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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by [the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is grawn to the possibility that some of the elements of this document may be thefstbject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 3673-2 was prepared by Technical Committee ISO/TC 61, Plastics, (Subcommittee SC| 12,
Thermosettlng materials.

This third edjtion cancels and replaces the second edition (ISO 3673-2:2007); which has been revised to make
it clear that if applies only to crosslinked epoxy resins.

ISO 3673 cqgnsists of the following parts, under the general title Plastics.— Epoxy resins:
— Part 1: Designation

— Part 2: Preparation of test specimens and determinationof properties of crosslinked epoxy resins

iv © IS0 2012 — All rights reserved
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Plastics — Epoxy resins —

Part 2:
Preparation of test specimens and determination of properties
of crosslinked epoxy resins

ersons using this document shou normall laboratory

1 $cope

This [part of ISO 3673 specifies the methods of preparation of test specimenssand the test methods to be used
in dgtermining the properties of crosslinked epoxy resins. The properties‘determined have been sglected from
the deneral test methods in ISO 10350-1:2007.

Test|methods for the determination of the properties of non-crosslinked epoxy resins are not indluded in this
part pf ISO 3673.

NOT Test methods for non-crosslinked epoxy resins are specified in ISO 18280.

In order to obtain reproducible and comparable test_results, it is necessary to use the test methpods, sample
preppration and conditioning, and specimen dimensions specified herein. Values determined will not
necqgssarily be identical to those obtained usingtest specimens of different dimensions or prdpared using
diffefent procedures.

Oth4gr standards exist concerning the determination of properties and preparation of test specimens for epoxy-
basgd products, to which reference will'be made, if required.

2 ormative references

The [following referenced~documents are indispensable for the application of this documen{. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced document
(inclfiding any amenidments) applies.

ISO B2, Plastics,“— Determination of water absorption

ISO [5-2, Plastics — Determination of temperature of deflection under load — Part 2: Plastics and ebonite

ISO W78/ Plastics — Determination of flexural properties

ISO 179-1, Plastics — Determination of Charpy impact properties — Part 1: Non-instrumented impact test
ISO 179-2, Plastics — Determination of Charpy impact properties — Part 2: Instrumented impact test

ISO 527-2, Plastics — Determination of tensile properties — Part 2: Test conditions for moulding and
extrusion plastics

ISO 2577, Plastics — Thermosetting moulding materials — Determination of shrinkage
ISO 2818, Plastics — Preparation of test specimens by machining
ISO 3167, Plastics — Multipurpose test specimens

ISO 4589-2, Plastics — Determination of burning behaviour by oxygen index — Part 2: Ambient-temperature test
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ISO 10350-1:2007, Plastics — Acquisition and presentation of comparable single-point data — Part 1:
Moulding materials

ISO 11357-2, Plastics — Differential scanning calorimetry (DSC) — Part 2: Determination of glass
transition temperature

ISO 11359-2, Plastics — Thermomechanical analysis (TMA) — Part 2: Determination of coefficient of linear
thermal expansion and glass transition temperature

IEC 60093, Methods of test for volume resistivity and surface resistivity of solid electrical insulating materials

IEC 60112, Method for the determination of the proof and the comparative tracking indices of solid insulating materials

IEC 60243-1

IEC 60250,
electrical ins

IEC 60296, A
IEC 60695-1
IEC 60695-1

3 Prepatl

3.1 Gene

This proced

It is essenti
conditions. T
produced by
choice was

obtain the in|

Sheets of th
tests in Tabl

3.2 Pretr¢éatment of materials

Before casti
shall be in a

3.3 Prepg

, Electrical strength of insulating materials — Test methods — Part 1: Tests at power frequef

Recommended methods for the determination of the permittivity and dielectric dissipation fac
ulating materials at power, audio and radio frequencies including metre wavelengths

luids for electrotechnical applications — Unused mineral insulating oils for transferiners and switch
1-10, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal ang-vertical flame test mef

1-20, Fire hazard testing — Part 11-20: Test flames — 500 W flame-~test methods

ation of test specimens

ral
ire is used only for the determination of crosslinked-resin properties.

al that specimens are always prepared by-the same procedure, using the same proces
he specimens on which the properties are;measured shall be cut from sheets of crosslinked
a casting process. In view of the numerous possible fields of application for epoxy resins
made to prepare test specimens from'resins not containing any filler or reinforcement in ord
trinsic properties of the crosslinkedpolymer, free of structural additives.

ermosetting resin shall be manufactured at 2 mm, 3 mm and 4 mm thickness, as required, fg
e 1. A sufficient number shall be produced to determine those properties required.

g, no treatmént'of the epoxy resin sample is normally necessary. If a pretreatment is required
ccordance-with the manufacturer’s recommendations.

ration of test sheets

cies

or of

gear

hods

5sing
esin,
, the
er to

r the

, this

3.3.1 Apparatus

3.3.1.1
approximate

dimensions of 300 mm x 350 mm.

