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THANGES CF IHE PROPERTIES OF EFOXIDES ONDea
TLE INPLUEKCE OF OZOKE

1. Cheangss of thz dieleciric properiiss

Fasi development of indueiry roovires the applioaticn of aors sné mo-
re¢ developes natwork of elecirical Srausmissidci. lihds, uigher nowers end
veivages, Toe lurolvsd material requiremacts lncreass sa0not be mat Wy
the tradi.iomel inalseticn wmzxerials. Fenro, ressarc: has peer made for
Taes dozvas T yeare to find powvel and bsttsr plastice as 2iectricsl in-
gulstion Pateriala, whicho cuvuld astisfy ihe necds of modern pusss *ngie
Lyaring, Flastier io the form of elperiomere for the issulstion »i cablea,
“«8 ®rLl 36 BOuidusg compowods, varnashok. and oasv enoridss mom appliud
= thG dLmeletingoscasteccotioral slements %0 a higher and higher Jegrae,
Egpeninidy the loat s7ooop oF the ense aLenticesd obdove, paxaly Lhe graup
of car’ “poxives, has v.ler and wider apmliegtiop,
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ahepioal FRciars eg 2w . dad L addEBiS R, easatpic flele. masidcty, tuae
Lifivrnee o7 ore o from ioe sar aid 83 the other polluting substaucoe
present an tha oar !q ‘
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One of the faotore which could influence degtructively the propertien

af epnxide insulation is ozone - a very alrong oxydazing agent which re-
acts with various organic and inorganic compounds Lz] wkile gaz which

is met durine s storm and the esoncentration of which is about 1,107 5/dn“

is refreshaing, itg ~oncentiation within the order of 10 g/cu:3 PaY SauBe

desat 1t man 1.
ath o E&

OJzone forms frow oxygan in chemicsl reanctions whick ocour under the
“nflusnee of ulirsviclet and coammic radiation in the high spheres of the

£tEaSpPNEre {itE maX.congentrmtion there iz st toe helignt o 80 ¥m over iha

Egrth;. _wone comes down to the Eartn’e surface due to the air currecis
T;;; Jzone forms slso during eiactric discnarees in the alr cATEen 4ATROR-

“nere, as well as during partiml Ciscoarges On the SV inguielors when

a8y x0Tkl

¢ ser e oconeiuded that ozone ls g factor rermanently upresent in the

a*ncarnere of the aaxr around the 4V in sul ,tng—"cnstructlonal glements,
z3. =iers is wuch probabiliy that :is artwivity can influence destrucii-

vely tne Y eroxy insulsticn,

i

» <ng article, there hpve seen presented ke reaulte of invesitifa-
rigpneg conecerning the influence of nersiptenily acting czone oh the sur-

tfpee nromerties of selected epoxides.

», #etnodc.ogy of the ipvestigsilions
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muLErLn. 4nier investilgation there ware fisT Terl max

teria. conrositicns of walch are given in tne tanie i,

Lae. wews investigated lo thres TAT L34S ageing SVOLsg WoAsre Lng J2one
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Table i
The specification of material comjositiocns of
.4egt pamples (p/W)

gﬁt; Resin Hﬁiﬁ:f Accellerator Filler

i | Bp2 160]* 30 E, 0,5 -

z Fp 2 100} P 30 B, 0,5 sio, 200

3 Ba 2 100] P 30] E, 0,3 |a10..38,0 200
. s | CY *®5 10l HHF 70| I¥ 065 6 -

5 ey 185 100| HHP 70| DY 065 6 510, 729
h.f CY.185 100! HEF 70| IN 065 € A1203.3H20 ~?20

explanation : LUp 2 - 4ian epoxy resin Epidien 2, Of 1&0 - cyelow
aliphatic epoxy resim Areldit CY 18%, F - phthelic anhydride, qHT -
hexahydrophthalic anhydride (HI 907).

