-1- 5 7 2124253 " DI ELECTRI C FLU DS AND APPARATUS
| NCORPORATI NG SUCH FL.U DS" This invention relates to dielectric fluids and
5 more particularly to.dielectric and cool ant medi‘a for transforners and
to dielectric and arc-extinguishing nedia for use in electrical. @ @’4712:;,,
i nterrupting devices such as smntqhgear and fusegear. The tern1transforner
as™used herein will be 10 wunderstood to be a piece of static apparatus
mh;ch by el ectromagnetic induction transforns alternating voltage and
current between two or nore w ndings at the sane frequency and usual ly at
di fferent values of voltage and current; liquid-filled transforners are
wel | -known 15. and the liquid in the transforner normal |y constitutes both
a dielectric and a coolant. The termsw tchgear as used herein will be
understood to i-nclude: circuit breakers, ring main units, switches, swtch
fuses, switch disconnectors and the 20 | i ke for switching or breaking

el ectrical cligirlsoretl FERAAA r8! 44eoRBoRUTRE! Sychf movabl e
circuit interrupting contacts |ch e connecte to or di sconnected
from correspgigtiyig« i xed contacts, -- aII of which are disposed in a

reservoir or <cramnmber_contarm H” oT Surrounadecd by a dr el EC'[F C 1TTuid nedium

This invention relates to dielectric fluids and
5 more parficularly to.dielectric and coolant media for
transformers and to dielectric and arc-extinquishing media
for use in electrical circuit iﬁterrupting_devices such
as switchgear and fusegear.
The term transformer as used herein will be
10 understood to be a piece of static apparatus which by
electromagnetlc induction transforms alternating voltage
and current between two or more windings at the same
frequency and'usually at different values of voltage and
current; 1iquid-filled transformers are well-known
15 and the liquid in the transformer hormally constitutes
both a dielectric and a coolant.
The term switchgear as used herein will be
understood to include: circuit breakers, ring main units,
switches, switch fuses, switch disconnectors and the
20 1like fqriswitching or breaking electricai circuits.
- Switchgear ndfmali§ includes ; plurality of movable
circuit ieterrupting contaets which may be connected

to or disconnected from corresponding fixed contacts,



f the contacts are i mersed or enveloped in the dielectric fluid, as the
ntacts separate during normal operation a 5 transient arc is briefly
tablished in the medium such arcing normally being rapi dly suppr edsed by
e medium The present invention also includes switchgear in which the -

ontacts for maki ng and breal@-hg nornmal and abnormal currents are contai ned

~within a vacuum chanber 10 surrounded by a dielectric and coolant fluid. %"

The termfuse is a generic termfor a device that by the melting of one of+

more ofaid s PAHRH rdedideead PRORALLEYIY KATRANRRLS. opens the

circuit in whichit is inse Interrupts the current when 15 it

exceedscdrita idi MRy d@'diﬁ'ﬂdifnd%ds'ﬂyf'amd&%tle@t'f&c flMiElemBﬁﬁ.hincm arly it
includes liquid-filled fuses in which the -fuse-elenent is enclosed in an

i nsul atifhgheodon tart & iddec dnine reda o @piedbpedeial thet Bidlectric
arc-extinguishing fluid. The equipnent in whichiit is fitted is ternmed the
fuse- lujehr asmdthsarcantaaide sepaxiattehiduy ingy noemal operattbnoa with fuses.
The term Askarels is a eneric termfor fire resistant insulating fluids

and 3ar ETARE axc eflivn gedabdilshedy is theBmeyiwmy, hsuchwi t hout the
addltlons Of polécplorln t ed be nes as aefined in )
| nt er n&% 9b§P Suppresped BVaﬁB&rﬂFdPHBkication 588- 1:

1977. fﬁé“yéééén‘”1AUéﬂE§% r@aso includes switchgear in whlch the

contacts for making and breaking normal and abnormal
currents are contained within a vacuum chamber
10 surrounded by a dielectric and coolant fluid.
- The term fuse is a generic term for a device
that by the melting of one or more of its specially
designed and proportioned compbnents, opens the circuit
 in which it is insérted.and inﬁérrupts the current when
15 it exceeds the'givén value for a sufficient time. More
particularly it includes liquid-filled fuses_in.which the
. fuse-element is enclosed in an insulating container filled
to an appropriate level with an aré-extinguishing fluid.
The equipment in whichiit is fitted is termed the fuse-
20 gear and can include a éwitchiné device in cbnjundtion
with fuses. |
The term Askarels is a generic term for
fire resistant insulating fluids and are composed of

polychlorinated bipheﬁyls {?CB'S)'with or without_the



and capacistQrs'.® PCB' s are non-bi odegradeable 5 -and an environnent al

hazar d. S|I|cones :conpl ex esters dnd paraffinic oils are used in
transformers as di r ect repl acements for +38' s. However, these produce |ar
fireballs under the conditions described. Recently two USA conpani es have

i ntroduced specially 10 designed transforners, one using perchloroethyl ene
add anot her cont ai ni ng trlchlorotrlfluoroethane (113) as the dielectric and
cegfant fluid. Trichlorotrifluoroethane is highly volatile so that under
catastrophlc failure con- ditions it results in a .vapour concentration in
air such 15additionssafhqolyehlorisatedcbenzones asedpfinede im)ul d be
render ed t'nsensi bl e. Under nornal operating conditions ver vapour
pressures. akptproatdanal, Exrctrotechnical CommbssionaldER é%@%hled
transfornmer (or swtchg ear ) which requires a substantial pressure vessel
to contain Pnblieaﬁﬂqncﬁ 8+he 18%Tel | tAskanelapénsi ¢eagsfanmangtical ;
speci al cooling arrangenents for, the fluid/ vapour have been provi ded but
again are eiy@hQAR!G#QQRQﬂoroe?%?f%nﬁ’ﬁd%Oka¢P@$EW9ﬁ%5 dedielectric fluid

for many years. Its imnn point is about -[err] whi ¢ general
consi der & ‘B @MEANIRANRERtAL ShaZRRGear ﬁ&iFP&ﬁ§ﬁo Lﬂﬁ) 88e¥®n and
IS outside - 4 - the values specified in national and |nte{hat|onal

- and paraffinic oils are used in transformers as direc

<

.replacements for PCB's. However, these produce large
fireballs under the conditiohe described.
Recently two USA companies pave introduced specially
19' designed transformeee, one using perchloroethylene and
aﬁother containing trichlorotrifluoroethane (113) as the
dielectric and coolant tluid.. Trichlorotrifluoroethane
is highly volatile so that under catastrophic failure con-
ditions it results in a vapour concentration in air such
15 that personnel within tge'vieinity of the failure would
be rendered insensible. Under normai operating conditicns
very high vapour pressures are proddced by the trichloro-
trifluoroethane within a sealed transformer (or switchgear)
which requires a substential pressure vessel to contain the
20 fluid; the vessel is both expensive and impractiqal;
special cooling areengements for the fluid/vapour have
been provided but again are expensive.
Perchloroethylene has been knoun as a dielectric
fluid for many years. Its pour point is about -19°%¢

25 which is generally considered to be unsuitable for

switchgear and transformer application and is outside



tandards for such apparatus. Also.perchloroethylene productes , - s
acceptabl e concentrations of carbonyl ‘chloride, chlorine and ;

) rchl oroet hyl ene vapour under 5 catastrophic conditions. To reduce the
our point of perchloroethylene, the addition of trichlorobenzene has beén
pr oposed. Full -sclale catdstrophic failure tests clearly show this blend_
to be flammabl e. The use of perchloroethylene as a dielectric and 10 n
coolant fluid for transformers has been advocated in the USA in the EPRI‘FJ