Other materials, such as silicone, may also be used.

3.3.1.2 Sh

3.3.1.3 Sil

3.3.14 De

ims, having a thickness of 2 mm, 3 mm and 4 mm.
icone or latex joint, having a diameter of 5 mm.

vice for clamping and holding the plates.

Two glass plates or two polished stainless-steel plates, each having a thickness of 6 mm and
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3.3.1.5 Device for removing air bubbles from the reaction mixture (see 3.3.3.4), preferably a centrifuge,

ora

3.3.

3.3.

3.3.

3.3.

3.3.4 Reagents

3.3.

warning in 3.3.3.5).
3.3.42.2 Crosslinking accelerator, e.g. 2,4,6-tris(dimethylaminomethyl)phenaol or N,N-dimethyl-l

3.3.4.3 External release agent, which does not modify the properties‘of the crosslinked resin.

3.3.

3.3.

ordef to ensure that the crosslinked-resin sheet produced\has a high-quality surface finish.

3.3.3.2 Arrange the silicone or latex joint (3.3.1.3).and the selected shim (2 mm, 3 mm or4 mm) (3.3.
the tyvo plates as shown in Figure 1. Clamp the.asSsembly with a suitable clamp (3.3.1.4) and position

Key
1
2
3

jPint

vacuum dessicator allowing the plate/joint/shim assembly to be put under a static vacuum.
1.6 Stirrer, for mixing the resin and crosslinking agent (e.g. a glass rod).

1.7 Glass beaker, capacity 500 ml.

1.8 Laboratory balance, accurate to 0,1 g.

.9 Laboratory oven, set at the temperature chosen for carryving out the post-treatment of the

epoxy resin.

2.1 Crosslinking agent, specific to epoxy resins (e.g. methyltetrahydrophthalic anh

3 Procedure

3.1 Coat the plates (3.3.1.1) with a thin layer of release agent (3.3.2.3). Polish them until {

dride) (see

enzylamine.

hey shine in

1.2) between
vertically.

lass or stesl plates
I g

shims

Figure 1 — Apparatus for preparing test sheets
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3.3.3.3 Using a laboratory balance (3.3.1.8), weigh the following reagents into a glass beaker (3.3.1.7):

0,5 phr

or

100 g of epoxy resin;

methyltetrahydrophthalic anhydride at an anhydride/epoxy equivalent ratio of 0,9/1;

(parts per hundred parts of epoxy resin, by mass) of 2,4,6-tris(dimethylaminomethyl)phenol;

2 phr (parts per hundred parts of epoxy resin, by mass) of N,N-dimethylbenzylamine.

Using the sti

3.3.34 Re

mixture into

centrifuge, o

3.3.1.5) and

When the

(e.g. 100 °Q
2,4,6-tris(din

3.3.3.5 M3

methyltetrah
for crosslink

WARNING
respiratory

3.4 Cutting out test specimens

Cut test spe

3.5 Cond

Unless othe
humidity prid

4 Detern
41 Prope

4.2 In thd

rrer (3.3.1.6), mix until homogeneous, avoiding the introduction of air bubbles as much as pos

move any air bubbles from the mixture using the centrifuge (see 3.3.1.5), then carefully pou
the plate/joint/shim assembly without trapping any air bubbles in the resin. In the absence
nce the assembly is filled with the reactant mixture, place it vertically in a vacdum desiccator
apply a static vacuum for the time required to remove all air bubbles.

iscosity of the mixture is high, air bubbles can be removed at“an elevated temper
). In this case, the amount of accelerator has to be decreased. Far ‘example, use 0,25 p
nethylaminomethyl)phenol or 1 phr of N,N-dimethylbenzylamine,

ydrophthalic anhydride with 2,4,6-tris(dimethylaminomethyl)phenol or N,N-dimethylbenzyla
ng, carry out the heat treatment for 2 h at 100 °C followed by 15 h at 150 °C.

