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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
national electrotechnical committees (IEC National Committees). The object of .. JEC is to pr
ernational co-operation on all questions concerning standardization in the electrical and’electronic fielg

chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEG, National Committee inte
the subject dealt with may participate in this preparatory work. International, governmental and
vernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates c|
th the International Organization for Standardization (ISO) in accardance with conditions determin
reement between the two organizations.

nsensus of opinion on the relevant subjects since each teechnical committee has representation frg
erested IEC National Committees.

s end and in addition to other activities, IEC publishes International Standards, Technical SpecificTions,

rising
mote
s. To

“IEC
ested
non-
osely
bd by

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interndtional

m all

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

sinterpretation by any end user.

E latter.

C itself does not provide any attestation of conformity. Independent certification bodies provide conf
sessment services and, in some\areas, access to IEC marks of conformity. IEC is not responsible fg
rvices carried out by independent certification bodies.

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

liability shall attach to“\EC or its directors, employees, servants or agents including individual expert
embers of its technicalkeommittees and IEC National Committees for any personal injury, property dama
penses arising, out/of the publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention isdrawn to the Normative references cited in this publication. Use of the referenced publicati
Hispensable/for the correct application of this publication.

tention jis drawn to the possibility that some of the elements of this IEC Publication may be the subj
tefit’rights. IEC shall not be held responsible for identifying any or all such patent rights.

tional
f IEC

blications is accurate, IEC cannot be held respdnsible for the way in which they are used or for any

order to promote international uniformity, IE€\National Committees undertake to apply IEC Publicgtions
nsparently to the maximum extent possible, in their national and regional publications. Any divergence
tween any |IEC Publication and the corresponding national or regional publication shall be clearly indicalted in

rmity
r any

5 and
ge or

her damage of any ‘nature whatsoever, whether direct or indirect, or for costs (including legal fees|) and

r IEC

ns is

bct of

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a Technical Report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 60216-2-7, which is a Technical Report, has been prepared by IEC technical
committee 112: Evaluation and qualification of electrical insulating materials and systems.
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The text of this Technical Report is based on the following documents:

Enquiry draft Report on voting
112/354/DTR 112/370/RVC

Full information on the voting for the approval of this Technical Report can be found in the
report on voting indicated in the above table.

This

publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A lis
mate

The
the

relat
e T
e

—

e gmended.

A bil

rials — Thermal endurance properties, can be found on the IEC website.

committee has decided that the contents of this publication will remain yunchanged
stability date indicated on the IEC website under "http://webstore.iec.ch" in the
ed to the specific publication. At this date, the publication will be

bconfirmed,

ithdrawn,

bplaced by a revised edition, or

ngual version of this publication may be issued ata later date.

of all parts in the IEC 60216 series, published under the general title Electrical insuifating

until
data

IMR

ung
col

that it contains colours which are considered to be useful for the corj

ORTANT - The 'colour inside' logo on-the cover page of this publication indic3

erstanding of its contents. Users should therefore print this document usin
pur printer.

tes
ect

g a
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INTRODUCTION

IEC technical committee 112, (IEC/TC112) has been working on the development of
IEC TS 60216-7-1 that considers the use of activation energy determined through thermal
analytical tools plus abbreviated conventional heat ageing to determine a thermal index on a
polymeric compound. At the same time, the UL LTTA Forum has been discussing alternative
methods that could speed up the determination of a thermal index. Members of the
IEC/TC112 and of the UL LTTA Forum have joined efforts to determine whether the Technical
Specification developed by IEC/TC112 can be used to offer an alternative method of
evaluating polymeric compounds for a thermal index.

Menlbers of IEC/TC112 and the UL LTTA Forum decided to conduct a round robin test(fRRT)
using thermogravimetric analysis (TGA) according to ISO 11358-2 on a known compdund,
with|a known activation energy determined through conventional ageing with' @ view to
vaIiTs\te the acceptability of IEC TS 60216-7-1, and to determine whether a, similar thgrmal

index could be calculated. The round robin testing was conducted with conventional TGA by

mult{ple heating rates. However, running isothermal tests can be a follow up'of this RRT.
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ELECTRICAL INSULATING MATERIALS -
THERMAL ENDURANCE PROPERTIES -

Part 7-2: Results of the round robin tests to validate procedures
of IEC TS 60216-7-1 by non-isothermal kinetic analysis
of thermogravimetric data

1 $cope

The |purpose of this part of IEC 60216, which is a Technical Report, is to-validatg the
procedures of IEC TS 60216-7-1 in providing a similar temperature index o, €onvent|onal
metHods used in other parts of the IEC 60216 series.

