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ESTDATION OF THE INFLUENCE OF PARTIAL LISCHARGES
F AGETNG OF POTXSTHVLENE OF THE BASIS OF I4FBARED
INYESTIGATIONS ’

15 Intrcdgctgog-

From BOONE - polymers, applied in electriocel engineering as insulating
materials, polyethylene im aistinguiphed by & rather consiferatle resis-
Jtance to-sgeing. However, the. pTessnce of oxygen causep oxidation and
destruction of po).ymer chesine. This ‘procena is considerably accelerated
under the :Lnfluenca of light, elevated temperature etc, [1} Partisl die-
charges in theé gaseous phase adlacent to polymer, end partimlarly in
air, stiould also be aumbered emong factors accelerating ageing,
~ The influq-née_ of partial dixcharges on porl‘ye_j;b;l lere has a complex cha~
racter, i.e. that the surface of tioe investizated .am 'le 1s subjected %o
the simultaneous act.t;m of a sgriés of factors, cc.pe ted with dischar-
ges, such as donic anﬁ electronic bombardment, ultravi let radietion,lo-
.eal pomvs of elevsted jemperpiure, czone and ni%ric oxide madium etc.
These factors may caube destruction of po.‘mn.ar,,and algo erosion of the
surface, exposed to discherges [2,3 41,

Ageing of puiyétm’lene is & composite process which chenges the mole-
eular structure cu plastio. This appesrs in the change of its mechasnical,
and dlelectri-, propertpiqs, cof the molecul,_u_' weight etc., In polyethylene,
= O carbonyl groups and C -'C unsaturated bonds coour and dieintegra-
1108 ae well s crosslinking of chains teke place.’ As a result, solid and
volatile prcducts of destruction are formed [2,4,5], which can be iden-
tified among others by deana of mfrared investigations [2,‘5]

The increase in resistance to ageing, and thereby e considerable pro=
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longation Of Aife tir:, can be obtained by modifying with the so-called
stabilizers, asdded ip = =mell quantity to pnlyngr. . '

This paper presents the results of inveatigat,tons on res.iztanca of po-
lyethylene to the .m:rluence of par‘tia.i- dischnrga- ia air, The results of
L:lvestig;a‘hiena are cmpared with the resulis ub'hainad Zor polyethylens by
ultrovielet irragiptilon which ic one of tow rsctors ‘of the damaging in-
ficane: oo discharpes,. The’ intluence of two a.ntimda.nta, Ipngnntﬁﬁﬁ and
lrsanox-1010, on the inaresss in the resie®znos of polyethylens to dis—
charges hes been investigai:d, Into.ductory tests, 'to entablieh the rela-;
tions betweer the rste of polyner sseing mnd the :Lnten,s;iw od! pETtial diee
chergee, have algo been-qarr.ted out.

Ao Bataviade s and_metnod of invoptizatiods

Tre fo'llowing mplas uf pnlyetuyles-a in ths fom of Ioil ucderwent in-

veatigatious:

- polyethylene A without = stab;lize.a. (A0}, 0,2 mp a8 well ss 0,05 om
408 ok, -

- po].}fetm'leie A+ 0,38 Ipogno::-ﬁﬁ (4=Ip)y Op4 mm th.ick'

- polyethyl lene- & + 0,3% Irganox-31010 {(i-Ir); 0,4 mm thick,

- cable polivetovlens DFD-6E603, S,+ mmE Cuwck,

The Foul: werz erprsed to The action of partial’ "Jcmvgss in u tep=

v g ¢ ceron with a wlzne~shaped air—gap, adjacent tc oue af the elsciro-
zes |71, Ageing of foiis was performed st 50 Bz slternating woliage. Toe
#17th 1% *he gap was changes in the range of 0,2 — 2,0 &%, and the value
of appiied voitags in the rauge of 2-7 k’l; “but nost of the mnangq*iorq
were carried out for the C,5 mm gap and the 3 kY voltags.

