Jan Subocs

TEAFGES 1IN THRSMOLIMINRSCENCE (ThL) IURING
AGEING OF EPIDIAN.? EPOXY RESIN-

1, Introduction

Ths sver m-rqpnutm of paw saterials, nin:l.v polymers, in in-
sulation calls .tqr new tcchnigues of studyiog their proportio- and beha-
viour, Problems of new oriteris for polymers selection and for the eva-
lpation or their b-h-ﬁ.w. when applied are evoked as wel]. Por exaaple,
'Y aﬂ.tcﬂ.n nost frequently used to evaluste the degres of ngeing in
classie l.rmhaﬂcn 13 to magsure the dielectric loss factor tg § . Howe
ver, as shown w [1.2] aml‘. by the present work, the factor remains vire
+toally unehanged during thermal ageing of certain polymers. Similar is
the case with thq through ns:l.luviw, arc mmt-nm, and creep current
repistppos,

The nu-nt-wth an attempt to gain, through TL ourves plotting,an
incressed smeunt of information om changes talcing phoc dun.ng thermal
mmutmicpeqnm The measursments may be useful in deter
ajining, e,g. speaxy mpo.;tm total thermal use-up criterion or working
tsmpermture eoffects on ageing.

2s Nethods and subject of study

Epidian-? epoxy resin, phthal snkydriie tured, was used in the study,
The cured resin was ribjectsi to thenial sgeing for 0<720'h at 423 E.
¥hen meesuring thersoluminescence (TL), the tempsrature of samplss wab
reissd at a constant gpesd 8= 5 K/nin. fhe temperature ssasurement sr-
ror was estissted at 51 K, The dielectric loss factor tg § was messured
at the 1000 Hx frequency. ‘ b
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Results,

The TL curves plotted for sazples sibject to warious ageing times are
‘shown in Pig.1. - | | B
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Pig.1. TL curves in thermally aged Epidisn-2 apoxy resin
1-0hy 2-144h, 3-288h, 4, 4328 5~5%h, 6 = 7201
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According to ths salier works on TL in polyaers '[3.4,5,6]. local sxtre-
mss on the TL curves obtained, ocourring at temperatures lower than 440K
are brought sbout by processes of dopant traps release in non-seturated
terminal groupings of a resin eor in its non- “looped® linear bonds. On
the othar hand, the TL extremes at high temperatures are a result of re-
trapping during Tesin thamooxidatios [7,8,9]. :
The snergetic depth of TL dopant and oxidative cenires was calculated
from the foml_n [10]: |
E =

. 2 ] m
7940 (2,-7,) 14866

*

whnn: '!' Y- t.pcntuﬂ of a local Th eztr-e,

!‘-tanp-rahu'ao:fI-OS.I at'a‘.(!.

The ageing time- depeandent values of E calculated are glvem in Table!
and Pilg2. As seen in the table and in -the Tigure, the sgeing process in
Bpidian-2 cduses a conmtent reduction in the trap depth.

Table 1
The parautr- of TL osurves and depth traps during
Epidien-2 ageing

Ageing time [h) 0 144 | 288 | a32 | 576
TL dopant peaks teaparature :
(r4) [X] _ 409 397 362 389 | 38
Pemperaturs (T,) of I = 0,5.1  [gllse1 | 365 | 350 | 352 | 346
'.'EI. oxidetive pesaks ta-parature :
(1) [ 466 | 489 490 - -
Dopent traps [e7] ,67 { 0,53 | 0,59 0,45 | 0,45

Oxidative traps [o?] ‘ 1,02 | 0,64 | 0,42 - -

A larger decrease in cnmergy levels of thermeoxidative traps, as compared
to that of the dopant ones (from 1,02 eV %0 0,42 #V and from 0,67 eV to
0,51 eV, respectively, after 288 hours of ageing) confirms earlier sugge-
gtione as te the relationships betwesn high terperature TL centres and
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terminal tnits, the carboncarbon bonds in aliphatic fragaonts of ihe Te-
sin [6] ia particular, Disintegration of those bendings, and also their
replacenent I asw ongs, pmmd:l: oauses a IL quenching durj.ng ageing
(Pig.3, curve 2) and @ shift of the TL peak toward higher temperatures
Fig. 4, curve 2), 7
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Pig.2., Changes in trap depth during Eps.dim-e ageing
1 - dopant traps, 2 -~ oxi8ative traps -
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Pig.3. Changes in TL peeks intensity during Epidian-2 ageing
1 = dopant peaks, 2 ~ oxidative pesks.
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Fig.4., TL pegks temperature (Tm) - agelng time relationsbip in £pldiaby?
1 = dopent peaks, 2 ~'oxidative peaks.

When the TL curves in Fig.1 are compared, dopant TL peaks are obser-
ved %0 expand and 0 ehift toward lower temperatures (Fig.4, curve 1)a
Finally, after 720 hours of ageing, the samples glowed with a Virtué.].ly
constant TL intenmity within a wide renge of temperatures (340 - 440 K),
Eoreover, no mrtlger(quenching of dcpantas-associsted TL was obeerved
(Fig.3, curve 1), 'l‘hia is doubtlese an additive effect of & number of TL
pesks located clomse 'ip-“bhé another within this temperature range, parti-
cularly that an extrs TiL peak (I 23 ;) 3.) wap observed after 288 h of
ageing, m:ring t'u:rthor ageing, the pegk shifted to higher temperatures
and merged with the f:Lrnt .'L‘L peak (Pig.1, curves 3,4,5), A similar ex=
paasion in energy dieﬁ".lbutlon of trapping centres with a simultsneous
redustion in peak height was observed in [1] } that study dealts with
thearmal depolarisation currents in sged pelypropylene films,

As found in [12], the absence of cleer glowing extremes is typical of
suorphous centres rodiative racombination, Thus s constant I intensity
over & wide range of temperaturss may evidence the disintegration of tex
minel groupings and linear bondinge to an mlmost amorphous form, The for-
mation of such an smorphous phase as a result of thermal ageing of poly-
ethylene ineulation is described in detail in [13].
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It is worth mentioning that the estimated ensrgetic depth of centres
in the sdditlonsl 2T pesk after 288 h of ageing was much larger than the
dopants depth and smounted to about 2,5 eV, Such transformation of do-
pants bronght sbout by higher temperatures was cbesarved also at an ox~
censsively long curing of epoxy campositions [5]. .

Simultanecasly to TL measursmeats, g ( chenges during ageing were
measured. A shown in Pig,5, tg O underwent no changes during thermal
ageing ae opposed to those octurring in the curing process, which may be
an evidence of & carbonyl greup stability ia the prooess [14J
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Pig.5. Changes in dielectric loms factor tg cf during Epldian-2 sgeing

Thus tg Jumot bs taken as a resin sgeing indicator, This {s parti-
eularly iaportant with respeot to strongly fillesd spoxy coapositions in
which it is mainly the inorganic filling that decides on the g d‘ valus,

4, .Conclusions

1. 7L curves may be sucsemsfilly uwsed %o Tillow ageing procssmes
socurring at slevated teaperatures in lpidisn-2-epoxy resin.

2, Ths processes are sanifest as, i.s., sxpanded -n-rg distribution
of trapping coentres and TL gusnching., In conseguencs, thw lead %0 the
Tormstlon of amorphous phase in tha resin.

3, Talues of tg ¢ as measured during ageing are unreliable indicators
of the BEpldian~2 epoxy reecin ageing.
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