Jour nalne( 4N Bpelci¥1Ed) iaNRakiona ]l %nﬁaﬁh't_EHhartiE)ﬂLQr ence to it adm xed

wi th hydrocarbon electrical insulating oil, whi is claimed to be non-

f | ammaiahdardsuifiors Gaich apipazataghi ¢ hastpert:mb&oeiﬁ hewever clearly show
a considerable fireball. W have found that under condltlons of

cat astpmughice s ainacceptadlee conceatratieast ef, casbpeyilt i ons having nore than
about 1% by wei ght of hydrogen will flame in adm xture with

per chicdvlestiids e ehloxidep sadu Perehdosoerbylengayspourunnernor e transformers
and smntchqfar under nor mal operating _conditions can suffer fromelectrical
di $ch -can T9r ££RAUFSWEIEHRONE| BOdPES of the fluid

con st e s, Wl laamlseus epntarm e e and”
hydroq?aré)%en proposed. Full-—sqale catastropluc failure tests
clearly show this blend to be flammable. '

The use of perchloroethylene as a dielectric and

10 coolant fluid for transformers has been advoéated ih.the
USA in the EPRI Journal (July/August 1979) and there is
particular reference to it admixed with hydrocarbon
electrical insulating oil, which is claimed td be non-
flammable.: Full-scale éatastrophic failure tests,

15 however clearly show a considerable fireball.

We have found that under conditions of catastrophic
failure, as described hereafter, compositions having more
than about 1% by weight of hydrogeﬁ will flame in
admixture with perchloroethylene, and producé explosive

20 gaseé.' |

Furthermore transformers and swi;chgear_under normal
operating conditions can suffer from electrical discharges.
These discharges can break down thé.molecules of the

fluid contained in thé device. If the molecule



insukating poil, *or.an. eater, then;hydrogen chloride (HJ) wll be forned.
Hot spot tenperatures 5 in the windings of transfornmers can also give
rise to.'the formation of HClL. Acid acceptors can be introduced into these
flui.ds. However eventually these accéptors will becone spent and accept no
further [err]. This HO is highly corrosive and causes significant darage
t:0+10 the construction materi akts-of the transfornmers.  This highly
deirosive condition has been found in transfornmers which have been filled
wi t h bl ends of polychlorinated bi phenyl as the dielectric and cool ant

fluid. Hydrocarbon insulating oil simlar to that 15 defined in British

Standard 148: 1972 has been.,and is still .used extensively as. a dielectric
and cool antcanetd ims fehlorniné oandrBydndges , asdichbl est bilensdsd of
ar c-extingui shing medi um for sw tchgear. Faults may occur in the contact

nmovi ng neclkgrEReroethy tegeavithdtshohlospbenizenernpr2hydroranbas a
result of equiprent or insulation failure in swtchgear \and transforners. -
Such fai | uridsyhating Pili no¥hanossterentbeds hy§res® and -prol onged arcing
through the ojl r i n_an_expl osi ve generati on of hydrocarbon

vapours. | rehHerd SgkééggeV?Eé PRefORBRBer | 9% SPQK &emparagurasg| ed and
0 anotfer LhecPuPhal s ShATREn S He2itdal aldd §.32 Fude FURLe

formation of HCl., Acid aqceﬁtors can be introduced
into these fluids. Howevér eventually these acceptors
will become séent and'accept no further ucl. This HCl
is highly corrosive and causes significant damage to |

10 the construction materials of ﬁhe_transformers. This
highly corrosive condition has been found in transformers
which have been filled with blends of polychlorinated
biphenyl as the dielectric and coolant fluid.

Hydrocarbon insulating oil similar to that

15 defined in British Standard 148: 1972ha5beengahd is still
used extensively as a dielectric and coolant medium for
transformers and as a dielectric and arc-extinguishing
medium for switchgear. Faults may occur in the contact
moving mechanism of sﬁitchgear and short circuits may

20 occur as a result 6f equipmenﬁ or insulation failure in
switchgear.ahd transformers. Sugh failures .may result
in the occurrence of inéensé and prblonged af&ing through
the oil resﬁltihg in an exploéive generation of hydrocarbon

vapours. In one type of devieco the chumber is pressurc



case can the bl ast of hydrocarbon vapours be contained; chanber rupture-
ogcurs and is acconpanied by the igr.itior 5 or sonetines detonation of the
hyfr ocar bon vapour by the arc in the presence of air,  usually resulting in
fireball. The standard net hods6tor determ ning flanmabl e characteristicCs
ncl ude open and cl osed cup and expl osi on chanber tests; these are not -
applicable and do not 10 reflect the conditions of catastrophic failure of; ;
transforners or swtchgear. Thus the units including fluid nust be testéﬁé
as a whol e. Under hi gh-energy arcs, which occur during catastrophic o
failure conditions the tenperatures (about [err]) are caonsiderably higher
than 18eaifdsaninipaBoPrshery thep tedsed, thieyichg moiede sy cdiosred &t free