Thede round robin test results do not provide statistical analysis for(precisions. The rpund
robin test focuses on preliminary studies to understand the evaluwation and calculation
procedures, influence on apparatus, and data variance among laboratories be¢fore
detefmination of precisions.

2 Normative references

Therne are no normative references in this document]

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

3.1
actiyation energy

Arrhenius activation energy
Ea
emplrical parameter characterizing the exponential temperature dependence of the reaftion
rate constant

[SOYRCE: IUPAC *Goldbook”]
3.2

end-{pojnt
limit[forda diagnostic property value based on which the thermal endurance is evaluated

3.3

time to end-point

failure time

time to reach the end point or conventional failure

3.4

relative temperature endurance index

RTE

numerical value of the temperature in degrees Celsius at which the estimated time to
end-point of the candidate material is the same as the estimated time to end-point of the
reference material at a temperature equal to its assessed temperature index

Note 1 to entry: RTE, is the relative temperature endurance index calculated through the analytical procedure.
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3.5

temperature endurance index

TI

numerical value of the temperature in degrees Celsius derived from the thermal endurance
relationship at a time of 20 000 h (or other specified time)

Note 1 to entry: Tl, is the temperature index calculated through the analytical procedure.

[SOURCE: IEC 60050-212:2010, 212-12-11, modified — the two notes have been deleted and
replaced by a new note.]

3.6
halvjng interval
HIC
numerical value of the temperature interval in kelvin which expresses the halving of the|time
to end-point taken at the temperature equal to Tl

Note [l to entry: HIC, is the halving interval calculated through the analytical procedure.

3.7
degree of conversion
a
quantity of products present at a particular time and temperature during a reaction compared
with the final quantity of the products

[SOURCE: ISO 11358-2:2014, 3.3, modified — the notes have been deleted]

4 Test specimens

For the round robin study, one generic type of polymer, liquid crystal polyester (LCP),|was
pre-selected as the round robin study which assumes one single thermal degradation reaftion
is predominant and directly correlated™o the end-point of dielectric strength as a diagnpstic

property.

LCP|originally has very little-entwining of molecules which exhibits crystalline properties|as a
liquid and therefore, there is-ess thermal transformation between solid and liquid, or between
over| ageing conditions of conventional thermal endurance test and TGA conditions at higher
temgerature range. Inmaddition, LCP molecular chains align themselves when moulded,| and
this |generates a sélf-reinforcing effect, thereby resulting in high mechanical and elecjrical
stregs resistance.

In thliis round.robin, two LCP materials (LCP sample A, LCP sample B) were chosen for test
samples/which already have the conventional heat oven ageing data of dielectric strength,
tens Ie strength and |mpact strength to validate the acceptablhty of whether or not RTEA can
: S = = ced.
Conﬂguratlons of monomers are onIy dlfferent between the samples WhICh mfluence the
difference in thermal resistance, as shown in Table 1.

The samples were homogenized by freeze-pulverization from the test plaques respectively.
100 mg each of freeze-pulverized powders from the same batch were prepared and provided
to eleven testing laboratories for evaluation, after pre-drying at 140 °C for 4 h.
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Table 1 — Heat ageing properties of the test specimens by
the conventional procedure described in IEC 60216-5

Time to end-point at Time to end-point at Time to end-point at
Temperature 50 % reten_tion of initial 50 % retfention of initial 50 % retention of initial
in ovens dielectric strength tensile strength impact strength
h h h
oG LCP LCP LCP LCP LCP LCP
Sample A Sample B Sample A Sample B Sample A Sample B

290 1141 1215 1860

285 2 896 1789 2 870

280 1917 3229 2 855

275 5 591 3083 4 164

270 4300 4 597 3 920

265 8 255 6 706 8 412

260 5848 7 625 6 640

250 9 600

Ea 130,6 142,3 165,2 145,9 134,5 102,9

Tl 250,0 241,5 2491 2462 2491 234,17
5 Test apparatus
5.1 | Thermogravimetric analyser (TGA)
A thermogravimetric analyser (TGA) in‘>accordance with 1SO 11358-1 was used for
detefmination of RTE, concerning thel‘test samples. In fact, a number of commgrcial
instruments suitable for the document~are available and various models of TGAs thaj the
laboratory participants have were used for evaluation of the test samples. Before the RRT,
weight and temperature calibrations were implemented based on ISO 11358-1 and [TGA

apps

5.2

ratus manufacturer’s guidance.

