POMMATION OF PHE SUPERFICTAL KLDOM AKD ITS PART IK THE PROCESS
¥ OXTDATION CF POLYETHYLENE UNDER THE IEFLUNCE OF PARTIAL
- DYSCHARORS

‘During the investigations tu e redlstesws ‘of thermoplastic dielec-

irice to the action of partisl discharTges, 1t was found that on the sur-
. Puds of semples a met bloom oecurs, This bloom is a product of polymer
destruetton [1,2,3,4 Jo ant thcrafoxt 1t aiso occurs in practical insu-
lating systems aa s result of discharges in ga.o-ﬂllcd nicrogaps or ca-
vities. Tha bloom is composed of- dropletn snd crystalline forma, Ad-
hesion forees bind it to the surface “af the mla.

However, the premence of the bloom cl:an.gaa the character of the sam-=
ple surfacej this can influence the. dynamice of pertial discharges in
the gas gap and “this in %urn can in:t’luencn the rate of polymer cxidation.

Tnis psper snows results of microscopie innatigatiana aa well as the
resulta cf investigatians on bloom chau:l.aal conpositioh occurring on %the
aurface cf pulyethylene: due to the sctim of part.ml discharges in the
model syatem with an open ai:l:\-gap. The influence of bloom periodic remo=-
val from the surface of the aample-‘nn the current of partial discharges
gnd on the rate of polymer oxidation is also shown,

?, Influence of the sulz;erficial bloim‘g_m the iatensity of partial
tiqnor olyethylene

niqchares ahd on_ o:d.d

When estimeting the resistance of polyetnylene to prolonged action of
pertial discharges, differences were stated between the values of absorp-
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tion increments of the C = 0 earBonyl baad, deteﬁi@eﬁ for samples of tha

sanme foll lot end Fer ithe smme agelng tlméé,‘n it ;g,-ahm in Flgure 1.
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Fig.la wondence of the ox:'s.dation rate of pol.yethylene, expoaed tO paAre

tm; dipcharies, on the f*equency ol superfieial bloow removal

Ag it can be aseen, a*fdre rapid inorsase in absorpiion characlerizee
samples: aged only 209 hm'rs,. ~hax, Ihe measuremsnty. s.anscved w»ith the
removal ¢f the "oming binom, were perforned every W hows, l.g. 20 tL
Ac®, For samples mged during a conslderably lomger i m, when tpe X Lee
sraurenecty were pexfomed avery 100 hours, the same volie-nf shsorpiio.
23 ~ evioutly, hae veen reacned pot before €79 hows or artial Ale“narye
ectivity, It resuits from this thet the-freguency of b.osm remov.] nee an
influsnce on She rate dF oxidation of the inves*igated-tii s Toie ~wn Lw
ﬂ:z:ilaf.:sed by the presence of s thicker fils of  .perfieinl b‘-'—.mm wnioh
»rotscte polymer From access of  fygen, or eles tiat it causrt & e .
in ......“e.ms.'hy ¢f nartiel disch.rggs.. . ’ "L

. &n créer Yo ccufiwm tae eecond 'ihééia, fw’ Jur zredng of no. . e
aj.arrieé outs withrut interruptions and at ap ipierval of Fi. ain Lo e
ry hour - not remcving and Tenoving tne blouer et the ss;mc toug b R -
ments of the totel caiarge of diechg;fg'qs in é-z;e'pvr:.s};‘e OF wifndi - Lilig Viaw
tage, were performed. The results of thepn JAMENITE@ENE ~.TVel L 0. -
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late the values of the current of pertial discharges. The investigations
were carried out on the A-O polyethylene foil {(without the antoxidant),
0,2 mm thick, applying a 0,5 mm gap and the voltage of 3 kV, and each
geries of measurements was repested three times, Figure 2 showe typloml
changas in the current of diescharges during the ageing of samplss.
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Fig.z; Fypiocal changes in the discharge current during the ageing of
polyethyliene: 1-continuous stressing, 2-intermittent stressing,
3-internitient stressing, the bloom layer removed

It ig visible in the figure thai as well =t continuwus stressing ae
when short interruptions are made witacut removing the bloom, the current
of discharges is subjected to similer changes, viz, during the first 2
nours it decrzages by & pelf, and then during 6 hours it maitains almost
the same level. When interruptions are Made and the bloom is removed,it
ean be sasume? that the current of discharges is practically constant, A
siight. incresse in the current is characteristie at the beginning of each
hour cycle, when the bloow has only just begun %o ocour on the aged sam-
ale. ' .

