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THERMAY, STARTLITY OF PIELECTRIC FLUIDS

L. Msndeleorn
Westinghouse Electric Corporation
Fesearch Iaboratories

This paper discusscs the therml stabllity
of some dielectric finids vith regard to their
precticel use. These fluilds are mineml olls,
silicones, wsinrels and the gap, sulfur hem
Llnoride, shose opersting temperntures sre in
ths range of 100°C and higher. Continusus demapds
to incresse the operating tewperatures of electrie
cul equipment las generated conpiderwble effert o
this subject. A generl view of 1ts cignificonce
and rempificsticns is fiyst preseated here, in the
Introductions ZThis will serve as tie basis for
desling subsequently with the wariouws icdividwmml
dislectrics.

Knowledge of thermal atadbility characteris-
tics, specifionlly aging, of dielectrics deter~
mdne hov individuml ones may be wsed in sariows
applications, vhere one mmy not be used, and means
by which a dielectric is improved. The essentisl
exiterion for mcceptability on the basis of ther-
ml stability is thot the physical and dielectrie
preperties are not impaired by chewicul reacticos
during ressanably loag periods of operstion at
the expected maxinma teaperature. Aging conside
eraticn, in fact, sometines enforce a coapromise
of electrical or of physical properties in
choosing & dielertric. It i4s noted that elecirie
discharge effects should not be confused with
thermal effects, sivee both may occur during o
funetionel aging test Of a dielectric.

Iovestigations of thermal aging of & dielece
trie fludd usinlly follow thic seguence.
First, conditicns, especially temperoture levels,

that canse significest degradation sre estebdliched.

This informstion is coften sufficient to decide on
the uae of a specl dielectric: There ared

macher of ASTN te
vhepe pecessary, way derve this purpose. As
icterest in & dielectric grows, its rites of

vhich, with some wodificotions
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dielactric Nuids degmdation as & function of tesperatuce are

% in u&'&a‘?&'&f‘"mmﬁ dmmm governed Yy obtained to detcruine its useful life under

4 resctions with other materials and vith ispurities various eperating conditionsa.© Thnese rates are
i that cannot be svolded. MHineral olls are suscepr~ generslly beged oo a sigple critericn such as
a tidle to mstal catalysed oxtdative degredation, single physical, chenical or dielectiic chonge.
involving & peroride iotermediste. Buitable ishid-  Finally, detailed studies sre nade to determine
A itors cad De used to decrsase the rates of this the significant chemical resctiocnls end their rutes
i process. Both cxidstive and pyxolytic Segradaticns that oceur during degrsdation under warious com-
i are considered for silicope dielectric fluids. ditions. Only minerel olls, of the fluide die-
H Askarels are bastcally stehie thermally where they cusoed bere, bove been subjected to w1l these

3 sro presestly uscd, provided they are properly stages of investigation. Tne present status of
i purified and othsr materials prosent do not sesct knowledge of theronl degradation of the other

] vith then. Thermal yutings of sulfur hexafluoride fluids is relatively reager.

! deperd upon rescticns of the gus snd 1its elsctric

: discharge products with the solids in a devicey and For the most part, interest in the aging of
1 D edscrber cen be used to Temove reactive yroducts. & dielectric fluld 19 concerned with degradation
i effects of cne or more other materials to which
k- INTRODUCTION 1t 1c exposed 1n an electrical device. Dmmples

of these mmterials are wvater, oxygen, metals, solis
insulstors, and dissclved smpurities such ua
ionizable or resctive coapounds and salts of metols.
Eowe resct directly with the dielectric, &s oxygen
for example, and others, such ns copper salts, my
cotalyse degradatico. In contrest to pyrolytic
degradation af n dielectric flugd, where only its
ovn molecules are involved in the reactiom, these
unavoidable reactants genarally caunse the thermnl
stability to deeremse: Therefore, wost sging
studies of dielectric Tluids do not include
PyTolysis aa & single facter.

