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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RESIN BASED REACTIVE COMPOUNDS USED
FOR ELECTRICAL INSULATION -

Part 2: Methods of test

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promtote interna
coloperation on all questions concerning standardization in the electrical and electronic fields /Ao this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC~Publication(s)”).

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested il the subject deqlt with

may participate in this preparatory work. International, governmental and non-goveraniental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the\nternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement. befween the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible _for)ythe way in which they are used or fdg
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence be
anly IEC Publication and the corresponding national or’regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

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

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
megmbers of its technical committeés)and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

IEC draws attentioh ‘to the possibility that the implementation of this document may involve the use
pafent(s). IECdakes no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thergof."As of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be requiréd to implement this document. However, implementers are cautioned that this may not rep
the¢ latest information, which may be obtained from the patent database available at https://patents.iec.c
shplléhotbe held responsible for identifying any or all such patent rights.
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This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition IEC 60455-2:2015. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC 60455-2 has been prepared by IEC technical committee 15: Solid electrical insulating

mate

rials. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2015. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Introduction of test methods related to IEC 60455-3-8;

b) Wm@wm—
The fext of this International Standard is based on the following documents:

Full i
the 4

The |

This
acco
at w
desc

A list
comf

The
stabi
spec

—

q

e W

—

q

o a

Draft Report on voting

15/1006/FDIS 15/1015/RVD

bove table.
anguage used for the development of this International Standard is English.

document was drafted in accordance with ISO/IEC, Directives, Part 2, and develop

vw.iec.ch/members_experts/refdocs. The maifn/document types developed by IEC
ibed in greater detail at www.iec.ch/publications.

of all parts in the IEC 60455 series, published under the general title Resin based reg
ounds used for electrical insulation, can be found on the IEC website.

ity date indicated on the IEC. website under webstore.iec.ch in the data related t
fic document. At this date,the document will be

confirmed,
ithdrawn,
placed by a revised edition, or

mended.

hformation on the voting for its approval can be found in the reporbon voting indicated in

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC, Directives, IEC Supplement, avalilable

are

ctive

tommittee has decided that the contents of this document will remain unchanged untjil the

b the

IMP,
con

ORTANT - The "colour inside" logo on the cover page of this document indicates tha

contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This part of IEC 60455 is one of a series which deals with solvent-free resin based reactive
compounds and their components used for electrical insulation.

The series consists of three parts:

e Part 1: Definitions and general requirements;
e Part 2: Methods of test;

o Part 3: Specifications for individual materials
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RESIN BASED REACTIVE COMPOUNDS USED
FOR ELECTRICAL INSULATION -

Part 2: Methods of test

1 Scope

This [part of IEC 60455 specifies methods of test to be used for testing resin based .regctive
compounds, their components and cured compounds used for electrical insulation.

2 Normative references

The following documents are referred to in the text in such a way that somg.or all of their coptent
conslitutes 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 60050 (all parts), International ElectrotechnicalN”™ Vocabulary (available| at
http:/www.electropedia.org)

IEC $0068-2-10:2005, Environmental testing — Part‘2-10: Tests — Test J and guidance: Mould
growfth

IEC 60093:-1980
L SA—an A-A-A-AS D a-aS A~

. ! . . ! "

IEC 60112:20032020, Method for the determination of the proof and the comparative tragking
indicgs of solid insulating materials

IEC 60216 (all parts), Electrical insulating materials — Thermal endurance properties

IEC 60243-1:499820135\Electrical strength of insulating materials — Test methods — Part 1:
Test§ at power frequenties

IEC (i YataTaValla¥al] f\ﬁl\ﬂ ol ] al £ L] W H L Lt 'I
VLIUVU.Z o7 Z=2ULYU, T'TUuius 1ur GleLIULGbIHHbaI appuuauuuo orraoTa vhiricrar rrisuratirt olls

for-transformers-and-switchgear electrical equipment

IEC 60426:2007, Electrical insulating materials — Determination of electrolytic corrosion caused
by insulating materials — Test methods

IEC 60455-1:1998, Resin based reactive compounds used for electrical insulation — Part 1:
Definitions and general requirements

IEC 60455-3 (all parts), Resin based reactive compounds used for electrical insulation — Part 3:
Specifications for individual materials

IEC 60455-3-8:20432021, Resin based reactive compounds used for electrical insulation — Part
3-8: Specifications for individual materials — Resins for cable accessories
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IEC 60695-11-10:49992013, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal
and vertical flame test methods

IEC 60814:1997, Insulating liquids — Oil-impregnated paper and pressboard — Determination of
water by automatic coulometric Karl Fischer titration

IEC 61033:1991, Test methods for the determination of bond strength of impregnating agents
to an enamelled wire substrate

IEC 61099:2010, Insulating liquids — Specifications for unused synthetic organic esters for

L /
electrcal purposes

ISO $7:2011, Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain
propérties

ISO 6$2:2008, Plastics — Determination of water absorption
ISO 75 (all parts), Plastics and ebonite — Determination of temperature‘of-deflection unden load

ISO 175:2010, Plastics — Methods of test for the determination-of‘the effects of immersipn in

liquid chemicals—reluding-water
ISO 178:2010, Plastics — Determination of flexural properties

ISO 179-1:2010, Plastics — Determination of Charpy impact properties — Part 1: |Non-
instrumented impact test

ISO 179-2:1997, Plastics — Determination of\Charpy impact properties — Part 2: Instrumented
impact test

ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO $06:20042013, Plastics_<>Thermoplastic materials — Determination of Vicat softening
temperature (VST)

ISO $27 (all parts), Plastics — Determination of tensile properties

ISO $84:1982, PRlastics — Unsaturated polyester resins — Determination of reactivity at
80 dg¢grees C-{econventional method)

ISO 604:2002, Plastics — Determination of compressive properties

ISO 868:2003, Plastics and ebonite — Determination of indentation hardness by means of a
durometer (Shore hardness)

ISO 1183-1:20422019, Plastics — Methods for determining the density of non-cellular plastics —
Part 1: Immersion method, liquid pycnometer method and titration method

ISO 1513:2010, Paints and varnishes — Examination and preparation of test samples-for-testing

ISO 1523:2002,—Paints,—varnishes,—petroleum—and-related-products— Determination of flash

point — Closed cup equilibrium method

ISO 1675:1985, Plastics — Liquid resins — Determination of density by the pycnometer method
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ISO 2039-1:1993, Plastics — Determination of hardness — Part 1: Ball indentation method

ISO 2114:42962000, Plastics—Unsaturated (polyester resins) and paints and varnishes
(binders) — Determination of partial acid value and total acid value

ISO 2431:1993, Paints and varnishes — Determination of flow time by use of flow cups

ISO 2535:1997, Plastics — Unsaturated polyester resins — Measurement of gel time at
25 degrees C

ISO 2554 1997, FIASUCS — Ulisadturated polyesier resSirns — vetermirnatiorn or rnydroxyil valu

ISO 2555:1989, Plastics — Resins in the liquid state or as emulsions or dispersions —

Detefmination of apparent viscosity-by-the-Brooktieldtest using a single cylindertype rotalional
viscdmeter method

ISO 2592:1973, Petroleum products — Determination of flash and fire pqints’— Cleveland jopen
cup method

ISO 3001:1997, Plastics —Epexide Epoxy compounds — Determination of—epexide dpoxy
equivalent

ISO 3219:1993, Plastics — Polymers/resins in the liquid state or as emulsions or dispersions —
Detefmination of viscosity using a rotational viscometer\with defined shear rate

ISO 3451-1:1997, Plastics — Determination of ash-='Part 1: General methods

ISO $521:1997, Plastics — Unsaturated polyester and epoxy resins — Determination of overall
volume shrinkage

ISO $679:1983, Paints, varnishes, petroleum and related products — Determination of flashpoint
— Rapid equilibrium method

ISO 4573:1978, Plastics — Epoxide resins and glycidyl esters — Determination of inorganic
chlorfne

ISO 4583:1998, Plastics — Epoxide resins and related materials — Determination of gasily
saponifiable chlarine

ISO 4615:1979, Plastics — Unsaturated polyesters and epoxide resins — Determination of| total
chlonjne content

ISO 462571980, Binders for painis and varnishes — Determination of softening point —
Ring-and-ball method

ISO 4895, Plastics — Liquid epoxy resins — Determination of tendency to crystallize
ISO 7056, Plastics laboratory ware — Beakers

ISO 9396:1997, Plastics — Phenolic resins — Determination of the gel time—at—a—given
temperature of resols under specific conditions using automatic apparatus

ISO 11357-2:1999, Plastics — Differential scanning calorimetry (DSC) — Part 2: Determination
of glass transition temperature and step height
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ISO 11359-2:1999, Plastics — Thermomechanical analysis (TMA) — Part 2: Determination of
coefficient of linear thermal expansion and glass transition temperature

ISO 11359-3:2002, Plastics — Thermomechanical analysis (TMA) — Part 3: Determination of
penetration temperature

ISO 14896:2009, Plastics — Polyurethane raw materials — Determination of isocyanate content

ISO 15528:2000, Paints, varnishes and raw materials for paints and varnishes — Sampling

3 erms and definitions

For the purposes of this document, the terms and definitions given in IEC 60455-1 and
IEC 60050 and the following shall apply.

ISO Ind I[IEC maintain terminology databases for use in standardizatiop."at the follqwing
addresses:

BC Electropedia: available at https://www.electropedia.org/

30 Online browsing platform: available at https://www.iso,otgl/obp

3.1
volume resistance
part of the insulation resistance which is due to conddction through the volume and excliiding
surfajce current

3.2
volume resistivity
volurhe resistance reduced to a cubical unit volume

3.3
dielectric dissipation factor
tan §
numgrical value of the ratio of the imaginary to the real part of the complex permittivity

3.4
relatjve permittivity
£I‘
ratio |of the absolute permittivity to the electric constant

Note 1 to entry: In practical engineering, it is usual to employ the term ‘permittivity’ when referring to r¢lative
permifftivity

4 General notes on methods of test

4.1 Preparation and conditioning

Unless otherwise specified in the relevant specification standard or in the method of test, all
tests shall be carried out at atmospheric conditions in a temperature range of between 21 °C
and 29 °C and a relative humidity range of between 45 % and 70 %. Before measurements are
made, the sample or test specimen shall be pre-conditioned under these atmospheric conditions
for a time sufficient to allow the sample or the test specimen to reach stability. For taking
samples in liquid or paste form, ISO 15528 shall be applied. For preparation of such samples
for testing, ISO 1513 shall be applied.

NOTE For definitions of terms for standard atmospheres, see ISO 558. The test atmosphere as specified above
does not comply with any of the two standard atmospheres as specified in ISO 291 but covers both ranges inclusive
of their tolerances
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Normally, all requirements for a method of test are given in the description, and diagrams are
intended only to illustrate one possible arrangement for conducting the test. In case of
inconsistencies between this document and the specification sheets of the IEC 60455-3 series,
the latter shall prevail. When another standard is invoked for a test method, reference to that
standard shall be included in the report.

4.2 Sequence of tests

To avoid unnecessary efforts, tests shall be carried out on the samples in the following
sequence:

1) tr OtO UTT ;IId;V;dUG: bUIII'JUIIUIItD PI;UI tU III;A;IIy;
2) tgsts on reactive compound just after mixing (ready to use);
3) tgsts on cured compound;

4) tgsts on cured compound after pre treatment (thermal, humidity, water etc.):

If thel sample under test fails a test the following tests may become obsolete,

4.3 | Test report
If nof otherwise specified, the test report shall include the following data:
1)

2)
3) cpnfirmation of marking and labelling according to'the material safety data sheet (MSDS);

—

g¢sin designation and identification;

@t number or other identification;

4) tgst results;

5 o

6) processing conditions used to reactive cempound;
7) cppy of the technical data sheet (TDS) and (MSDS).

ajor test parameters, including conditioning‘and calibration, if any;

5 Methods of test for reactive compounds and their components

5.1 Flash point

For flash point temperatures of 79 °C and above, the method given in ISO 2592 shall be lised.
For flash point temperatures below 79 °C, the method given in ISO 1523 shall be used with any
of the¢ closed-cup apparatus as described in Annex A of ISO 1523:2002. ISO 1523 shall be|read
in copjunction with: SO 3679. Two measurements shall be made on two separate samples| and
the two results\of the flash point shall be reported along with reference to the standards applied.

5.2 | Density

The method given in ISO 1675 shall be used. Two measurements shall bée made, and the two
results of the density shall be reported.

5.3 Viscosity

The viscosity shall be determined with a suitable device at (23 + 0,5) °C if not otherwise
specified. If a rotating type of device is used, it shall be in accordance with ISO 2555 (Brookfield
type) or with 1ISO 3219 (a type working at a defined shear rate). If an efflux type of equipment
is used, the method of test and the flow cup shall be in accordance with ISO 2431. Two
measurements shall be made, and the two results of the viscosity shall be reported, along with
reference to the standards applied.

5.4 Viscosity after storing at elevated temperature

This method is not applicable to one-component systems or components containing hardener.
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If not otherwise specified, a sample of sufficient amount is stored for (20 £ 0,5) h at a
temperature of (100 £ 3) °C in a sealed container. After cooling down to room temperature the
viscosity is measured according to 5.3. The increase of viscosity is calculated using the
following equation:

Increase of viscosity in % = (15 —n¢) x 100/ n4

where
14 dynamic viscosity before storing

n, _dynamic viscosity after storing

5.5 | Content of volatile organic components

This method is not applicable to one-component systems or components containing hardgner.
If nof otherwise specified, the test shall be carried out in the following way:

The mass of an empty weighing bottle (about 80 mm x 30 mm) is taken to"0,001 g (#4m/). A
masq of 0,4 g to 0,5 g resin (m,m?2) is weighed to 0,001 g into the weighing bottle (well closed

durinlg weighing). Some drops of toluene are added to dilute the resin. The liquid is spread on
the floor of the weighing bottle with a slight twist.

The ppen weighing bottle is placed into an oven with forced air circulation for at least 2 h at
(110 2) °C. After cooling down to room temperature in ‘a’ desiccator the weighing botfle is
weighed again to 0,001 g (m3).

Volatie-organic-components =00 <{ny,—mg— o=

Volafile organic components = 100 x (m2 = (a3 — ml1)) [ m2

wherg:
ml | mass of an empty weighing héitle (g)
m2 | mass of resin before heating (g)

m3 | mass of an empty weighing bottle with resin after heating and cooling (g)
5.6 | Isothermal incréase of viscosity (processing time)

This Imethod is designed for PUR and EP resins. For UP resins gel time shall be used. |f not
othenwise specified; the test shall be carried out in the following way:

All components and equipment shall be at room temperature. The components of the resip are
mixefl according to the manufacturer’s instructions. The mixing procedure shall not take more
than 3\min. The time measurement starts after adding and mixing of the last component. |After
10 min the Tirst viscosily measurement is taken as the initial value. The measurement is
repeated until the specified maximum viscosity is reached. The time between the initial value
and the maximum value is reported as processing time.

5.7  Shelf life

The shelf life shall be determined by measurement of the change in a specified characteristic
property after a certain storage time and temperature. Experience has shown that viscosity
according to 5.3 and gel time according to 5.23 are appropriate characteristics. To assess shelf
life, viscosity and/or gel time shall be determined according to 5.3 and/or 5.23 respectively, at
a temperature and with an end-point as agreed upon between supplier and purchaser. Two
measurements shall be made on both fresh material and on material stored for a time and at a
temperature as agreed between supplier and purchaser. The two results of shelf life shall be
reported, along with reference to the standards applied. The results shall contain the viscosity
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and/or the gel time before and after storing, the storing time and temperature and the test
temperature.

5.8 Colour

The method given in ISO 6271 shall be used. Two measurements shall be made, and the two
results of colour shall be reported along with reference to the standard applied.

5.9 Softening temperature

The method given in ISO 306 or ISO 4625 shall be used. Two measurements shall be made,
and fhe two resulis of softening temperature shall be reporied along with reference ip the
standard applied.

5.10| Ash content

The trlnethod given in 1ISO 3451-1, method A, shall be used. Two measurements shall be nmade,
and the two results of the ash content shall be reported.

5.11| Filler content

To b¢ agreed between supplier and purchaser.

5.12| Chlorine content

5.12.1 Total chlorine content of unsaturated polyesters and epoxide resins

The method given in ISO 4615 shall be used. Twexmeasurements shall be made, and th¢ two
results of the total chlorine content shall be reported.

5.122 Inorganic chlorine content of epoxide resins and glycidyl esters

The method given in ISO 4573 shall be used. Two measurements shall be made, and th¢ two
results of the inorganic chlorine content shall be reported.

5.123 Easily saponifiable chlorine content of epoxide resins and related material1
two

The method given in ISO'4583 shall be used. Two measurements shall be made, and th
resulfs of the saponifiable chlorine content shall be reported.

5.13| Tendency of crystallisation

This method\is’applicable to epoxy resins only.

The ||nethod given in ISO 4895 shall be used. Two measurements shall be made, and thtf two
results shall be reported.

5.14 Epoxide equivalent of epoxide resins

The method given in ISO 3001 shall be used. Two measurements shall be made, and the two
results of the epoxide equivalent shall be reported.

5.15 Content of isocyanate

This method is applicable to polyurethane hardeners only.