Agring thangwa, nccuring in palyethylene ub:  the influencs of par-
tiel dimchmrges; were estimated - irthe besis of iafrared sLsorpilsn spe.s
%ra, rog.etered in the range oY €30-4600 a‘n-i. Befory performing e me=
aguremeats, the bioom, fomed during the Ainchaige activity. wx ~exowed
i the ™ ,,ampleu by wasLing with aloohel, )

The aiszcharge current, calculated on the ss's o ths total aige .
asurements in ome pericd of altermating vnltage f‘{;, way a@wOmnr sa

neas;;re of partial discharges luntensity..
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3, Resulisg of investigs

It cen be seen from the enalysis of IR epectra, recorded for the poly-
ethylene foils tested before and after their exposurs to partial dischar-
ges in the alr-gap, that significant changes occur only in the range from
1600 to 16800 oo™ [6], irrespective of the discharge activity duration as
well as of the presence and type of antioxidant in the sample (Figs 1 and
2). In this range, all functional groups, which contain carbonyl bends
C =0 (1685 - 1785 o~ ') as well as any systems of unsaturated bonds CsC
(1580 — 1685 cu™ '), show absorption. One can see that the carbonyl band -
gshows the greatest increase in absorption. That is why, it was assumed to
consider ageing changes in the investigated foils mainly on the basis of
the change in concentration of the (=0 groupe.

o The érogressive ageing process of inveetigated foils is shown on the
exanple of the A-O and A-Ir polyethylenes (Fig.3).
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Plg.1., IR spectrs of polyethyiene A-Ip exposed to partiel discharges for
different periods (width of the gap f=0,5 mm, voltege U=3 kV)

vhanges in the intensity of absorption bands snow that together with the
passage of ageing time, the contents both of the carbenyl groups G} and
of unsaturated bondes C=C increase progreseively in the investigated sam=
ples, The maximum of the carbonyl band absorption, at wave nunber 1715c53
suggests that ketoneg are principelly formed, containinz the C=0 group
inaide the chain {R=CO-R’),



42

100 " i o0
- \F
80 70.
s a0V '\ v\ ~
Z 60 < ¥ S .\ : fﬂ S0
o AJe ¥ /\/
: N\ AN |
& 40 30
= - -
-
-
'—
20 e
0
o .
20 19 16 T4 12 W «f00em! 7

Fig.2. Influence of the antloxidant irgancx-1010 on sgelng of polyethyle-
ne, exposed to partiasl discharges during 400 h (d = 0 5 mpny, U= 3
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Fig.3. Increase in concentration of tne Cw O groups and of the number of
0 = C bonds of polyethylene foils, agad under the influence of par=

tigl discharges

deximam 1740 an-1, marked wepklier or more dlstinctly, testifies zlso
tne presence of the R=C0-CR’ ester groups (the A-Ir virgin semple con-

tains ester groups, coaing from the introduced antioxidant), A% the same
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time, the presence of other functional groups, containing C=0 bonds, can-
notfbe algo exeluded, becguse the considered bands are broad and compriee

in its reach a whsle range of absorpiion of carbonyl £TOups, from unsstu=-
reted ketones (1685 o ) to peracids {1785 om - ), begidest these groups
may occur in small concentration or be characterized by low coefficlents
of abgorptian. ) .
. In epite of a sufficient quantity of oxygen in the open ageing systesm,
in the investigeted foils, the content of unsaturated C=C bonds increases
{ir modified semples, the C=C bonds come in part from aromatic compenents
of antioxidants). Aged samples give a composite C = C band with maximum
at 1630 cm-1, e.g. for the A-Ir sample (Fig.3b), three successive bends
), 1640 ' and 1660 cu” ' can ba distinguished.
The occurence of several bands of abporption can result as well from the
type of the formed T = ¢ bond (cuxulated, econjugated, insulated), as from
its position in relation to other functional groups, found in the chain.

