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ABSTRACT

A derivatographic investigation has allowed us to demonstrate the changes undergone by
the compound EVA as a consequence of thermal and radiation-induced ageing. For samples
thermally aged at 130, 145 and 180° C, as well as for those aged through y-irradiation with a
dose rate of 0.1 MRad h™', two kinds of thermo-oxidative degradation have been found.
which occur on heating the samples in air: an initial exothermic effect accompanied by a
slight weight increase and exothermic effects accompanied by loss of volatile compounds. Up
to 340° C, the thermally aged samples exhibit two successive exothermic effects accompanied
by loss of weight, while the irradiated ones exhibit only one such exothermic effect. The
thermally aged samples heated in air up to 340 °C exhibit a weight loss of 16-21% while the
weight loss corresponding to the sample aged through irradiation is 28-30%.

The results obtained by thermal analysis have been correlated with the results concerning
the relative elongation at break following accelerated thermal and irradiation-induced ageing.

INTRODUCTION

The use of polymeric electroinsulating materials in nuclear powered
generating stations requires a knowledge of their behaviour during heating
and irradiation. In order to obtain this information, the samples are sub-
mitted to accelerated thermal and radiation-induced ageing and then their
mechanical properties (elongation at break, traction and compression resis-
tance, etc.) and electrical properties (dielectric strength, resistivity, etc.) are
followed. From the results thus obtained, the lifetime of these materials
under operating conditions can be determined [1]. In order to obtain the
necessary information, thermogravimetric and thermodifferential analyses
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are very useful methods as they can provide the ranges of thermal stability
[2-8] as well as the changes undergone by the polymeric material as a
consequence of accelerated ageing [3].

This work presents the results obtained for the determination of the
thermal characteristics of the compound EVA (polyethylene + vinyl poly-
acetate) from derivatographic data following accelerated thermal and radia-
tional ageing. The results are correlated with those obtained at the change of
the relative elongation at break after accelerated ageing.

EXPERIMENTAL

The EVA used (polyethylene and 17% vinyl polyacetate with self-oxidants
and fireproofing) was produced by ICECHIM-Brazi.

The heating curves of the powdered samples of EVA were recorded on a
Q-1500 D MOM, Budapest-type Paulik—Paulik—Erdey derivatograph in a
static air atmosphere, in the temperature range 20-500°C at a heating rate
of 3.1 K min~%.

The accelerated thermal ageing of the test specimens took place in a
WSU-200 oven with forced air circulation in which the temperature was
kept constant with an accuracy of +2%.

The y-irradiation of the test specimens was performed at room tempera-
ture using a %Co source.

The relative elongation at break of the initial test specimens as well as of
those submitted to accelerated ageing was determined on a universal mac-
hine, MONSANTO T-lo/E, with an accuracy of +1%.

The test specimens (dumb-bell test pieces) of EVA of 1 mm thickness
were in agreement with ASTM D-412 requirements.

RESULTS AND DISCUSSION

The thermal ageing of the compound EVA in the oven with forced air
circulation was investigated under the following conditions:

(i) at 130°C with ageing times: 1000, 1500, 2525 and 3800 h;

(i) at 145°C with ageing times: 228, 467, 610, 949 and 1909 h;

(iii) at 180° C with ageing times: 30 and 150 h.

The ageing of the EVA with y-irradiation was performed at a dose rate of
0.1 MRad h™! with ageing times of 20, 40, 60, 80, 100 and 120 h.

Derivatograms were recorded for the initial test samples as well as for the
aged ones. The elongation at break was determined for the same test
samples. Thus all the necessary information to investigate the effect of
accelerated ageing on the mechanical and thermal properties of the EVA
compound was obtained.
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Fig. 1. Derivatograms corresponding to the thermal degradations of EVA: a, initial sample
(non-aged); b, sample thermally aged at 130 ° C for 1000 k; ¢, sample aged by y-irradiation at
a dose rate of 0.1 MRad h™! for 40 h.

Figure 1 shows the derivatogram of the non-aged EVA, the so-called
initial compound (a), of the same compound thermally aged at 130°C for
1000 h (b) and of the same compound aged by y-irradiation for 40 h (c¢). All
the other derivatograms corresponding to thermally and radiationally aged
test specimens are of the form given in Fig. 1, b and ¢

All the samples exhibit a phase transition of the first-order at 78—-82°C
(the peaks marked with “0”) which corresponds to the soaking of the
polymer material.

Figure 1a shows that the non-aged EVA compound exhibits two oxidative
degradation processes, I’ and I”, located at 243 and 252°C with a slight
weight increase, and two other oxidation processes which occur with weight
loss, 1II and III, located just after the I” oxidation peak.
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TABLE 2

The parameters of the thermo-oxidative degradation of the EVA acceleratively aged by
v-irradiation at a dose rate of 0.1 MRad h-1!a

t (h) Process | Process 11 %m,
Tmax(oc) TI(OC) Tf(OC) Tmin(oc)
20 251 260 340 324 30.5
40 248 255 340 317 29.0
60 249 262 338 320 315
80 248 250 336 325 27.3
100 - 260 340 323 28.4
120 - 255 340 325 28.4

? The notation is the same as in Table 1.

The derivatogram of the thermally aged samples (Fig. 1b) exhibits the
same phenomena of thermo-oxidative degradation with the only difference
being that there is only one exothermic peak, I, corresponding to the
oxidation with weight increase.

For the samples aged by y-irradiation (Fig. 1c), their derivatogram
exhibits an exothermic oxidation process, I, without weight loss, and an
exothermic process, I, corresponding to an oxidation with weight loss. The
peak I is quite weak in comparison with the peaks in Fig. 1a and 1b and
appears only for irradiation times of less than 100 h. In contrast with the TG
and DTG curves for the non-aged and thermally aged samples, the TG and
DTG curves for the irradiated samples exhibit only one oxidation process
with release of volatile compounds.