The method given in ISO 14896 shall be used. Two measurements shall be made, and the two
results shall be reported.
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5.16

Water content (Karl Fischer method)

The method given in IEC 60814 shall be used. Two measurements shall be made, and the two

resul

5.17

5.17.

ts of the water content shall be reported.

Hydroxyl value

1 Polyester resins

The method given in ISO 2554 shall be used. Two measurements shall be made, and the two

resul

5.17.

ts of the hydroxyl value shall be reported.

2 Resins other than polyester

To b¢ agreed between supplier and purchaser.

5.18

The
resul

5.19

Acid value of polyester resins

s of the acid value shall be reported.

Amount of double bonds of unsaturated polyester and acrylate resins

To bé agreed between supplier and purchaser.

5.20

Acid and acid-anhydride content of acid-anhydride hardeners

The method given in ISO 2114 shall be used for acid content. The method given in ISO

shall
the a

5.21
The

be used for anhydride content. Two measuréments shall be made, and the two resu
icid value and/or anhydride content shall-bbé reported.

Amine value

method given in ISO 9702 shall be used if not otherwise agreed between supplie

purchaser.

5.22

5.22,

Pot life

1 General

The fime which a particular method requires to achieve a viscosity of 50 Pas is measured

The

5.22,

5.22.

iscosityncan be determined in any viscosimeter.

2.Resinous compounds for cable accessories

ethod given in ISO 2114 shall be used. Two measurements shall'‘be made, and th¢ two

7327
Its of

and

2.1 Apparatus and materials

Equipment to be used:

e beaker in accordance with ISO 7056, polyethylene, polypropylene or glass with dimensions:
70 mm to 100 mm diameter and 70 mm to 130 mm high;

e €

nvironmental chamber;

e time measuring device;

e viscosimeter.

5.22.

2.2 Preparation of the sample

The beaker shall be marked to a volume of (300 £ 25) ml.
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The beaker and a standard manufacturer pack shall be stored in an environmental chamber for

24 h

5.22.

at the temperature specified with a tolerance of 72 K.

2.3 Procedure

The components shall be removed from the environmental chamber and start mixing
immediately according to the supplier’s instructions. The time starts at the commencement of
mixing the components.

Remove the beaker from the environmental chamber, and pour the mixed compound into the

beak

5.22,

1 Il H Il 1
ABYUY tU tIIU Mialrn previousty Tiauc.

2.4 Test report

The fest report shall include the following information:

e tH
p
o th

The

5.23
5.23.

e time is determined from the start of mixing until a viscosity of 50 Pas is reached
bt life shall be rounded to the nearest of a second;

e viscosimeter, test parameters and system used (e.g. spindlecsize, rotation speed ¢

iscosimeter with the system used shall be calibrated at 50(Pas.

Gel time

1 Unsaturated polyester based compounds

methpd given in ISO 2535 shall be used at a test't€mperature as agreed upon between su

and
repof

5.23.

The
resul

5.23.

Gel }me is the period of time after which the reactive compound reaches the gel state

urchaser. Two measurements shall be;m@de, and the two results of the gel time sh
ted along with the test temperature.

2 Phenolic resin based compounds

ethod given in ISO 9396 shall be used. Two measurements shall be made, and thg
s of the gel time shall bereported.

3 Other compounds

The

The

iplier

Il be

e two

If applicable, the methods given in ISO 2535 ord4S6-9696 1SO 9396, or ISO 8987 shall be @ised.

5.24

5.24.

Exothermic temperature rise

1 Unsaturated polyester based compounds

The |

results of the exothermic temperature rise shall be reported.

5.24.

5.24.

2 Resinous compounds for cable accessories

21 Apparatus and materials

Equipment to be used:

¢ two

e beaker in accordance with ISO 7056, polyethylene, polypropylene or glass with dimensions:
70 mm to 100 mm diameter and 70 mm to 130 mm high;

o thermocouple made with twisted wires;

o temperature recorder;

e time measurement device.


https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87

IEC 60455-2:2023 RLV © IEC 2023 -17 -

5.24.

2.2 Preparation of the sample: Test at 23 °C

The beaker shall be marked to a volume of (300 + 25) ml. The beaker and a sufficient amount
of resinous compound components (prepare 400 ml to 700 ml of the compound) shall be stored
for 24 h at (23 + 2) °C.

The components shall be mixed according to manufacturer’s instructions. The time starts at the
commencement of mixing the components.

The mixed components shall be poured into the beaker up to the mark previously made. The
thermocouple shall be inserted vertically in the centre of the mixture to a depth of (25 £+ 5) mm

undef the compound surface and held in position by a suitable device (e.g. ring-stand).

5.242.3 Procedure

The
peak
temp

NOTE|

5.24.

mperature increase shall be checked, and the maximum temperature risg and the time to

The
to th

R
St

5.25

The

resul
temp)
mad¢

5.26
5.26.
This

meas
comg

oundcures in presence of water. Voids created by generation of gas in the resin may

recorded. The test is finished after the highest temperature has begn reached angd the
erature starts to drop significantly.
For ease of testing, the temperature can be recorded as a curve.
2.4 Test report
aximum temperature reached (rounded to the nearest°C) and the time to peak (rounded
nearest min) shall be reported.
- Chercompennss
Total volume shrinkage of epoxide and unsaturated polyester based compounds
ethod given in ISO 3521 shall be 'used. Two measurements shall be made, and the¢ two
s of the total volume shrinkage shall be reported. The report shall contain the test
erature, the density of the campound at test temperature, and the density of the spegimen
of the cured compound.
Curing in presence of water
1 General
fest applies-only to-pelyurethane-resinous compound for cable accessories. This tesf is to

ure-thelgas-evolutionand the physical structure change when the polyurethane resinous

lead

to eITctricaI break down.

The density of the cured resin mentioned in the technical data sheet shall be > 1,05 g/cm3.

5.26.

2 Apparatus and materials

Equipment to be used:

e 250 ml transparent/tansiucent PE squirt bottle-with-serew-en-squirt-cap;

o funnel that meets the requirements of 5.26.3;

NOTE

Take care that the equipment is clean (no algaes).
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3 Pouring device

Use a funnel with a capability to fill the bottle within 30 s to 60 s at room temperature.

5.26.

4 Procedure

eemple@*ﬁ%ma%eﬁmﬁh&buekekThe squwt bottle shall%hen%esepewe@eﬂpeﬁpthe
squirt-cap; be marked with 2 marks at 100 ml and 200 ml respectively and filled up to the 100

ml mark with de-mineralized water of (23 + 2) °C.

The-
to re

bucket; squirt bottle and resinous compound left In 1ts original packaging shall be all

and

pourgd into the closed funnel. The funnel shall be emptied immediately into the’squirt
until the water level reaches the 200 ml mark. Care shall be taken to pour in the centre ¢

ach room temperature. The compound package shall be opened, the stopwatch st3
he components mixed according to manufacturer's instructions. The mixed cempou

bwed
rted,
nd is
ottle
f the

bottl¢ and avoid touching of the inner bottle wall.

ML dethemosd 20 o comma ths oyt oon cnte fhe coniel Dodile Lot tn s connoction 1o
takinfgcare not to deform the flexible tubing or squirt bottle. During the connec
subspquentcuring the flexible tubing and squirt bottle shall-not be deformed; if the tu
the bpttle become-deformed,restart the-test-The compound shall be allowed to cure
life specified by the manufacturer. At least one hour after the pot life has elapsed

ef—gjs—nu—m—the—g%Hmd—eyMMel—sha#—be—read The water. shall be poured out of the
bottlg. After hardening of the resin at room temperaturefor24 h, the specimen shall be v

cut th

phys
exam

Examination grid

grid
as sH

Eval:rnate concentration and dimension\8f bubbles created by using an examination grid

rough the centre of the bottle and clean the cut sGrface with compressed air. Examin
cal structure-examined for the presence of blisters or cracks in the compound usin
ination grid.

easures 45 x 24 mm (width x height) and is made up of 15 cells of dimensions 9 x 8
own in Figure 1.

5.26.

The following parametersishall be measured and reported:

5 Test report

e o
hysical strUcture/presence of blisters or cracks or bubbles and/or inclusions;

cture of the cut surface of the compound with scale.

quirt
rtical

The
mm,
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Dimensions in millimetres

45

A
A\

24

IEC Q}/
Figure 1 — Examination grid Q(]:b

%

allowled and at least 5 cells must be free of bubbles. Count only bubbl

45 (O‘

%O Figure 2 — Position of examination grid on the specimen

G\Q;gﬁows the position of the examination grid on the specimen.

Position the grid centrally on the cut surface. To pass the examination ?:g bbles > 3 mm are
X

th diameter = 1| mm.

5.27 Determination of the degree of curing

The reaction enthalpie of the uncured resin is determined by using DSC. An amount of 10 mg

has been found adequate.

If not otherwise specified, about 10 g of resin is cured under conditions (temperature and time)
as agreed between supplier and purchaser. The residual enthalpie is determined using a sample

of about 10 mg.

The degree of curing is calculated as follows:

Degree-of-curingin%—=100—H <100 H
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Doc =100 — H, x 100 / H,,

where
Doc  degree of curing (%)

H

c enthalpie of cured resin (J/g)

H enthalpie of uncured resin (J/g)

u
5.28| Curing in thick layer and emissions during curing
5.281 General

This fest is designed for the examination of cured impregnating materials~Curing in thick |ayer
is expressed by the condition after curing of the top side, bottomyside and interior of the
spec|men. The determination of emissions during the curing process\is also part of this mefhod.

5.28.2 Equipment
The following equipment shall be used:

o flpt and smooth square pieces of aluminium foil;)0/1 mm to 0,15 mm in thickness apd of
(95 £ 1) mm side length;

°
[V)

former made of metal or any other suitable-solid material, (25 £ 1) mm in thicknesg and
(45 £ 1) mm square;

e ah oven with forced air circulation andswith a minimum rate of 8 fresh air changes per hour.
The oven shall be of the type and design used for drying and/or curing specimens;

e a|balance with an accuracy of {01 g.
5.28.3 Test specimen

A pigce of aluminium foil shall be cleaned by adequate means and shall be folded arounf the
former to produce a squaré mould of about 45 mm side length. The square mould shall be dried
at (110 £ 5) °C for (0. 1) min, cooled down and stored in a desiccator.

The mass of the.square mould shall be weighed to 0,01 g (#,m/). A resin sample with a mass
between 9,90 g and of 10,10 g shall be weighed to 0,01 g into the mould (#,m?2).

The $pecimen shall be cured at a temperature and for a time as agreed between supplief and
purctaser—The specimen shattbe cooted—down to Toom temperature im a desiccator and the
mass shall be taken to 0,01 g (m3). Subsequently the aluminium foil is removed.

5.28.4 Procedure

5.28.4.1 Description of the specimen

Table 1, Table 2, Table 3 and Table 4 give descriptions of the specimen.
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Table 1 — Condition of the top side

Condition Symbol
Smooth S1
Wrinkled S2

Table 2 — Condition of the bottom side

Condition Symbol
Non-tacky u1
Tacky u2

Table 3 — Condition of the interior

Condition Symbol
Rigid 11.X
Horn-like machinable 12.X
Leather-like 13.X
Rubber-like 14-X
Gel-like 15.X
Liquid 16.X

Table(4— Voids

The specimen.contains X
No voids 1

Not morg than five voids 2
More than five voids 3

For the condition of _the) interior a statement shall be added whether the interior is unifo
not uniform.

NOTE]| It can bengcessary to cut the specimen, to bend the specimen with the fingers or to use a knife for des
the me¢chanicahproperties.

5.28.4.2- “Emissions

The emissions shall be calculated by the following equation:

E=100—{{my —{mg—ny ) H00-1m,

m or

ribing



https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87

- 22 - IEC 60455-2:2023 RLV © IEC

E =100 - ((m2 - (m3 —ml)) x 100 / m2

where:

E emissions

ml  mass of the empty square mould

m2  mass of the uncured resin (without mass of the square mould)
m3  mass of the square mould with cured resin

6 Methods of test for cured reactive compounds

2023

6.1

The ¢
spec

6.2
6.2.1

When the term "test specimen" is used it means solid parts of the cured material in a shaj

requi
refer

6.2.2

The
as sf
comg
comg

6.2.3

Spec
the n

General

mens.
Test specimens

General

red for the method of test concerned. In 6.2.2, 6.2.3 and{6.2.4 such "test specimens
ed to as "specimens".

Preparation of the reactive compound

ecified by the supplier. Also drying, de-aerating, heating, and other measures to trea
onents and the compound shall complywith the instructions given by the supplier. V
ounds contain fillers, the possibility of 'settlement needs to be taken into account.

Preparation of test specimens

purc

curing conditions with respect to temperature, and time or temperature-time programmg

rem

the imstructions given;by the supplier, cure at ambient temperature, generally reach the
state|at ambient temperature only after days or weeks. To achieve a defined degree of cu
suchfconditionsythe compounds shall be cured for 24 h at ambient temperature and immed
therdafter for24 h at 80 °C, or as agreed between supplier and purchaser. Specimens sh

elevant specification sheet of IEC 60455-3, or as agreed upon between supplier
aser. This includes the casting process with respect to temperature and vacuum

al from the mouldtand annealing and cooling. Reactive compounds, which accordi

ured compound is self-supporting and thus allows the preparation of rigid and-flexibl¢ test

pe as

are

eactive compound shall be a homogeneous:nixture of such portions of the components

t the
(Vhen

imens shall be prepared under conditions as specified in the particular method of tgst in

and
, the
, the
ng to
final
rein
ately

Il be

cast jn the<proper shape according to the dimensions given in the method of test or shall be
prepared.\from cast pieces. They shall be free of voids, bubbles, nicks, and scratches. During
machining, excessive heating of the machined surfaces shall be avoided by cooling, for insfance

with water.

NOTE Removal of the cured compound from the mould is facilitated by the use of release agents and moulds made
of chromium-plated or other adequate material.

6.2.4

Type and number of test specimens

The type and number of specimens required for a particular method of test are specified in the
method of test, in the relevant specification sheet of IEC 60455-3 or shall be agreed upon
between supplier and purchaser.
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6.3 Density

A method given in ISO 1183-1 shall be used. Two measurements shall be made. The kind of
preparation and the dimensions of the specimen, the method used, and the two results of the
density shall be reported.

6.4 Mechanical properties
6.4.1 Tensile properties

6.4.1.1 Rigid material

The method given in ISO 527 shall be used with a speed of testing to break the specimen\Within
(60 4 15) s. The type of specimen shall be selected from ISO 527. Five specimens\sh3all be
tested. The kind of preparation, the dimensions and the type of the specimen, the speed of
testing, and the five results of the tensile properties shall be reported. As far as@pplicable, the
repoft shall contain tensile stress at yield, at maximum load and at break, percentage elongfation
at yigld and at break, and modulus of elasticity.

6.4.1|.2 Flexible material

The method given in ISO 37 shall be used for a dumb-bell specimeén. Five specimens shall be
tested. The kind of preparation and the type of dumb-bell spegcimen, and the five results gf the
tensile properties shall be reported. The report shall contain tensile strength, percentage
elongation at break, and modulus of elasticity.

6.4.2 Compressive properties

The method given in ISO 604 shall be used. Five specimens shall be tested. The kind of
preparation and the dimensions of the specimen, the rate of deformation, and the five rgsults
of thg¢ compressive properties shall be reported. As far as applicable, the report shall contain
comgpressive strength at maximum load, campressive yield stress, and percentage compregsive
strain at rupture.

6.4.3 Flexural properties

The method given in ISO 178 shall be used with a relative rate of movement of the loading [nose
and supports, so that the specimen ruptures or reaches the maximum load within (60 = 15) s.
Five specimens shall be-fested. The kind of preparation and the dimensions of the specimen,
the relative rate of mavement, and the five results of the flexural properties shall be repqrted.
As far as applicablejthe report shall contain the flexural stress at rupture or at maximum |oad,
the cprresponding-deflection, and the modulus of elasticity.

6.4. Unnotched specimens

6.4. Impact strength
L1

The method given in ISO 179-1 or ISO 179-2 shall be used. Ten specimens shall be tested. The
kind of preparation, the dimensions, and the type of specimen, as well as the 10 results of the
impact strength shall be reported.

6.4.4.2 Notched specimens

The method given in ISO 179-1 or ISO 179-2 shall be used with a notched specimen. Ten
specimens shall be tested. The kind of preparation, the dimensions and type of specimen as
well as the 10 results of the impact strength shall be reported.
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6.4.5 Hardness
6.4.5.1 Rigid material

The method given in ISO 2039-1 (ball indentation method), or the method given in ISO 868
(Shore D hardness) shall be used. Five measurements shall be made on one or more
specimens. The kind of preparation and the dimensions of the specimen, the test load applied,
and the five results of the hardness shall be reported.

6.4.5.2 Flexible material

The
shall be made on one or more spemmens The kmd of preparatlon and the d|men3|ons qf the
spec|men, the type of durometer (A or D) used, and the five results of the indentation,hardness
shall|be reported.

6.5 | Thermal properties
6.5.1 Bond strength at elevated temperature

The fwisted coil test, method A, or the helical coil test, method B, given in IEC 61033, shall be
used| The test temperature shall be in accordance with the relévant specification sheet of
IEC $0455-3, or shall be agreed upon between supplier and purchaser. Five specimens [shall
be tgdsted. The method, the types of enamelled winding wiré\used as substrate, and thg five
resulfs shall be reported.