On the baels of the presented results, it can be inferred that the
formation of the tloom on the surface of the aged polymer im the cause of
the decrepae in the current of discharges. The deomesse im the auxrent of
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dimcharges 1o the air-gap mey contribute in consequence to the reductien
in the rate of pélyethylens oxidatiom It cun be expected that the lon-

ger the period of ageing beiween mubsejuent IR mwasurements will be, the
thicker the f£ilm af'hlnam will be and thereby alower oxidation of the -

aged sample. It mlmo resulta Trom this 4hat the maintengnce of identical
conditions of ageling is influenced not oniy by the constant width of the
alr-gap and constant valwe of the applied vol‘haés, but hlao by the fre—

quency of interruptions connected with the Tesowad oI the euperficial

bloom,

3. dicroscople cbaervations

The surface of thermoplastic.polymer samples, exposed to partial die—
charges, undergoes erogion and is coated with bloom’whi&h ig visible
even with unaided eyes. On the bmsis of micruscopié investigations, Reyn-
ders stated the cccurrence of the bloom in the form of droplets as well
as jin the crystalline forms on the surface ¢of the gir-filled cavity, con-
tained between the foils of polyethylene [2,3].

The micreacopic observations, carried out by the authors proved that
droplets and crystals are constituents of the bloom deposited on the po-
lyethylene expoped to partial discharges in an open air-gap [3,5]. It
was noticed that the shape of crysials depended on the width of the gap
and on the value of the applied- voltage;figure % ahows exaMples of diffe~
rent geometrical forms of the bloom on the surface of foil A-Q. At rela-—
tively low voltages (to about 2 U ), forms epprux:mated to cuboids occour,
but at higher voltages the forms of rhomboidal paralleleplped or more
aompesite polyhedrsl forme, )

Similar, more nf leps regular geometricgl forme of the bloom were 0b-
gerved on the gurfppe of polyethylene folle containisg antioxidants(Fig,
4), and also on the surface of other thermoptustic polymers [1].

1% wae found that apart“rrnm”c:ystallin;-forma, dropiets always oecouxr
they are distincly seen in Figures 5 and 3 (in other photographs the
droplete are less visible on account of the small depth of focus of the
microscope), ’

It shouid be pointed out that, in Reynders investigation, droplets.
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- oceurred only in the case of di.schams of great mtansﬁw and after ope-
ning the cavity, they disappomd during aemral mlmtaa, “results of
our investigations ﬂhuw that these droplets m such noz'a dunbh and di-
seppear “only after a,t 1eas1: same tens of hm:r.-s whereas crywtalline forme
undergo partisl disintegratim, probably hemuue of loss of water, Micro~
scopie observations allowed alao to eptablish thl.t after the evaporation
of the droplets, minute crystals remain in their ph&-(ﬂ&.é-}.

- Figy3s Micrographs of different forms oF the blooam depogiting on the sur-
face of polyethylene A-{ axposed %o partial discharges (magnifica-
i tion 320 x):
" alalr gap of 0,2 mm, voltage 3 XV
blair gap of 0,2 mm, voliage 5 kV,
cleir gap of 0,2 mm, voltaege 7 KV,
d)eir gap of 1 nm, voltage T kV.

ifter removing the bloom by washing the sample with alcohel, minute
cracks were ubserved on its surface, as Pigure 7a shows, Mayoux observed
aimilar cracks in the case of electron bean influence on polyethylene [6]
The surface qf polyethylene undergoés also cracking as a result of the UV
rediation activity; in this case, however, the cracks are much largex(7b}.



Pixed. Micrograph of the bloem on
] the pelysThylene samples
containing aptioxidant Tpo-
gnox=6t (magnification 320x)

Fig.5. icrograph of the bloom in Fig.t. Hi.ci"ogmph of amall orystels
the ghape of dropleta, for— - remaindog. ‘atter evaporation
zing & liquid £ilp omthe - of drgplats (msgnification
pelyethylene aample (magnie— 480 x
Ffication 480 x)

a 1Y

Pig.T. Cicro-cracks of the p‘olyeth.ylene surfaces.

a) exposed to partisl discharges (msgnificétion 480 x),
b} exposed to u.v. radiatiop {magonification 40 x)

fne erosion of the surface of the _.pﬂ;yethylehe foil axposed to per-
tial diecharges, can be well peen umier the scagning microgcope (af‘tér

removing the bloom), “particularly whan using & devics to obtain profi-
.»,ograma, this is presented in !igu:re 8.