radi cal formation and.a faster .evolytiqn of fl ammabl ases. drogen and
vl ahe SROShoRR EPoaReEa ten ot e T ATERT B 1 & o b RGRAT. cont airi na

o preUBAE S2Bi SERoRIAR G A5 JHSb0-Shse RdLAE I8 A AT oy i nrornal
arC|nch%§L§rt¥Bh%ﬁ%£yo% u%épg%%?i£?a£h§ :adiégAJ§ﬁt§}f¥gfﬂﬂl up to 1

second, ave beeh carried out I n swtchgear a ranstorners to

si mgl ahp QBmie!%t.i.‘?rfeQ?‘:del%%_lFﬁ%W oF s WAl AYh &aPWidt oy Nt resulting

in catastrophic failure. I's test method was carried out on a
arc in the presence of air, usually resulting in a fireball.

The standard méﬁhods for determining flammable
characteristics include open and closed cup and explosion
chamber tests; these abe not appiicéble and do not

10 reflect the conditions of catastrophic.failure of
transformers ob switchgear. Thus the units'including
fluid must be tested as a whole. Under hiéh-energy a}cs,
which occur during'cataéﬁrophic failure conditions the |
temperatures (@out 15.0005C) are eonsiderabiy higheﬁ thah

15 those in laboratory cup-tests, giving rise to different
free radical formation and a faster evolution of flammable
gases. Hydrogen and ethyléne'are both produced in
copious quantities from hydrogen-containing maﬁerials
and these gases require very high pfopoﬁtioﬁs of |

20 halocarbons to prevent explosion in the vapour bhase.

Relatiﬁely high energy internal arcing tests
typically at 3-phase 12 kV; 13.1 kA for a duration up

to 1 second, have been carried out in switchgear and



consi der abl e nuiber of fluids and bl ends of conpounds ard 5 clearly shows
that fluids based on; hydrogen-containing nol ecul es, having a relatively
hi gh fire-point ‘of (sav) [err], conpared to BS 148 hydrocarbon oil (circa
[err]) shows no appreciabl e inprovenent ,under full scale catastrophic
failure conditions since all produce 10 'expl osive and fl amabl e gases which

_|gn|te | eading to a considerable fireball. Table 1 |ists sonme of the
P*ulds whi ch have been subjected to full-scale catastrophic failures tests,
notlng t hose which flaned and those which did not. 15 Table 1 also

gives the tenperatures and their duration within the vicinity of the
sw tchgear or transformer for prior art dielectric fluids under

catastrophic f PLHE?O?&QFEtkgn ulEQr EI gl g}lebgl Qﬁgg leebaII or

flame, tenpera ure-profiles of fe gaseous en as 20 |t was

ej ected from t Egs P%E%”Bnd EHS%E (%%lr"cut:.%np% %tl‘t gﬁ‘éra‘i‘;'i%}%

infra-red showe ues |l ess tha for |ess than secon in the

absence of a flrarmursurfa%ﬂsermgrtawt%dama%%awlferdorautrh%dequI pment under
test as neasured by tenperature strips were generally 25 |ess than 500C

for 1 second. cohsigeratie nAmMdedt © fAiMuids e balerdes off Ppdurddy aahput

2 seconds, and 200 C for about 2 m nutes. These results show that, in the

absence of @ fhaearquphsuseuhatmﬂymﬂdwmgmnﬂnmesHynnugen}qqnﬂdnnnng
molecules, havinéfa relatively high fire-point of (sav)
350°C, compared to BS 148 hydrocarboh 0il (cirea 140°C)
shows no appreciable improvément under full scale
catastrophic failure cohditions since all broduce

10 exploSive and flammable gaées which ignité, leading.to

a coﬁsiderable.fireball. Table 1 lists some of the
fluids which have.been'subjgctéd to full-scale

catastrophic failures tests, noting those which flamed

and those whicp did not.