Tre teat mamples were taken out from the chamber at determined tim: in-
“Leywala, and after the relsxation ib the savironmeniml coaditions {circa
¢ 1). The followiag measurements were made in them: a) measureanent of
tracking reéintnnce {according to AST® D 2302 - 64 T3, b) memsurement of
tr: ele~trie gvr srglstance (ne. Polish standard)} electric PN/e-044417%,
27 messurement 5f the surface resistivity (sc. PN/5-04405). In the pro-
cess Of ageiaz rasdom pholos were tazen of fragmentis of test BANDIiOS M-
gpifind under the opuic microscope (the megnificatlon x 1000),

2. neguite

Tye gpeasuremen’s of tra ¥ing resistance are presented on the f£ig,1,To
iipouse ther one mpy state as foliows:
. *he valucs £ whe ¥i .ndicator were Lowest for the plastics without

Titiora and nifhest Por the Jlasiics with an aiiminum filler,

P
itk rmline- o toe W4 indicator Tnor the svelioaliphatice composites (4,
S oand (65 -ure nigher than tneir dian counterparis,
w in <. - wad LI gyeaes the iune of the curves Wi = £{T] are aimilar,
L1186 urve. Wees deightiy lowering and after clres 230 L of ageing

they gained Tizt, stable Tuns.
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Fig.7. Changes of tracking resistance as . the function of time of ageing
. uy czone for dian composites (1), {(2), (3) and cycloaliphatic
composites (4}, {5) and (&’

The neasurements ofthe resistance 1o the electric arc are gives in
tne table 2, It can be observed that the lowest initial resistance to
tne electric sro has veen defined Ffor plsstios witnout rillers (1) and
{4), among which Araidit CY 185 [(4) has the higher resistanca. Among
the composites with fillers, 5102 produces slightly higher resistzrnoce.
after very long procepses 0f ageing (ecirca 7000 h) slight drop of Tugis-
tznece for gll the wlpstics osn De obgerved and it 18 more visible for
ihe dian ones. In case of plasties (3, (4) end (6] the result of tes-
ting was not the conductive path but ercsion. Affer the time of ageing
arounting to cires 7000 b a conductive path in zase of [3) was observed
ihgteal of erosive lopmes characteristic for shorter timep of ageing,

The zessuremente of gurfgce resistivity sre presented £m the Fig,2
and 3, Un t~ given background it can be atated that:

- diar .. . eyoloaliphatic composites have htearly identical surface
resigtivity ir the crder of 1016 S . wnen not aged,

- ir tphe process of ageing by ozone irn the first cyole of investigs-
tions the kigheat stability in the group of dian compeosites i=s cnaracte-

ristic of the composite (2) and the 1%west one is cheracteristic of the

compogite {1),
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Tabwle 2
Change of renimtance 4o the electric a v i %he

composites under inveslioation in the ft.ize of

ageing by ozcne

Ageing ‘Composites
¢ time i e e
1 2 z 4 S %
b -]
1
o 46/35 194/192 |187/1582 | 134/731 ? 200/200 | 201/195
cycle I1
144 45/31 196/191 | 188/185 - [ - -
%36 6732 13:/185% ti1gc/182 - I - -
480 a4/37 195/13C | 1887180 . -
1750 46/5T 1 196/191 |139/782 - E - -
cycle JII
I T f
672 - | 202/ |205/20C | 131/128 | 203/202 § 199/188
1352 25/20 | 205/200 |193/190 | - - -
3411 - 1837182 (210,210 | 131/127 ' 179/196 -
-* 2 - - - s e
3819 36/25 ! _ 198/1¢:
evele I {+500 b} + cyole II (+BO0 h) + eyeo. 1 1
6915 - - |184/183 - 1.3/+85 | 189,185
7323 29/12 186,/183 - - - -

explapatlor ! mesn valus/amalleast value

~ in %he gacond oyele of inveatigaticas the surfges ragistiviiy lo-
vered oy about th-ee orderg for the dian composites and by more then
Lan grdz-p for the cyclosliphatlc composites. After mbout 400 - 5300 n
the riniwal volues could be observed, Within the intsrval of 500 to
907 2 of ageing for the dian composites and 500 to 700 h for the cyelo-
alliptatic onss there rope resigiivity, which then estatlisghed for fur-
ther timer of ageing at the ievel two orders lower than the initial one
for the dian composites and from one order {5) %o iwo orders {(4) lower
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for the ercissiipnetic composites. Tusr minimum value ie practieally the
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waing by ozone for 2ian compogitea LA ¢ I s::-.*. &i wles wa)
zod foo eyclealipheuic compoaites 2r the I eyo'ls i

tre Auns o he purfass reestegticity oure o on b sgeLs o
e fuoztion Por the thars sycis ol wnvest L-tlonn oo
atzrval ol W o~ (530G L sné they roeembie She %00 vi ceval o
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Fonet. ocnenges of the surfece resiszivity &8 the fanctlon of tice of
szeing bv ozoae for disn compositea (1), (2), {3) aad cycleali-
chetic compeeites (4), (%), (47 i tne 11X cyecle