A charucteristic of & 'degradation process of
8 (ielectric fluid 40 that this 48 often due to
caly small amounts of vesctiant and ensuing preg-
ucts. The reecting mterinls noted sbove are
generally present in low concentration 4n the
flxid or a very mmll part of it is exposed to
theu as 1n the case of & reecting wetal. Degre-
dotion products st concentratione of parts per
willion bave deen found to csuse substantial
increnses in the dissipation factor of dielsetrics.
Exsnples of such dmpurities sre hydrolymsble
chlorine in chlorinated diphenylss and carbonyls®
io transforwer ofl. This fact, thet resctants and
products involved in the degmdation of s dieleciric
fiuls are in soall amounts, presents certain
problems in pinpointinog causes of degredatiou. It
w8y be difficult to deteruine the moture of these-
paterials, or even vhether the flnid itaelf was
degmded. - The source of the d=1sterious effects
oay be decomposition or remction produnts of
an impurity, where the gielectric itself is unot
involved. Likevise, prodicms are encountered in
atteupting to elucidete effects vhich may be due
- t0 very smull anounts of catalyst. *

Hovever, once a deleterious x-eaet-nt' u;:ﬂ/or
product 3s knowa, then often edvantage can be
taken of its s 1] concentration to improve the
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thermal otability of the flulZ. This ia achieved
by use of an edditive or mitadble purificstion, or
both. A saml)l escunt Of a substagae that specif-
4colly rescts with 58 barmful reactant omn be

“ mdded $0 remove it or change 1t to & relatively

innocuous forn. There is some lsewoy 10 choosing
an odditive as it need not Mave ap good dielectric
properties as the fluid itself bocause 1t iv uned
in lov concentrstion. An efditive thmt reacts
with a resctant 1s Xnovn es en ichibitor, sod one
reacting with the products 1s ealled ® coavenger.
The purificaticn process of @ dielectric fluld 1
often designed t0 rexove msterials that are enpe-
ble of Aegrading eauily, 85 well as those that
inpart poor dielectric properties to it 1o their
original form. .

Ihe factors contributing to the thermsl
atabllity ef a ddelectric fluid in an electrical
device can e conveniently sumnrized under tuo
min cutegories. Oune deals with degrwdation
effects and the other with meana to upgrade the
thermal atability: Degredatiom cffects are
relnted ta:

a., The resction of the £luid wvith mteriels
" fram vhich 1t cennot be 1solated, such &s oxygen
and metals, and

. bs Oatalytic effects dus to certain impuri-
ias.

Increnmed thermal stadility is schieved by:

Bes Purification.
b. Iohibitors, snd

cs. BScavengers
IOIVITUAL DIELECTRICS
Jinersl OL)s

BSpecially purified and frectionsted miversl
olls are maed extensively in trensformers, cadies,
capacitars, and circult bremkers of hizh pover
ratings. Their maximm operating tempersfure for
continuons service vhere they do not have nevere
resctions with the other compouents of the device
bas usually been mated at 205°. These oils are
mixtures vhose msjor constituents sre alipbatice

* hydroearbons, aromstics and nephtbenes. Much

attention bas been devoted to their thenml
stability to assure prolonged function of the
equipment in abich they save used. There sre s
oumbder of conflicting conciusions about influences
on their therml stability. This occurred probably
because of differences in coppositicn, iopurities,
fractionation and purification of the oils studied,
and use of vorious criteria for thermal stability.
Hovever, at this point, soxe of the cffects of
degradation of these oils 1o electrical eguipment
as vell as & mmsber of the factors thot affect
this process sre falrly well understood. This is
baged on stullies of trensformer oil, which will be
ewpbasized bere.

