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A BodlilcJtlcn of the Cleveland Open Cup Test,
ASTM D92. vss developed (or dleleeerlc fluids In non-
(Ire hazard power capacitors and trantfomars. This
atas on the basis of considering fire situations In
ahese apparatus. Two criteria for non-flamabllit?
were deduced and applied in this teat:" that burning
xay only be Initiated at the boiling point, ond that
burning cease cn cooling whan separated free the heat
aouree. A number of fluids were totted. Effects of
soot ere noted.

Introduction

".""via undertaking to dovelop alternate dleleetrle
fluid# (or tri- and paota- ehloroblpbanyis, (or non*
flanoable or non-fire hasard power capacitora and
distribution transferable, It vu reellted that there
lo e need to deteralne the essential fluid (non-)
flasmabillty properties for these tppllcttions. Possi-
ble problecs of ecological pollution by chlorinated
biphenyls, tl>at nay hale their continued uea, have
necessitated searches (or alternates. It Is the fluid
component In impregnated power equipment that causes
particular consideration for firm-hazard. Attention
waa directed to understand why fewer equipment has been
satisfactorily non-fla—sbla with these chlori-
nated biphenyls - as shown by experience of AO years -
so that the sane could be achurrad with nan fluids.
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Only when the lateer occurs can there be extensive
burning of the fluid, with oxygen available fron the
ambient, since there ia no gas space In a power capaci-
tor and the aoount of gas above the fluid in a trans-
former is vary Halted. Then, the fire could spread.
Sinee the fluid la ignited by an arc, which dus to Ita
very high temperature could Ignite almost any fluid,
the magnitude of Ita ignition temperature hat little
effect at this point. The situation is helpless within
the unit while arcing porsioto. Capacitors Impregnated
with trichloroblphenyl have been consumed almost com-
pletely when the fault current sustaining the are waa
not interrupted for o long time, which could occur oaly
rarely when the circuit breaker or fuse failed to
operate. However, burning within a unit should be ex-
tinguished very soon after the current is Interrupted.
Hut moreover. It la reasonable to insist that the burp--.-
Ing fluid be extinguished immediately when such fluid
escapes from the unit, and hence from the source of
heat. DIlIls would prevent spreading ef the fire.

it should bo noted that, under tbeaa circumstances,
che temperature in the mesa of a burning fluid cannot
exceed its atmospheric pressure boiling point. This la
because tba fluid Is wmconflaed, due to the rupture at
its container .
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These considerations load to two osaentlal flanma-
billty characteristics of a suitable fluid for non-
flammable or mos-flra hasard power equipment. It
should mot burn freely la air below Its boiling
point. And, tt it dons burn at that temperature, the
flame is axtlpguiehed s aoon,as it. starts to cool wtnpi

removed from the-'source of hasti~NTWe two ore later- * ~’
if Apnilrnd eanW -rho:mntirmp, «— — ~frin___
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An additional problem is presented whoa fluid Is
heated to the atmospheric pressure boiling point and
higher temperatures. ' Some of It «dIl bn vaporised late
the ambient, which could constitute on explosive mixtwra
with the oxygon. ,, Thin batard can be amplified 'nr aven*
dominated by Che presence of flammable voletlltriasmd» o*
ouch aa hydrogen, generated by arcing la the flutjd”

Such asituation Is analagous to releasing compressed
flaamable gae, from A tank,'into an'ares where there ***-I-
era flames nr sparks. Thin matter ef a potential : .7
explosion arising from a fluid exposed to a failere arc
should be dealt with separately, and not from the point
of view of flassM billty, although there Is soma
relationship.' nfci*tr V. mx,
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txperimeiltai and Results ~

A flasmabillty teit was -accordingly devlaed;to
determine che ignition tomporacurc Jor continuous burn-
ing of a fluid, wh«t)ib(®it was boiling t h e n [ “»
mhechat;lt  yjd tUMseftp .butmaiter- it vosBgpdfito4bi%ico
from the source

Test cell; ist'emtr?ii *Mgfc tenperstnfe hoc >latb*jfca*jr;..
(Corm*& Tt- JJ?f U alumlnum block 'd in wiuw ~bd.lhi'-
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. tberrocouplc anti bridge, and a bonsen burner. The
thrrrccouplr lead vires were fastened to the cup
Handle, and it* sensing bead was located inside the
cup. about 1/3JJ In Iren Che bottoe. A snail piece of
Teflon was attached to the bead to weigh It down and to
keep it iron touching the boated octal. The hoc plate
and the alinlnua block were next to each other with
their aurtacea at about the ease level, to that the cup
could be easily noved Iron the hot plate onto the
aluninua block. They ware located in a draft-free
enclosure. For any teat, the hot plate waa always at
its highest tenperature. and the aluailnua block waa
Initially at re«« taaperatura.