Purge gas supplied-into the TGA furnace

For purge gas into the-TGA furnace, air was chosen to assume oxidative thermal degraddtion,

as W
agei
but
labo

6

6.1

Festprocedtres

General

ell as degradation of electrical and mechanical strengths with test specimens in pven
ng. Most of the laboratory participants selected dry air (water content less than 1 pgm1),
ir supplied from the facility (compressed air with or without air dryer) was used in g few
atories:

Thermal analysis with TGA of the test samples was evaluated with reference to ISO 11358-2
and IEC TS 60216-7-1 in principle. A few modifications of test conditions and more detailed
procedures were added as follows.

1 ppm = part per million.
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6.2 Preconditioning of test samples

5 mg = 0,5 mg of the test sample were initially measured in each laboratory and mounted on
the empty pan in the furnace opened. Then the furnace was closed and pre-conditioned in
equilibrium at 100 °C for 1 h before heating tests were started. The weight value just before
the heating test (time at 0 s in the heating run, or 60 min at the end of the equilibrium) was
used for calculation on the degree of conversion.

NOTE [ISO 11358-2 requires using test samples of identical mass +1 % of the initial weight in multiple heating
conditions which is much narrower than the above. Influence on the initial mass deviation is taken into
consideration in 7.2.

6.3 | TGA tests with multiple heating rates

Mult|ple heating rates testing at 1 K/min, 2 K/min, 4 K/min, 6 K/min and 8 K/min werne-selgcted
for gvaluation which gave the lowest and highest heating rates that differ by a factor of |8, in
accdrdance with 1SO 11358-2. Evaluation temperature range was set between 100 °C| and
700 fC. Each heating rate test was run one time each for sample A and sample B, but 8 H/min
was evaluated twice as an approximate check and to consider repeatability.

6.4 | Calculation of the activation energy (E,)

Afteq TGA data with multiple heating rates were obtained,(the activation energies ere
calclilated per certain given degrees of conversion in a€cordance with Equation (2) in
ISO [11358-2:2014. Then, both values of degree of conversion and the activation enefgies
werq plotted between 1 % and 19 % with 2 % interval of dégree of conversion to analys¢ the
cubi¢ approximation for drawing the fitting curve of the‘\plots as shown in Figure 1. Equgation
(2) \T ISO 11358-2:2014 was used for selection of appropriate activation energy and degrg¢e of
conversion to determine RTE,.

For example, if the activation energy of a~reference material was already determined as
150 kJ/mol by the conventional heat ageing (e.g. dielectric strength), the correspornding
degrge of conversion of the reference material can be read and obtained with the equatipn of
the flitting curve graph (see Figure 19\"Then the corresponding degree of conversion foi this
refeflence material can be used for(reading the activation energy of a candidate material [from
another graph which was also ‘€valuated with ISO 11358-2 and had another fitting curye of
activiation energy and degree of-conversion for the candidate material.

All TGA raw data were\ submitted by eleven laboratories participants and analysis |with
ISO [11358-2 was carried out by one of the laboratories with their analytical tool, to avoid any
discfepancy amongd.various software calculations.
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Figure 1 — Fitting curve of plots between degree of conversion and
activation energy determined by ISO 11358-2 (example)

Determination of thermal endurance usingtTGA
General

activation energy given by the abové procedure can be used for the determinatid
L by calculating with time to end-point at the highest temperature which was determ
e conventional heat ageing test under IEC 60216-5, and procedures in accordance
TS 60216-7-1.

ccordance with ISO 11358-2, various activation energies can be obtained per c¢g
pes of conversion calculated with multiple heating rate data of TGA. Therefore, deg
nversion were chosen. appropriately to be correlated to thermal degradation derive
erties and the conventional heat ageing data which are described in 6.5.2 (Method A
pther hand, the\-fixed degree of conversion at 0,05 and the activation energyj
ptimes used wexperimentally for prediction of end-point of properties [1][2]2, whig
ribed in 6,5.3*(Method B).