15 Table 1 also gives the temperatures'and their
duration within the vicinity of éhe switchgear or transforu:r
for prior artldielectrio fluids under catastrophic failure
conditions. For fluids exhibiting no fireball or flame,
temperature_profiles of the gaseous cloud were bpaken as

20 it was ejected from the equipment. In general, temperature
measﬁrements by,infrg-red shoWeq values le7sthan 300°¢
for less than 0.5 seconds; in the absence of a flame.
Surface temperatures at 500 mm from the equipment under
test as measured by temperaturelétfips were generally

25 less than 5Q°C for 1 second. Humans can tolerate air



‘has been proposed to use fluids incorporating 5 hydrogen-tontaining -
ecul es for these purposes, but git. has been found that even small _
:g?p.ortions of hydrogen atoms in"the nol ecul es can lead to the formation of
acifd products under arcing conditions. It is therefore desirable to use-

nof- hydr ogen- cont ai ni ng conpounds for 10 these uses. - Unsaturated’ _
carbo-cyclic hal ocarbons containi ng hydrogen cause problens al so, as they ;;
tend to degrade appreciably to produce carbon and aci d. Al so t hese :ud
materials have significantly | ower values. of electrical volune resistivity
and di.ssi pation factor, 15gthan fully-hal ogenated conpounds. |t has been

pr opos &G MRSRALURRS, - f JRRALFe farcpbout @ mepandsnandiB007Ci flerhave been
suggested for_this gurpose. Exanpl es _are to be found in-British patent

speci f abouty? t!"lcmé_ 43492, thesgnhesulss ohow |that « inithe mhsendes
inventiqn<u¥£;sts in a dielectric fluid conprising a |liquid:-blend of

t et r acMio M-S TATRFRRINER LA R1EE, Lempesatunemds not ® proedblemeably the
proportion of the tetrachloro-. difluoroethane is between 10 and 50% by

vei ght of t Ikt Mad Wween ppoposedl toalise F%ids'Xhcorporating
Tetrachl oro-di fl uor oet hane, avail able as a '

S 'hydrogen—containing molecules for these purposés, but it

has been found that even small_proportions of hydrogen
atoms in the molecules can lead to the formation of acid
products under arciﬁg conditions. It is therefore
desirable to use non-hydrogen-containing compounds for )
10 these uses. Unsaturated carbo-cyclic halocarbons |
containing hydrogen cause problems also, as they tend to
degrade appreciably to -produce carbon and acid. ° Also

these materials have significantly lower values of

\\

electrical volume resistivity and dissipation factor,

5 than fully-halogenated compounds.

’

It has_been proposed to use non-flammable dielectric
media, and many fluids have been suggested for this

purpose.

. . 1)
Examples are to be found in British patent specifica-

20 tions 1,492,037 and 1,152,930.

In a first aspecé this inveniion consi;ts in a
dielectric'fluid'comprising a liquid blend of tetrachloro-

difluoroethane and perchlordethylene.



5 eommercjal faterial, is normally a mixture of symetrical and
asymetrical isoners; It has a boiling point of about 93 C and a freezi
poi nt between[ert] and [err] dependi-ng upon the isoner ratio. Preferably,
the-fluid may incorporate as a third 10 -g<onponent other aliphatic or
carbocyclic fluorine- containing hal ocarbons which are hydrogen-free and
qigerally of a lower boiling point than the two principal conponents, in
ortler to aid cooling by evaporation,to significantly reduce toxic products
and to enhance the el ectron-capture 15 capacity of the fluid.
Particularly preferred conpounas are those which are capable of formng

el ectron-capturing free radicals, e.g. [err], [err], [err] etc.. Thi s
cool i ng by evapor at iFre féra ey PaTd | Prd ot i Gutl Ve t G196 Otist WAIEH Fo i d -
significantly reduces the hot spot and gradi ent btenperature 20 in
transfornmer w nili figsoroe firaderie o eash et0 cdnd H0% Ty mpetgt sofictlwedi ng to
the invention are perfluoro (n-pentane) perfluoro (n-hexane) perfluoro

. (cycl opent ane) mixture; more preferalpkyf2@bre §@%cl ohexane) - 10 -
tetrafl uorodi bronoet hane nonof | uorotrichl or onet hane

trichlototrifluoroeth@¥®achloro~difluoroethane, available as a

5 commercial material, is'normally a mixture of symmetrical
and asymmethical isomers. It has a boiling point of
about 93°C and a freezing point between 26° and 42°C

depending upon the isomer ratio.