Fig.B., S&i miorographs {a), (D) and profilograme (¢« , d) of ihe poly-
¢thylene swrfa~e {me-niTication 300 x):
{e), (o)~ virgih sauple,
(6), xﬂ:; - eroded sample due %o pertiasl discharges

4, Determinaticn of the chemicel compvaition of the iloom

Tre blom ig _depus-ited on the surface of polyethylene during the pasr-
tiel 2ischerges aetivity, Therefore, it is one of the producte of dis-
~herges in the system ahu-gap«polyxﬁer, as ozone or niﬁic oxides, or new
bonie apd functional groups formed in aged polymer. '

Tsé prascnce of the bioom on the aged foil of pohemlene during the
infrared iovestigetlone has no ir;fluenoe on the WNTIMMESHT of the apéck
trum:; this im shown in figure 9, The IR spectra, recorded for a sample
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with bloom, and Chew -rllr £te yemcyal, do not show any qual.itatiw aif-
ferences, This teetifies that both the bloom and the ipvestigahd poly-
ethylene shuu a&sorption in the samk ranges of the spectrum. It. cen be a
confirmAtion of the statenent that the bloom iw a produet or destnmtion
of aged polyethylens 1ohs-chsina Phat is why, the chemical compoaiti,on
of the_bloom cann.pt ‘be detemined precisel: on -th.e ba.l:l.a of the presen—
ted spectrs. It Bhould be also pointed out  that the quantlty ‘of fhﬂ
‘Hloom iz not great, in relatiag to the total mass . or the investigated
sample, and emounts mere]y -, g o0 about O +05% Tor the foil aged 100 ho-
urs. Therefore, identitfcation of thebloon should be perforued after
separating it from Eia polymer.
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Pig.9. Influencs of the superficial bloom on the IR spetrum of poly-
ethiylene 4-0 exposed to partial discharges:
7 - semple with the bioom leyer,
2 - gample =fter removing the bloom.

" Ag 1t can be seen, tife superficiel bloom diffuses the beam of radis-
tion, the stronger the longer the time of its c_eing 1. As ageing time
¢lapses, the IR spectrs become m re and more flattened, and perticular
vands of absurption underge blurring end even disappear {:his:makes COIw
rest inierpreistion of regults impossible. It eppesrs therefrom that the
bldom, which is a pruduut of aged polyethylene desiruction, does not
bring anything cognitive into the infrared investigatlons but only hin-
ders them, That is why it ocught to be removed from the gurface of the
pemple before performing the IR measurement,
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T wae found that bloom dimsolves in water and alcohol, but does not
i.n hennene. In alcohnlic solution of the blnom., placed botween two thin
ro:l.ls ‘of polytthylene, the presence of carbonyl groups C= O (1700—1800
om- ) waa stated and also af hydroxyl groups OH (1600-1700 cm” -ml 3200
—35q0 o ), .orgina_tin.g 4n part from water {Fig.i0).
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Fig.10. IR spectrum if the bloom dissolved in methyl alcchol:
1 - pelyethylene A-Q,
? -« polyethylene A~0 with methancl,
3 = polyethylene A=D with methanol and bloom.

The presence of water in bloom was stated as well, when IR gpectra of
gamples, covered with drops meking practically & uwniform ligquid film
(Pige 5 a.nd"!"l), were recorded, Tb.e'exuded water may orginste in part
from the decomposition of polyethqueﬁe, and partly from the condensation
of steam in the atmospheric asir, 1t has been noticed that the fomasion
of the 1iguid film on the surface of the foils is enhanced by a grest air
relative humidity and h? tenperature lower than the room ocne, When heg-
ting the gaged sample during several hours at the temperature of 100°C,the
hloom decays. It wmms stated that at this temperature bloom undergoes sub-
limation, _

Therefore, in order to omit the influence of solvents, the bloom des—
tined to further identifying investigations wes isclated from aged foils
by sublimation. The bioom was subjected to an elementary microanalysis w0
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define the chemicai composition, and the cbiained resulis are presented

in table 1,
Table 1

Resulte of <me bioom elemertary microansiysis (%)

i e - H ’ 5 o
6,2 4,7 1. o0 75 - 76

Attention i: drawe %o tue great con“sni of LgyR20 Ao relation to the

1content of carbon, This imiicates tnet Sloun ir imgteunsely oxld:zed, The
presence of nitrogen in the bloow was not found, ‘
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¥iz.11. 1K spectrum of the polyethylens i-0 scoveref wi'i = inyer o¥
arops, me i FPig,t.

