (with a transmittance mode) spectroscopy.

2 Normative references

Therge are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following&erms and definitions apply.
ISO gnd IEC maintain terminological databages for use in standardization at the following dddresses:

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

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

3.1
degrlee of crosslinking
valug¢ which indicates the'degree of crosslinking of an epoxy resin system

Note [l to entry: See Eermula (4) in Clause 8.
Note |2 to entry: Itis'expressed as a percentage.

3.2
height of absorption peak
greatestdistance in the ordinate direction between the virtual baseline and the FTIR absofption curve
during a peak

Note 1 to entry: The virtual baseline is drawn simply by connecting the peak onset and peak end by a straight line.
Note 2 to entry: When the separation of the specified peak and other peaks is incomplete, the virtual baseline

can be drawn by connecting a peak onset and a peak end which are selected optionally in serial peaks including
the specified peak by a straight line.

© IS0 2017 - All rights reserved 1
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3.3
peak heigh

tratio

value calculated by dividing the peak height of the epoxy group absorption (wave number 900~915 cm-1)
by the peak height of the internal standard group absorption which is not changed by a crosslinking

reaction

Note 1 to entry: The methylene group absorption band (near 2 930 cm-1) is recommended for use as the internal
standard group absorption.

4 Principle

The degree of crosslinking of the epoxy resin is determined by the peak height ratio”\of the
crosslinked|state and the uncrosslinked state of the epoxy resin as measured through FTIR(wjith a
transmittarnce mode).

Firstly, the height of the epoxy group absorption peak (Pal) and the height of the internal standard
group absoiption peak (Pa2) are measured by FTIR using a sample taken from the.epoxy resin n an
uncrosslinkgd state (see Figure 1).

The peak hefight ratio of the uncrosslinked state (X) is obtained using Formula\(1):

X=Pal/Ha2 (1)
Secondly, thfe height of the epoxy group absorption peak (Pb1) and:the height of the internal starjdard
group absorjption peak (Pb2) are measured by FTIR using a sample taken from the epoxy compoupd in
a crosslinked state (see Figure 2).

The peak hefight ratio of the crosslinked state (Y) is obtained using Formula (2):

Y=Pb1/Hb2 (2)
The degree pf crosslinking is determined by/Formula (4) in Clause 8.
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Figure 1 — Spectrum of uncrosslinked epoxy resins
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Figure 2 — Spectrum of crosslinked epoxy resins

5 Materials

5.1 | Epoxy resin, as specified in the test résin system formulation.

5.2 | Hardener, as specified in the téstresin system formulation.

5.3 | Catalyst, as specified in the\test resin system formulation.

6 Apparatus

6.1 | FTIR Spectrophotometer, having the following characteristics:

a) 4n operating range of the wave number from 4 000 cm-1 to 650 cm-1;
b) the,apable cumulative number shall be more than 16.

400,0

6.2 Micropipette, with capacity 1 pl to 10 pl

6.3 Silicon wafer, having the following characteristics:

a)
b) thickness of 625 pm + 15 pm;

single-side polished monocrystalline silicon wafer;

c) total thickness variation (TTV)of 10 pm;

d) total dimensions of the wafer (150 mm; 6 inch wafer).

6.4 Analytical balance, accurate to 0,1 mg.

© IS0 2017 - All rights reserved
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7 Procedure

7.1 Preparation of measuring

For the accurate and effective use of the FTIR spectrophotometer, follow the instruction manual
or others. Prior to the measurements, check the apparatus according to the specified procedures,
and confirm that the instrument works correctly. Turn on the power source and allow it to warm up
and stabilize. If necessary, carry out measurement using a standard substance, and confirm that the

measured spectrum peaks, their repeatability and other values stand within the specified range.

