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IH:E'LUWGR DP SOME- A.QE.’JG HCTQJ:u OF INSULATION
- O CROSSLIIEKED POLTETHILENE

In the nearest future, crosslisked pelyetiylens will be applisd as in-
sulation of mediuz voliage powsr cables, produced by the Polish cable in-
dustry. In this connexion, the neceasity arose to choose from among the
'typas of polyethylene, propeassd by the chemical induetry, the optimum one
for e.rm}.inking and to estimate the quality of the chomen type from the
point of view of exploetation properties.

' The results of investigations, carried out previously by the authors,
showed a strict connection of changes in dielectric properties of tharmo-
plastie polysthylene with the changes in its physicesl-chemical properties
Therefore, scanning microascopy and infrared spectrophotomeiry have been
widely used to eveluate the quality of insulating cable materials as well
ap toc select uptinm'typ.el of cables, propoged by the producers, as a o
sult of neeesear&r tbnhnologlnal changes,

. Method of inve ,

Three types of croasliukod’pniyethylane, denoted by aymbols A, B and
C wera ioveptigated, Semples in the form of plates O,4 mm thick underwent
thermal a;geing at the temperature of 13506'. at free access of air, A part
of th; sarplos i_pdﬂﬁent 8180 thermal-water agoing in an wltrathermoatat
at the tam.paratnrs of 90 c in a tap watar bath.,

Unaged samples and the aged onep as well, after 168, 336 and 504 hours
of sction of the thermal-water agent, vere subjected to infrared spectro-
photometric _aha]qrsia and on using the ecanning electron microscope the
quality of the .matarial was estimated. The SPECOEDR T1 IR spectrophotomss-
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ter wae utilized to carry out the IR mnalysie =nd changes in the spectrua
in the range from 4 60C to 650 cm"‘ {about 2,2 = 15.4mn; were analysed.
Wnerees the nicroscopic observations were performed on suitably prepa-
red samples in accordance with the described method in [2]. The scenning
electron microscope Jeol type, was used; it allowed to obtain up to 3000
times enlargements for thie type of investigated material.
Measurements of the dielectric loss fector and of the dielectric cen-
stant were slsp performed for unsged and aged ssmples. On using Sche-
ring’s bridge, type 2801 mecufactursd by Tettex tancf and Ew measurements

wera made.

%, Hesults of experimental investigations

"ehile 1 shows changes in the value of the da’.eleétric logs factor and
the permittivity Ffor three investigated types of polyeihylene, The values
rresepted in the table are mean values of 10 measuranenta,

Table 1
Changes in tan & and Ew for different types of crosslinked

poiyethyliene, ceused by the influence of external factors

s Type Type Time tand | €
; Eof pclyetinylene of ageing of ageing "
‘[ E bours 1104
l‘ 11 L - o 4,0 1,89
o2 ; A thermal ! 168 6,8 1,94
=N A | thermal | 3% 9,7 2,02
4 a thermal 534 19,8 2,05
; 5; B - C 2,8 1,94
& 3 thermal 168 3.9 1,98
7 B thermal 336 8,2 2,04
g | B thermel 504 11,1 2,08
g ; c tnermal ' 6,0 1,98
ic | c thermal 168 8,4 1,99
K 2 thermsl 136 10,0 2,02
12 c thermal 504 21,0 2,18
13 ! c therm.=water 165 3,2 1,99
14 ! c therm.-watal 336 27,1 1,99
15 | c therm,-water 504 43,0 2,06
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But figure 1, shows changes in the dlelectric loses factor versus the
time of thermal ageing for polyethylene 4, B and ¢ and also versus ther-
mel-water ageing time for polyethylene C.

Twe fastest increass in tan & was ctated at thermal-water ageing of
" semples. Thepe resultse are analoglcal to the results obtained in the ca-
pe of subjecting sanples or msections of power cables with thermoplastic
polyethylene insulation to the action of a thermal agent [1].
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Fig.l. Changes in the dielectric loms factor versus the time of thermal
ageing for polyethylene A(3), B(4), C(2) aod also thermal-water
ageing for polyethylene C{1)

It was also found that, for all the investigeted types of polyethyle=
ne, the values of the permittivity were below 2, The strongest increape
wes obaerved at thermal ageing of the material.

¥hen performing the spectrophotometric analysis, in crder to check,if
in case of recording time extension of a given infrared spsctrum run an
additional enrichment of the spectrum is not obtained, the time of recor—
ding one specirogram wag extended to 44 minutes, However, the cbtained
ppectrograms did not stray in their run from the gpectrograems obtained inm
the standard time of the IR speotrum recording,
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It was found that the sazplep of pelyethylenes B and C aged to a very
d1fferentiatdd degroe, when iafluenced by the temperebure of 135°C for
some time (e.2. Tor 504 hours). It is visible when inspscting aged sam~
ples even with unsided eyes. Whereas the proosss of polyethylens & ageing
occurs in the same way for the whole lot of investigated ssmples,

Ageing at the temperature of 135°C often causes _dsfornation of the
sazple surface thus that 1t is ispossidle to darry -an further investiga-
tiane of dielegtric propartiss. -