Preferably, thg fluid may incorporate aé a third

10 component other éliphatic or carbocyelic fluorine-
containing halocafboﬂs which are hydrogen-free and generally
of a lower boiling point than the ﬁwo pfincipal compoﬁents,
in oﬁder to aid cooling by evaporation, to significantly
reduce toxic producté and to enhance the electron-capture

15 capacity of the fluid. Particularly preferred compour.as
are those which are capable of fgrming electron-capturing
free radieals,'e.g.-CF3,-CFZCL, CFCl,, etc.. This coolirg
by evaporation can be particularly advantageous where it
§ignificantly reduces the hoé spot and gradient temperatur..

20 in transformer windings.- Preferred examples of third
components according to the ihvention arel

perfluoro (n-pentane)

perfluoro (n-hexane)

perfluoro (cyclopentane)

25 perfluoro (cyclohexane)



A\di chl orot etrafl uoroethane 5 which may be present in anmounts up to 25%
ight of the m xture; nore preferably up to 10% by wei ght. In general

m xtures according to the invention will normally be in the liquid
under working conditions (the boiling point being generally above 10
100*C), although in sw tchgegy. sone evaporation and a small anount of
degradati on may occur due to the heat produced when electrical contacts arg ;
opened and arcing occurs. However, anmounts of carbon produced are small *°
and the dielectric behaves as an effective 15 arc-extinguishing fluid with

a m ni num of deconpdsttgafiuopadihnameetihaaer ding to this invention are

conpl etely non-fl ammabl e _under conditions of catastrophic failure. The
fluids according to RMCEINARALCQroNethang arly effective as

ar c- suppressi ng or extdngui.shi ng .20 ent s. Such fluids are al so
effective in suppregﬁ %fiﬂ‘%a #ﬁﬁﬂﬁr "®or ona di scharge in the nedia or

I n the vapour Sﬁﬁﬁftfﬂﬁ%fbf&?%ﬂ?ﬁyfﬁd¥% SGe0f their capacity to absorb
cha

free electronic rge carriers responsible for the discharge. The
fluigs apoQinling the id¥esddty anf iibutly Rig @) o6l pialielgpRebls es at | east
as good as thgguéj val uﬂgs given in Br-itishptSt andardlzbizi4§; IE':’(%872 and in other
equi val efie nflxtiRd; OmdrY Qriefidreblly WREdd 1108t by el .

In general, fluid mixtures according to the invention
will normally be in the liquid phase undef working
conditions (the boiling poiﬁt beiﬁg generally above

10 100°C), although in switchgear some evaporation
aﬁd a small amount of degradation may occur due to the
heat produced when electrical contacts are opened and
arcing occurs. However, amounts of carbon produced
are small and the dielectric behaves as an effective

15 arc-extiﬁguishing fluid with a minimum of decomposition.

The fluids according to this invention are completely
non-flammable under conditions offcatastrophic failure.

- The fluids according to the invention are
particularly effective as arc-suppressing'or extinguishing
20 agents. . Such fluids are also effective in suppressing
or extinguishing corona discharge in the media or in the '
vapour space above the media because of their capacity
to absorb free electrpnic charge parriers responsible fof

the discharge.



5 as | EG 296: 1969 of the International Electro-Technol ogy Conm Ssion.

Table 2 gives values of the dielectric strength (kV) and vol une resisti WLY.