lany suthors infom [2,4,5,8,9] , that in polyethyleme, exposed to the
action of partial discharges, in the atmosphere of air or oxygen, apart
from the C = 0 groups and C = ¢ bonds, hydroxyl OH (about 3400 cm 1), es~
ter B-TO-OR* {1189-1280 o ), and also vinyl HCH = (910 and 990 om 1),
trane-vinylene R = CHE' (965 em ') ms well es vmylidene B,C = CH, (688

at wave numbers 1630 om

,groups ars formed. According te Toriyama [9] spart from the above
metioped groups, elkyl ozonides Q.?- (1054 e~ and 1107 e ) as
wall a5 alkyl esters of nitric ecid BO-HO2 {853 cm-1, 1280 om -t and 1635
cm-1) are slso created, On attributing the 7280 _cm-1 and 1635 cm_1 bands
to esters of nitrie acid, he guestions the presence of the C=0-C and C=C
bonds in eged samples. However, ozonides and esters of nitric acid should
ghow etsorption in renges attributed to other functional groups occuring
in polyefﬁylene and o i&Entify'them, nothing btut infrared investigations
are insufficlent, ' '

Most of the above metioned functional groups show absorption in the
range 0f wave numbers 800 - 1300 cm-j. The use of +this ransge of spectrum,
tc estimste sgeing changes in polyethylene, presenta however great diffi-
culties, In this interval, due to absorption ecaused by complex valency vi<
brations of chsin fragments of different --G'rl2 groups content, displace-
mente and superposition of absorption bands take place [10], and in conse-

guence they leed %0 & considerable decrease in the tranemission level and
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even decgy of some pesks. This is illustrated best by the spectra of
foils A-0, aged by the asction of pertial discharges in an eir-gep, re-
corded successively: with reference o air a5 well gé with reference to
a wWrgin sample (Fig.d). -_ ‘
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®ig,4, Decrease in the level of tranamission for the A=0 polyethylene
foil after 200 L. of ageing (d = 0,5 mm, U = 3 kV)
1 = virgirc saTple itc air, 2 = agod sample to air, 3 -~ wirgin
sanple to another virgin sample, 4 - aged sample t0 an virgia
one - -

}rogressive ageinzs changes-in polyetnylene can be definea_ﬁest by pea
forming s half-guantitative evelustion of the increase in concentration
of the C = O garbonyl groups, by determining the*inérements of absorp-
tion value znd by plotting kimetic curves [6,11]. Pigure 5 showe such
curves for {he band of groups ¢ = 0 (1715 ew” ), and in sddition in Fi-
gure € for the band T = T (1630 cmﬁi), as well, The values of ahsc}ption
gre czleulated im relation to the band 4270 cm_1, assumed as internal
etanderd, | . - o )

The shape of the sbove presented kinetit curves indicates that the
degree of szeing of the investigatéd foile i different, Az 11 could be
expected, the A-0 pelyethylene 3p the ‘most susceptible to the ageing due
1o discherges, The spplication of entioxidents influences clearly the in-
crease in Tesistance of investigated foils to partisl discharges [12].
Ipognox=66 proved to be more uaeful between the two applied antioxidante,
Ihe aample cnntatning Ipognox—ﬁﬁ ie Just ag resistgnt to oxidation as the
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kriown insulating polyethylene DFD, and.at the pame time its Sendency %o
form double bonds C = C'is lese. )
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Pig.5. Kinetic curves of the C = O carbonyl band of polyethylene foils,
- pged ag a result of the exposure 10 partial discharges for 200 h.
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Fig.6. Kinetic curves of the band bf the C = C double bonds of polyethy-
lene folle, sged es a reault of the exposure 1o partiel dischar-
ges for 200 n. {(d = 0,5 o, U = 3 kV)

1t cmn be seen in Pigure 5 that the curves of incresse in concentra-
4ion of carbonyl groupe have a seturated character, i.e. they approach
the boundary value, The shape of curves results from the guantity of abe
gorption increments in particular measuring periods [‘7 « Thege incremenis
diminish as ageing time elapses (Fig.T7). Such & behaviour of investigated
samples omn be explained by the addition of oxygen to polymer, limited
only to puperficial layers and the’groupa, containing oxygen formed due
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ring the firgt period of cxidaticn in consequence of steric interactionm,
make the addition of further oxygen atoms difficult, in spite of the
presence of a gtrondly oxidizihg environmment i.e. of ozone and nitric

pxides.