In a typical teat, a saapla of fluid In the cup
was lentted with the burner to continuous burning while
iuiatai on the hot plate, end than noved onto the sur-
(Odd Si the aluainon block end cooled until the flan*
extinguished, tceparatura being recorded throughout,
and also tine dyeing the cooling. AC the Cine of igni-
tion the fluid use checked visually If It wee balling.
The cup vaa cleaned carefully before each teat,
renewing any soot, and wed filled with fluid to the
designated level. A apcclnen wee esauned to be burning
continuously when the fleas persisted for 10 seconds.
When a fluid waa tested for Che first tine, the burner
flare vis applied for about one socoad every 5-10 C
rise. Ina subsequent tent the flans night bo kept on
the surface for several aoconde at a lower bulk fluid
tenperature to affect forced Ignition. Or, tha saapla
«at Ignited at a higher, taaperatura than la*the first
teat. This was tha noet naaalngful test, particularly
whan the ape0|aen uua lgnlted ator Mar. boiling.

... mN _Uoein >
* The followmg flt&ds «rare tested: pentaehlorobl-
phenyl (Aroclor 1251), trichtareblphenyl (MCS 1016),
elnaral oil, various npiutloar-of erlehlorablpbaay.l and
ainarsl oil, trierosylead tributyl phosphate, dllso-
nonyl ptathalatn. and pelydiaethyl and polvnethylphenyl
silicone (Dow Corning 100jfJH”xar And/DC 350).T h*

spectlvn'-narkar** v aarnt»dhfcsdhrdOd* Antrim bas-
tiM hmm i

? . acturlAg/Vtc4, adfrjfba mnixed. ituutTertnntifcr'
.'7.'"trioeasTrt;pbaapheta«<ftag”™"”™ “WBIF |‘etg:VSfynS~aatd’

**pvcisliy aneS"TRet~ire « fire-haSard
'»eat; like ainaral oil,

about IS C. both silicone oil« required relative);-
high terperaturea to be ignited to continuous burnint.
Figs. 2 and 3. but once this occurred, they continue«:
to burn during cooling. In fact, polydirethyl tilieere
continued to bum iron about 290 C to leas than 10 C
without its flose extinguishing. It should be noted
that Che Ignition tenperatures of the silicone oils

end tricresyl phosphate are about as high or higher
then that of trichloroblphenyl, but they ere acre tliv-
eable by the criteria presented here.

It was obaervad Chat the chlorinated biphenyl
fluids produced considerable soot and fleshes of flare
at considerable distances fron the specineo in this
test, as well as in tha Clavaland Open Cup last, when
exposed to a float at or naar belling. Tha soot and
flashes tf flane sees to be assoclscadt- Son* fluid ray
be torbad an tha toot, end, perhaps by catalysis, nay
burs even at a relatively low taaperatura. The
possibility of a fire epreeding this*way should be con-
sidered. but it is not as dangerous as when a fluid
Ilka ainaral all la ignited, where the bulk fluid bums
continuously, while here only very snail «nounti ere
involved.

Discussion

The results of this test ere suite reasonable. It
Is significant that positive flnstability results,
indicating fire basard, were obtained with polyaethyl
phenyl silicone (DC 500), polydinethyl silicone and
tricresyl phosphate wheat Cleveland Open Cup last fire
points art either about the etna as,or higher than trl-
chloroblphenyl. These fluids burn freely, after being
ignited at ataospberie conditions, because af their
relatively high hydrogen contents.

However, the aagnltode of the Cleveland Open Cup
teat fire paint. Of. tha ignition tenperature in its
modification kata/’la.significant when ostiU efii la-
conjunction

jposetg>&ilolgiiL«ir™J
wham a fire through aeshop

aiehap or sute-ceabuatloo ban a finite,
anell, probability.
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