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ZLECTRICAL PROPERTIES OPF HIGHLY STRESSED PUIXYOLEFINS

1, Introduction

Polvilefins ae polyethylene and polypropylene are cheap alternatives
tc conventional oil-peper dielectrics. However the evaluamtlon of the lie
fe time of an insulaior (e.g. cable) ip kighly complicate. necause - a
lack of powsrful testing procedures,

The electrical strength measured under special laboracory condltions
lies in the rsnge of 1¥V/mm, But, the operating field strength if e.g.
cables is about 10 kV/mm b] and goes up to 140 ¥V/m= in impulse capeci-
tore with & fiuorcarbon impregnent. This discrspenrsy is & result cof the
complex egeing processes in polymers, The maximur Of reting voliage ia
limited by the ipcwption of partial discharges at cor lueting particles
er structural inhomcgeneities of conductivity such s ‘ocundariez between
amorphoug asné cryetailine phases or bhetween siructu. =l zones resulting
froa temﬁérature and flow aspeed gradienta in the meli during the zanu-
facturing process {?,3].

Pzrtial discharge inception ie closely related to stabtle end cscilla-
ting eryceee carriers. There is strong evidence that bigh mobililty cherge
aarriers (hot electrons} induce the firaf breskup of the molecular bang [4].

Csnventionél dieilectricel measurements {(diasipetion factor, sbsorpiion
currents, capagitance)_on sarples strepsed by high electrical fields give
napight in the conduetion and spmce charge mechanieus andé its dependen—
cice on field, temperature, ociymer specific phase trapsitione and the

noneelectrical propérties (nolecular weight, crystallinity, sitructure esl.
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They should be added by theml]: atimulated polerizstion (I‘ITSP)
depolarization ('P.SD) cnrrent mvapurenments giving mfnmtion about cop~
tact influence and charge stability [5]. o

Because of sensitivity problems of conventional current méaaur:.ng
devices, thege sxperiments are usually carrisd out in homogeneous field
arrengements with large measuring areas (abeets tr foils contacted by
guard electrodes). The maximum testing voltage is limited 1by partiel
discharges (pd) in the embedding medium of iba coniacting electrodes
and not by prebreskdowa in ihe polymer under {est. - -

However it is desirable to apply thé whole dielectric test spectmm
on small volumes up to pd-!n:;aption. monitoring the complets dielsetrile
egeing procesar under thermal and electrioal stress., From our experien-
ces with PP and PE this weens testing up to at least 800 kV/ms [6].

For thie purpese the needle-plane arrangement, originally designed
for treeing experiments, is very attractiwve, Reproducible samples can
easily be prepared under normal laboratory conditions, o o

The firat chapter of this contribution gives some exmnples o¢f the ho
nogeneous field properties of PP, The pecond part deals with the attampt
to apply the needle-plané arrangement o ultra high sensitivity pd-de-
tection and TSD measurements and their correlation to spece charge me-
chanistc, i oo

2 Hmogeneous fileld

a)Experimental

The samples used ara PP-ahutg of 1,25 a8 thickness manufactured
either by e:trusmn or injeotion nonlﬂ:l.ng wiib ﬂﬂiﬂ& prucen pPArans=
ters from 87,5%isotactic untreated gramilate, Tre sicrostructure formed
during the- cooling process in tb.e tool ip revesled miorophotogrephy un-
der polarized light (Pig.1). Bspecially in injecticn moulded samples we
find surface layers with very mmall and highly distorted spherolites due
toc cooling gradients up*o 1000 K/min, )

The aam;ples were contactsd by high vacuum evaporated chromium guard
electrodes inhibiting surface sffects (area 5,3 cnz). Alternating field
propertiess are measured by a Schering's bridge with automatic guard po-
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tential control. Sensitiviiy ie increasad using a oynchropnized lock-in
amplifier aszero detegtor, The HY aelup le insmulated and thermoetated
with ailicon-oil,

2o *MOQpmE
¥ S

N
* _—
. R -

Pig.1, Microstructure of Polypropylene under polarized light

-DC~properties and Tsﬁ are measured in g comsxial cell. The voltage li-
mits ere 40 kV with dry air icsulation eand 200 kV with siliconliquid.Tem-
perature contrel and deta acquisition is fully compuferized with a cur-
rent éensitivity of 7 fA and s maxinum tempersture error of 0,05 K,

b; Hemults

Semicrystaliine PP possesses two main phase transitions, glass trane
sitionand ecrygtallite melting. The first examples (Fig 2,%,4,5) show the
Ligner gengitivity of dielectric megsurements in compaiisnn to the diffe-
rentisl scanning,celorimetry {(LDSC). At Glaas tfansition TG the dielectric
loss exhibits a distingt maximum, whereas sapacitance, due to thermal ex-
panzion sandhesl flow have a slight change in-témperatuze coefficient.

D3C and ‘TS deliver formal identical results in detecting the melting
process (Fig, 4,5).