-
0.1
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Fig 7. Absorption incremente of the carbomyl band for the polystiylene
foils in succesaive time intervals of ngeing (d = (0,5 mm, U =3
KV . , o :

“herefore, when gppiying en agymmeirical asir-gep, only the surfece of
the sample adjacent 'toqthe gap, in winlch discharges take place, should
underge destimction. This is confizﬁeé by the increase in intensity of
cerbonyl band sbsorption during the aciion of aischargea for 40 hours on
one side of the investigated foil and thern, after turning it ¢ver,on the
othar side for the same time {Fig.Ba). The kinetic curve 1 showe & dip—
tinet jump of increase ic absofption (._ﬁA1715), corregponding to the
ageing start of the other side of the foil, Curves, plotied for pertial
ebserption {rcrements (5A171 5), aPter each 10 nolLrs of ageing of semples
(Pig.,Ob), confirm still more distinctly ihe superficial oxidation of po-
lyethylene, ’ ;

The distribution of gbgorpiion increments eh: ve that faster satura-
tion of the superficial layer with the formed C= O groups follews after
turning the foil over. However, the total increase in absorption is much
less than for the primery side (Fig.8a). Thip can be explained by par-
tiel oxidation of this surface of the foil, due to discharges of low in=
tengity irn the residuel airhgép between the investigeted foil and the
electrpde, even before turning the sample over, The existence of this

waihtended air-gap resalts from the insccurzte adhesion of ihe sample Lo
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the elecvtrode, In this case, sticking the sample by means of generally
used insulating oils or lubricants is inadvisable because of changes
caused in the IR spectra of investigated samples.
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Fig,8, Changes in absorption cf the carbonyl band of tae 4=0 (d = 0,5 om,
U =% kV) polyethylene foil
- & - kinetic curves; b - absorption increments in time intervalse
of ageing; 1 - sample aged bilaterally, 2 - sample sged unilate-
rally

In order to investigate the greatness of the influence of discharges
in the residual asir-gap on polyethylene oxidation, an additional experi-
ment was carried out by ageing four foil leyers simultensously, each of
them 0,05 mm thick, s0 that the total tné ckness would be the same as pre-
viougly, Pigure § shows the kinetle curves of the ¢ = 0 cerbonyl band
for particular ieyers. It is noticeable that mzinly the first layer,which
is attacked by discharges in the model gap, undergoes oxidation, The de=
gree of oxidation of the remaining layers iz practicelly equal, but seve-
rel times lower then of the first layer. The oxidation of these layers
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indicates that mim-odiacha.rgns take place not only betwaen the fa:l.l and
the adjacent alectreode, Ihut also between pa.r’c:.cular layers of the foll,’
It results from the g.bove metioned, tha.t under the applied conditioms

of ageling, both surfaces of" the investigated foil undergo oxidati.on, al-
though net in an equal degree, because the 1ntenslty of dl:cnarges in
both gaps, i.e. in the modeél and regidual ones, 4ig diversified, and pro-
bably eisc on account of the difficult aecess of oxygsh to the microgapsa
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ig.,9. Kinetic curves of the cerbonyl band, cbiained during fthe exposure
t0 discharges oo B _4«layer system of the A-0 foil '
1 « layer agjacent to the air-gap, 2 and 3 « centiral layers, 4 =
leyer adjacent to the electrode.

Superficial oxidation is probebly one of the reasons that even long-
‘=lasting inflience of partial discharges does not cauge such a congide-
rable destruction of pol‘vetmrlané, ag ageing under other conditions,e.g.
during exposure %o ultraviolet fadiation[i}]. This is shown in Pigure 10
It is visible that ultraviolet rediation causes the increase in or the
fornation of new absorption bandr almoet in all the range of the IE speo-

trum, fLster bonde C= Q (1177 om ), vimrl ECH = CH {910 o -1 and §aC

..m_?; and trans~vinyl RCH = CHR' (965 cm ) bonds are formed. The carbo=-
nyl bernd is considerably more inteneive, with the marked second maximum
at 1785 cm—1, corresponding to the presence of the C = 0 groups in the
gysten of peracids R-C0-(0)0H, wheregs the band of the C = C bonds is

sharp with marimum at 1640 ::n-T, This is & proof that the process of pro-
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sressive destruction of polyethylanme occurs according to differeat mecha-
nisms in both cases. -The above statement may alac be confirmed by the di-
fferent shape of kinetic curves of the C = O carbonyl band, shown in Pi-