7.2 Preli)

7.2.1 General

This documlent is applicable to crosslinking epoxy resin systems for which acceptablé)agreems

obtained be
time and ar¢

7.2.2 Pro

7.2.2.1 Mi
mixture of t]

7.2.2.2 Usg
it on the pol
be used, use
and put it oy

Place and py
surfaces, faq

This sample

7.2.2.3 D¢
squares and

NOTE

7.2.2.4 Mg
ratio as desq

7.2.2.5 Fr

mrimary test

fween the peak height ratio for two uncrosslinked test samples which aré taken at the
P measured under the same conditions using the same FTIR spectrophotemeter.

cedure for preliminary test

x the epoxy resin system components (epoxy resin and otlien ingredients) well to prod
ne uncrosslinked epoxy resin system to be tested.

ing a micropipette, immediately measure a 5 ul to 10ul test sample from this mixture an
shed surface of a silicon wafer which is 15 mm *2 mm square. When a micropipette cg
an analytical balance to weigh a 5 mg to 10 1hg test sample from the mixture immedi
| the polished surface of the silicon wafer.

sh a second silicon wafer (15 mm * 2 mni square) on top of the first one putting the pol
ing each other on the inside. Wipe gff'any excess sample.

is used as a test sample.

termine the background ETIR spectrum of two silicon wafers which are 15 mm * 2
are stacked with the polished surfaces facing each other.

Those two silicon wafers can be different from that used for producing the test sample in 7.2.2.2,

ribed in{lause 4. This ratio is designated as X1.

bm’theé mixture prepared in 7.2.2.1, prepare a second test sample in the same way as desc

in 7.2.2.2 an

nt is
same

lice a

d put
nnot
ately

shed

mm

basure the ETIR spectrum of the test sample. From the spectrum, determine the peak height

Fibed
first

d carry out a second FTIR measurement under the same conditions as were used for thg

test sample.

Determine the peak height ratio as described in Clause 4. This ratio is designated as X2.

It is required that the second FTIR measurement occur within 5 min of the first.

7.2.2.6

If X1 and X2 satisfy the following inequality, this document is applicable to the epoxy resin

system evaluated. In this case, proceed to 7.3 for the measurement of the FTIR spectrum given by the
(partly) crosslinked resin.

2[x1-X2| _

(X1+X2)

)

(3)
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7.2.2.7 If the epoxy resin system meets the requirement in 7.2.2.6, determine the average peak height
ratio from the two measurements. This average is used as the peak height ratio of the uncrosslinked
sample (X) in the calculation in Clause 8.

7.3 FTIR measurement on the crosslinked sample under investigation

7.3.1 Prepare the crosslinked sample with the heating conditions previously specified. See 9.2 for
examples of suitable heating conditions.

7.3.2 Measure the FTIR spectrum of the crosslinked sample (see 7.3.1) in the same way as described
in 72.2.3 and 7.2.2.4 and determine the peak height ratio as described in Clause 44 This ratio is
designated as Y1.

7.3.3 Repeat the measurement with a second test sample of the (partly) crosslinked [sample and
determine the peak height ratio as described in Clause 4. This ratio is desighated Y2. Dgtermine the
avergge peak height ratio from the two measurements. This average is used gs’'the peak hqight ratio of
the crosslinked sample (Y) in the calculation in Clause 8.

8 Expression of results
Calcylate the degree of crosslinking using Formula (4):
dr=(1-Y/X) x100 4)

where

Cr isthe degree of crosslinking (%);

X is the peak height ratio obtained from the preliminary tests (the average of the twio measured
values);

Y isthepeakheightratio of the (partly) crosslinked resin (the average of the two meastyired values).

See Hormulae (1) and (2) in Clause 4.

9 Precision

9.1 | General

Precision data were obtained from an interlaboratory test organized in 2015 in Japan, with eight
laboratories participating.

9.2 Materials and crosslinking conditions
a) The materials used were as follows:
1) epoxy resin: bisphenol A type epoxy resin,
2) hardener: methyltetrahydrophthalic anhydride,
3) catalyst: 2,4,6-tris(dimethylaminomethyl)phenol.
b) Three different samples were tested, obtained by different crosslinking conditions:
1) at 100 °C for 60 min,
2) at 100 °C for 90 min,

© IS0 2017 - All rights reserved 5
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