It is -learly shown that space charge relaXatioh is closely related

TC the melting process.
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mrtivs charge carriers ‘[5]_, The transport meche w=m_can %: sescrib:d ace
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lwme with charge carriers on one hand, on the other hand a low carrisr
mobility produces an electrode blocking space charge.

. PPextrudiert -
101 _E=20kvimm
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Pig.6, Time dependence of the dielectric loss of PP of different mole-
cular weight .

¥We mee that a decrease in molecular welght is ‘controlled by mechani-
cal damege e.g. by the rotational apeed of the extruder leads te an in-
cresss 0f hopping centers and therefore to an increage of mobility,

Por n sensitive detection of further dielectrical relaxation mecha-
nismé involved in a specific temperature interval conventional methode
have t0 be completed by PSD- measurements with low neating for optimal
Tesolution. In the case of FP ii is possible to detect five different
diachsrging_ mechaniams (f1 - PB' T gnd qcc) leading to fiwve TS5D-Current
pesks reacting specifically on polarization conditione and micreatructu-
re of the polymer [5]. The peak P, charaoterigzes especially the high
field carrier transport which affecis partial discharge development,

3. lnnomogengous field

Partial discharges, TSD and PITSP wers meagured in a needle plane
arrangement in LUPE and PP, Heedle electrodes of a diameter of 1 mm and
tip radii of 5 ym and 20 p respectively were eitiher melted or pressed
into the specimen, The gap distance is 2 ma, The ground electrode doss
.not Besd to be metallized, The measured sample capacitance os 032 pP.
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Pig,7. TSD-spectrum of PP {parameter poling field in k¥/mm)

P4 are reassured at s sensitiwvity greater than 20 ICT dm a,fully'auto-
meted setup wher® s microsemputer controls voltmge rise and tempersiure

né stores ©d pulse intensity vs, the actusl phase angle of the sinusoi-

v

dal hizh voltage, {Purther details 0f this measuring system have been

pablished in [8] ). )
Tne test setup for messuring TSD currents is aiso fully autometic.deatd

conduction and peak resolution considerations lead to optimal hesating Ta-

tee ¢f 0,3 1o 1 X/win., The temperzture controller has been designed for

minimar linesrity srror of £,02 K over the whele range (¢ - 300052. The

current ie meegured by an electrometer (Heitnley 617}, the noise emplitu-

de ie Z <, Tne test cell provides minimum temperature gradienis 1o the

sarple; it is aesigned for IC voltages wp 0. 10 kV (Purther devails in[9].

a TS0 peasuremente

Tpe miszble part of spaéeicharge'is detected by the TSD experiment on
Bnort circuited samples woieh ﬁa&eﬂbeen AC~prestressed without detectable
dipcharges (Fig.8). J

In this cese two desinant relaxstion maxima appear, one in the oryatel~

lite melting Tange and the Other around 60°C which is correlsted to in-

iected charge carriers. DC prestress resuits in a formal identical TSD
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spactrum but with higher current peaks, We therefore can guppose ldenti-
cal diacharging mechanisms for both cases,

pA -1 o= 30min
' 1 S=45"C
054 h =TK/min
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Fig.8, Depolarisation current after AC-mtress

b) pertial discharge measurements

Piz.9. shows a typical distribution of the first 500 discharge impul-
aeg with regard to the petual phese angle of the applied voltage.

257 - - pd - intenaity: Emﬁwcq<mm¢
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Fig.9. Histogramm of the pd intensity vs, phase angle T = 343 K, tip
radius r = 5 jm, du/dt = 1,25 K¥/n@
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The sverege phase angles c.(+) aod « (-] of the discharge distribu-

tions io eagh bmlf oycle d¢ not coinelde with the maximnm voltage
applied but are shifted to lower values. Asauming-that the maximum of
the. dipcharge activity hsppens &t nan:mun of the local field stress,this
shift can oni,y be— explained by & Bpace charge, distorting the geometric -
£ield. Hegarding the temperature dependence of the mean phase sngle of
pelypropylene and polyethylene {%Lg.TO)we 5ee’e; pinimum at that tempera-
ture wnere the space charge due to injected charge carriers relaxes (P-z-
mechaniam for PP, 60°C - peak fcr PE), Beyond this temperature pd ‘tends
to hesppen in the voltage maximum, coincidibhg with tne pomic conduction
of FE end PP in the melling regiech. [E],
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Fig.10. iversge pnase angle K (+  of tne discharge gigtributions vB.
phase angle .

I% is shown that sensitive pé measureme_n‘ts resolving intecsity mnd
phase angle cen be etiridvuted to dielectrical properties found io non-
destructive indepeniernt experiments. wiich therselves are mere closely
relsted to monsiecirical polymer properties. vsing the same preparstion

far ithe whole experimental spectruk ine gonleved results will be fully

comparable,
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i involved time constents of the charge transport and current den-
sities cannot easily. be derived from the experiments preaentedkhcre,two
aéditional setups_aré under construction:
- direct ﬁaaaurqment of the frequency dependence of the injection
curren: in ‘the needls plane arrangement,
- frequency dependent pd measuremeniss
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