‘more rangs ot 200G - WS n theve can be ncticed stabillity frlain =i
G.omY prd ia the rangas of 3000 . 7500 h o there is & slower tan: o iie

R a3y L
megiviag bewering toe curves 0 ke value of cirea G0 §i - The mivdns’

il

wve e YoV 1. TP ann V0 and s oaan . LT Aot

e T poomoac oF the coupraites (4, {5) and 100 e minaanl Yelues

se " for (40t ‘th"()"’? Tor (3. 4n ceae i ohe slaguainy
wne riar 0F  esistaviby 1s deing observed within the range oL GOG -

4 =

TR0 n, tre stabiiolg ol tas cmlae ?5 in the range f 1900 . UROO %

furtho: initinlly faster {to wbomt 500 b}, ‘her glowe  low-ricg of e
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reaistivicry “13% the end, thut is 7ill he value of about 1005 for (4)
and (6) ard about 10'°3 zer (5.

Pig, 4 snows tne photog of the surfaces of plastiosg which were not
aged apd the thoiss of thoee whi-h were sged by czone, the concepntrstion

2? whickh was B'?.“.".‘"b ;fami within the Time period of 4620 nrurs,

TR,
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i T &

BuX. aess nf “he Lo cupnids
neen agsa. vl o ) vt ot ot sar oo
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4y Regults digeuggion

a) Positive is the influence of fillera which extend the reslstance
of - the materials for electrical insuistion agalnst exposing to ozope,

b) It the drop of Ps cauped by the presance of the beiter conduce
ting oxidation products on thes plates is comprehensible, it is more di-
fricult $0 explain ite rise after it goeg over ite minimum velue, It is
probably ceussd by the impeding activity of the protection layer which
foms oy the —*zce of the plastic and ninders the diffusion of czone
inte e non-oxidized plestic and volstile products from the non-oxidi-
zed plegtic,

c} 4fiter the. time of egeing by onone wiihin the order of 7000 L, ra-
glstivity Grops %o values by eight crders lower tham the initisl one,
Plegiics loge in fact thelr pusitive ilnsulsting properties.

4) The invostigatione of {racking resisitance zra not very applicable
because they are not sengitive enough to trace out charwes which take
place in the tailn surface layer, Besides, ag the ammoniuvm chloride is
beirg apulisé, its solution may change the protection layer forming on
fhe-ﬂﬁrfaca.

e) The i:vastlgations %o *he eleetric arc may alsc be J1itile apnli.-
cable in case of tracing changee which ncouxr ln the very tbin surface
ieyer of tne aged plastlea,

) The guantity of ozone concentration has & visible influense on b
surfacoe resistivilyy of inventigated composites.

Jg Conuitisicag

t, Un tne sgaileg of too Fepietivity messuremonts and cbservations of

¥

be wsoroscte photos - conclusioan mey be proyoged thet oZons and Quan—
Tihy af its concentisiion  eve a vis.ils intluence omio the epoxidea,

2. Trsaunent with czone zaused the Los3 of insulating properiies of
Clizaiag, wrick ie yefleciad by tbhe drop of gurface resistivity even by
gL e optars of magnitude.

T, Tepcking couizuencs and registance to the 2lectric are dropped oo

7 slightly in the yrocess of egeing. The methods of measuring the (rac-
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king resistance and the resistance to the eleciric arc should be admi-
tted as not very applicable to identify tha changaa taki.ng Fiece on the
aged surfeces of epoxides,

4, After the time of ageing overage 7000 h (III1 eycls) the ‘ydrated

sluminum oxide in ‘clé_e oxidized dian composite (3) logt its extinguimhing
qualities,
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