Determination of RTE, by given degree of conversion from reference mater
(Method A)

n of
ined
with

rtain
rees
d by
.On
are
h is

al

After the cubic approximation between the degree of conversion and the activation energy is
determined (see 6.4), the degree of conversion for the reference material is given from the
equation where the activation energy is the same as that from the Arrhenius equation of
conventional heat ageing data. The activation energy of the candidate material is then
determined from the cubic approximation of the candidate material where the degree of
conversion for the candidate material is assumed to be the same as the given degree of
conversion for the reference material. In Method A, RTE, can be obtained.

2 Numbers in square brackets refer to the Bibliography.
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6.5.3 Determination of Tl, by fixed degree of conversion at 0,05 (Method B)

In Method B, the fixed degree of conversion at 0,05 can be selected to calculate the activation
energy of the candidate material, with regard to practical experiences [2][3]. In Method B it is
unnecessary to use reference material data to determine the activation energy of the
candidate material in accordance with ISO 11358-2 and the thermal indices of materials can
be determined as Tl, by the activation energy when the degree of conversion is 0,05.

In this round robin test, Tl, and RTE, at 20 000 h of LCP sample A and sample B were
determined by using Method A and Method B respectively.

7 Round robin test results

71 TGA test results

All the raw TGA test data were obtained from eleven laboratories (a, b, c, d;.e,'f, g, h, I, ] and
k). Figure 4 shows typical examples of overlay TGA curves of multiple heating rates whicl are
magpified by the degrees of conversion between 0 and 0,02. Figure/5 provides typical
examples of logarithm graphs between reciprocal temperatures and‘heating rates in cdrtain
degrges of conversions. Figure 6 shows cubic approximation between degree of convergions
and pctivation energies to read appropriate activation energy for the determination of RTE, or
Tla.

7.2 | Degree of conversion correlated to the activation’energy from conventional h¢at
ageing data

Degrees of conversion at the activation energy idéntical to that from conventional heat adeing
werg determined with reference to ISO 1135842 and IEC TS 60216-7-1 which are shown in
Table 2.

It wds observed that both sample A andi'sample B had very low initial thermal degradation
undgr TGA (around 3 % or 4 % mass™oss) which were correlated to thermal degradation of
the dlielectric strength under heating oven in terms of the identical activation energies| For
reproducibility in laboratories, however, relatively high deviations are observed (around 30 %
of tHe average degree of canversion) for both sample A and sample B. In addition, three
labofatories (b, d, and j) wereyhot able to obtain a degree of conversion identical to that gf the
activiation energy of conventional heat ageing, because all of the activation energies ere
detefmined as higher than that from heat ageing in the whole range.
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Table 2 — Degree of conversion identical to the activation energy

of the conventional heat ageing

Laboratory Degree of conversion identical to | Degree of conversion identical to
activation energy of the activation energy of the
conventional heating, sample A conventional heating, sample B
a 0,032 7 0,019 9
b N/A 0,039 3
c 0,040 8 0,043 7
d N/A 0,037 8
e 0,037 7 0,024 4
f 0,021 9 0,040 6
<] 0,036 7 0,024 6
0,034 2 0,037°1
i 0,051 5 05032 1
j N/A 0,015 0
k 0,060 0 0,031 1
Average 0,032 7 0,031 4
Standard deviation 0,013 6 0,009 3

NOT
did

ot provide a solution.