6.5.2 Linear thermal expansion

The method given in ISO 11359-2 shall be usedsThe kind of preparation, the dimensions ¢f the
spec|imen and the result shall be reported.

6.5.3 Thermal conductivity

To b¢ agreed between supplier and purchaser.

6.5.j Glass transition
1

6.5.4. Glass transition temperature

One [of the methods-given in ISO 11357-2, ISO 11359-2 or ISO 11359-3 shall be used.| Two
meagurements shallkbe made. The kind of preparation and, if applicable, the dimensions ¢f the
spec|imen, the method used (A: DSC or DTA, B1: TMA, expansion mode, or B2: TMA,
penetration mede), and the two results of the glass transition temperature shall be reported.

6.5.4.2 Temperature of deflection under load

of preparation and the dimensions of the spemmen the method used, and the two results of the
temperature of deflection under load shall be reported.

NOTE The temperature of deflection under load is of the same nature as the glass transition temperature, but the
methods given in ISO 75 do not allow temperatures below 40 °C to be determined. The methods according to 6.5.4.1
can preferably be applied.

6.5.5 Flammability

The methods A and B given in IEC 60695-11-10 shall be used. For each method five specimens
shall be tested. Method-B A shall be applied only in the case where the result according to
method-A B is worse than category V-2. The kind of preparation and the dimensions of the test
specimen, as well as the result of flammability obtained with method B and, if applicable, with
method A, shall be reported.
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6.5.6

Thermal shock

To be agreed between supplier and purchaser.

6.5.7

Dry heat resistance of resins for cable accessories — Method of test

6.5.7.1 General

This test is used to determine the effect of extended exposure to dry heat on loss of mass and
if required impact strength.

6.5.7

Prep
shall

a) L

b) In
6.5.7

Equipment to be used:

6.5.7

The fest specimens, prepared in accordance with 6.5.7.2, shall be used as follows:

8

(4
T

(2 Spectimen

bre the specimen from the same batch of resinous compound. The resinous/comp
be prepared and cured in accordance with the manufacturer’s instructions.

D mm x 40 mm x 5 mm and individually identified.

npact strength: a set of 5 test specimens shall be prepared in accerdance with ISO 1

.3 Apparatus and materials

halytic balance with accuracy of £ 1 mg;
rced air oven with temperature control;
npact tester;

bsiccators.

.4 Procedure

he loss of mass specimen_shall be marked individually. Take the mass by weigh
dividually to the nearest of 1 mg (= mass #4m1I).

| test specimens shall~be placed in a forced air oven for 28 days at (120 £ 2) 1

ound

bss of mass: a set of 3 test specimens shall be prepared with the-dimensions of

79.

ng it

C or

bntact between thiem shall be avoided. Only one type of resinous compound shall be t
one time. At the end of the 28 days, the set of test specimen shall be removed fron
rced air oven:

3 + 2)°C

he’loss of mass specimens shall be weighed individually to the nearest 1 mg (= mas

mperature stated inW\EC 60455-3-8. Any mechanical loading of the specimen or any Iirect

sted
n the

he set of\‘test specimen shall than be placed for 8 h in a desiccator and coolgd to

sz

n

7) immnr‘liafnly after removal from-the desiccator.

T

he impact strength shall be measured in accordance with ISO 179.

6.5.7.5 Assessment

The percent loss of mass shall be calculated for each individual sample, in accordance with the
following equation:

M=—A{my—wm}-n1)>100

M= ((ml —m2)/ ml)* 100

Where:

M

loss of mass (%)
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ml  mass of weighing of test specimen individually identified before heating (g)
m2  mass of weighing of test specimen individually identified after heating and cooling (g)
6.5.7.6 Test report
The test report shall include the following information:

e the average of percentage loss of mass;

o the average of the impact strength if required.

6.5.8 Wet heat resistance of resins for cable accessories

6.5.8/.1 General
This fest shall be carried out to the following requirements:

a) the samples shall be prepared in accordance with the methods given in the“relevant gheet
of IEC 60455-3, to carry out the following tests: hardness, tensile and glongation, el¢ctric
sfrength;

b) fipal measurement of reference samples and treated samples shalk'be done the same¢ day
sliccessively.

6.5.8,.2 Test sequence
The fest sequence shall be as follows:

1) Breparation of the test specimen from the same Jotof resinous compound.
2)
3) DOrying for 48 h at (60 + 2) °C under vacuum,

mersion for 28 days at (70 £ 2) °C in water.

4) Drying 24 h at 80 °C with open ventilation*slot.
5) Qooling in desiccator to (23 + 2) °C (8 h).
6) st of specimens.

6.5.8.3 General

This test is used to determine the resistance to hydrolysis of resinous compounds exposgd to
the sjmultaneous influence of water and temperature. It determines any irreversible change in
seledted mechanical groperties by means of a tensile test and of a hardness test, and electrical
properties by means_of dielectric strength.

6.5.8.4 Specimen

The fesinotls compound shall be prepared and cured in accordance with the manufactyrer’s
instryctions.

Mechanical test:

A set of 10 test specimens no. 1B shall be prepared in accordance with 6.4.1.2 and ISO 527-1,
ISO 527-2 and ISO 527-3 from blister free plates of resinous compound of thickness of
(4 £0,2) mm.

NOTE 1 For highly filled compound, specimens can be cast in a mould of adequate dimension for the test.

Electrical test:

A set of 5 test specimens shall be prepared in accordance with-+-eC-60093 |[EC 60243-1 for the
electric strength tester.
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6.5.8.5 Apparatus and materials

Equipment to be used:

e hydrolysis vessel with a minimum capacity of 1 | for 5 test specimens each;
o forced air oven with temperature control;

e heating /vacuum cabinet;

e Shore hardness tester;

e t@nsile tester;

- bl e ;
e dlelectric strength tester;

e dpsiccator.
6.5.8.6 Procedure
The fest specimens, shall be used as follows:

. set of 5 mechanical test specimens shall be kept aswreference samples. They shall be

ored in the test room at standard atmosphere 23/50 ifaccordance with ISO 291.

> o >

set of 5 each of the mechanical test and of the eléctrical test specimens shall be immersed
water in the hydrolysis vessel for 28 days at 70 °C. The test specimens shall be placed
the hydrolysis vessel in such a manner thatithey are surrounded by water and immersed
a minimum water head of 10 mm. Any mechanical loading of the specimens or any direct
bntact between them shall be avoided. Only one type of resinous compound shall be t¢sted
one time. The water conductivity shall*be less than 500 yS/m and its pH value shall be
0 £ 0,5. The hydrolysis vessel shall*then be closed with a suitable cover and shall be
aced in a-heating-cabinet forced aifroven at (70 £ 2) °C and kept at that temperature during
e 28 days. At the end of the 28 days, the set of test specimens shall be removed from the
bating-cabinet forced air oven and from the vessel.

TZONMOFTT

The pet of test specimens ‘shall then be placed respectively in a separate heating/vaguum
cabinet and dried for 48 h_at (60 + 2) °C under a (1,5 £ 0,2) kPa vacuum,-in-sterage then gtore
for 24 h at (80 + 2) °Cwith-an-open-ventilation-slet in a forced air oven, and then shall be cooled

dowr] to (23 £ 2) °C/for-8 h in desiccators.

6.5.8.7 Conditioning and assessment

The {est specimens shall be conditioned before the hardness, the tensile/elongation ang the
electficsstrength tests for 24 h in accordance with 1ISO 291 using an atmosphere 23/50] The
mechanical test specimens (reference and wet aged) shall be subjected to hardness
measurement, followed by tensile/elongation measurement.

The hardness test shall be carried out in accordance with ISO 868 on ends of the mechanical
test specimens outside their clamping length and in the centre of their surfaces.

The tensile and elongation test shall be carried out in accordance with ISO 527, with a jaw
speed of 50 mm/min up to Shore D hardness 70.

A jaw speed of 5 mm/min shall be applied if the Shore hardness is = 70.

The electrical test specimens shall be subjected to electric strength measurement in
accordance with-4EC-60093 |[EC 60243-1.
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For mechanical tests the following arithmetic mean for each property shall be calculated:

e, value on the reference test specimens;

e, value on the aged test specimens.

The retained percentage of the values for these properties after the temperature/water exposure
shall be calculated using the following equation:

E=ALy/E4)100

E=(ey/eq)x 100

wherg:
E values for these properties after the temperature/water exposure (%)

e, |value on the reference test specimens

e, value on the aged test specimens

For the electric strength test, the arithmetic mean of the test specimens shall be calculated and
compared to the values in IEC 60455-3-8:2013, Table 2.

6.5.8,.8 Test report
The fest report shall include the following informations

—

gtained percent of Shore hardness;

—

gtained percent of tensile strength;

—

g¢tained percent of elongation at break;

o value of dielectric strength.
6.5.9 Loss of mass
6.5.9.1 General

This method applies to résinous compounds for cable accessories.

6.5.9.2 Apparatus and materials
Equipment to_be-used:

e apalytic\balance with accuracy £ 1 mg;

e constant temperature oven with ventilation;

e desiccator with calcium dichloride as a drying agent.
6.5.9.3 Specimen

Three specimens with the dimension of 80 mm x 40 mm x 5 mm shall be conditioned for 24 h
at standard atmosphere 23/50 in accordance with ISO 291 and individually identified.

6.5.9.4 Procedure

The three conditioned test specimens shall be weighed individually to the nearest 1 mg (= mass
ml) and stored for one week at (120 £ 2) °C in the vented oven. They shall then be cooled in a
desiccator. Immediately after removal from the desiccator, the test specimens shall be weighed
individually to the nearest 1 mg (= mass #,m?2).
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6.5.9.5 Results

The percent loss of mass, M, shall be calculated for each individual sample, in accordance with
the following equation:

M= ((ml —m2) ! mI)*x 100

wher

42

M Loss of mass (%)
ml | mass of test specimens individually before heating (mg)

m2 | mass of test specimens individually after cooling (mg)

The average value of the three measurements shall be reported.

6.5.10 Temperature index

NOTE| The temperature index depends on the choice of test criterion and of(the end-point criterion. Therefofe, for
one and the same material, results for the temperature index can vary by 80.K,or more.

6.5.1/0.1 Procedure

The method given in IEC 60216 shall be used. The\test and end-point criteria shall be in
accofdance with the relevant specification sheet\of IEC 60455-3, or shall be agreed jupon
betwgen supplier and purchaser. Two test criteria. shall be used. For each test criterion at|least
threq exposure temperatures shall be applied. The difference between two subsequent
expopure temperatures shall not exceed 20°K. If the correlation coefficient is less than 0,95,
one Mmore set of specimens shall be tested at an exposure temperature different from the
temperature originally chosen.

NOTE| ISO 2578 is based on the principles-laid down in IEC 60216. By deleting all information that is not reguired
for plgnning and running a temperatureindex experiment and for calculation of results, ISO 2578 has becpme a
practi¢al short version as required for'use in a laboratory.

6.5.10.2 Result

For gach test criterion,-the kind of preparation and the type and dimensions of the specimen,
the number of specimens for each test, the exposure temperatures, and the results shall be
reponted along-with reference to the standards applied. The results for each test set [shall
contgin the specimen end-point times, the time to end-point for each exposure temperatyre, a
grap’ishowing the property values as a function of the logarithm of the times to end-point, the

thernmpal,endurance graph (first order regression line) on thermal endurance graph papetf, the
tempgrature index, and the correlation coefficient.

6.6 Chemical properties
6.6.1 Water absorption

Method 1 (water at 23 °C) and method 3 (boiling water) given in ISO 62 shall be used. For each
method three specimens shall be tested. The kind of preparation and the dimensions of the
specimen, and the three results of water absorption obtained with each of method 1 and method
3 shall be reported. One untreated specimen shall be kept for reference.

6.6.2 Effect of liquid chemicals

The method given in ISO 175 shall be used. Unless otherwise specified, the temperature of the
test liquid shall be (23 + 2) °C and the immersion time shall be (168 + 1) h (seven days). For
each test liquid three specimens shall be tested. The kind of preparation and the dimensions of
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the type of test liquid and the three results for each of the test liquids shall be

the specimen

dimensions

and mass for each of the three specimens. One untreated specimen shall be kept for reference.

reported. For each test liquid the result shall contain the change of appearance

Resistance to mould growth

6.6.3

be tested, and the three results of resistance to mould growth shall be reported. One untreated

The method given in IEC 60068-2-10 shall be used. Three specimens according to 6.7.3.3 shall
specimen shall be kept for reference.

1StefsS

£65

Water vapour permeability

6.6.4

Electrical properties

Effect of water immersion on volume resistivity
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6.7
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A mgthod given in the IEC 62631-3 series shall be used. Tr‘k\}e specimens shall be tested.

O
6.7.2 Dielectric dissipation factor (tan 8) and 5@%!6 permittivity{(e}
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The method given in IEC 62631-2-1 or IEC 62631-2-2 shall be used. Two specimens shall be
tested.

6.7.3 Break down voltage and electric strength
6.7.3.1 General

Breakdown voltage shall be measured by using IEC 60243-1. If IEC 60243-1 is not applicable
to th¢ material under test, Clauses 4 and 6 may be amended as specited In 6.7.3.2.

6.7.3.2 Electrodes

The electrode arrangement shall be the ball-to-plate type. The high-voltage eléctrode [shall
consfst of a polished steel ball with a radius of (3 £ 0,0005) mm for rigid material,| and
(10 4 0,0005) mm for flexible material. Polished steel balls with a surfacelroughness of| less
than|0,001 mm as used in ball bearings (class Ill) are easily available~-and have been found
adegpate for the purpose. The earth electrode shall be a plate witha\diameter of (75 £ 1) mm
and Wwith rounded edge of a radius of (3 £ 0,1) mm. For the complete test arrangement for
flexile material, see Figure 2. In the case of rigid material,(the upper electrode and the
spec|men shall be as shown in Figure 3.

NOTE|1 The ball-to-plate electrode arrangement gives, compared {0 a plate-to-plate set, a slightly increasef field
strength depending on the radius of the ball electrode and the thieckness of the specimen.

EXAMPLE For a radius of 10 mm and a thickness of 0,1 mm, the increase in field strength compared to fhat of
plate-fo-plate arrangement is about 10 %.

NOTE|2 If a round cylindrical glass container of sufficient'size is used to accommodate the test set-up and thje fluid
with the earth electrode at the bottom of it, such a container makes it possible to observe visually the process when
the voltage is applied. It also permits the earth conhection and the fluid supply through the bottom electrode, [with a
fluid operflow at the top of the container, see-Figure 2 Figure 4. If an elevated test temperature is required, such an
arrandement allows the fluid to be used for heating purposes.

6.7.3,.3 Test specimen
6.7.3.3.1 General

The thickness of that part.of the specimen which is subject to breakdown shall not exceed 1| mm.
The thickness of any-two of the specimens of one set shall not vary by more than 10 %.

NOTE]| It is generally’ found that the electric strength for cured reactive compounds with a glass trafsition
tempefrature above 80 °C is from 50 kV/mm to 100 kV/mm and can be even more, for instance, for hot puring
cyclogliphatic epoxide-based compounds. Consequently, testing specimens of a thickness of significantly morg than
1 mm pnd with an electrode arrangement of, for instance, 25/75 mm as specified in IEC 60243-1, can require vpltage
levels|aboye 200 kV. This can lead to conditions where flashover or partial flashover with subsequent breakdown
outsidp'thie‘electrode area cannot be avoided.

6.7.3.3.2 Rigid material

The specimen shall form a cylindrical rod of cast compound with a diameter of about 30 mm
and with a length, in millimetres, twice the assumed numerical value of breakdown voltage in
kilovolts. This rod shall contain a central lead wire with a steel ball attached to it at one end and
apart from the other end completely embedded in the casting compound.

After the mould is removed, that end of the specimen which is close to the ball electrode shall
be ground to the specified thickness, then polished and coated with a conductive layer, for
instance a dispersion of graphite or silver, which serves as the earth electrode. During grinding
the thickness shall be controlled by means of a permeameter type device calibrated in
thickness. For an example of the specimen set-up, see Figure 4. This set-up can be
accommodated in a glass container as in-Figure-2 Figure 4.
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NOTE For casting, a glass tube can serve as a mould with the lead wire and the ball electrode properly centred by
adequate means. A piece of welding wire of, for instance, 3 mm diameter can serve as a lead wire, with one end

solder

ed to the ball electrode.

After testing, the cured compound is removed at the point of breakdown to allow measurement
of the space between the polished surface and the ball electrode. The space shall be measured
by means of a micrometre probe and reported as thickness.

6.7.3

3.3 Flexible material

A specimen in accordance with 6.7.3.3 shall be used.

6.7.3.4 Procedure

The fate of increase of the voltage shall be not more than 500 V/s. Unless otherwise/spec

the t
the 4
temp
or un

6.7.3,

Five

dime
used
resul
volta

6.7.4  Proof tracking index (PTI)

The
teste
betw

as well as the three results of PTI, shall be reported. The results shall contain the proof vo

appli

6.7.5 Electrolytic corrosion

The

threg results of electrolytic corrosion shall be reported.

st temperature shall be (23 + 2) °C. The test shall be carried out with the~specimer
lectrodes in a dielectric fluid, which is circulated and maintained at the)'specified
erature. Unless otherwise specified, unused mineral insulating oil according to IEC 6(
used synthetic organic ester according to IEC 61099, shall be employed.