Such a thermo-oxidative degradation characterised by two kinds of oxida-
tion (one accompanied by weight increase and the other accompanied by
release of volatile compounds) is typical for other materials such as polyeth-
ylene and polypropylene [9], polyacetylene [10] and also elastomers [11].

Tables 1 and 2 list the parameters of the thermo-oxidative degradation.

For the initial sample as well as for the thermally aged ones (Table 1), the
weight losses which precede process 1 (%m,;) are negligible or relatively
unimportant, the weight losses with release of volatiles being more pro-
nounced for process II1 (%m;). For non-aged EVA, the total loss of weight
(%m,) is 23.2%, while for the same compound thermally aged, the %m,
changes are between 16% and 20%. Taking into account the experimental
errors inherent in such measurements, it follows that for the samples
acceleratively aged at 130, 145 and 180°C, the total loss of weight is
practically the same.

From Table 1, one can see that for the same ageing temperature, the
temperature of the start of process 1 (7;) as well as the temperature
corresponding to the maximum of the DTA curve (7,,,) decreases with the
increase in the thermal ageing time. Thus, for the thermal ageing at 130°C,
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Fig. 2. Changes with ageing time in the relative elongation at break (k.), the temperature
corresponding to the peak of the DTA curve (T,.ax) and the activation energy of process I
(E,) for EVA aged at 130°C: o, k; a, T, O, E,4.

T; decreases from 245 ° C (non-aged sample) to 185° C (3800 h aged sample);
snmlarly T, .. decreases from 252 to 208°C.

The values of the activation energy for process I have been calculated
from the DTA curves using the method of Piloyan et al. [12].

Figures 2—4 show the changes in the relative elongation at break (k,), in

T...x for process I and in the activation energy of the same process (E,) with
the ageing times. For the samples aged at 130 and 180°C, T, decreases
with a decrease in k. For the samples aged at 145 °C, the curve of k, versus
ageing time exhibits a maximum at = 650 h. For the same temperature, a
maximum in the activation energy is recorded at the same ageing time as the
maximum in k.. This particular behaviour of the polymer aged at 145°C
can be ascribed to a slow reticulation of the material at this temperature.
The reticulated polymer interacts with oxygen, the oxidation process occur-
ring with higher activation energy values. At 145°C for ageing times higher
than 650 h, the scission and thermo-oxidation of the polymer occur with
activation energy values lower then 40 kcal mol™ 1,

Process I, which occurs with a slight weight increase, is generally assigned
to the generation of hydroperoxides and ketonic groups [11,13] which are
relatively stable in polymers. The products thus generated undergo thermo-
oxidation reactions at higher temperatures with the release of volatile
products (processes II and III on Fig. 1a and 1b). As seen from Table 1, for
processes Il and III for thermally aged samples, the parameters for the
thermo-oxidative degradation are within the limit of experimental error.

From Fig. 1 and Tables 1 and 2 one can see that the EVA aged by
y-irradiation has a quite different thermal behaviour compared to the same
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Fig. 3. Changes with ageing time in the relative elongation at break (k). the temperature
corresponding to the peak of the DTA curve (T,,,,) and the activation energy of process I
(E,) for EVA aged at 145°C: o, k; a, T,,.; O, E,.

compound unaged or thermally aged. As previously shown, the DTA peak
corresponding to process I is drastically diminished and totally disappears
for samples irradiated for 100 and 120 h. In addition, the release of volatile
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Fig. 4. Changes with ageing time in the relative elongation at break (k,), the temperature
corresponding to the peak of the DTA curve (T,,,) and the activation energy of process I
(E,) for EVA aged at 180°C: o, k; &, T, 0, E,.
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Fig. 5. Change in the relative elongation at break (k,) for EVA aged by y-irradiation at a
dose rate of 0.1 MRad h™1,

products occurs during only one thermo-oxidation process whose maximum
rate is recorded at 317-325°C, the same temperature range as for the
thermally aged samples. The total loss of weight of the radiationally aged
polymer is 10% higher than for the thermally aged polymer. The curve of
mechanical degradation of the y-irradiated polymer (Fig. 5) differs from
that of the thermally aged polymers. The relative elongation at break is
constant up to 80 h of ageing. At higher values of ageing time, the relative
elongation at break decreases from 1 to 0.8. These results show that process
I, oxidation without important changes of weight, occurs even at room
temperature with completion at irradiation times higher than 100 h.

As for thermal ageing, ageing by irradiation generates macro-radicals,
peroxy radicals, hydroperoxides and ketonic compounds [14,15]. At higher
temperatures, these compounds interact with oxygen from the air giving rise
to volatile products. As the amount of volatile products is higher than in the
case of thermal ageing, it follow that the polymer EVA is characterised by a
higher susceptibility to oxidation in the solid-state induced by y-irradiation.

CONCLUSIONS

The results concerning the changes of the thermal characteristics of the
compound EVA as a consequence of thermal and radiational ageing have
been presented.

For the thermally aged samples, the thermo-oxidative degradation con-
sists of three succesive processes, the first (process 1) being accompanied by
a slight increase of weight. For this process, the results obtained show that a
change in the temperature corresponding to the peak on the DTA curve
corresponds to a change in the elongation at break. Thus the periodic
thermal analyses of test samples for thermal ageing could indicate the
moment at which the specimens should be removed before a real change in
the mechanical properties occurs.
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The test specimens aged through y-irradiation exhibit a higher loss in

weight due to a more pronounced solid-state oxidation. For these samples,
the disappearance of the DTA peak corresponding to process I coincides
with the decrease in the relative elongation at break.
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