E N/A means that in the cubic approximation of activation versus the degree of conversion the equation

7.3 | HIC, determined by Method A and Method B
HIC4{ determined by Method A and Methed“B according to IEC TS 60216-7-1 is shown in
Table 3,Table 4, Table 5 for dielectri¢, strength, tensile strength, and impact strgngth
respgctively.
Table 3 — HIC, determined by Method A and Method B for dielectric strength
Laboratory Method A Method B
HIC, of HIC, of HIC, of HIC, of
sample A sample B sample A sample B
a 10,4 9,5 9,8 7,9
b 8,8 N/A 8,6 7,6
c 12,1 11,7 11,6 10,6
d 8,6 N/A 7,9 9,7
e 14,4 9,0 12,6 8,1
f 10,6 16,7 10,0 9,1
g 13,5 10,3 10,0 9,0
h 12,2 9,2 11,5 7,0
i 20,7 8,6 13,0 8,8
j 11,0 N/A 9,1 7,7
k 11,7 12,7 10,4 9,6
Average 12,2 11,0 10,4 8,6
Standard deviation 3,2 2,5 1,5 1,0

NOTE N/A means that in the cubic approximation of activation versus the degree of conversion the equation
did not provide a solution.
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Table 4 — HIC, determined by Method A and Method B for tensile strength

Laboratory Method A Method B

HIC, of HIC, of HIC, of HIC, of
sample A sample B sample A sample B

a 10,0 9,1 9,6 7,9

b 8,7 7,5 8,3 7,6

c 11,5 9,3 11,3 10,7

d 8,5 16,4 7,9 9,7

(5] 15,9 ,0 1£,2 0,4

f 10,1 8,8 9,8 9,2

g 12,6 9,1 9,7 19

h 11,9 6,3 11,2 7.1

i 18,8 7,9 12,6 8,8

i 10,1 11,0 8.8 7.8

k 11,1 9,3 10,1 9,6

Average 11,6 9,3 10,1 8,6

Stpndard deviation 2,9 2,6 1,5 1.1

Table 5 — HIC, determined by Method A andMethod B for impact strength

Laboratory Method A Method B

HIC, of HIC, of HIC, of HIC, of
sample A sample B sample A sample B

a 9,3 8,4 9,8 8,1

b 8,3 6,6 8,5 7,7

c 20,5 11,6 11,6 11,0

d 10,0 N/A 8,1 9,9

e 12,7 9,2 12,6 8,6

f 11,6 16,6 10,0 9,4

g 14,8 10,3 10,0 9,2

h N/A 8,0 11,5 7,2

i 32,4 8,9 13,0 9,0

j 10,5 N/A 9,0 7,9

k 12,2 16,4 10,4 9,8

Average 14,2 10,7 10,4 8,9

Standard deviation 7,3 3,6 1,6 1.1

7.4 RTE, determined by Method A and Tl, by Method B

RTE, determined by Method A and Tl, by Method B are shown in Table 6, Table 7, and
Table 8 for dielectric strength, tensile strength, and impact strength respectively.
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Table 6 — RTE, determined by Method A and Tl, by Method B for dielectric strength

Laboratory Method A Method B
RTE, of RTE, of Ti, of TI, of
sample A sample B sample A sample B
a 255,0 249,2 256,7 256,4
b 259,7 N/A 260,4 257,7
c 249,9 238,9 251,2 243,8
d 260,2 N/A 262,3 248,2
] 2428 2514 248,33 2552
f 254,3 213,7 256,1 250, 7
g 245.5 245,3 256,2 2514
h 249,5 250,5 251,6 260,1
i 222,7 253,0 2471 252,4
i 253,0 N/A 258,8 257,0
k 251,1 234,2 254,9 248,7
Average 249,3 2431 254,9 253,3
Stpndard deviation 10,3 13,2 4,9 4,9

Table 7 — RTE, determined by Method A and Tl, by Method B for tensile strength

Laboratory Method A Method B
RTE, of RTE, of Ti, of Ti, of
sample A sample B sample A sample B
a 250,7 250,7 252,4 256,1
b 255,6 257,8 256,8 257,5
c 245,3 249,6 246,1 243,4
d 256,2 215,2 258,2 247,9
e 236;3 256,5 242,8 253,9
f 250,5 252,0 251,7 250,4
g 241,4 243,6 251,8 250,1
h 243,8 263,2 246,6 259,9
i 216,9 256,3 241.5 252,1
i 250,6 241,8 255,2 256,6
k 247,0 249,8 250,4 248,4
Average 2449 248,8 250,3 252,4
Standard deviation 11,0 12,7 5,5 4,9
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Table 8 — RTE, determined by Method A and Tl, by Method B for impact strength