5 Result

specimens shall be tested. The type and method of preparation of the specimen ar
nsions, the test temperature, the radius of the ball electfede, the type of dielectric
and the five results shall be reported, along with reference to the standards applied
Is shall contain the thickness of the specimen at the point of breakdown, the break
ge and the electric strength.

method given in Clause 10 of IEC 601:12:2003 shall be used. Three specimens sha
d with a proof voltage as specified inithe relevant specification sheet, or as agreed
ben supplier and purchaser. The kifdd of preparation and the dimensions of the speci

ed and the number of drops obtained.

isual method given\in IEC 60426 shall be used. Three specimens shall be tested
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Figure 3 — Example of electrode arrangement for flexible cured compound
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Figure 4 — Example of electrode arrangement for rigid cured compound
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Annex A
(informative)

Health and safety

The manufacturer shall make available on request the MSDS for each component, in order to
enable the purchaser to transport, use and dispose of the components and their packaging in
a safe manner, in relevant languages. Further relevant information concerning health and safety
linked to installation conditions shall be made available on request.



https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87

IEC 60455-2:2023 RLV © IEC 2023 -39 -

Bibliography
[1] ISO 558:1980, Conditioning and testing — Standard atmospheres — Definitions
[2] ISO 2578:1993, Plastics — Determination of time-temperature limits after prolonged

exposure to heat



https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87



https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87

IEC 60455-2:2023-07(en-fr)

IEC IEC 60455-2

o
®

INTERNATIONAL
STANDARD

NORME &
INTERNATIONALE N

.

v
X

Qb&
C)
\@
S\‘

Regin based reactive compounds used for e@rical insulation —
Part 2: Methods of test Q

A
s
Composés réactifs a base de résines utilisés comme isolants électriques
Partie 2: Méthodes d'essai N\

Edition 4.0 2023-07



https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87

-2- IEC 60455-2:2023 © |IEC 2023

CONTENTS

O T T 1 I PP 5
LN I 2 1 1 L O 1 PN 7
1 1T o 1= S 8
2 NOrMative referENCES .. o 8
3 Terms and definitioNs ... 11
4 General notes on Methods Of teSt ... 11
4.1 Preparation and conditioning.....oeeeeeieenreneeneeeneennneiiie e .11
4.p SeqQUENCE Of 1BSES Lot .12
4.8 =153 G =1 T o PP Br gt .12
5 Methods of test for reactive compounds and their components .................... .. .12
51 Flash poOiNt ... Y N .12
5p DN SIY et .12
5B ViISCOSITY it ot .12
54 Viscosity after storing at elevated temperature................ &S .12
5.p Content of volatile organic components............ccccooei .13
5.p Isothermal increase of viscosity (processing time) . .13
5.7 Shelf life oo B .13
5B L7 0] o T | o .13
5P SOftening tEMPErature ........c.ooeniiii e et .14
S0  ASN CONTENT ... A e ettt .14
501  Filler content. ... ... 14
5.2  ChIorine CoONteNt. ... T e .14
b.12.1 Total chlorine content of unsaturated polyesters and epoxide resins.......... .14
b.12.2 Inorganic chlorine content’of epoxide resins and glycidyl esters ................ .14

b.12.3 Easily saponifiable chlorine content of epoxide resins and related
MATEIIAIS ..o i e .14
513 Tendency of crystalisation............ooii i .. 14
5.14 Epoxide equivalent’of epoxide reSins .........coviiiiiiiiiiii i .14
515  Content of iSECYANAtE .....ccuiii .14
5.16 Water content (Karl Fischer method) ..o, .. 14
ST HydroxXYhValUe . ... .15
b.17.1 POy eSS er FESINS .. .15
b.17.2 Resins other than polyester ..o, ...15
5.118, LAcid value of polyester reSins ........ooiiiiiiii .15
5.19.¥ Amount of double bonds of unsaturated polyester and acrylate resins .............. .15
5.20 Acid and acid-anhydride content of acid-anhydride hardeners......................ooee. 15
5.21  AMINE ValUE .. 15
ST o | S 11 PP 15
5.22.1 LT o= = | P 15
5.22.2 Resinous compounds for cable acCcesSories........coevvviiiiiiiiieiieieeee e, 15
5. 23 Gl M e e 16
5.23.1 Unsaturated polyester based compounds ...........coiiiiiiiiiiiii e 16
5.23.2 Phenolic resin based COMPOUNAS........coouiiiiiiiiiie e 16
5.23.3 Other COMPOUNAS ... e e 16
5.24 Exothermic temperature riSe ..o 16
5.241 Unsaturated polyester based compounds ... 16

5.24.2 Resinous compounds for cable acCcesSories........coevvviiiiiiiiieiieieeee e, 16


https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87

IEC 60455-2:2023 © |IEC 2023 -3-

5.25 Total volume shrinkage of epoxide and unsaturated polyester based
(o203 0] oo ] U1 e =S 17
5.26  Curing in presence Of Water ......oouiiii i 17
5.26.1 LT o= = | P 17
5.26.2 Apparatus and materials ... ..o 17
5.26.3 POUING EVICE ..o it 17
5.26.4 PO CEAUIE . 17
5.26.5 =153 S 1= Lo L 18
5.27 Determination of the degree of CUrNg .......coooiiiiii i, 19
5.g8—Curinginthicktayerandemissionsduringcuring————————— .19
b.28.1 LT o= = | ...19
b.28.2 EQUIPMENt e e ...20
b.28.3 Test specimen ... O ...20
b.28.4 Procedure. .. ..o ...20
6 Methods of test for cured reactive compounds ...........ccooiiiiiiiiiiin e .21
6.1l GENETAL .. i Y .21
6.p Test SPECIMENS .. .. e A ) ... 21
5.2.1 GeNeral .. .21
5.2.2 Preparation of the reactive compound...........s0 /i, .21
5.2.3 Preparation of test specimens. ... i .22
5.2.4 Type and number of test SPECIMENS ... i .22
6.8 DeNSItY oo ALY .22
6.4 Mechanical PropPerties .. ...ve i S et .22
5.4.1 TeNSIE PrOPErtiES . et e ...22
5.4.2 ComMPressiVe PropPerties ..o s s e .22
5.4.3 FleXural Properties . ... e .23
5.4.4 IMpact strength. ... ...23
5.4.5 Hardness .o ...23
6.p Thermal ProPerties .. et .23
5.5.1 Bond strength at elevated temperature ... .23
5.5.2 Linear thermal eXpansSion........co.oiiiiiii e .23
5.5.3 ThermalCoNAUCTIVILY .....cou e ...23
5.5.4 GlasSAranSitioN ... .24
5.5.5 FIammability ... .24
5.5.6 Fhermal ShOCK .. ..o e .24
5.5.7 Dry heat resistance of resins for cable accessories — Method of test ......... .24
5.5.8 Wet heat resistance of resins for cable accessories...........c.ccociiiiiinn. ...25
6.9.9 | I o)=3 3o A =13 PP 27
6.5.10 T emMPErature INAEX. ... e 28
6.6 Chemical PrOPEIIES .. vt 29
6.6.1 Water @abSOrPliON ..oe e 29
6.6.2 Effect of liquid chemicals ... ... 29
6.6.3 Resistance to mould growth..... ... 29
6.6.4 Water vapour permeability ....... ... 29
6.7 EleCtrical Properties ..o 29
6.7.1 Effect of water immersion on volume resistivity............ooiiiiiiii, 29
6.7.2 Dielectric dissipation factor (tan &) and relative permittivity............................ 29
6.7.3 Break down voltage and electric strength...........ccooiiiii 29
6.7.4 Proof tracking indeX (PT1) ... 31


https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87

-4 - IEC 60455-2:2023 © |IEC 2023

6.7.5 EleCtrolytiC COImOSION ...oei e 31
Annex A (informative) Health and safety ... 34
710 [T Yo = o1 2 V78 35
Figure 1 — EXamination grid . ... e e 18
Figure 2 — Position of examination grid on the specimen............coooiiiiii 19
Figure 3 — Example of electrode arrangement for flexible cured compound........................... 32
Figure 4 — Example of electrode arrangement for rigid cured compound ..............cccoeiviinnnns. 33
Tablg¢ 1 — Condition of the top Side... .o e sae ...20
Tablg 2 — Condition of the bottom side ..o O ...20
Tablg 3 — Condition of the interior ... AN ...20

Tablg 4 — Voids......ooo e O .21



https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87

IEC 60455-2:2023 © |IEC 2023 -5-

1

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RESIN BASED REACTIVE COMPOUNDS USED
FOR ELECTRICAL INSULATION -

Part 2: Methods of test

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promtote interna
cofoperation on all questions concerning standardization in the electrical and electronic fields | 0 this er
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC~Publication(s)”).

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested il the subject deqlt with

may participate in this preparatory work. International, governmental and non-goveraniental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the\nternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement.hefween the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical .Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Pyblications is accurate, IEC cannot be held responsible _for)ythe way in which they are used or fd
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

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

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeés)and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

IEC draws attentioh ‘to the possibility that the implementation of this document may involve the use
patent(s). IEC{dakes no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thergof."As of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be requiréd to implement this document. However, implementers are cautioned that this may not rep
the latest information, which may be obtained from the patent database available at https://patents.iec.c
shplléhotbe held responsible for identifying any or all such patent rights.
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IEC 60455-2 has been prepared by IEC technical committee 15: Solid electrical insulating
materials. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2015. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Introduction of test methods related to IEC 60455-3-8;
b) Additional and updated test methods for resins.
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The text of this International Standard is based on the following documents:

Draft Report on voting

15/1006/FDIS 15/1015/RVD

2023

Full information on the voting for its approval can be found in the report on voting indicated in

the a

The |

bove table.

anguage used for the development of this International Standard is English.

This
acco
at w
desc

A list
comf

The
stabi
spec

—

€

o W

—

€

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, aya

ibed in greater detail at www.iec.ch/publications.

ounds used for electrical insulation, can be found on the IEC website"

document was drafted in accordance with ISO/IEC Directives, Part 2, and developgd in

lable

vw.iec.ch/members_experts/refdocs. The main document types developed by IEC are

of all parts in the IEC 60455 series, published under the general title Resin based reqgctive

ommittee has decided that the contents of this document will;remain unchanged untjl the

ity date indicated on the IEC website under webstore.ie¢ch’in the data related t
fic document. At this date, the document will be

confirmed,

ithdrawn,

placed by a revised edition, or

mended.

b the
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INTRODUCTION

This part of IEC 60455 is one of a series which deals with solvent-free resin based reactive
compounds and their components used for electrical insulation.

The series consists of three parts:

e Part 1: Definitions and general requirements;
e Part 2: Methods of test;

e Part 3: Specifications for individual materials
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RESIN BASED REACTIVE COMPOUNDS USED
FOR ELECTRICAL INSULATION -

Part 2: Methods of test

1 Scope

This

comy

2023

part of IEC 60455 specifies methods of test to be used for testing resin based .reg
ounds, their components and cured compounds used for electrical insulation.

2 Normative references

The following documents are referred to in the text in such a way that someg.or all of their co

cons
For

ameli

itutes requirements of this document. For dated references, only,the edition cited ap
undated references, the latest edition of the referenced (document (including
dments) applies.

IEC 60050 (all parts), International ElectrotechnicalN”™ Vocabulary (available

http:

IEC ¢
grow|

IEC {

of so

IEC ¢

IEC ¢
powe

IEC ¢
equif

IEC ¢

by in

IEC ¢

www.electropedia.org)

0068-2-10:2005, Environmental testing — Part‘2-10: Tests — Test J and guidance: N
th

0112:2020, Method for the determinatiof of the proof and the comparative tracking in
id insulating materials

0216 (all parts), Electrical insulating materials — Thermal endurance properties

0243-1:2013, Electric strength of insulating materials — Test methods — Part 1: Tes
r frequencies

0296:2020, Fluidsfor electrotechnical applications — Mineral insulating oils for eleg
ment

Sulating\materials — Test methods

ctive

ntent
blies.
any

at

dould

Hices

ts at

trical

0426:2007~Electrical insulating materials — Determination of electrolytic corrosion caused

0455-1:1998, Resin based reactive compounds used for electrical insulation — Pelzrt 1:

Defi

HH J ] H 4
Inrorrs arra- yoricralr TSYuiIrcriicrnos

IEC 60455-3 (all parts), Resin based reactive compounds used for electrical insulation — Part 3:
Specifications for individual materials

IEC 60455-3-8:2021, Resin based reactive compounds used for electrical insulation — Part 3-8:
Specifications for individual materials — Resins for cable accessories

IEC 60695-11-10:2013, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and
vertical flame test methods

IEC 60814:1997, Insulating liquids — Oil-impregnated paper and pressboard — Determination of
water by automatic coulometric Karl Fischer titration


http://www.electropedia.org/
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IEC 61033:1991, Test methods for the determination of bond strength of impregnating agents
to an enamelled wire substrate

IEC 61099:2010, Insulating liquids — Specifications for unused synthetic organic esters for
electrical purposes

ISO 37:2011, Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain
properties

ISO 62:2008, Plastics — Determination of water absorption

ISO 15 (all parts), Plastics and ebonite — Determination of temperature of deflection uniden load

ISO 175:2010, Plastics — Methods of test for the determination of the effects of immersipn in
liquid chemicals

ISO 178:2010, Plastics — Determination of flexural properties

ISO 179-1:2010, Plastics — Determination of Charpy impact properties — Part 1: [Non-
instrumented impact test

ISO 179-2:1997, Plastics — Determination of Charpy impact properties — Part 2: Instrumé¢nted
impatt test

ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO 306:2013, Plastics — Thermoplastic materials — Determination of Vicat softening
tempgrature (VST)

ISO 527 (all parts), Plastics — Determination of tensile properties

ISO $84:1982, Plastics — Unsaturated polyester resins — Determination of reactivify at
80 degrees C (conventional method)

ISO 604:2002, Plastics —\Determination of compressive properties

ISO $68:2003, Plastics and ebonite — Determination of indentation hardness by means| of a
durometer (Shore-hardness)

ISO 1183-4:2019, Plastics — Methods for determining the density of non-cellular plastjcs —
Part [l : Immersion method, liquid pycnometer method and titration method

ISO 1513:2010, Paints and varnishes — Examination and preparation of test samples

ISO 1523:2002, Determination of flash point — Closed cup equilibrium method

ISO 1675:1985, Plastics — Liquid resins — Determination of density by the pycnometer method
ISO 2039-1:1993, Plastics — Determination of hardness — Part 1: Ball indentation method

ISO 2114:2000, Plastics (polyester resins) and paints and varnishes (binders) — Determination
of partial acid value and total acid value

ISO 2431:1993, Paints and varnishes — Determination of flow time by use of flow cups
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ISO 2535:1997, Plastics — Unsaturated polyester resins — Measurement of gel time at
25 degrees C

ISO 2554:1997, Plastics — Unsaturated polyester resins — Determination of hydroxyl value

ISO 2555:1989, Plastics — Resins in the liquid state or as emulsions or dispersions —
Determination of apparent viscosity using a single cylinder type rotational viscometer method

ISO 2592:1973, Petroleum products — Determination of flash and fire points — Cleveland open
cup method

ISO 8001:1997, Plastics — Epoxy compounds — Determination of epoxy equivalent

ISO 8219:1993, Plastics — Polymers/resins in the liquid state or as emulsions or.dispersions —
Detefmination of viscosity using a rotational viscometer with defined shear raté

ISO $451-1:1997, Plastics — Determination of ash — Part 1: General methods

ISO $521:1997, Plastics — Unsaturated polyester and epoxy resins‘\c)y Determination of oyerall
volume shrinkage

ISO 3679:1983, Paints, varnishes, petroleum and related préducts — Determination of flashpoint
— Rapid equilibrium method

ISO 4573:1978, Plastics — Epoxide resins and glyeidyl esters — Determination of inorganic
chlorfne

ISO 4583:1998, Plastics — Epoxide resins.and related materials — Determination of gasily
sapohifiable chlorine

ISO 4615:1979, Plastics — Unsaturated polyesters and epoxide resins — Determination off total
chlorfne content

ISO 4625:1980, Binders for_Jpaints and varnishes — Determination of softening pojnt —
Ringtiand-ball method

ISO 4895, Plastics £ Liquid epoxy resins — Determination of tendency to crystallize
ISO T056, Plastics laboratory ware — Beakers

ISO 9396:1997, Plastics — Phenolic resins — Determination of the gel time of resols ynder
specificieonditions using automatic apparatus

ISO 11357-2:1999, Plastics — Differential scanning calorimetry (DSC) — Part 2: Determination
of glass transition temperature and step height

ISO 11359-2:1999, Plastics — Thermomechanical analysis (TMA) — Part 2: Determination of
coefficient of linear thermal expansion and glass transition temperature

ISO 11359-3:2002, Plastics — Thermomechanical analysis (TMA) — Part 3: Determination of
penetration temperature

ISO 14896:2009, Plastics — Polyurethane raw materials — Determination of isocyanate content

ISO 15528:2000, Paints, varnishes and raw materials for paints and varnishes — Sampling
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60455-1 and
IEC 60050 and the following shall apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1

volume resistance
bf the insulation resistance which is due to conduction through the volume and-excliiding
surfajce current

part

3.2

volume resistivity

volun

3.3

dielectric dissipation factor

tan §
nume

3.4
relat
£I‘
ratio

Note 1
permit

4 (

4.1

Unle
tests
and 2
made
for a
samy

he resistance reduced to a cubical unit volume

rical value of the ratio of the imaginary to the real part'of the complex permittivity

ve permittivity
of the absolute permittivity to the electric*constant

to entry: In practical engineering, it is\usual to employ the term ‘permittivity’ when referring to r
tivity

5eneral notes on methods of test

Preparation and conditioning

5s otherwise spegified in the relevant specification standard or in the method of tes
shall be carried”out at atmospheric conditions in a temperature range of between 2
9 °C and_arelative humidity range of between 45 % and 70 %. Before measurement
, the sample or test specimen shall be pre-conditioned under these atmospheric cond
time<sufficient to allow the sample or the test specimen to reach stability. For t
les lin)liquid or paste form, ISO 15528 shall be applied. For preparation of such san

blative

t, all
b1 °C
5 are
tions
hking
ples

for td

sting, ISO 1513 shall be applied.