Thermul sction oo polyethyiene samples, in the ceee” of ageiog of a
pample, ‘placed betwesn isyers of a window-péneﬁ_pa_.kes. random access of
air %o the surfesce of the sample impoesibie and therefore distorts the

run 9f the materisl oxidation process.
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Fig.2. Changes in the intensity of 1720 ™' band vérsus ‘time of agerng
for polyethylese A(1) and B(2) '
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Fig.3. Changes in the intengity of 1720 . banil for polyetnyiepe C
versus time of thermal {1) apd thermal-water ageing (2)
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As 1t bas DeeR pToved in previcus papers, among others im Eﬁ,
carbonyl band of minim in the range of 1710=1730 c-" is one of the
principal disgnostic bnnds of the occcurring sgeing prooceasen, csuulng
a changs in the chemical stiucture of polyetiylene, Figures 2 and 3
ghow changse in the intsnsity of this hanﬂ versuas time of ageiang for
polyeshylenes A, B and C. -

The smallest changés in 1ntensity of the carbonyl band, caused by
thermal action, were ptated for polyethylene A. "For polyethylene C the
ineregme in AT720' in some cases of thermal ageing, exceede the changes
in intensity of this bané, which occurs &t thermal-water ageing of thia
polyethylene.

Wiecroscopie obpervations were performed on samples which were subjec-
ted initially to standard treatment (2], This trestment included:

- etehing -of the sample gurface in vapours of carbon tetrachloride
{0014] during 20-30 sac.,

-~ vacuum sublimstion of the surface with silver,

Figure 4 prehents, ap an example, typical surface of etched samples
a? polyetaylenes A and B, prepared for investigations. The degree of
eross-linking of these polyetihylenes ranged from 65% to 75%., Whereas fi-
gure 5 'is sn exeémplary microscopie image of the morphological structure
of polyethylene C after 504 hours of egeing st the teaperature of 135 C

st rapdom access of sir,

a b

¥ig 4, The morphplogical structure of tne ungged polyethylens A and B
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A B
Pig.5. The morphological struciure of the polysikylegs C unaged ang
thermal aged

The Gsimes ®Y erops-linking of iamulsting polyethylens samples, was
defined by means of the analysis of microscopic photographs., The echiing
agent, during the action on the surfaes of the sample, echted ths ecroas-
linked regicns fastér tba.n the zenes of the croaa-lim.d polyothaflene.%-
caleulating the whole surfemee of the photograph, and then the surface of
the sample non-cross=1igked part, the dagree of cross-libking of the in=
vestigeated sample oan be estimated. '

Chanzea in the degree of crarasl:l.nkmg end alsc general changes in the
porphological giructure which occurred in tha structure of the thermal
and thermal-water aged polyethylene, c&n be observed by conparing the-
superficial structurs of aged and unaged samples. In the aged samples of
polyetnylene more impurities werd noticed. Nlcre-cracks, micro—apeces
formed in the siructure créste a blurred ma,ia r? the structure, Larger
echied regions in aged '.aanpies- telitify ‘the decrease in the degree of PpO=-
lyetnylene crosslinking during thermal egeing. Changes in tse degree of
croeelinking of ilnvestigated types afrpclyetmlm, ag & result of thexr-
mal and theiual-watér sgeing, ure marked disgremmgticaly in figure 6.

- The investigations ha.va prﬁved that the best type &f polyethylene fram
among the three investigated ones, is polyethylene &, in respect of re-
sistances %0 thermal ageing, Changes in its struocture, because of the in-
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fluence the therwesl agent, are the swallest. Changes in the dielectiric
losg factor also occur in the smalleet range during ageing of polyethy-
iene A, ee compared with polyethylene B and C. )
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Fig 6, Changeme in the degree of crosslinking of polyethylene

On the besig of carried investigations and obspervations, it was found
that: '

- geanning microscopy and infrared spectrophotometry sre methode of
iavestigations which allow to obtain sauny informstions on the subject of
the apalysed insulsting material, . : )

~ thermal ageing at the temperature 13506 seens to be 8 very stropg
criterion io estimate the prcpertiss-nf the crosélinking polyethylene,ba=
cause 1t causes durable destruction of the morphological structure: du-
ring a*relatively phort time of thermal ageing {(equal +9.504 h,), the dew
gree of crosalinking decressed in 50%,

- if carrying sccelersted ageing at the. téemperature of 13500 to estl-
wate the qﬁality nf-the erosglinked polyethylens will still be reguired
then ageing will require the elaboration of a method which meintaining

rgndom access of mir to the samples— will make distortion of their sur-
foces jimpossible,
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- ageing at the temperature of 13500 influences uofavrourabdly the mor-

phologicel structurs of the crosslinked polyethylens (reduction in the

degree of croselinking, incresse in the number of micro=cracics),

- thermal ageing causes also an increase in intensity of the garvonyl
band, connected with the oxidation of the material,

- the dielectriec loas fzctor of aged polyethylene increases; this Qo=
notes the deterioration of the dielectric propertiss of the ilnsulation,

- polyethylene A proved to be the bept itype of polysthylene in respect
of the resistance to thermal agwing.
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