2ure 11,
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¥ag. 10, Comparison of IR abeorption spectrs of the A-Ir foils, exposed
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#iz.11. Cenparison of kinetic curves of the C = O band of foils i~0 end

A-Ip, aged as a result of the exposurs to partial discharges
{d = 0,5 mm, U= 3 kT) and the uv radiation
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The sbove presentsd iovestigations of polyetnylens agelng, under the
ipfiuenae of partial discharges, wers carried out on maintaining constant
width of the air—zap and constant value of voltag;. Toue, it wae endes-
vouared to‘maintain jidentical Eondi*ions bf dischargés development, in or=
der to make a-comparative evalustion of different materials’ poasibls,ﬂ.g.
of polyethylene containihg dlfferent anuiuxzda“tu,

1t ie known that the change :Ln the walue of veltage or in the width o.f
B gap causes g change in the_mtansi‘ty of partipl.discharges. A a result
the rate of the polymn; ageing process should alse undergo a change. In
order to control tmis thesis, a successive cycle of investigations wes
cerried out. Discharges in the gaps of different width, at different va=
lues of voltage, mcting on identicel eaoples of pelyethylene Quring 6
hours, caused variocus degrees of their oxidetion, as figure 12 anows.Tna-
refore, the dependence of the rate of poliymer ageing on- the intensity of
partial discharges wes proved in an indirect way,

0.1 3V Vi

0 05 1 15 2 mm

Fig.12. "hanges in abeorptian of the carbonyl band of foil A=0, according
to tae vcltage and width of the gap

50 far, however, there gre oc consastent opicions, which of the phypi~
cel guantities deterniping the discharge ictensity is responsible for the
rzte of insuleting material ageings But there are grounded reascns that
the current of partial discharges can. be this guantity [7]. L preliminsry

atterpt has been mede, to sphow that euch an agsunptioc ie righv, by arry-
ing out measurements af the current pertisl discharges 1in gaps of various
width, &t various voltage velues, and the cblalned results are presented
in Figure 13, A clear mimilsrity of Pigure 12 and 13 disgrams cen be Obe
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served, a.lthough 'the meaauremehta of the carbonyl band absorption were
perromea after 6 ‘hours, and those of the diaeharge curmt after 10 mi-
nutn:,,trmﬁamtafnitehipgonthemltap '

S d
0-"0.5'1'.0'1.5 20 mm

r13.15. Eequl‘h of partisl dischnrgc current measurements as a function
- o mlta.ge anll gap width

Th-)depennenee 'nr the rate bt'- the polyethylene ageing process on the
discharge eurrent is even better visible in Figure 14, which suggests the
}inear rglationghip.
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Fig.ﬂ-. Dependence of the carbanyl band absorption on the current of pers
tial discharges
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Neverthelese; theee observations ought to be treated very cauticusly, be-
cause the intensity of partial‘discharges'ehhngés_Quring agelng of the
sample [14,15,16]. This problem will be the subject of further investiga-

tiong,.

4. Summary and conclusionz

It has been shown that by meang of infrsred lnvestigations, the gquali-
tative and halfwguantitaiive €stimation of chemical changes, occurring in
pelyetiylene durinz the process of its ageing, due tc the influence of
vartial discharges, can be';onveniently rerfeormed, 7

i1 resulis fram the carried out investigations that during sgeing the

Ca

= 3 rroups and the unsaturated ¢ = C bonds are mainly formed. 1t is
zrowr thet the presence of the C = O groups is the cauge of the inereasge
in *ne loss factor end dlelectric permeability, whereas the unsaturated
o = U svetems by stiffening the bonds can ceuse fragility of polyethylene.
In *ae cese of the helfequantitative estimetion, the absorptian band
of the O = 2 carbonyl groups is particulerly ueeful, The carbonyl groups
are cogracterized by a high ahsdrption coefficient [TT amd thelr occure
repoe ig often the first symptom of polyethylene ageing._lt gnould be no-