NOTE For definitions of terms for standard atmospheres, see ISO 558. The test atmosphere as specified above
does not comply with any of the two standard atmospheres as specified in ISO 291 but covers both ranges inclusive

of thei

r tolerances

Normally, all requirements for a method of test are given in the description, and diagrams are
intended only to illustrate one possible arrangement for conducting the test. In case of
inconsistencies between this document and the specification sheets of the IEC 60455-3 series,
the latter shall prevail. When another standard is invoked for a test method, reference to that
standard shall be included in the report.


https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87

-12 - IEC 60455-2:2023 © |EC 2023

4.2 Sequence of tests

To avoid unnecessary efforts, tests shall be carried out on the samples in the following
sequence:

1) tests on individual components prior to mixing;

2) tests on reactive compound just after mixing (ready to use);

3) tests on cured compound;

4) tests on cured compound after pre treatment (thermal, humidity, water etc.).

If the-sample-undertestfails-a-testthe-following-testsmay-become-obsolete.

........

4.3 | Test report
If nof otherwise specified, the test report shall include the following data:
1)

2)
3) cpnfirmation of marking and labelling according to the material safety data sheet (MSDS);

—

¢sin designation and identification;

@t number or other identification;

4) tgstresults;

5

6) processing conditions used to reactive compound;
7) cppy of the technical data sheet (TDS) and (MSDS8):

ajor test parameters, including conditioning and calibratigm, if any;

5 Methods of test for reactive compounds- and their components

5.1 Flash point

For flash point temperatures of 79 °C and above, the method given in ISO 2592 shall be lised.
For flash point temperatures below 79 °C, the method given in ISO 1523 shall be used with any
of theg closed-cup apparatus as deseribed in Annex A of ISO 1523:2002. ISO 1523 shall be|read
in copjunction with ISO 3679. Two measurements shall be made on two separate samples| and
the two results of the flash point'shall be reported along with reference to the standards applied.

5.2 | Density

The method given, indSO 1675 shall be used. Two measurements shall be made, and th¢ two
results of the density shall be reported.

5.3 | Viscosity

The pisCosity shall be determined with a suitable device at (23 + 0,5) °C if not othefwise
specifiedtfaTotating type of device is used; itshattbe imaccordance withr tSO2555 (Brookfield
type) or with 1ISO 3219 (a type working at a defined shear rate). If an efflux type of equipment
is used, the method of test and the flow cup shall be in accordance with ISO 2431. Two
measurements shall be made, and the two results of the viscosity shall be reported, along with
reference to the standards applied.

5.4 Viscosity after storing at elevated temperature

This method is not applicable to one-component systems or components containing hardener.

If not otherwise specified, a sample of sufficient amount is stored for (20 £0,5) h at a
temperature of (100 = 3) °C in a sealed container. After cooling down to room temperature the
viscosity is measured according to 5.3. The increase of viscosity is calculated using the
following equation:
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Incre

ase of viscosity in % = (15 —n4) x 100/ n4

where

M1
n2

5.5

dynamic viscosity before storing

dynamic viscosity after storing

Content of volatile organic components

This method is not applicable to one-component systems or components containing hardener.
If not otherwise specified, the test shall be carried out in the following way:

The mass of an empty weighing bottle (about 80 mm x 30 mm) is taken to 0,001 g (m/1). A
of 0,4 g to 0,5 g resin (m2) is weighed to 0,001 g into the weighing bottle (well cloged d
weighing). Some drops of toluene are added to dilute the resin. The liquid is spreadyon the

of th

The
(110
weig

weighing bottle with a slight twist.

+ 2) °C. After cooling down to room temperature in a desiccatotrthe weighing bot
ned again to 0,001 g (m3).

Volafile organic components = 100 x (m2 — (m3 — ml)) | m2

wherg:

ml
m2

m3
5.6

This
other

All cq
mixe
than
10 m

and

5.7
The

mass of an empty weighing bottle (g)

mass of resin before heating (g)

mass of an empty weighing bottle with resin-after heating and cooling (g)
Isothermal increase of viscosity (processing time)

method is designed for PUR and:EP resins. For UP resins gel time shall be used.
wise specified, the test shall be carried out in the following way:

mponents and equipment shall be at room temperature. The components of the resi
] according to the mangfacturer’s instructions. The mixing procedure shall not take
3 min. The time measurement starts after adding and mixing of the last component.

repe&ted until the specified maximum viscosity is reached. The time between the initial

e maximum,value is reported as processing time.

Shelf life

mass
uring
floor

bpen weighing bottle is placed into an oven with forced air circulation“for at least 2 h at

tle is

f not

n are
more
After

in the first viscosity* measurement is taken as the initial value. The measuremgnt is

alue

shelf life shall be determined by measurement of the change in a specified charactdristic

property_after a certain storage time and temperature. Experience has shown that visqosity
ﬁdmmmwnnmm@mmmm i i isti shelf

acco ; g ;
life, viscosity and/or gel time shall be determined according to 5.3 and/or 5.23 respectively, at
a temperature and with an end-point as agreed upon between supplier and purchaser. Two
measurements shall be made on both fresh material and on material stored for a time and at a
temperature as agreed between supplier and purchaser. The two results of shelf life shall be
reported, along with reference to the standards applied. The results shall contain the viscosity
and/or the gel time before and after storing, the storing time and temperature and the test
temperature.

5.8

Colour

The method given in ISO 6271 shall be used. Two measurements shall be made, and the two
results of colour shall be reported along with reference to the standard applied.
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5.9 Softening temperature

The method given in ISO 306 or ISO 4625 shall be used. Two measurements shall be made,
and the two results of softening temperature shall be reported along with reference to the
standard applied.

5.10 Ash content

The method given in ISO 3451-1, method A, shall be used. Two measurements shall be made,
and the two results of the ash content shall be reported.

5.11 [ Filler content

To b¢ agreed between supplier and purchaser.

5.12| Chlorine content

5.12.1 Total chlorine content of unsaturated polyesters and epoxide resins

The method given in ISO 4615 shall be used. Two measurements shall-be made, and th¢ two
results of the total chlorine content shall be reported.

5.122 Inorganic chlorine content of epoxide resins and.glycidyl esters

The method given in ISO 4573 shall be used. Two measurements shall be made, and th¢ two
resulfs of the inorganic chlorine content shall be reported.

5.12[3 Easily saponifiable chlorine content of epoxide resins and related material1
two

The method given in ISO 4583 shall be used~FPwo measurements shall be made, and th
resulfs of the saponifiable chlorine content,shall be reported.

5.13| Tendency of crystallisation

This method is applicable to epoXy. resins only.

The method given in ISO 4895 shall be used. Two measurements shall be made, and th¢ two
results shall be reported.

5.14| Epoxide equivalent of epoxide resins

The method given in ISO 3001 shall be used. Two measurements shall be made, and th¢ two
results of the'epoxide equivalent shall be reported.

5.15| ‘Content of isocyanate

This method is applicable to polyurethane hardeners only.

The method given in ISO 14896 shall be used. Two measurements shall be made, and the two
results shall be reported.

5.16 Water content (Karl Fischer method)

The method given in IEC 60814 shall be used. Two measurements shall be made, and the two
results of the water content shall be reported.
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5.17

5.17.

Hydroxyl value

1 Polyester resins

The method given in ISO 2554 shall be used. Two measurements shall be made, and the two

resul

5.17.

ts of the hydroxyl value shall be reported.

2 Resins other than polyester

To be agreed between supplier and purchaser.

5.18

The
resul

5.19

—Acid vatue of polyester resins

s of the acid value shall be reported.

Amount of double bonds of unsaturated polyester and acrylate re'sins

To b¢ agreed between supplier and purchaser.

5.20

Acid and acid-anhydride content of acid-anhydride hardeners

The method given in ISO 2114 shall be used for acid content/The method given in ISO

shall

be used for anhydride content. Two measurements shall*be made, and the two resu

the arid value and/or anhydride content shall be reported.

5.21

The

Amine value

method given in 1ISO 9702 shall be used if\not otherwise agreed between supplie

purchaser.

5.22

5.22,

Pot life

1 General

The fime which a particular method requires to achieve a viscosity of 50 Pas is measured

The

5.22,

5.22,

e b
7

o e

o i

iscosity can be detérmined in any viscosimeter.

2 Resinous compounds for cable accessories

2.1 Apparatus and materials

Equi;[ment {0 be used:

ethod given in ISO 2114 shall be used. Two measurements shall be made, andth¢ two

7327
Its of

and

aker in accordance with ISO 7056, polyethylene, polypropylene or glass with dimenslions:

0 mm to 100 mm diameter and 70 mm to 130 mm high;
nvironmental chamber;

me measuring device;

e viscosimeter.

5.22.

2.2 Preparation of the sample

The beaker shall be marked to a volume of (300 + 25) ml.

The beaker and a standard manufacturer pack shall be stored in an environmental chamber for

24 h

at the temperature specified with a tolerance of 72 K.
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5.22.2.3 Procedure

The components shall be removed from the environmental chamber and start mixing
immediately according to the supplier’s instructions. The time starts at the commencement of

mix

ing the components.

Remove the beaker from the environmental chamber, and pour the mixed compound into the

bea

ker up to the mark previously made.

5.22.2.4 Test report

The fest report shall include the tollowing information:

the time is determined from the start of mixing until a viscosity of 50 Pas is reachéd
ppt life shall be rounded to the nearest of a second;

the viscosimeter, test parameters and system used (e.g. spindle size, rotation speed ¢

The yiscosimeter with the system used shall be calibrated at 50 Pas.

5.23| Gel time

5.231 Unsaturated polyester based compounds

Gel

methpd given in ISO 2535 shall be used at a test temperature as agreed upon between su

and

}me is the period of time after which the reactive comipound reaches the gel state

urchaser. Two measurements shall be made, and’the two results of the gel time sh

repoited along with the test temperature.

5.23.2 Phenolic resin based compounds

The

The

iplier

Il be

The Inethod given in ISO 9396 shall be used. Two measurements shall be made, and th¢ two

resul

s of the gel time shall be reported.

5.23.3 Other compounds

If applicable, the methods givenin ISO 2535 or ISO 9396, or ISO 8987 shall be used.

5.24 | Exothermic temperature rise

5.241 Unsaturated polyester based compounds

The

resulfs of the_exothermic temperature rise shall be reported.

5.24.2./Resinous compounds for cable accessories

5.24.2.1 Apparatus and materials

Equipment to be used:

method given in ISO 584 shall be used. Two measurements shall be made, and th¢ two

beaker in accordance with ISO 7056, polyethylene, polypropylene or glass with dimensions:

70 mm to 100 mm diameter and 70 mm to 130 mm high;
thermocouple made with twisted wires;
temperature recorder;

time measurement device.
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5.24.2.2 Preparation of the sample: Test at 23 °C

The beaker shall be marked to a volume of (300 + 25) ml. The beaker and a sufficient amount
of resinous compound components (prepare 400 ml to 700 ml of the compound) shall be stored
for 24 h at (23 + 2) °C.

The components shall be mixed according to manufacturer’s instructions. The time starts at the
commencement of mixing the components.

The mixed components shall be poured into the beaker up to the mark previously made. The
thermocouple shall be inserted vertically in the centre of the mixture to a depth of (25 £+ 5) mm
undef the compound surface and held in position by a suitable device (e.g. ring-stand).

5.24.2.3 Procedure

The

peak|recorded. The test is finished after the highest temperature has begn reached an
temprature starts to drop significantly.

NOTE| For ease of testing, the temperature can be recorded as a curve.

5.242.4 Test report

The mmaximum temperature reached (rounded to the nearest’C) and the time to peak (rou
to the nearest min) shall be reported.

5.25| Total volume shrinkage of epoxide and unsaturated polyester based compour

The Inethod given in ISO 3521 shall be used. Two measurements shall be made, and th¢ two
resul

s of the total volume shrinkage shall~be reported. The report shall contain the

tempgrature, the density of the compound_at'test temperature, and the density of the speg
made of the cured compound.

5.26| Curing in presence of water

5.26.1 General

This fest applies only to eompound for cable accessories. This test is to measure the phy
strucfure change when-the polyurethane resinous compound cures in presence of water.
creafled by generation;of gas in the resin may lead to electrical break down.

The density ofthe cured resin mentioned in the technical data sheet shall be > 1,05 g/cm

5.26.2 , Apparatus and materials

mperature increase shall be checked, and the maximum temperature risg ‘and the time to

i the

nded

ds

test
imen

sical
oids

E ment-to-betead-
quIPIIIGIIl OOt OSTUr

250 ml transparent/tanslucent PE squirt bottle;
funnel that meets the requirements of 5.26.3;

NOTE Take care that the equipment is clean (no algaes).

5.26.3 Pouring device

Use a funnel with a capability to fill the bottle within 30 s to 60 s at room temperature.

5.26.4 Procedure

The squirt bottle shall be marked with 2 marks at 100 ml and 200 ml respectively and filled up
to the 100 ml mark with de-mineralized water of (23 + 2) °C.
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The squirt bottle and resinous compound left in its original packaging shall be allowed to reach
room temperature. The compound package shall be opened, the stopwatch started, and the
components mixed according to manufacturer's instructions. The mixed compound is poured
into the closed funnel. The funnel shall be emptied immediately into the squirt bottle until the
water level reaches the 200 ml mark. Care shall be taken to pour in the centre of the bottle and
avoid touching of the inner bottle wall.

The compound shall be allowed to cure for the pot life specified by the manufacturer. At least
one hour after the pot life has elapsed. The water shall be poured out of the squirt bottle. After
hardening of the resin at room temperature for 24 h, the specimen shall be vertical cut through
the centre of the bottle and clean the cut surface with compressed air. Examine the physical

struc

ure 1or the presence or blisters or cracks In the compound using the examination gri

Exanpination grid

grid
as sh

The

©

e p

EvaI:Late concentration and dimension of bubbles created by using an examjination grid

easures 45 x 24 mm (width x height) and is made up of 15 cells of dimensions 9 x 8
own in Figure 1.

5.26]5 Test report

ollowing parameters shall be measured and reported:

hysical structure/presence of blisters or cracks or bubbles and/or inclusions;
cture of the cut surface of the compound with scale:
Dimensions in millin
) -
0,5
1
J
2
' 3
)4

IEC

Figure 1 — Examination grid

Pos\i’ﬂion the grid centrally on the cut surface. To pass the examination no bubbles > 3 mr
allowled.and at least 5 cells must be free of bubbles. Count only bubbles with diameter = 1

d.

The
mm,

hetres

n are

mm.
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5.27
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If not
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Figure 2 — Position of examination grid orq/gé specimen
N\

X
Figune 2 shows the position of the examination grid on ;Qe@pecimen.

O

Determination of the degree of curing \\Q

eaction enthalpie of the uncured resin is ds&%rmined by using DSC. An amount of 1
een found adequate. \\9

otherwise specified, about 10 g of Fesin is cured under conditions (temperature and

out 10 mg. N\

N~

Q)
The glegree of curing is calc@}}‘ed as follows:

O® Doc =100 - H, x 100/ H,
@)

-

degr@f‘curing (%)

e ie of cured resin (J/g)

a)
-

\grfthalpie of uncured resin (J/g)

(_OQ I#C

0 mg

fime)

reed between supplier and purchﬂser. The residual enthalpie is determined using a sgmple

5.28
5.28.

Curing in thick layer and emissions during curing

1 General

This test is designed for the examination of cured impregnating materials. Curing in thick layer
is expressed by the condition after curing of the top side, bottom side and interior of the
specimen. The determination of emissions during the curing process is also part of this method.
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5.28.2 Equipment

The following equipment shall be used:

2023

flat and smooth square pieces of aluminium foil, 0,1 mm to 0,15 mm in thickness and of

(95 £ 1) mm side length;

a former made of metal or any other suitable solid material, (25 + 1) mm in thickness and

(45 £ 1) mm square;

an oven with forced air circulation and with a minimum rate of 8 fresh air changes per hour.

The oven shall be of the type and design used for drying and/or curing specimens;

a|balance with an accuracy or U,U1 g.

5.28.3 Test specimen

A pigce of aluminium foil shall be cleaned by adequate means and shall be folded aroun
former to produce a square mould of about 45 mm side length. The square mould shall be
at (110 £ 5) °C for (10 = 1) min, cooled down and stored in a desiccator.