Laboratory Method A Method B
RTE, of RTE, of Ti, of TI, of
sample A sample B sample A sample B
a 257,8 259,3 256,3 260,7
b 260,7 266,2 260,1 261,9
c 222,3 247,0 250,7 249,6
d 255,7 N/A 261,5 253,6
] 2474 250,4 24T7,8 258,8
f 250,8 2271 255,7 2557
g 240,8 252,1 255,7 256,4
h N/A 260,9 251,1 264,1
i 179,8 257,7 246,6 257,2
i 254,3 N/A 258,8 261,2
k 248,9 227,6 254,5 254,0
Average 241,9 250,5 254,4 257,6
Stpndard deviation 24,4 14,2 4,9 4,3

7.5

Diffgrences between RTE, or Tl and TI, which\issa numerical value remaining after

Difference between RTE, and Tl determined by the conventional heat ageing tests

Tl is

dedycted from RTE, or Tl,, are shown in Table 9, Table 10, and Table 11 for dielgctric
strength, tensile strength, and impact strength-respectively.

Table 9 — Difference between RTE, or Tl,, and Tl for dielectric strength

Laboratory Method A Method B

RTE ,-Tlof RTE,-TI of TI,-TI of TI,-TI of
sample A sample B sample A sample B

a 5 7,7 6,7 14,9

b 9,7 N/A 10,4 16,2

c -0,1 -2,6 1,2 2,3

d 10,2 N/A 12,3 6,7

e -7,2 9,9 -1,7 13,7

f 4,3 -27,8 6,1 9,2

g -4,5 3,8 6,2 9,9

) 05 9,0 6 876

i -27,3 11,5 -2,9 10,9

j 3,0 N/A 8,8 15,5

k 1,1 -7,3 4,9 7,2

Average -0,6 0,5 4,9 11,4

Mean 1.1 5,8 6,1 10,9

Standard deviation 10,3 13,2 4,9 4,9
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Table 10 — Difference between RTE, or Tl,, and Tl for tensile strength

Laboratory Method A Method B

RTE,-TI of RTE,-TI of TI,-TI of TI,-TI of
sample A sample B sample A sample B

a 0,7 9,2 2,4 14,6

b 5,6 N/A 6,8 16,0

c -4.7 8,1 -3,9 1,9

d 6,2 N/A 8,2 6,4

(] =137 5,0 =7,2 24

f 0,5 10,5 1,7 8,9

g -8,6 2,1 1,8 8,6

-6,2 21,7 -3,4 18,4

i -33,1 14,8 -8,5 10,6

j 0,6 N/A 5,2 15,1

k -3,0 8,3 0,4 6,9

Average -5,1 11,2 0,3 10,9

Mean -3,0 9,8 1,7 10,6

Standard deviation 11,0 5,9 5,5 4,9

Table 11 - Difference between RTE, or<Tly, and Tl for impact strength

Laboratory Method A Method B

RTE,-TI of RTE,-TI of TI,-TI of Ti,-TI of
sample A sample B sample A sample B

a 7,8 17,8 6,3 19,2

b 10,7 N/A 10,1 20,4

c =277 5,5 0,7 8,1

d 5,7 N/A 11,5 12,1

e -2,6 14,9 -2,2 17,3

f 0,8 -14,4 5,7 14,2

g -9,2 10,6 5,7 14,9

N/A 19,4 1,1 22,6

i -70,2 16,2 -3,4 15,7

j 4,3 N/A 8,8 19,7

k -1,1 -13,9 4,5 12,5

Average -8,2 7,0 4,4 16,1

Mean -0,1 12,8 5,7 15,7

Standard deviation 24,4 13,8 4,9 4,3

8 Observations from the round robin test results

8.1 General

In the round robin test, the following productive points were observed for the validation of IEC

TS 60216-7-1:
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both RTE, and Tl, determined in these round robin tests mostly had similar values

to Tl

by conventional heat ageing in difference of temperature of 20 °C or less in most cases,

and

Method A using the degree of conversion given by the calculation failed to provide
solutions of RTE, in a few laboratories and their standard deviations were also relatively
high, whereas Method B using the fixed degree of conversion based on experiences at

0,05 provided lower standard variations in laboratories.