(ohmcentinmeters) for three blends of fluids according to the invention by

way. of exanple only and includes, for conparison purposes,

data on other fluids. These bl endg que proved thensel ves to exhibit good

dielectric properties and due to their high density and | ow viscosity are
w¥cell ent coolants for use in transforners. The bl ending of these fluids
in the 15 preferred proportions allows a |owering of the nelting point
where the nelting

for use alon% %§
bl ends are gi ST

mat eri al

as a

ﬁﬂﬁi _thé¢ﬁﬁ§9@ﬂEaF€dtbéPcﬁgﬁﬁﬁﬁiﬁ91Eﬁb}b%ttoo hi gh
el Properisfdg.geoieatinneessss as PHosRyALingl dare.
mustg ifadyf il i%qg&_gkﬁhggghghthgal_quzengtE#ggLP%rlterla i f

is to be use

Esseft i €l ude high

I el ectric proper

el ectrical brepiidNRNY! MARALRa:NbEN iKeLWABLEBARS! EYELY £1LW4 BRET sRORNT
hi gh boiling point and 25 chemcally conpatibility wth other materials

whi ch aresused TEC @9%Lr UCEI bE apparategnatidfalSEdéctesttednfoldgy he
presence of copper

st abl e.

10

15

20

25

have shown the fluids of the invention to be thermally

- Tommission. Table 2 gives values of the dielectric

strength (kV) and volume resistivity (ohm centimeters)

for three blends of fluids according to the invention by

way of example only and includes, for comparison purposes,

corresponding data on other fluids.

These blends have proved themselves to exhibit

good dielectric properties and due to their high density

and low viscosity are excellent coolants for use in

transformers. The blending of these fluids in the

preferred proportions allows a lowering of the melting

point where the melting point of the unsaturated

perchloroethylene is too high for use alone as a fluid in

transformer apparatus. Pour points of three blends are

given in Table 2, by-Way of example.

Any candidate ﬁéterial must fulfil certain
minimum physical and electrical criteria if it is to be
used as a dielectric fluid. Essential properties
include high elect;ic;l breakdown strength, high volume
resistivity, low pour.point, high boiling point and
chemically compatibility with other materials which are
used to construct the appafatus. Tests at 100°C and

in the presence of copper have shown the fluids of the
invention to be thermally stable.

it

10 correspondi ng !



a second aspect this invention consists in liquid-filled transformer -
qratus which contains as the essential dielectric flukd a liquid mxture

¢l ludi ng tetrachl orodi fl uoroet hane and perchloroethylene 5

erably the tetrachl orodjfl| uoroet hane conponent conpri ses bet ween 20%

50% by wei ght of the |Ia 7d blend. Preferably the dielectric fluid

contains a third conponent which i.s a fluorinated aliphatic or carbocyclchJ
hal-ocarbon which is hydrogen-free and of a |ower boiling 10 point than the&

t Wo pr|nC|palncénﬁeﬁ@n@SaSPeF¢etbi$eanYﬁﬁﬁkp%o%ﬁkﬁkﬁﬁ% ¥mr use in this

cont ext _incl ude Eerfluoro enta a%Fgerfluoro (n- hexane) gerfluoro

(Cyc|?réﬁgggggfi 1edhtrans or ﬁﬁr?P t?%y@?b }&Rﬁsains a

tet hat .

trichl OEB%?F%Pé{%E"%ihiﬂélﬁ”%@%i maiEy %p%hé%ﬁ DrAEHYT anount s up
to 20 2% RucHELEPLL £ TBOERERRALABRY PO dmé%@ez Y\Eﬁ ht “of the overal

m xture I eved t thrs conpone t contributes to the
ef figi ency Oiaréherslb@geehél ee&ueﬂlayoaﬁkwara@tm Eomppiit spots in the
transfornmer w ndi ngs by vapourization.. Furthernore, under failure 25
condi ti ppmpehistBebbewnbeRORORNBAG, 508 BytheidhﬁoﬁﬁOﬂmtlﬁqﬁmrmasd
preferentially into the arc region and

Preferably the dielectric fluid contains a third

component which is a fluorinated aliphatic or carbocyclic
halocarboh which is hydrogen-free and of a lower boiling

10 point than the two prinCipal components. Preferred

third components for use in tﬁis context include
perfluoro (n-pentane)
perfluoro (n-hexane)
" perfluoro (cyclopentane)

15 . perfluoro (cyclohexane)
tetrafluorodibromoethane
monofluorotrichloromethane

and trichlorotrifluoroetﬁane.
" This third_compohent can be present in amounts up to