Ih order to determine unctionsl grours and to eptablish *he struastus

v¢ uf somrounds congtituting the bloom, it was  sestigeisd uy the folloe

wing methodz: Of nuclear magnetis resonance (WA}, ~f oess Lpedci~rasd |

as well as o the infrared and ultraviolet spectroscanicsa, T;: T a0
of methylcne -032-, carboxyl ~Cu0E ag well wr of hydroxy . -7 ¢ Ay
atated. o

It was eatablished that the compsunds comi.inizg 5,2 saa - oo 2of
curbon in a molecule enter into the coamposition oot ol 7 L EEL

o Y

ee of mwaloolc acid ‘C-'H2(GGOIE}2, tarcronic seid (OMHCH .00 Y, 200 daen
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pounde of definite molecular mase, Put not yet determined exactly struc—
ture: v ‘

- general formula EOOC—Gsﬂzo o=, 0, u¥ 242,

- gzner&l formula HOOC--C4 6 7-0& OH, M¥ 256,

- geneml"fnmuia 0531 4011, M7 262,
wap stated. Tne last compound coniains a;ao the -CVEOB group, but it does
agt contaln the —OOOHAand C= 0 groupse, it pheould be pointed out that all

theée-cnmpounds are hydrated very greatly.

e dummar;-;nd discussion

Tiv» presented rasults of investigations show that the pregence of toe
bloom on;ihe surface of sged samples changes the conditions cocuring in
the air-gap and csuees chepges in the mechaniss of partial discharges {7,
8,9,10]+ This leads to the decrease in the current of discharges, and con-
sequently to the redudtion in the rate of polyethylene oxidation,

it can-be swen in the miecroscopic observatione that bloam does not coe
ver the surface of polyethylene with & uniform film. Single drops and
exystals are spaced thus that a part of the surface remsine vacant. Sollid
pré&ucta ef polyetiylens destruction constitute the crystalline pheee of
the bloom, wt:zreas water, and virtuslly the solution of nitric acid con-
Btit&%e the liguid phnsé {in cape of discharges in the sir-gep). The same
coppounds which ceour in the crystalline phage are ajgo disgpolved in the
drops'and =t least in scme of them,

The investigations have shown theti malonlic and tertronic aclds enter
Lfn%to the compomition of e ¢rystmlline phace sz well as compounds of not
vetr estabilshed exactiy g irueture, containing 5 or 6 carbon atoms in a
molecule, Buwrver, accoriing to the autnors of some papers, oxalic and
_vesinde aclds {éf compose crystals., All the above mentioued acids are
digsrooxylic nelds, cifferrirg in conseant of carbon atoms. Various lengths
of carbon cheans of identies; compounds <an be perﬁaps explailned by the
apnidoeiaon of Jifferant conditions of ageing anl by the differences in
tne eeaciel sifutare of the investigated polyethylenes.

It cught o be pointed out that the generating of the bloom under ihe
irfluence of parvial discharges is the result of destruction and superfiw
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cial erosiom of polyetbylena, tastiﬁﬂd by nicroscopic observations, and
particularly” by pro:t‘ilogma of the nurfaca. The deetmctum ef polyethy-
lene takes place under the influenoe of cumple:: anergetic activi‘by of
electrons and gas ions as well as of UV radi.atieﬂ [6, 7]+ The mechanism of

destruction is cm.pqeita and not well ,knm.

On the bagis .of presented results, it s diffienlt to infer the mecha-
nism of polyethylene decompogitiocn under the lnfluenca of partisl dischar-
ges. It cannot bs definsd if destruction-of polyethyleme follows 8.g.
under the influence or-eloctrmié bombardment or-ths chemical action, or
it dimruption of the normal chain takee plece gr if they ars dsteched si-
de-branchings. 1t is known that the ensrgy of eloctrcgl,_ i;ndlr the condi-
tions of d:.sé.h:rgcs in the gar gap, omn reach the value eméuding 10 eV
7], bigher than the ensrgy of particular in'hent‘buic '50:111: of macromcle-
cule (of the order of several eV) snd im suffieient to disrupt them. Ni-
tric acic}, or a mixture of '03 ami’@z, cause also dcgr;datinn and decompo-
pition of macromolecwles iate diecarbexylie, hydro carboxylic and even
multi-carboxylic acids. The statement of the preasnoe of dicn.rbon;lic
acids in the bloom may, therefore, confirm- thnt under "the influsnce of
vertial discharges 1n the alr-gap, where ozm, QexyEen as well as n:ltri.c
oxides and water gre present, eal destruction of polyethylena may
pocur. Other anthors put Tdfward similar gonclusiches {12]. It ought to
be supposed that Mentiml--émpn@ are prodqucts of gecondaxy reactions
and can @iffer very much in 1ength'rr:;n primarily detached fragments of
the chain, 7 -

In conclusion it should be-stated that tort nepults showed the influ-
ence of depoeited superficisl bloom on the pari.al discharge current and
on the oxidstion rete of polyethylens, although l_i.mi'ged rangs of investi~
gations does rot allow 'to détermine the mechanism of bloon formatlion, ne-
vertheless the obtained Tesults can contribute to better knowledge of the
éestruction process of pn:i.jg‘hhylem exposed to pa;rti.a.l dipcharges.
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