Tharwnl stabllity comsiderations of u ainernl
oil qnmbw Qe with its rcoctien with oxygen

P
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end the cutalysis of this reasction with copper and
iron. Bere, mojsture is particularly harmful,

apd great cere in taken %o exclude it. Exposure to
copper snd irom comnot be svoided in wost electrics)
devices. The fimal products of this remcticn are
neld, sludges (ingoludle acids snd socaps},? water
and carbon dioxide. Their deleterious effects
include lovering the insulating quality of the oil,
deteriomtion of paper or pressboard barriers and
corrooicn of conductors and casing. Sludge can
nlso obatruct flouw ©f the o1l that is necessary _to
dlcsipate heat,6 There are ASTM tests for acid?
and for sluﬂsee formotion in trensformer oil.
FResides their use in gquality contral, these teats
have been the experimental besis for varivus
thermal stability studies of minernl ofl.

Tae discussion of the degrsdation procvess,
here, 1s based priocipelly oo & reviev snd two
specitic studics of the degredation of minersl
oll dielectrics. The review is the proceedings
of & synposiun oo insulating oile that was held
in. 1958 at the Institution of !1eet§iu1 Bngineers
under the chairmanship of Gossling.” One of the

.studies wos made by Melchiore mnd Mills,*,19.11,12

vho mede coreful analyais of intemmediate products
of the degradation and also controlled the conpo-
sition of the oil. The other is by Jecl, Btuart &
Roseld who ewpbasized details of ofl composition in
developiug theit conclusicons.

The degrudstion .of a ninersl oil, sccording
€0 tygen ke, generally proceeds kinetieally
ae follows.%9 YFirst there is an infuction
perdod, next the rate becomes sutocatalytic, then
it is constamt, snd finxlly the rete of oxygen
uptake decreases. The deleterious effects in the
oll becoxe evident in the last two stages. The
inhibiticn stagn is d!.ntnuhe%by the presence
scluble copper or 1ron.”r I A e
wechanism of this process wust desl effwctively
with the autocatalytic phenomenon. ’

The course of the degwmdation of the oll tas
been shown to be aspocinted with the production
end concentmation of & hydroperoxide interwediate. |
It is the busin of the falloving scries of froe
radioal resctions that have been proposed. The
oil is deasgmated ve FH, amd R+, ROa° wnd RO~ are
froe mddcnls.

RH + Oy~ R+ o HOy e8]
R 4 On~ ROy’ {2)
R0, + KI—» FOOR (3
R: o 0 -+ ROOR (%)

These rructions vould account for the inhidition
stoge. The sutocatalytic stage thai follows 3is
explained by & pumber of reactions, vhere the
bydroperoxide deccaposes to regenerete free
rodicsls snd theredby propagates s free rodical

chain. One such reaction could be s unisolecular
deconposition of hyaroperoxide.ld
' TOE - R* + OR* : . (9

- Rowever the evidence points t; o cotolytieslly

induced fred radicol chain, vith ecopper or iren

.
iy, b
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It bagc been pvpondg' n that soludle

cntalyst.

copper 1cns resct as followo with hydroperoxide.
FOOH + Cu A Cu >+ B + FO°, (6)
FOOR + Cu'%eCu = + OB + FO- (7)

Also m series of resctions wes sugsasted vhere
hydroperoxide resets vith copper oxide, oo the
surfece of copper, to furw soluble ceaplexes
wvhich deccopose to free radicals. Soluble copper
has been shown to be effective at ecncentrutions
of less than 200 perts per billion caumiog sute-, 0
estalysis and sno incresse in dissipotion fector.
The 4ohibiticn period ge ses with {ncressing
concentration of copper.”’? This mechaunies and
associxted effects probtebly also apply for
catalynis by other metala auch ms iroen. The Auto-
catalytic resction 1s kept in chack, from becoming
explosive, by termivating rewcticns where free
Tedicals ctabine to o, non-yemctive products.

Nelchiore and Hille® claie that entalysis with
coppear is enhanced by nitrogen and sulfur impu-
rities that oceur in the oil. They suggested that
these impurities promote solubiliration of copper.
Hewaver, Jezl, Stuart snd Rossld, una others mmin-
tain that the sulfr eccopounds oct as dnhibitors
to the oxidstion. ] . .