The mass of the square mould shall be weighed to 0,01 g (m7). A résin sample with a
between 9,90 g and of 10,10 g shall be weighed to 0,01 g into themould (m2).

The $pecimen shall be cured at a temperature and for a time_ds agreed between supplie
purchaser. The specimen shall be cooled down to room tefmperature in a desiccator an
masg shall be taken to 0,01 g (m3). Subsequently the aldminium foil is removed.

5.28.4 Procedure

5.28.4.1 Description of the specimen

Tablg 1, Table 2, Table 3 and Table 4 give descriptions of the specimen.

Table 1 =Condition of the top side

Condition Symbol
Smooth S1
Wrinkled S2

Table 2 — Condition of the bottom side

Condition Symbol
Non-tacky U1
Tacky U2

d the
dried

nass

r and
i the

Table 3 — Condition of the interior

Condition Symbol
Rigid 11.X
Horn-like machinable 12.X
Leather-like 13.X
Rubber-like 14.X
Gel-like 15.X
Liquid 16.X
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Table 4 — Voids

The specimen contains X
No voids 1

Not more than five voids 2
More than five voids 3

For the condition of the interior a statement shall be added whether the interior is uniform or
not uniform.

NOTE| It can be necessary to cut the specimen, to bend the specimen with the fingers or to use a knife for des¢ribing
the m¢chanical properties.

5.284.2 Emissions

The ¢missions shall be calculated by the following equation:

E =100 - ((m2 — (m3—ml)) x 100 / m2

wher

[

E emissions
ml | mass of the empty square mould
m2 | mass of the uncured resin (without mass of thessquare mould)

m3 | mass of the square mould with cured resin
6 Methods of test for cured reactive:compounds

6.1 General

The ¢ured compound is self-supporiing and thus allows the preparation of rigid and flexibl¢ test
spec|mens.

6.2 | Test specimens
6.2.1 General
When the term "test'specimen" is used it means solid parts of the cured material in a shape as

requifed for the/method of test concerned. In 6.2.2, 6.2.3 and 6.2.4 such "test specimend" are
referfed to as."specimens”.

6.2.2 Preparation of the reactive compound

The reactive compound shall be a homogeneous mixture of such portions of the components
as specified by the supplier. Also drying, de-aerating, heating, and other measures to treat the
components and the compound shall comply with the instructions given by the supplier. When
compounds contain fillers, the possibility of settlement needs to be taken into account.
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6.2.3 Preparation of test specimens

Specimens shall be prepared under conditions as specified in the particular method of test in
the relevant specification sheet of IEC 60455-3, or as agreed upon between supplier and
purchaser. This includes the casting process with respect to temperature and vacuum, the
curing conditions with respect to temperature, and time or temperature-time programme, the
removal from the mould and annealing and cooling. Reactive compounds, which according to
the instructions given by the supplier, cure at ambient temperature, generally reach the final
state at ambient temperature only after days or weeks. To achieve a defined degree of cure in
such conditions, the compounds shall be cured for 24 h at ambient temperature and immediately
thereafter for 24 h at 80 °C, or as agreed between suppller and purchaser. Specrmens shall be
hall be
ared from cast pleces They shall be free of vords bubbles nicks, and scratches During
machining, excessive heating of the machined surfaces shall be avoided by cooling, feninstance
with water.

NOTE| Removal of the cured compound from the mould is facilitated by the use of release agehts’and moulds|made
of chromium-plated or other adequate material.

6.2.4 Type and number of test specimens

The fype and number of specimens required for a particular method of test are specified in the
methpd of test, in the relevant specification sheet of IEC 60455-3 or shall be agreed [upon
betwgen supplier and purchaser.

6.3 | Density

A mgthod given in ISO 1183-1 shall be used. Two measurements shall be made. The kipd of
preparation and the dimensions of the specimen,the method used, and the two results gf the
densi|ty shall be reported.

6.4 | Mechanical properties
6.4.1 Tensile properties
6.4.1].1 Rigid material

The method given in ISO 527 shall be used with a speed of testing to break the specimen within
(60 4 15) s. The type ofispecimen shall be selected from ISO 527. Five specimens sh3all be
tested. The kind of preparation, the dimensions and the type of the specimen, the speed of
testing, and the fivesresults of the tensile properties shall be reported. As far as applicable, the
repoft shall contain tensile stress at yield, at maximum load and at break, percentage elongfation
at yigld and at break, and modulus of elasticity.

6.4.1|.2 Flexible material

The ethod given in ISO 37 shall be used for a dumb-bell specimen. Five specimens shall be
tested. The kind of preparation and the type of dumb-bell specimen, and the five results of the
tensile properties shall be reported. The report shall contain tensile strength, percentage
elongation at break, and modulus of elasticity.

6.4.2 Compressive properties

The method given in ISO 604 shall be used. Five specimens shall be tested. The kind of
preparation and the dimensions of the specimen, the rate of deformation, and the five results
of the compressive properties shall be reported. As far as applicable, the report shall contain
compressive strength at maximum load, compressive yield stress, and percentage compressive
strain at rupture.
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6.4.3

Flexural properties

The method given in ISO 178 shall be used with a relative rate of movement of the loading nose
and supports, so that the specimen ruptures or reaches the maximum load within (60 + 15) s.
Five specimens shall be tested. The kind of preparation and the dimensions of the specimen,
the relative rate of movement, and the five results of the flexural properties shall be reported.
As far as applicable, the report shall contain the flexural stress at rupture or at maximum load,
the corresponding deflection, and the modulus of elasticity.

6.4.4

6.4.4]:—Ume(ehedw-peeifm
The method given in ISO 179-1 or ISO 179-2 shall be used. Ten specimens shall be tested

kind
impa

6.4.4,.2 Notched specimens

The
spec

well as the 10 results of the impact strength shall be reported.

6.4.5

6.4.5,

The
(Sho
spec

and the five results of the hardness shall be<reported.

6.4.5

Impact strength

bf preparation, the dimensions, and the type of specimen, as well as the 10 results g
Ct strength shall be reported.

method given in ISO 179-1 or ISO 179-2 shall be used with annotched specimen,
mens shall be tested. The kind of preparation, the dimensions ‘and type of specimg

Hardness
1 Rigid material
method given in 1ISO 2039-1 (ball indentation. method), or the method given in 1SQ

e D hardness) shall be used. Five measuirements shall be made on one or
mens. The kind of preparation and the dimensions of the specimen, the test load ap

2 Flexible material

The
f the

Ten
bn as

868
more
blied,

The method given in ISO 868 (preferably Shore A hardness) shall be used. Five measurements

shalllbe made on one or more specimens. The kind of preparation, and the dimensions qf the
spec|men, the type of durometer (A or D) used, and the five results of the indentation hardness
shall|be reported.

6.5 | Thermal properties

6.5.1 Bond strength at elevated temperature

The fwisted coil test, method A, or the helical coil test, method B, given in IEC 61033, shall be
used| The stest temperature shall be in accordance with the relevant specification shelet of
IEC 60455-3, or shall be agreed upon between supplier and purchaser. Five specimens [shall
be t ctcd. ThU |||cthud, thc typcc Uf UIIGIIIU”Gd VV;IId;IIU VV;IU uocd ao aubetlatc, alld thb f've

results shall be reported.

6.5.2

Linear thermal expansion

The method given in ISO 11359-2 shall be used. The kind of preparation, the dimensions of the
specimen and the result shall be reported.

6.5.3

Thermal conductivity

To be agreed between supplier and purchaser.


https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87

- 24 — IEC 60455-2:2023 © |EC 2023

6.5.4 Glass transition
6.5.4.1 Glass transition temperature

One of the methods given in ISO 11357-2, ISO 11359-2 or ISO 11359-3 shall be used. Two
measurements shall be made. The kind of preparation and, if applicable, the dimensions of the
specimen, the method used (A: DSC or DTA, B1: TMA, expansion mode, or B2: TMA,
penetration mode), and the two results of the glass transition temperature shall be reported.

g kind
of prparat|on and the dlmen3|ons of the speC|men the method used and the two results, of the
tempgrature of deflection under load shall be reported.

NOTE| The temperature of deflection under load is of the same nature as the glass transition température, HQut the
methods given in ISO 75 do not allow temperatures below 40 °C to be determined. The methods,according to §.5.4.1
can preferably be applied.

6.5.5 Flammability

The methods A and B given in IEC 60695-11-10 shall be used. For each method five specimens
shall|be tested. Method A shall be applied only in the case wheretheresult according to mTthod
B is Worse than category V-2. The kind of preparation and the dimensions of the test specimen,
as well as the result of flammability obtained with method B: and, if applicable, with methpd A,
shall|be reported.

6.5.6 Thermal shock

To b¢ agreed between supplier and purchaser.

6.5.7 Dry heat resistance of resins for cable accessories — Method of test
6.5.7].1 General

This fest is used to determine the effect of extended exposure to dry heat on loss of masg and
if required impact strength.

6.5.7.2 Specimen

Prepare the specimén-from the same batch of resinous compound. The resinous compjound
shall|be preparedfand cured in accordance with the manufacturer’s instructions.

bss of mass: a set of 3 test specimens shall be prepared with the dimensions of
D mm«x>40 mm x 5 mm and individually identified.

a) L
8

b) Impact'strength: a set of 5 test specimens shall be prepared in accordance with ISO 1[79.

6.5.7.3 Apparatus and materials
Equipment to be used:

e analytic balance with accuracy of £ 1 mg;
o forced air oven with temperature control;
e impact tester;

e desiccators.
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6.5.7.4 Procedure
The test specimens, prepared in accordance with 6.5.7.2, shall be used as follows:

e The loss of mass specimen shall be marked individually. Take the mass by weighing it
individually to the nearest of 1 mg (= mass m1).

e All test specimens shall be placed in a forced air oven for 28 days at (120 + 2) °C or
temperature stated in IEC 60455-3-8. Any mechanical loading of the specimen or any direct
contact between them shall be avoided. Only one type of resinous compound shall be tested
at one time. At the end of the 28 days, the set of test specimen shall be removed from the
forced air oven.

e The set of test specimen shall than be placed for 8 h in a desiccator and cooléd to
(23 £ 2) °C.

e The loss of mass specimens shall be weighed individually to the nearest 1 mg@)="mas$ m?2)
immediately after removal from the desiccator.

e The impact strength shall be measured in accordance with ISO 179.
6.5.7|.5 Assessment

The percent loss of mass shall be calculated for each individual safaple, in accordance with the
following equation:

M= ((ml —m2)/ ml)*x,100

Wheie:

M loss of mass (%)

ml | mass of weighing of test specimen individually identified before heating (g)
m2 | mass of weighing of test specimen individually identified after heating and cooling (g)

6.5.7.6 Test report
The test report shall include the folltowing information:

e the average of percentage loss of mass;

e the average of the impact strength if required.

6.5.8) Wet heat resistance of resins for cable accessories
6.5.8.1 General

This fest shall-be carried out to the following requirements:

a) thedsamples shall be prepared in accordance with the methods given in the relevant sheet
ot IEC 60455-3 to carry out the fnllnwing tests: hardness_tensile and plnngatinn’ electric

strength;

b) final measurement of reference samples and treated samples shall be done the same day
successively.

6.5.8.2 Test sequence

The test sequence shall be as follows:

—_

Preparation of the test specimen from the same lot of resinous compound.

N

)

) Immersion for 28 days at (70 £ 2) °C in water.
) Drying for 48 h at (60 £ 2) °C under vacuum.
)
)

~ W

Drying 24 h at 80 °C with open ventilation slot.
Cooling in desiccator to (23 £ 2) °C (8 h).

a
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6) Test of specimens.

6.5.8.3 General

This test is used to determine the resistance to hydrolysis of resinous compounds exposed to
the simultaneous influence of water and temperature. It determines any irreversible change in
selected mechanical properties by means of a tensile test and of a hardness test, and electrical
properties by means of dielectric strength.

6.5.8.4 Specimen

The resinous r\r\mpr\nnr‘l shall ha prnpornd and-cutred-in—accordance—with-the—manufactyrer’s

instrdictions.

MecHanical test:

A sef of 10 test specimens no. 1B shall be prepared in accordance with 6.4.1.2-and ISO 5p7-1,
ISO $27-2 and ISO 527-3 from blister free plates of resinous compound of thicknegs of

(4 £0,2) mm.

NOTE|1 For highly filled compound, specimens can be cast in a mould of adequdte dimension for the test.

Elecfrical test:

A sef of 5 test specimens shall be prepared in accordance with IEC 60243-1 for the elgctric

strength tester.

6.5.8.5 Apparatus and materials

Equipment to be used:

6.5.8.6 Prfocedure

The fest specimens, shall be used as follows:

=

ydrolysis vessel with a minimum capacity of 1 | for 5 test specimens each;
fqrced air oven with temperature-control;

hgating /vacuum cabinet;

Shore hardness tester;

tensile tester;

dlelectric strength'\tester;

dgesiccator.

A i | ) y shall be
stored in the test room at standard atmosphere 23/50 in accordance with ISO 291.

A set of 5 each of the mechanical test and of the electrical test specimens shall be immersed
in water in the hydrolysis vessel for 28 days at 70 °C. The test specimens shall be placed
in the hydrolysis vessel in such a manner that they are surrounded by water and immersed
to a minimum water head of 10 mm. Any mechanical loading of the specimens or any direct
contact between them shall be avoided. Only one type of resinous compound shall be tested
at one time. The water conductivity shall be less than 500 yS/m and its pH value shall be
7,0 £ 0,5. The hydrolysis vessel shall then be closed with a suitable cover and shall be
placed in a forced air oven at (70 £ 2) °C and kept at that temperature during the 28 days.
At the end of the 28 days, the set of test specimens shall be removed from the forced air
oven and from the vessel.
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The set of test specimens shall then be placed respectively in a separate heating/vacuum
cabinet and dried for 48 h at (60 + 2) °C under a (1,5 + 0,2) kPa vacuum, then store for 24 h at
(80 £ 2) °C in a forced air oven, and then shall be cooled down to (23 +2) °C for 8 h in
desiccators.

6.5.8

7 Conditioning and assessment

The test specimens shall be conditioned before the hardness, the tensile/elongation and the
electric strength tests for 24 h in accordance with ISO 291 using an atmosphere 23/50. The
mechanical test specimens (reference and wet aged) shall be subjected to hardness
measurement, followed by tensile/elongation measurement.

The
test s

The
spee

A jaw

The
acco

For n
€1
€)

Then
shall

wherg:

E
€1
€

Fort
comg

nardness test shall be carried out in accordance with ISO 868 on ends of the mech4
pecimens outside their clamping length and in the centre of their surfaces.

d of 50 mm/min up to Shore D hardness 70.
speed of 5 mm/min shall be applied if the Shore hardness is = 70.

electrical test specimens shall be subjected to electric strength measureme
dance with IEC 60243-1.

nechanical tests the following arithmetic mean for each property shall be calculated:
value on the reference test specimens;

value on the aged test specimens.

etained percentage of the values for thése properties after the temperature/water expq
be calculated using the following equation:

E= (62/91) x 100
values for these properties after the temperature/water exposure (%)

value on the reférence test specimens

value on thenaged test specimens

ared.to“the values in IEC 60455-3-8:2013, Table 2.

6.5.

nical

ensile and elongation test shall be carried out in accordance with 1SO\527, with a jaw

Nt in

sure

ne electfic)strength test, the arithmetic mean of the test specimens shall be calculated and

8 Test report

The test report shall include the following information:

e retained percent of Shore hardness;

o retained percent of tensile strength;

e retained percent of elongation at break;

o value of dielectric strength.

6.5.9
6.5.9

This

Loss of mass
A General

method applies to resinous compounds for cable accessories.
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.2 Apparatus and materials

Equipment to be used:

e analytic balance with accuracy £ 1 mg;

e constant temperature oven with ventilation;

e desiccator with calcium dichloride as a drying agent.

6.5.9

3 Specimen

2023

Three specimens with the dimension of 80 mm x 40 mm x 5 mm shall be conditioned for 24 h

at st4

6.5.9

The three conditioned test specimens shall be weighed individually to the nearéstl mg (=

ml) &
desid
indiv

6.5.9(

The
the f

wher
M
ml

m2

The average value of the three measurements shall be reported.

6.5.1

NOTE
one a

6.5.1

The
acco
betw

ndard atmosphere 23/50 in accordance with ISO 291 and individually identified.

.4 Procedure

nd stored for one week at (120 £ 2) °C in the vented oven. They shall-then be cooleq
cator. Immediately after removal from the desiccator, the test specimens shall be wei
dually to the nearest 1 mg (= mass m2).

5 Results

ercent loss of mass, M, shall be calculated for each individGal sample, in accordancs
llowing equation:

M= ((ml — m2) | #id) % 100

(4

Loss of mass (%)
mass of test specimens individually-before heating (mg)
mass of test specimens individually after cooling (mg)

0 Temperature index

The temperature index depends on the choice of test criterion and of the end-point criterion. Therefo
d the same materialyresults for the temperature index can vary by 80 K or more.

0.1 Procedure

method.\given in IEC 60216 shall be used. The test and end-point criteria shall
dance\with the relevant specification sheet of IEC 60455-3, or shall be agreed
ety supplier and purchaser. Two test criteria shall be used. For each test criterion at

thre

mass
| in a
ghed

with

re, for

be in
upon
least

uent

exposure. fnmnnrahlrae shall-be annllad The difference between two subsed

.........

exposure temperatures shall not exceed 20 K If the correlation coefficient is less than 0,95,
one more set of specimens shall be tested at an exposure temperature different from the
temperature originally chosen.