In particular, the results in difference of temperature within 20 °C from the conventional heat
ageing is useful, because the conventional RTE in accordance with the IEC 60216 series also
contains this level of reproducibility issues due to variation factors of heating ovens, test

plaglies and lot-to-lot variation of materials, etc.

As 4

practical example of implementing long term thermal endurance evaluation according to

IEC p0216-8, a certification of the thermal endurance properties provides the industry wlith a

temperature classification with some increments according to the temperaturé\assigned

such

as 2D °C increments over 180 °C of RTI, 10 °C increments from 130 °C through 180 °C] and

5 °Clincrements up to 130 °C [4].

As Tl of the two LCP materials evaluated in this Technical Report iave been determined
180

On the other hand, the round robin test also raised techaical concerns as follows:

The Jround robin test participants discussed the rationale, and the following potential fa
which could have an influence on the above issues were raised and then checked as follo

1)
2)
3)
4)

8.2

ISO [11358-2-provides the tolerance of the sample weight per one run of TGA as + 1 %
less |tham 10 mg, however, the round robin test applied a wider tolerance of 5 mg + 0,%
(10 Yo tolerance). Therefore, the sample weight variation was identified as one of the pote

varigtionfactors:

laboratory i determined an RTE, of the LCP sample A significantly different from thos
ther laboratories in all the three properties; and

onversion was not appropriately calculated from the fitting curve in 6.4.

dample weight variation,

Humidity and hydrolysis (ofithe sample,

repeatability of TGA ‘curves, and

haseline drift and\spacing between multiple curves of TGA.

Sample weight variation

'C, 20 °C or less difference between RTE, or Tl and Tl, conformity with the temperIture
classgification in accordance with the above conventional heat ageing methods ca
estaplished.

lo
g few laboratories could not determineRTE, of sample B, because the degree of
c

over

be

e by

ctors
VS

with
mg
ntial

The scatter plot between the standard deviation of sample mass and the difference between
Tl and RTE, (Tl,) was evaluated, however, less correlation was observed between the two
factors which are shown in Figure 2 and Figure 3.

Because of these facts, the sample weight variation may be considered with respect to
ISO 11358-2, but not as a significant factor with regard to the technical concerns of
reproducibility in laboratories mentioned above.
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Figure 3 — Correlation between the initial sample mass
of sample B and the difference of RTE, (Tl,) from TI

8.3 Humidity and hydrolysis of the sample

The round robin test samples were liquid crystal polyesters, and moisture could accelerate the
polymer degradation with hydrolysis and therefore, humidity and hydrolysis were pointed out
as the factor of reproducibility to the specific laboratories.
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At first, all of sample A and sample B provided to the laboratories were homogenized and pre-
dried at 140° for 4 h to remove absorbed water during freeze-pulverization and put into vials
before shipment. Natural moisture absorption of LCP is very small, for instance, the
equilibrium moisture content of the LCP polymer is approximately 0,03 % (300 ppm) at 23 °C
and 50 % RH. Sample A and sample B are 30 % glass filled grades and the actual equilibrium
moisture after the vials are opened is expected to be lower than this value. In addition, the
sample loaded to TGA was pre-conditioned at 100 °C for 1 h in the furnace. At the above
point, absorbed moisture from the sample cannot be considered a major factor of RTE, and
Tl, variation.

Next, atmosphere in the TGA furnace could be another factor which has an influence on
hydrplysis of the polymer around the thermal decomposition temperature in the TGA fur;]ace.
In falct it was different in laboratories, because the round robin test requested participants to
repoft, if possible, what kind of air was used to supply purge gas into the TGA furnace. Npt all
labofatories responded, however, and it was determined that some of the laboratories (jp, b,
and [f) used dry air (moisture content guaranteed less than 1 ppm or 2 ppm) While ofhers
(labgratories e, g, and h) used compressed air with or without an air dryer.chy fact, there|was
no re¢lation observed between the specific laboratories mentioned abovg,'which had diff¢rent
results from the others, in terms of difference in air supply. However, dryvair is useful and its
use |was recommended to all of the participants to decrease. aJside effect factqr of
reproducibility issues. For reference, dry air is given as anceXample of purge ggs in
ISO 11358-1.