+iced +hat the in‘rared investigations allow an earlier detection of zge-

ins chenges in polysthylene than the measurements of dielectric prouper-

" ] =1 - - . N -
1200 oz f5r7a more complete characearistic of the polyethylene asgelng

~
pestin .

srofess, sugtt se be treated very cautlously. Chengem in tals range of

RS
re nd% grest, there no sharp absorptior bands and it cannot be

1]
k)
(14
()
i
K
)

excctlv eginblished if they result from the increase in concentration of

the abscrpiicn zroup or they are caused by skeletopn vibtrations of the

chain,
Tae resulis of investigations suggest that the rete 0 the polyeihyle-
ne egeing process depends on the current of partisl discharges, However,

thnip observation should be *treated with great reserve, Its confirmation

rzcuires the performance of sccurate investigaiions, taking into account

varlesility of diséharge intengity furing sgeing of polymer,



t.
2.
3.
4.

€.

T

9'

10,

1.

12.

3.

14,

15.

A

T

R3

Raferzcnece s

Bejarski J., Lindeman J.: Polletylen. wil, Warszawe 1963,

Meyoux C.: JEIE Trans, Zlectr. Insul., vol. wi=3il, Ho 4, 1976.

¥aeon J.¥.: 1LEZ Trans. flectr. inswl,, vol. 2J-13, ho 4, 1278,

“olter KuDay Johnson J.FP., Tancke 3.1 1R:E Trans. ciactr,. Insul..vel,
&J-13, No 4, 1978.

Garcia .1 Thése de doetorat, Université Paul Sabatier le Toulouse,
13980,

Dobroszewski R., brzybcwski 5. Olsztyfiska J.3 VITI Sysp. om ilsetri-
nal Discharges in Gases; FPolitecnnika Yargzawske, ~iige 1964.

Lobroszewski H,, Grzyvowski 5., Ulsztyhiska Jai 1¥ Symp, on 2lectriecal
Discnsrges in Smses, Politecaniks Yarslawska, hezlzierz Jolny 1285,

sntoniou A., Bui £i., Lecoste R., kayoux L.: O.i, acad, Seil., Izris
ta 274, 1972,
~E

Toriyame Y., Okamoto H., Xazanasii <., Horii ¥.: 1.z Yrans, a.ecir.
Inszl., vel ZJ-z, Mo 2, 1G&7.

Sixra Pul.d., Tynberg H,: Metody fizyecanz w chepii orgeni-zznej. W,
FTarazawa 1968,

Treca zoiorowa pod red, «.5. deymans: Sterzenis i stebilizenia poll-
merdéw, %N, “arszawa 1906.

Dobroszewski H., Frzybowski S., Olsziymska J.. vaffel £.: scaf.slectr.
Ineul. and Dielectr., Fhenom,, scaé of Sci., Fail delphda 1384,
(pracowanie w ramach problemu resortoweze K.I,1%, Foliteoniike POz~
nenska, Lostytut Zleksroonergetyki, 1981 (prec. n: spuclliiowana;.
Jobroszewski R,, Gatezyrhski X., Siodia K. 1V S 2p. "Problemy wyiado

n

wai hiczupelnyneh w ukXadach elektroizolacyjoych”, ¥ lalis-iGH, Zexcpe-

n 2087

Tobrossewskl B., Dlsztyhske J., SudoZ M.: Information of the Superfi-
cia) Bloom snd Ite Part Proceas of Oxidation of Polyethylene under
the Influence of Partial Discharges. V Symp."Ageing Phenomens in In-
mulating Materials end Systems", Zekopane 1386,

Mobrosgewski R., Olsztyfiska J., Sudoz M.: V Symp.“Zjawlska stargzenio-
we w materiaiach i ukfsdach elektroizolacyjnych" AGH 1986,

Pracs gbiorows pod red.. J. Urbeliskiege: Analiza polimerdw syntetycz-
nych, WET, Warszawa 1871,