NOTE

ISO 2578 is based on the principles laid down in IEC 60216. By deleting all information that is not required
for planning and running a temperature index experiment and for calculation of results, ISO 2578 has become a
practical short version as required for use in a laboratory.
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6.5.1

0.2 Result

For each test criterion, the kind of preparation and the type and dimensions of the specimen,
the number of specimens for each test, the exposure temperatures, and the results shall be
reported along with reference to the standards applied. The results for each test set shall
contain the specimen end-point times, the time to end-point for each exposure temperature, a
graph showing the property values as a function of the logarithm of the times to end-point, the
thermal endurance graph (first order regression line) on thermal endurance graph paper, the
temperature index, and the correlation coefficient.

6.6

Chemical properties

6.6.1

Meth
meth
spec
3 sha

6.6.2

The rlnethod given in ISO 175 shall be used. Unless otherwise specified, the temperature g

test |
each
the s
repof
and 1

6.6.3

The method given in IEC 60068-2-10 shall bexused. Three specimens according to 6.7.3.3

be te
spec

6.6.4  Water vapour permeabjlity

To b¢ agreed between supplier-and purchaser.

6.7
6.7.1

A mg

6.7.2

Water absorption

pd 1 (water at 23 °C) and method 3 (boiling water) given in ISO 62 shall be used. For
pd three specimens shall be tested. The kind of preparation and the diménsions g
men, and the three results of water absorption obtained with each of method 1 and mq
Il be reported. One untreated specimen shall be kept for reference.

Effect of liquid chemicals

quid shall be (23 £ 2) °C and the immersion time shall be~ 168 + 1) h (seven days
test liquid three specimens shall be tested. The kind of pr&paration and the dimensio

each
f the
pthod

f the
. For
ns of

pecimen, the type of test liquid and the three results(for each of the test liquids shall be

ted. For each test liquid the result shall contain_thé change of appearance, dimen

sions

hass for each of the three specimens. One untreated specimen shall be kept for refer¢nce.

Resistance to mould growth

shall

sted, and the three results of resistance to mould growth shall be reported. One untrgated

men shall be kept for reference.

Electrical properties

Effect ofiwater immersion on volume resistivity

thod giveriin the IEC 62631-3 series shall be used. Three specimens shall be tested.

Dielectric dissipation factor (tan 8) and relative permittivity

The method given in TEC 62637-2-T or TEC 626371-2-Z shall be used. Two specimens shall be

tested.
6.7.3 Break down voltage and electric strength
6.7.3.1 General

Breakdown voltage shall be measured by using IEC 60243-1. If IEC 60243-1 is not applicable
to the material under test, Clauses 4 and 6 may be amended as specifed in 6.7.3.2.


https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87

- 30 - IEC 60455-2:2023 © |EC 2023

6.7.3.2 Electrodes

The electrode arrangement shall be the ball-to-plate type. The high-voltage electrode shall
consist of a polished steel ball with a radius of (3 £ 0,0005) mm for rigid material, and
(10 £ 0,0005) mm for flexible material. Polished steel balls with a surface roughness of less
than 0,001 mm as used in ball bearings (class Ill) are easily available and have been found
adequate for the purpose. The earth electrode shall be a plate with a diameter of (75 + 1) mm
and with rounded edge of a radius of (3 £ 0,1) mm. For the complete test arrangement for
flexible material, see Figure 2. In the case of rigid material, the upper electrode and the
specimen shall be as shown in Figure 3.

NOTE

- d field
strength depending on the radius of the ball electrode and the thickness of the specimen.

LE For a radius of 10 mm and a thickness of 0,1 mm, the increase in field strength compared to fhat of
plate-fo-plate arrangement is about 10 %.

NOTE|2 If a round cylindrical glass container of sufficient size is used to accommodate the test'set-up and thje fluid
with the earth electrode at the bottom of it, such a container makes it possible to observe visually the procesg when
the voltage is applied. It also permits the earth connection and the fluid supply through the bettom electrode, [with a
fluid gverflow at the top of the container, see Figure 4. If an elevated test temperature is required, such an
arrandement allows the fluid to be used for heating purposes.

6.7.3.3 Test specimen
6.7.3.3.1 General

The thickness of that part of the specimen which is subject to’breakdown shall not exceed 1| mm.
The thickness of any two of the specimens of one setéshall not vary by more than 10 %.

NOTE| It is generally found that the electric strength foh,cured reactive compounds with a glass trafsition
temperature above 80 °C is from 50 kV/mm to 100 kV/mm and can be even more, for instance, for hot furing
cyclogliphatic epoxide-based compounds. Consequently,4ésting specimens of a thickness of significantly morg than
1 mm pnd with an electrode arrangement of, for instance, 25/75 mm as specified in IEC 60243-1, can require vpltage
levels|above 200 kV. This can lead to conditions_where flashover or partial flashover with subsequent breakdown
outside the electrode area cannot be avoided.

6.7.3.3.2 Rigid material

The $pecimen shall form a cylindrical rod of cast compound with a diameter of about 30 mm
and With a length, in millimetres, twice the assumed numerical value of breakdown voltage in
kilovolts. This rod shall centain a central lead wire with a steel ball attached to it at one end and
apar{ from the other endieompletely embedded in the casting compound.

After|the mould is‘removed, that end of the specimen which is close to the ball electrode|shall
be ground to the“specified thickness, then polished and coated with a conductive layef, for
instahce a dispersion of graphite or silver, which serves as the earth electrode. During grifding
the thickness shall be controlled by means of a permeameter type device calibrat¢d in
thickpess:—/For an example of the specimen set-up, see Figure 4. This set-up caph be
accommodated in a glass container as in Figure 4.

NOTE For casting, a glass tube can serve as a mould with the lead wire and the ball electrode properly centred by
adequate means. A piece of welding wire of, for instance, 3 mm diameter can serve as a lead wire, with one end
soldered to the ball electrode.

After testing, the cured compound is removed at the point of breakdown to allow measurement

of the space between the polished surface and the ball electrode. The space shall be measured
by means of a micrometre probe and reported as thickness.

6.7.3.3.3 Flexible material

A specimen in accordance with 6.7.3.3 shall be used.
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6.7.3

4 Procedure

The rate of increase of the voltage shall be not more than 500 V/s. Unless otherwise specified,
the test temperature shall be (23 + 2) °C. The test shall be carried out with the specimen and
the electrodes in a dielectric fluid, which is circulated and maintained at the specified test
temperature. Unless otherwise specified, unused mineral insulating oil according to IEC 60296,

or un

6.7.3

used synthetic organic ester according to IEC 61099, shall be employed.

.5 Result

Five specimens shall be tested. The type and method of preparation of the specimen and its

dime
used

o % 4 £ o P~ H £ 4+l ball ] 4+ Al +h % £ ol £
O1TUTTO, T 1TOoU ITTTITYTTAlUTT, 1T TaUuiluo UT 11T Vall TITUUTUUuT, ic 1y po Ul Uitcivuuie

and the five results shall be reported, along with reference to the standards applied

results shall contain the thickness of the specimen at the point of breakdown, the break

volta

pe and the electric strength.

6.7.4  Proof tracking index (PTI)

The

teste
betw
as we

appli
6.7.5

The
threég

method given in Clause 10 of IEC 60112:2003 shall be used. Thrée) specimens sha
d with a proof voltage as specified in the relevant specification sheet, or as agreed
ben supplier and purchaser. The kind of preparation and the dimensions of the speci
|l as the three results of PTI, shall be reported. The results,shall contain the proof vo
bd and the number of drops obtained.

Electrolytic corrosion

isual method given in IEC 60426 shall be used.¥Three specimens shall be tested
results of electrolytic corrosion shall be reported.

fluid
The
Hown

Il be
upon
men,
Itage

The



https://iecnorm.com/api/?name=6c9a59452a8408f2b610238ee0aa9e87

-32 - IEC 60455-2:2023 © |EC 2023

Spherical top for
high-voltage connection

Fluid level —~
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overflow
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Ball
) electrode
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. electrode
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Nut T Gaskets

Fluid inflow —_—
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Figure 3 — Example of electrode arrangement for flexible cured compound
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Leadwire
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connection
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Ball electrode
\

O

Conductive coating *
IEC

Figure 4 — Example of electrode arrangement for rigid cured compound
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Annex A
(informative)

Health and safety

The manufacturer shall make available on request the MSDS for each component, in order to
enable the purchaser to transport, use and dispose of the components and their packaging in
a safe manner, in relevant languages. Further relevant information concerning health and safety
linked to installation conditions shall be made available on request.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COMPOSES REACTIFS A BASE DE RESINES
UTILISES COMME ISOLANTS ELECTRIQUES -

Partie 2: Méthodes d'essai

AVANT-PROPOS

La|Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatigfi-com
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IECya pour
de|favoriser la coopération internationale pour toutes les questions de normalisation dans les don
de|l'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Nonmes internatio)
dep Spécifications techniques, des Rapports techniques, des Spécifications accessiblés”au public (P
dep Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée,a’des comités d'é
auk travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis
internationales, gouvernementales et non gouvernementales, en liaison avec\I''EC, participent égal
auk travaux. L'IEC collabore étroitement avec I'Organisation Internationale{ de Normalisation (ISO),
dep conditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions tec¢hniques représentent, dans la n
dulpossible, un accord international sur les sujets étudiés, étant donné”/que les Comités nationaux de
interessés sont représentés dans chaque comité d'études.

Lep Publications de I'lEC se présentent sous la forme de recémmandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les_€fforts raisonnables sont entrepris afin qud
s'gdssure de I'exactitude du contenu technique de ses publigations; I'lEC ne peut pas étre tenue respo
de|l'éventuelle mauvaise utilisation ou interprétation qui en\est faite par un quelconque utilisateur final.

Dgns le but d'encourager l'uniformité internationale, les” Comités nationaux de I'lEC s'engagent, dans
la mesure possible, a appliquer de fagon transparentédes Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutesxRublications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indéper
fodrnissent des services d'évaluation de-conformité et, dans certains secteurs, accédent aux m4
de|conformité de I'lEC. L'lEC n'est responsable d'aucun des services effectués par les organismes de certifi
ingépendants.

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

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
y ¢ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice cause\en cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit, directe’ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
défoulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
oulau crédit qui lui\est accordé.
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L'dttention est attirée sur les références normatives citées dans cette publication. L'utilisation de publidations

référencées'est obligatoire pour une application correcte de la présente publication.

L'IEC attire’l'attention sur le fait que la mise en application du présent document peut entrainer l'utilisation d
de|plusieurs brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité de toy

un ou
t droit

de|breVet revendiqué a cet égard. A la date de publication du présent document, I'lEC n'avait pas recu notifi

cation

qu'un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y a lieu d'avertir
les responsables de la mise en application du présent document que des informations plus récentes

sont susceptibles de figurer dans la base de données de brevets, disponible a I'adresse https://patents.i
L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

ec.ch.

L'IEC 60455-2 a été établie par le comité d'études 15 de I'lEC: Matériaux isolants électriques
solides. Il s'agit d'une Norme internationale.

Cette quatriéme édition annule et remplace la troisieme édition parue en 2015. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) introduction des méthodes d'essai de I'|EC 60455-3-8;
b) ajout et mise a jour des méthodes d'essai pour les résines.

Le texte de cette Norme internationale est issu des documents suivants:

Le r{pport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote eLyant
abouti a son approbation.

La laphgue employée pour I'élaboration de cette Norme internationale est I'anglais”

Le p

selor] les Directives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, dispon

sous

par I''EC sont décrits plus en détail sous www.iec.ch/publications.

Une

réactifs a base de résines utilisés comme isolants électriqués, se trouve sur le site web de

Le cgmité a décidé que le contenu de ce document ne/séra pas modifié avant la date de st3

indiq

rechgrché. A cette date, le document sera

e rgconduit,

e remplacé par une édition révisée;ou

Projet Rapport de vote
15/1006/FDIS 15/1015/RVD

ésent document a été rédigé selon les Directives ISO/IEC, Partie}2; il a été dével

www.iec.ch/members_experts/refdocs. Les principaux types de documents dévelo

iste de toutes les parties de la série IEC 60455, publiées sous le titre général Comp
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INTRODUCTION

La présente partie de I'lEC 60455 appartient a une série qui traite des composés réactifs a base
de résines exemptes de solvant et de leurs composants, utilisés pour l'isolation électrique.

Cette série est composée de trois parties:

e Partie 1: Définitions et prescriptions générales;
e Partie 2: Méthodes d'essai;

e Partie 3: Spécifications pour matériaux particuliers
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COMPOSES REACTIFS A BASE DE RESINES
UTILISES COMME ISOLANTS ELECTRIQUES -

Partie 2: Méthodes d'essai

1 Domaine d'application

La p

les c
pour

2023

I'isolation électrique.

2 Références normatives

Les ¢

de lgur contenu, des exigences du présent document. Pour les(références datées,

I'édit

de réfférence s'applique (y compris les éventuels amendements).

IEC {

I'adrésse http://www.electropedia.org)

résente partie de I'IEC 60455 spécifie les méthodes d'essai a utiliser pour._vérifier
bmposés réactifs a base de résines, leurs composants et les composés durcis, utjlisés

ocuments suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou partie

seule

on citée s'applique. Pour les références non datées, la defniere édition du document

0050 (toutes les parties), Vocabulaire Electrotechnique International (disponijle a

IEC $0068-2-10:2005, Essais d'environnement =\ \Partie 2-10: Essais — Essai J et gquide:

Mois

ssures

IEC 60112:2020, Méthode de détermination des indices de résistance et de {enue
au cheminement des matériaux isolants¢solides

IEC 60216 (toutes les parties), “‘Matériaux isolants électriques — Propriétés d'endufance
thermiques

IEC 60243-1:2013, Rigidijté diélectrique des matériaux isolants — Méthodes d'essai — Partie 1:

Essa

IEC

is aux fréquences.industrielles

0296:2020, Fluides pour applications électrotechniques — Huiles minérales isolantes

matéyiel électrique

pour

IEC 60426:2007, Matériaux isolants électriques — Détermination de la corrosion électrolyftique
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Partie 3-8: Spécifications pour matériaux particuliers — Résines pour accessoires de cable

IEC 60695-11-10:2013, Essais relatifs aux risques du feu — Partie 11-10: Flammes d'essai —
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odes d'essai horizontale et verticale a la flamme de 50 W
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IEC 60814:1997, Isolants liquides — Cartons et papiers imprégnés d'huile — Détermination
de la teneur en eau par titrage coulométrique de Karl Fischer automatique

IEC 61033:1991, Méthodes d'essai pour la détermination du pouvoir agglomérant des agents
d'imprégnation sur fil émaillé

IEC 61099:2010, Liquides isolants — Spécifications relatives aux esters organiques de synthese
neufs destinés aux matériels électriques

ISO 37:2011, Caoutchouc vulcanisé ou thermoplastique — Détermination des caractéristiques

de contrainte-déformation-en-traction

ISO 62:2008, Plastiques — Détermination de I'absorption d'eau

ISO 75 (toutes les parties), Plastiques et ébonite — Détermination de (laVtempérgpture
de flgchissement sous charge

ISO 175:2010, Plastiques — Méthodes d'essai pour la détermination deseffets de I'immelrsion
dans|des produits chimiques liquides

ISO 178:2010,Plastiques — Détermination des propriétés en fléxion

ISO 179-1:2010, Plastiques — Détermination des caractéristiques au choc Charpy — Partie 1:
Essaf de choc non instrumenté

ISO 179-2:1997, Plastiques — Détermination des-caractéristiques au choc Charpy — Partie 2:
Essaf de choc instrumenté

ISO 291, Plastiques — Atmosphéres normales de conditionnement et d'essai

ISO 306:2013, Plastiques — Matériaux thermoplastiques — Détermination de la tempérpture
de rdmollissement Vicat (VST)

ISO %27 (toutes les parties)\Plastiques — Détermination des propriétés en traction

ISO $84:1982, Plastiqgues — Résines de polyesters non saturés— Détermination
conventionnelle de la réactivité a 80 °C

ISO $04:2002, Plastiques — Détermination des propriétés en compression

ISO $68:2003, Plastiques et ébonite — Détermination de la dureté par pénétration au moyen
d'un guromeétre (dureté Shore)

ISO 1183-1:2019, Plastiques — Méthodes de détermination de Ila masse volumique
des plastiques non alvéolaires — Partie 1: Méthode par immersion, méthode du pycnometre
en milieu liquide et méthode par titrage

ISO 1513:2010, Peintures et vernis — Examen et préparation des échantillons pour essai
ISO 1523:2002, Détermination du point d'éclair — Méthode a I'équilibre en vase clos

ISO 1675:1985, Plastiques — Résines liquides — Détermination de la masse volumique par
la méthode du pycnométre

ISO 2039-1:1993, Plastiques — Détermination de la dureté — Partie 1. Méthode de pénétration
a la bille
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ISO 2114:2000, Plastiques (résines de polyesters) et peintures et vernis (liants) -
Détermination de l'indice d'acide partiel et de l'indice total

ISO 2431:1993, Peintures et vernis — Détermination du temps d'écoulement au moyen
de coupes d'écoulement

ISO 2535:1997, Plastiques — Résines de polyesters non saturés — Mesurage de la durée
de gélification a 25 °C