8.4 | Consideration on repeatability of TGA curves

In the round robin test based on IEC TS 60216-7-1-and 1SO 11358-2, multiple TGA cyrves
with [different heating rates were used for the calcufation of the degree of conversion and the
activiation energy of the candidate material. If onecT.GA curve has low repeatability, correlation
between the degree of conversion and the 4Qetivation energy could also be changedd to
detefmine RTE, or Tl,.

Takipg this factor into consideration, supplemental measurement was rerun at 8 K/mip for
both[sample A and sample B in every participating laboratory. A summary of the degrge of
conversion is shown in Table 12.

NOTH The rerun data at 8 K/min weré“not reported by laboratory i.
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Table 12 — Comparison of degree of conversion with original or rerun data at 8 K/min

Laboratory Degree of conversion for E_ Degree of conversion for E,
of sample A at 130,6kJ/mol of sample B at 142,3kJ/mol
Original data at Rerun data at Original data at Rerun data
8K/min 8K/min 8K/min at 8K/min
a 0,032 7 0,084 7 0,019 9 0,019 5
b N/A N/A 0,039 3 0,033 6
c 0,040 8 0,022 1 0,043 7 0,038 4
d N1 NTA 070378 070372
e 0,037 7 0,051 7 0,024 4 0,024
f 0,021 9 0,020 5 0,040 6 07040 1
g 0,036 7 0,035 1 0,024 6 0,020 9
0,034 2 0,037 2 0,037 1 0,017 2
[ 0,051 5 - 0,032 1 -
j N/A N/A 0,016 7 0,013 7
k 0,060 0 N/A 0,081% 0,026 0
Average 0,039 0,042 0J032 0,027
Sthndard deviation 0,012 0,024 0,009 0,010
As shown in Table 12, two laboratories (a and e) had significant change in the given degrge of
conversion for sample A by rerun data at 8K/min,swhich exceeded the degree of conversipn at
0,05|(Method B). Another laboratory k could notiobtain the results of the degree of convefsion

for sample A , even though the laboratory obtained the given degree of conversion with the

origi
raw

affed
of h
repe
asse

Ont
the {
anal

reproducibility improvements are necessary.

8.5

To ¢
MetH

hal data at 8 K/min. From those observations, it is suggested that the repeatability of
Hata can have a significant impact.en the calculation of the degree of conversion W
ts repeatable determination of RTE, or Tl,, as well. In this study, only one test cong
pating rates (8K/min) was retested for a preliminary review of repeatability check.
ptability should be further.evaluated also with retesting at other heating rates fg
ssment of the precision.

he above point, population of the TGA raw curve data (e.g. evaluation of 2 or 3 ru
ame heating rate)yand normalization of those raw data can be further considered b
sis in accordance’ with ISO 11358-2 is conducted in each laboratory, if repeatability

Baseline drift and responsiveness to heating rates of TGA

xamine the remaining reasons why no result of degree of conversion and RTE

TGA
hich
ition
The
r an

s at
fore
and

h by

od“A was provided to sample A in three laboratories (b, d and j) for dielectric stre

hgth,

the raw TGA curves, logarithm graphs according to ISO 11358-2, and the fitting curve
example given in Figure 1 were observed as shown in Figure 4, Figure 5 and Figure 6
respectively, with the comparative examples of three other laboratories data which obtained a
degree of conversion and RTE,.
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Figure 4 — Overlay charts of TGA curves in multiple heating rates
in multiple laboratories (enlarged)

The three graphs on the left in Figure 4 and Figure 5 were evaluated in the laboratories which
had no result of the degree of conversion to £, and RTE, to Sample B in accordance with the
fitting curve example given in Figure 1. The other three graphs on the right in Figure 4 and
Figure 5 were tested in the laboratories which all obtained a result of the degree of
conversion, although different trends were observed in the final determination of RTE,. It was
observed that the three graphs of overlay TGA curves on the left commonly showed a smaller
difference in multiple heating rates (narrower range in temperature between the curves) than
the three graphs on the right. It appears that the three graphs of logarithm on the left
presented a steeper slope than that from the three graphs on the right. When the
responsiveness of degradation to change in heating rates is significantly low, the activation
energy is to be calculated at a significantly high value. And in fact, the data in Figure 4 and
Figure 5 from those laboratories on the left gave higher activation energies in the whole range
of degree of conversion in TGA, as shown in Figure 6.
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