— Fumes from the crosslinking agent (methyltetrahydrophthalic anhydride) irritate
system and skin. Use ventilation and wear protective masks, gloves and goggles.

cimens from the prepared sheets (thickness 2 mm, 3 mm or 4 mm) in accordance with ISO 2

itioning test specimens

wise specified, conditjen the test specimens for at least 16 h at 23 °C + 2 °C and (50 £ 5) % rel
r to determining the‘properties in Table 1.

nination of properties

Irties are-presented in Table 1.

ible.

r the
of a
(see

ature
hr of

intain the assembly in the vertical position while crosslinking.irfthe laboratory oven (3.3.1.9). If Yising

mine

the

818.

ative

determination of intrinsic _properties, the presentation of results, the standards, and

the

supplementary instructions and notes given in ISO 10350-1:2007 shall be applied. All the tests shall be carried
out at 23 °C £ 2 °C and 50 % + 5 % relative humidity unless specifically stated otherwise in Table 1. Table 1 is
taken from ISO 10350-1:2007 and the properties listed are those which are appropriate to epoxy-based products.
These properties are those considered useful for comparisons of data generated for different thermosets and

thermoplasti

Cs.
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Table 1 — Intrinsic properties and test conditions

Specimen type

Test conditions and

50 % RH

Property Symbol Standard (dimensions in mm) Unit supplementary instructions
1 Rheological properties
1.1 i i Sm Parallel
Moulding shrinkage of P 1SO 2577 See ISO 2577 %
1.2 | thermosetting polymers SMn Normal
2 Mechanical properties
2.1 | Tensile modulus Et MPa Test speed 1 mm/min
2.2 | Stress at break oB I1SO 527-2 IS0 3167, MPa | Failure without yielding
- type A - sp<—+0-%—testspeqd 5 mm/min
2.3 | Strain at break B % &8 > 10 %: test speg¢d 50 mm/min
2.4 | Flexural modulus Es Test speed 2 mm/mfin
1ISO 178 80x10x 4 MPa Optional extra information for
2.5 | Flexural strength OfM brittle rhaterials
2.6 | Charpy impact strength acu 1SO 179-1 80 x10 x4 )
P rehod ; or Machined t A KJ/m2 Edgewise impact
arpy notched impac achinea type Also record type of failure
27 strength deh ISO 179 2 V-notch, = 0,25 P
3 Thermal properties
31 Glass transition T, ISO 11357-2 Moulding compound °C Record ormdppmt temperature
temperature Use 10 °C/min
3.2 i 71 1,8 1,80
Temperature of deflection 1SO 75-2 80 x 10 X4 c Max{mum surface
3.3 | under load 7¢8,0 8,0 stregs (MPa)
op Parallel Recqrd secant
3.4 Coefficient of I|r.1ear ISO 11359-2 Prepared from o1 valug over the
thermal expansion an ISO 3167 Transverse | temperature range
23°Cto55°C
35 B50/3 IEC 125 x 13 x 3 Record one of the dassifications
’ B50/h 60695-11-10 Greater thickness / V-0, V-1, V-2, HB4(Q or HB75
Burning behaviour
a6 B500/3 IEC 2150 x = 150 x 3 Record classification 5VA, 5VB
' B500/h | 60695-11-20 | Greater thickness / orN
3.7 | Oxygen index ol 1SO 4589-2 80 x 10 x 4 9 | Use procedure A (igp surface
ignition)
4 Electrical properties
) o £&100 100 Hz
4.1 | Relative permittivity Ty 1 WMHz Compénsate for
IEC 60250 electrqde edge
o tans 100 100 Hz effectd
4.2 | Dissipation factor,
tans 1M 1 MHz
260x260x2
4.3 | Volume resistivity Pe Q'm 1-mindte value
Voltage Use cqntacting line
4.4 | Surface-esistivit e IEC 60093 Q 500 \? electrgdes 1 mm to
' y 2 mm yide, 50 mm
long apd 5 mm apart
Eg1 260 x260x1 Use 20-mm-diameter spherical
electrodes. Immerse in
4.5 | Electric strength IEC 60243-1 kV/mm | transformer oil in accordance
Eg2 260x260x2 with IEC 60296. Use a voltage
application rate of 2 kV/s.
4.6 | Comparative tracking index CTI IEC 60112 220%x220x4 Use solution A
Other properties
Ww Saturation value in water at 23 °C
5.1 | Water absorption - ISO 62 Thickness = 1 % Equilibrium value at 23 °C,
H
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