The fim) products, painly aclds snd sludge,
are formed during the last tuo stages of the
oxf2ation, vhen the rate of oxygen uptake is
constant and then decreases. Acidp are derived .
froo the alipbatic hydrocarbons in the oil, end
the sludge, largely ins 28 acids and carboxylic
salte, from the aromtics.0,9,13 Toe sechauism
for formation of these materials sust be very
eaxplicated, and it involves decompoaition of
dytroperoxide, vhose concentrution decrewses during
this m,Mnﬁcﬂ rexctions of the oxygen-
sted free redicals. Vs .

From the sbove it can be seen that deterioma-
tion of & miners) cil can be inhibited by descti-
wting bydroperoxide, the free rodieals, ar the
netal catalyst. Ench of these wmodes of inhibition
will be Aiscussed, e vell ap purification as
I-;I:l 3 increese the theywmml stability of s oin-
ers}] oil.

Mineml olls for cl=ctrical mpplicetions are
generully purified by successive oxtractions with
sulfuric aoid; bot hydrogenation amd solvent
extracticn are aleo used. Verious stuldies have
shown that the nm%-u acid process can be applied
to & limited extent.V The first fev extractions
achieve iuzrecsed stability.- Hovever, vhen they
are continued beyond a certain poist, where the
arceatic cootent.of the oil begine to be signif~
icantly diminished, the oil hecanes less atable
to oxidation. It wms concluded that the arvastics
in the oil act, at leest in part, av an inhibitor
to the oxidntion.

An inhibitor that extendes the inhibitioh
peried until it is consmmed is known ar an anti-

* oxidant. When At i exbausted, the 01l way be

replenished with more after the oil is suitably

refined ggwiun. The goapound DEFC, 2, Ge-di-tert-
butylepayw-cresol, sed occasiomally some of 1ts
amalogues, have been used effectively for thie
Furpose. Its presence btas _been shown to double
the life of & trenaformer. There are s nunber
anti-oxidents, of the amine caxpound type, that
are more effective for mineral olls then DBFC.
But they connot be ueed in electriom) applications
because they couse lnrge increames ia the diassipa-~
tioh fuctor. . .

There are differest cpinicns sbout the rese-
tioelg of sn anti-oxidant that inhibit oxidotion.
OnelD paintains that it rescts vith the hyuroper-
oxdde t0 yield relatively inert products. Another
claims that the antioxident suppresses the
prepepetion seguence by reacting prefcrentislly
with the chain carzying free redieals.i? These
sctive rudicels are converted to stable solecules,
while the anti-oxidant rsdical, which eunsues, 1s
relatively inert. .

Demctivetion of a metal cotalyst to iohibit
oxidstion ne been achleved by uss of certsin
chelating agents. Metal icas form complexes with
these coapounds in vhich they lose their ionic
chorecter, and hence their ability to propagate
free mdics) chains. Also, a metal surface way be
passivated Ly edsorbing the chelatiog agent. This
would prevent reaction of the wetal oxide, copper
oxide for exsmple, with hydroperoxide to form e
cooplex that generates free radicsls. Bince s
getal deactivator reacts with & limited supply of
catalyst, vhich is not replenished during the
oxidntion, its sffect should be relatively persa-
nent. 1In contrust, the effect of nn anti-oxidant
1s noﬁvemneat ss shovn above. Helchiore and
Mllle™" found better inhibition of cxidetion by
& wetal desctivatcr then by an anti-oxidant.-
Houever, presently,. di-tert-butyl pare=-crasol is
used much more extensively tian wetal desctivators.

It would seem logical to add both kinds of
inbibiter to an oil, oge thet rencts with hydro-
peroxide and one that desctivetes & metal catalyst,
to get o relstively high degree of therwml otabii-
ity. BHowever, this may result in too high e
dissipetion factor since these additives are fuirly
polar and ooly & SUA1l smount can be tolerated in
the oll. Also, decreasing their concentrmtions to
satisly the dissipetion factor requirement mey
result 1n both being sltogether ineffective.