ISO 2554:1997, Plastiques — Résines de polyesters non saturés — Détermination de l'indice
d'hydrexye

ISO 2555:1989, Plastiques — Résines a l'état liquide ou en émulsions ou dispersions —
Détermination de la viscosité apparente par la méthode du viscosimétre rotatif de|type
a uncylindre

ISO 2592:1973, Produits pétroliers — Détermination des points d'éclair, et.de feu — Méthode
Clevegland en vase ouvert

ISO 3001:1997, Plastiques — Compositions époxydiques — Détermifation de I'équivalent gpoxy

ISO 3219:1993, Plastiques — Polymeres résines a l'état liquide*en émulsion ou en dispersjon —
Détefmination de la viscosité au moyen d'un viscosimétre rotatif a gradient de vitesse
de cisaillement définie

ISO 3451-1:1997, Plastiques — Détermination du. taux de cendres — Partie 1: MétHodes
générales

ISO 8521:1997, Plastiques — Résines d'époxydes et de polyesters non saturés — Détermination
du reltrait global en volume

ISO 3679:1983, Peintures, vernis;xproduits pétroliers et assimilés — Détermination du [point
d'éclair — Méthode rapide a I'équilibre

ISO 4573:1978, Plastiques — Résines d'époxydes et esters glycidiques — Dosage du chlore
inorglanique

ISO 4583:1998, Plastiques — Résines époxydes et matieres apparentées — Dosage du chlore
facilgment saponifiable

ISO 4615:1979, Plastiques — Résines de polyesters non saturés et époxydes — Détermingation
de la|teheur totale en chlore

ISO 4625:1980, Liants pour peintures et vernis — Détermination du point de ramollissement —
Méthode de I'anneau et de la bille

ISO 4895, Plastiques — Résines époxydes liquides — Détermination de la tendance
a la cristallisation

ISO 7056, Matériel de laboratoire en plastique — Béchers

ISO 9396:1997, Plastiques — Résines phénoliques — Détermination du temps de gélification
des résols dans des conditions spécifiques sur appareils automatiques

ISO 11357-2:1999, Plastiques — Analyse calorimétrique différentielle (DSC) - Partie 2:
Détermination de la température de transition vitreuse
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ISO 11359-2:1999, Plastiques — Analyse thermomécanique (TMA) — Partie 2: Détermination
du coefficient de dilatation thermique linéique et de la température de transition vitreuse

ISO 11359-3:2002, Plastiques — Analyse thermomécanique (TMA) — Partie 3: Détermination
de la température de pénétration

ISO 14896:2009, Plastiques — Matieres premieres des polyuréthanes — Détermination
de la teneur en isocyanate

ISO 15528:2000, Peintures, vernis et matieres premiéres pour peintures et vernis —
Echaptilonnage

3 Termes et définitions

Pour| les besoins du présent document, les termes et définitions de (1'1EC 60455{1 et
de I'lEC 60050 ainsi que les suivants s'appliquent.

L'ISQ et I'IEC tiennent a jour des bases de données terminologiques_destinées a étre util[sées
en ngrmalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electfopedia.org/

e |$0 Online browsing platform: disponible a I'adresse https://www.iso.org/obp

3.1
résistance volumique
partii de la résistance d'isolement qui est due a la ¢conduction a travers le volume et qui gxclut
le coprant a sa surface

3.2
résistivité volumique
résisfance volumique ramenée a l'unité de volume cubique

3.3
factgur de dissipation diélectrique
tan &
valedr numérique du rapport de la partie imaginaire sur la partie réelle de la permiftivité
complexe

3.4
pernyittivité relative
£I‘
rapport-de-la permittivité absolue sur la constante diélectrique

Note 1 a l'article: En ingénierie, il est courant d'employer le terme "permittivité" pour faire référence a la permittivité
relative.
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4 Remarques générales sur les méthodes d'essai

4.1 Préparation et conditionnement

Sauf spécification contraire dans la norme de spécifications correspondante ou
dans la méthode d'essai, tous les essais doivent étre réalisés dans les conditions
atmosphériques, avec une température comprise entre 21 °C et 29 °C et une humidité relative
comprise entre 45 % et 70 %. Avant d'effectuer les mesurages, I'échantillon ou I'éprouvette
doit étre préconditionné dans ces conditions atmosphériques pendant une durée suffisante
pour permettre a I'échantillon ou a I'éprouvette de se stabiliser. Pour prélever des échantillons
au format liquide ou pateux, I'lSO 15528 doit étre appliquée. Pour préparer ces échantillons
d'esdail, 'TSO 15 T3 doit etre appliquee.

NOTE| Pour les définitions des termes relatifs aux atmosphéres normales, voir I'|SO 558. L'atmosphere d'essai
spéciflée ci-dessus ne satisfait a aucune des deux atmospheres normales spécifiées dans I'lSO 294, mais ¢ouvre
les depx plages y compris leurs tolérances.

Normalement, toutes les exigences d'une méthode d'essai sont fournies dars"la descriptipn et
les sthémas ont uniquement pour objet de montrer les différents montages’d'essai possibles.
En cas de contradictions entre le présent document et les feuilles de spécifications de Iat]série
IEC §0455-3, ces derniéres doivent prévaloir. Si une autre norme (est citée comme méthode
d'esdai, la référence a cette norme doit étre fournie dans le rapport.

4.2 | Séquence d'essais

Pour| éviter tout effort inutile, les essais doivent étreveffectués sur les échantillons $elon
la séfjuence suivante:

1) epsais sur chaque composant avant le mélange;

2) epsais sur le composé réactif immédiatemént aprés le mélange (prét a I'emploi);

3) epsais sur le composé durci;

4) epsais sur le composé durci aprés leprétraitement (température, humidité, eau, etc.).

Si I'échantillon en essai échoue a l'essai, les essais suivants peuvent devenir obsolétes.

4.3 | Rapport d'essai
Sauf(spécification contraire, le rapport d'essai doit inclure les données suivantes:
1) dgsignation et identification de la résine;

2)

n
3) cpnfirmation du marquage et de lI'étiquetage selon la fiche de données de ségurité
(MSDS;Material Safety Data Sheet);
r

efsultats d'essai;

Lméro de lotiou autre identification;

4)
5) principaux parametres d'essai, notamment le conditionnement et I'étalonnage, s'il y a lieu;

6) conditions de traitement utilisées pour le composé réactif;
7) copie de la fiche technique (TDS, Technical Data Sheet) et de la MSDS.
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5 Méthodes d'essai pour les composés réactifs et leurs composants

5.1 Point d'éclair

Pour les températures de point d'éclair supérieures ou égales a 79 °C, la méthode spécifiée
dans I'ISO 2592 doit étre utilisée. Pour les températures de point d'éclair inférieures a 79 °C,
la méthode spécifiée dans I'lSO 1523 doit étre utilisée, avec I'un des appareillages en vase clos
décrits a I'Annexe A de [I'1SO 1523:2002. L'ISO 1523 doit étre lue conjointement avec
I''SO 3679. Deux mesurages doivent étre effectués sur deux échantillons distincts, et les deux
mesures de point d'éclair doivent étre consignées avec la référence aux normes utilisées.

5.2 | Masse volumique

La mgthode spécifiée dans I'lSO 1675 doit étre utilisée. Deux mesurages doivent étreseffectués,
et leg deux mesures de masse volumique doivent étre consignées.

5.3 | Viscosité

Sauf(spécification contraire, la viscosité doit étre déterminée au moyen({d'un dispositif adapté a
(23 {4 0,5) °C. Siun dispositif rotatif est utilisé, celui-ci doit étre conforme a I'l'SO 2555 (dispositif
Brookfield) ou a I'lSO 3219 (dispositif a gradient de vitessey“de cisaillement deéfini).
Si un dispositif de type a écoulement est utilisé, la méthode d'éssai et la coupe d'écoulement
doivgnt étre conformes a I'lSO 2431. Deux mesurages doivent étre effectués, et les |[deux
mesyres de viscosité doivent étre consignées avec la référence aux normes utilisées.

5.4 | Viscosité aprés stockage a température élevée

Cettd méthode ne s'applique pas aux systémes.monocomposants ou aux composant$ qui
contiennent des durcisseurs.

Sauf| spécification contraire, un échantillon en quantité suffisante est stocké pendant
(20 {4 0,5) h a une température de (100.273) °C dans un récipient fermé. Aprés refroidissement
a température ambiante, la viscosité est mesurée conformément au 5.3. L'augmenfation
de la|viscosité est calculée a l'aide‘de I'équation suivante:

Augmentation de la viscosité en % = (4, — #4) x 100 / 54

ou
14 viscosité dyndmique avant stockage

1, | viscosité dynamique aprés stockage

5.5 | Teneur des composés organiques volatils

Cettd \méthode ne s'applique pas aux systémes monocomposants ou aux composantf qui
contiennent des durcisSeurs. Sauf specification contraire, I'essal doit etre efiectue comme suit:

La masse d'un flacon a tare vide (de dimensions 80 mm x 30 mm environ) est fixée a 0,001 g
(m1). Une masse de 0,4 g a 0,5 g de résine (m2) est pesée a 0,001 g dans le flacon a tare
(hermétiquement fermé pendant la pesée). Quelques gouttes de toluéne sont ajoutées pour
diluer la résine. Le liquide est dispersé au fond du flacon a tare en appliquant une Iégére torsion.

Le flacon a tare ouvert est placé dans un four a ventilation forcée pendant au moins 2 h a
(110 £ 2) °C. Apreés refroidissement a température ambiante dans un dessiccateur, le poids du
flacon a tare est de nouveau pesé a 0,001 g (m3).
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Composés organiques volatils = 100 x (m2 — (m3 — ml)) / m2
ou:
ml  masse d'un flacon a tare vide (g)

m2  masse de la résine avant chauffage (g)
m3  masse d'un flacon a tare vide rempli de résine aprés chauffage et refroidissement (g)

5.6 Augmentation isothermique de la viscosité (temps de traitement)

Cette méthode est utilisée pour les résines polyuréthanes (PUR) et époxydes (EP).
Pour les résines IP (nolvgetare naon caturdc) lo temne do adlification daoit Stre 11 |||Sé
i i v \M¥1T b e VAR PETTTES ™ o P TTTTRAR T T T b - .

St oY

Sauf|spécification contraire, I'essai doit étre effectué comme suit:

Tous| les composants et matériels doivent étre a température ambiante. Lescomposgants
de la|résine sont mélangés conformément aux instructions du fabricant~ La procédure
de mglange ne doit pas durer plus de 3 min. Le chronométre est démarré -aprés ajout et
mélaphge du dernier composant. Aprés 10 min, la premiére mesure de viscosité est prise comme
valeJr initiale. Le mesurage est répété jusqu'a ce que la viscosité atteigne la valeur maximale
spécifiée. L'intervalle de temps entre la valeur initiale et la valeur maximale est consigné comme
tempp de traitement.

5.7 | Durée limite de stockage

La durée limite de stockage doit étre déterminée en mesurant les variations d'une propriété
caragtéristique spécifigue aprés un temps et upe“température de stockage domnés.
L'expérience a montré que la viscosité selon le 5.3 et’ le temps de gélification selon le[5.23
constituaient des caractéristiques appropriées. Pour déterminer la durée limite de stockage,
la vidcosité et/ou le temps de gélification doivent-étre déterminés conformément au 5.3 gt/ou
au 5.P3, respectivement, pour une température et un point limite, fixés par accord pntre
le foyrnisseur et I'acheteur. Deux mesurages.doivent étre effectués sur un matériau fraichement
préparé et sur un matériau stocké pendantia durée et a la température fixées par accord gntre
le fournisseur et lI'acheteur. Les deux-mesures de durée limite de stockage doivent| étre
cons|gnées avec la référence aux normes utilisées. Les mesures doivent comprgndre
la vidcosité et/ou le temps de gélification avant et aprés stockage, le temps et la température
de stpckage, ainsi que la température d'essai.

5.8 Couleur

La mgthode spécifiée dans I'lSO 6271 doit étre utilisée. Deux mesurages doivent étre effectués,
et leqd deux mesures de couleur doivent étre consignées avec la référence aux normes utiligées.

5.9 | Température de ramollissement

La mgthode spécifiée dans I'ISO 306 ou I'lSO 4625 doit étre utilisée. Deux mesurages ddivent
étre effectués, et les deux mesures de température de ramollissement doivent étre consignées
avec la référence aux normes utilisées.

5.10 Teneur en cendres

La méthode spécifiée dans I'lSO 3451-1, méthode A, doit étre utilisée. Deux mesurages
doivent étre effectués, et les deux mesures de teneur en cendres doivent étre consignées.

5.11 Teneur en charge

A fixer par accord entre le fournisseur et I'acheteur.
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5.12 Teneur en chlore

5.12.1 Teneur totale en chlore des résines de polyesters non saturés et des résines
époxydes

La méthode spécifiée dans I'|SO 4615 doit étre utilisée. Deux mesurages doivent étre effectués,
et les deux mesures de teneur totale en chlore doivent étre consignées.

5.12.2 Teneur en chlore inorganique des résines époxydes et des esters glycidiques

La méthode spécifiée dans I'|SO 4573 doit étre utilisée. Deux mesurages doivent étre effectués,

et les-dewpmesures—de-teneuren-chlore-inorganigue—doivent-étre-consignees
G-t tH &-8—+8-R8tH—8R-cHHofFe+HofrgaHgHe—ao-8hR—eH Reigh -

5.123 Teneur en chlore facilement saponifiable des résines époxydes et des’mati¢res
apparentées

La mgthode spécifiée dans I'lSO 4583 doit étre utilisée. Deux mesurages doivent'étre effectués,
et leg deux mesures de teneur en chlore saponifiable doivent étre consignées.

5.13| Tendance a la cristallisation

Cettg méthode s'applique aux résines époxydes uniquement.

La mgthode spécifiee dans I'lSO 4895 doit étre utilisée. Deuxmesurages doivent étre effectués,
et leg deux mesures doivent étre consignées.

5.14| Equivalent époxyde des résines époxydes

La mgthode spécifiee dans I'lSO 3001 doit étre utilisée. Deux mesurages doivent étre effectués,
et leg deux mesures d'équivalent époxyde daivent étre consignées.

5.15| Teneur en isocyanate

Cettg méthode s'applique aux durcisseurs en polyuréthane uniquement.

La méthode spécifiée dans™ FISO 14896 doit étre utilisée. Deux mesurages doivent| étre
effecfués, et les deux mesures doivent étre consignées.

5.16| Teneur en eau\(méthode de Karl Fischer)

La méthode spécifiée dans I'lEC 60814 doit étre utilisée. Deux mesurages doivent| étre
effecfués, et les.deux mesures de teneur en eau doivent étre consignées.

5.17| Indice d'hydroxyle

5.17.1T Reésines de polyesters

La méthode spécifiée dans I'|SO 2554 doit étre utilisée. Deux mesurages doivent étre effectués,
et les deux mesures d'indice d'hydroxyle doivent étre consignées.

5.17.2 Résines autres que le polyester

A fixer par accord entre le fournisseur et I'acheteur.

5.18 Indice d'acide des résines de polyesters

La méthode spécifiée dans I'|SO 2114 doit étre utilisée. Deux mesurages doivent étre effectués,
et les deux mesures d'indice d'acide doivent étre consignées.
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5.19 Nombre de doubles liaisons des résines de polyesters non saturés et des résines
acryliques

A fixer par accord entre le fournisseur et I'acheteur.

5.20 Teneur en acide et en anhydride d'acide des durcisseurs acide-anhydride

La méthode spécifiée dans I'ISO 2114 doit étre utilisée pour la teneur en acide. La méthode
spécifiée dans I'lSO 7327 doit étre utilisée pour la teneur en anhydride. Deux mesurages
doivent étre effectués, et les deux mesures de teneur en acide et/ou en anhydride doivent étre
consignées.

5.21| Teneur en amine

Sauf|accord contraire entre le fournisseur et I'acheteur, la méthode spécifiée dans I'ISO 9702
doit étre utilisée.

5.22| Durée de vie en pot
5.221 Généralités

Le temps exigé par une méthode particuliére pour obtenir une viscosité de 50 Pas est meguré.
La vigcosité peut étre déterminée au moyen d'un viscosimeétre ‘quelconque.

5.22.2 Composés résineux pour accessoires de-cables
5.222.1 Appareillage et matériels
Matériels a utiliser:

e bgcher conformément a I'|SO 7056 en polyéthyléne, en polypropyléne ou en verre, [avec
Igds dimensions suivantes: diamétre;de 70 mm a 100 mm et hauteur de 70 mm a 130 mim;

D

nceinte climatique;
e chronomeétre;

e viscosimeétre.
5.222.2 Préparation,de I'échantillon

Le bécher doit étre.marqué pour un volume de (300 = 25) ml.

Le bgcher et un paquet normalisé du fabricant doivent étre stockés dans une enceinte

climdgtique pendant 24 h a la température spécifiée avec une tolérance de 7(2) K.

5.22.2.3 Procédure

Les composants doivent étre retirés de I'enceinte climatique et le mélange doit démarrer
immédiatement aprés, conformément aux instructions du fournisseur. L'enregistrement
du temps démarre au début du mélange des composants.

Retirer le bécher de I'enceinte climatique, puis verser le composé mélangé dans le bécher
jusqu'au repere précédemment marqué.
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