The folloving is ® receipe of s sulficlently
stable transformer ofil, for cperation st ebout
100°C that is based on experdence and the therml
atability coésidemtions noted sbove, .

Aromtics -

Haphthenies - S

Alippatics ~ 65%

Sulfur (?) and nitrogen contoining
compounds <10 FPM each

Additive ~ 155 .

Inhibitors are geperally not added to the o4l for
pouer trensformerz, vhers specisl care is taken
t0 evoid causes of oxidation. Oxygen is carefully
excluded, and the oil is maiotained aw dry os
posnible,
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Silicone Fluid»

There are m number of eilieone fluid« ewhich
are rtttd for relatively high traperature appli-
cations, generally fetr 150*C and ««satiros even
above 20G*C, «m dielectric». They arc of the
methyl and phenyl silicones, which are polymers
with tbeae general fornula«.

«2 R1 R2
-8-0- -81-0-81-0-
*1 _p «l R2

where the H's are methyl or phenyl group». We
C-H (primary), Bi-C, and 81*0 bonds in these
structures «re relatively stable thermally and
resistant to oxidation, coopsred to the C-H
(secondary and tertiary) and C-C bonds in a
mineral oil. The silicone oils also bave sco-
rery desirable dielectric and physical proper"
ties, such as low losses and low viscosity-temper-
ature coefficients. However their high cost bas
restricted their use to sosll sized devices.

The following are sow of the characteristics
of the degradation of silicone fluids that are
pertinent to their use in electrical devices.
Pyrolysis occurs above 200*C, and onuses volatil-
isation and a decrease in molecular weight.
Exposure to oxygen is deleterious stove 150*C,
and results In Increases in vliseoslty and, finally,
gellatlcn. Copper was found to inhibit the
oxidation of a silicone fluid et 200*C, while other
eétais, such as lrai» steel, tin and tine, had no
sl*alfloant effect/6 This Is in osrked contrast
to the oxidation behavior of mineral oils. Acids,
which can often be avoided, Induce geLlstion.

A study was made by Beals, Hickam and Loeffler
19,a0 Of some of the Kkinetics of oxidation of
silicones, which Included dimethyl silicone (DC
200, Dow Corning) « Boss oxidation of this Liquid
was detected at 150*C; and it gelled st 250*C,
when the rate of oxygen absorption was relatively
high. A mechanism we» proposed for the oxidation
of silicones, which la essentially the same as that
given shore for mineral oils, with e hydroperoxide
Intermediate in the propagation of a free radical
chain. Oellstion Is probably induced by the acids
that are generated, slnee acids advance polymer-
ization and cross-linking of s silicone.

Use Of inhibitors to suppress oxidation effects
In silicone fluid dielectrics is severely restrict-
ed by the ragnitude of the tamperettares, above
150*C, at which they have to be affective. It is
important that the inhibitor does not introduce
s quantity of ions Into the dielectric medium that
would substantially increase its dissipation
factor. While a number of anti-oxidanta have been
found which contribute little to the dissipation
fhetor at temperatures of 100- 125*C in mineral
oils, this la less likely to be achieved at 200-
2J0*C for silicone fluids because the dissipation
factor increases rapidly with température.

The highest temperature rating of a silicone
fluid can be obtained by isolating it to avoid
oxidation, sad then the thermal stability is based
on pyrolytic reactions. Sehiefer2l determined
apparent initial deconposition temperatures for
three silicone dielectric fluids, in nitrogen.
These sre based on measurements of vapor pressure
as a function of Increasing temperature, st a rate
of 2*C per minute, SDd are the point where the log
vapor pressure versus l/(absolute temperature) plot
changed slope. They were found to be 315*C tor
dimethyl silicone, 320*C for pbenylmetbyl-dimethyl
silicone and 372*C for phenylmethyL silicone.
Their magnitude is related only qualitatively to
the degree of thermal stability, as they probably
reflect fairly high rates of decomposition due
to the high rates of temperature rise used for the
vapor pressure measurements. In fact, the maximum
operating temperatures of these silicone fluids
ere not more than 250*C, which Is considerably
below those valueo. A mechanism for the pyrolytic
decomposition of a silicone fluid was suggested by
Lewis. 3 xt was based on weight loss data for
a aeries of dimethyl silicone liquids (DC 200, Dow
Corning)s First, the polymer chain was assumed to
cleave st a site where an impurity stom was located.
One of the fragments would then react to give a
product with a cyclic structurem This kind of
product has been found to be feuwed in the
prolysls of a silicone.

AsVarela

A number of dielectric fluids which are widely
used in capacitors sod transformers are known as
-asksrels. This Is a generic name that pertains to
their non-flmmsbllity. Thbeae dielectric fluids sre
generally certain cbloro diphenyls and chloro
benzenes. The moat common chloro diphenyls are . #
mixtures of isomers, of trichloro diphenyl (Aroclor
121»2), of tetrachloro diphenyl (Aroclor 12A8) sod
pent«chloro diphenyl (Aroclor 125A). There are
two chloro benzenes In this group, the 1, 2, A-
trichloro and the 1, 2, 3» A-tetrachloro-
derivativea.» They are used in solution with a
chlorinated diphenyl, generally to lower its
viscosity. The thermal stability of askarala
la relatively high with regard to pyrolysis and
oxidation, in fact, their operation capability at
high temperatures, above IjO'C, ts limited by the
occurrence of high dissipation factors resulting
from dissolved impurities, and not to the ooset of
thermal instability. Often, however, the thermal
rating of a device lo which they are present has
to be relatively low, or an askaral can not be
used, because of deleterious solubility effects,
as they act as solvents and swelling agents for
many organic resins sod components. This has
to be considered regarding the stability of
dielectric or structural materials that are
exposed to an askarel, and tha possible Introduction’
of an impurity from the solid to the liquid, where
it can be harmful.

Thermal degradation of mskarcls begins to become
significant at about 200*C. Munch2* determined

">Monsanto trade name.
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the effect* of air, copper, Iron, lead-tin »older
and mluminum oo tbe change In dissipation factor
of Aroclor 12li2 due to heating at 20C*C for up to
800 hour». Diaalpatioc factor change* are often
more sensitive to the presence of deleterious
degradation products, than results of chemical
reaction* used to detect them. He found, here,
that none of these variables individually had

a substantial effect on tbe thermal stability

of this fluid. The decrease in thermal stability
due to sir vos further enhanced by the presence
of copper. An ASTM aethod25 1» available to
determine the stability of an ashorel at 200*C
and 21f)*C, vlth air present. It serves aulnly far
quolity control.

Aakarola for electrical applications
are required to ba free of an Impurity which
easily generates hydrogen chloride.3 This
affect can lead to instability of an electrical
device. Bueh an Impurity may be a compound
with substituted chlorine, in an aliphatic
hydrocarbon or In an aliphatic branch of an
aromatic, or an ercamtle vIth added chlorine.
The presence of these deleterious Impurities
la detected by analyses for hydrolyzable chlorine
(with alcoholic sodium hydroxide).2* These tests
are sensitive to parts per million, * .1,
hydrolyzable chlorine.

Sulfur Herafluoride

The use of sulfur hexafluoride as a dielectric
medITB in high voltage equipment, which Includes
high power circuit breakers, transformers, x-ray
apparatus and high frequency devices, has increas-
ingly focused attention on its therm»1 stability
characteristics. The sain concern la Its
reactivity, as well as that of its products of
discharge, with the solid components of an
electrical device. In the gas phase, however,
where there is no effect of O solid, sulfur
he»fluoride 1» quite stable pyrolyticelly, at
least to 500*C.2?,28 wvery little infon*tion is
presently available about the various possible
thenm| reaotlen* of sulfur be»fluoride with
metala, insulators, semiconductors aod other
c«portent* of electrical equipment, to serve as
a baila for temperature ratings, in contrast,
more has been published about reactions of
its products of electrical discharges.

The significant consequences of thenml
reactions of sulfur hexafluoride in electrical
equipment are losa of this gss and deterioration
of the solids. A meaningful study of this would
have to consider possible effects or impurities
that «y be present, sueh as moisture aod sir,
on the reactions. Some data was obtained by
Hears2? on hasting of sulfvir he»fluorlde with
various metals and insulating smterialo at 150*C
and a,t 223*C for 2TO days. The metals were

silicon steel, mild steel, copper and ¢ luminum.
This listing 1» in order or their observed degree
of reactivity, with silicon steel being aost
reactive. It appeared that all the materials
tested are quite compatible with sulfur hexa-
fluoride at 150*C, which should not be exceeded.

Activated alualna was tested, In this study,
as a scavenger for reactive gaseous products. It
did reduce the concentration of corrosive gss that
was produced by decomposition of sulfur hexafluoride

When the use of sulfur herafluoride in elec-
trical equipment entails considerable discharges,
the reactivity of the products of discharge with
tbe other components has to be considered regard-
ing the overall stability. The products that are
of concern are those that remain after the dis-
charge, or are also formed then. These are
acidic,30 comprising of fluorine and lower flu-
orides of sulfur, as well as hydrogen fluoride
and oj*fluorldes which are due to tbe presence of
moisture, oxygen and organic compounds .31 absorb-
ents such as activated alumina have been used,
quite effectively to lower their concentra-
tions .30,31 schumb, Trump end Priest2? found
that both metals aod nonoetal* are attacked by
the products of a low current de discharge in
sulfur hexafluoride. The metals they tested
followed this order of reactivity with these
products: brass 7 copper> steely stainless
steel> aluminume This order of reactivities
should be compared with that for the thermal
reactions of metals with sulfur he»fluorlide.
The difference in relative positions of copper
may be of some significance. some data were,
obtained recently by Kanasashl31 and by Thkuaal2
an the expoaure of several polymer films, which
are need as insulators, to the products of corona
discharges in sulfur hexafluoride. On the basis
of weight loss, the following order of resistance
to these products was found: polytetrsfluoretb-
ylene > polyethylene 7 polystyrene7 polypropylene
> polyethylene terephthalate® vinyl chloride
> cellulose triecetate.

Understanding of the reactions of sulfur
hexafluoride and of its discharge products has
as a back up the chemistry of fluorine and
hydrogen fluoride. Reference to the reactions
of these materials and methods used to handle the*
is useful for electrical application of sulfur
hexafluroide to help exploit its desirable
dielectric properties.

CONCUUDIHO RZXMOC

Presently, the various dielectric fluids that
are available and the methods used to prepare and
maintain them are adequate to satisfy moat theraal
requirements for electrical eqiupment. It le the
solid Insulating member, of oragnlc nature-, that
Often limits the thermal rating and operational
life of a device. However, as a shift occurs to
mare thermally stable.and more solvent resistant
solid Insulators, the promise of increased ther-
mal ratings will eventually call for similar
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Improvements In the fluid media. This vould be
achieved by upgrading the theraal stability of

present fluid dielectrics and developing “«v oneo.

The use of dielectric fluids at higher temper-
atures than new, vill demand even acre attention
to their degradation phenomena and effects on
dissipation factor- It is reasonable to expect
that very careful and new technique« vill have to
be used to exclude impurities that could induce
decomposition or increase the dissipation factor.
Mechanisms of degradation and acens to inhibit It,
and the nature of deleterious Impurities may veil
be quite novel, especially where new liquids and
solid dielectrics are used.
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