20 25% by weight, more preferably up_to 10% by weight of

the overall mixture. It is believed that this third
component contributes to the efficiency of the dielectric
fluid by taking up heat from hot-spots in the trensformer
windings by vapourizaéion. Furtﬁermore, under failure

25 conditions of the test equipment, this third component-

evaporates preferentially into the arc region and



-13-rsubstantially reduces the concentration of perchloro- ethylene vapo

nmeasured at t

energency exposure Finmts in tests on a transfornmer are given in Table 5

The perchl oro
products suc

i nci pi ent boi

tenmperature-r

he point. of test-equipnent rupture. Tests results and

@

et hyl ene vapour is replaced by |ess toxic chlorofluor.ocarbon
h as [err], [err] and CE1B3 and CF4. Thus, for exanplee, the
resence of trlchlorotrl- fl uoroethane in the dlelectrlc fluid (irr anounts

gb"\to 10 about 10% by wei ght) pronotes the formation of vapour bubbles and

| Sulgs tartidalg yurddvnes’ tO@ chackherAti¥nobeNpbraR %foJ-n the
transfornmer windings. A fluid according to this invention has

een
ieszhytlestes (rapoux ,t yelasalredr arsthenpoing shouesi.Sequﬂpxhéﬁt

acconpanying Figure which is a di agram showi ng sone of the |ocations at
whi ch t enper atiiREYRSas ur ARSHSs resud tsadpd emEygenoyperpbsuee plipbses ot her

fluids which

under identicét

t-wo wﬁndings
Thi s transfor
for test purp
hi gh and | ow

t her nocoupl es
respectively

10

15

20

25

are sold as dielectric and cool ant nedia were al so tested

d&FS Qo trengdosass ergngiyepedin Pable 5. |n the Figure,

are S rsed in a dielectric and coolant fluid 12.
s TIEIREE Mppers if fiRLRoPRaPY: 4P3e 10040 ana

ik é’é’iﬁvﬁ# 3%“2%%?»&%%35@?% I

and dﬁrﬁ'(&ﬂdarcﬁ eference WI Il be made to TT and TB

Thus, for example, the presence of trichlorotri-
fluorocethane in the dielectric fluid (in amounts up to
about 10% by weight) promotes the formation of vapour
bubbles and incipient boiling, taking up heat from the
vicinity of hot-spots in the transformer windings. |

A fluid according to this invention has been

temperature-rise tested in a typical transformer as shown

'in the accompanying Figure which is a diagram showing

some of the locations at which temperature measurements

were.made, For comparative purposes other fluids which

are sold as dielectric and coolant media were also tested

under identical conﬂieio:s in the same transformer.
 In'the Figure, two windings 1b.are shown immersed

in a dielectric end coolant fluid.12. This transformer

was of the sealed type wirh panel radiators 13, 14 and,

for test purposes, was'fitted'with 48 thermocouples

of wnich 32 were on the high and low voltage windings.

T, and T, are typical of such thermocouples but

particular reference will be made to T, and TB respectively

T
at the top and at the botton of the fluid. Table 3



at .tthe top and at the bottom of the fluid. Table 3 - 14 - shows the
hues of certain tenperature neasured: [err] *'Wpflwdtmmmaﬂue
Y r]) [err]= Average fluid teqgeraturc ([efr]) [err] SPOT = Tenperature
ottest part of the S wi ndi ng The ratlng of t he’
_ansforner was 11000/ 433 volts 3-phase 500.kVA having total 'copper' and
"iron' | osses of 8050 watts and having 18 cooling panels. The test results; ;
of Tabl grawa@e Railded |of careaisl tanpérateré neasared:i on gave |owest X
increase of top fluid t enperature and showed the | owest hot-spot and
tenperature risepconpa erbpmftui@etahﬂsetaihnedrcgasted The tenperature
difference TT - “RAVE clearly shows that the fluid of this invention flows
significantly 1% vg;ﬁifiwétigedbluhé temperature f(°C)ds. A significant
correlation exi st etween the viscosity of each fluid and its heat

transfer propertp e reF ained in the
test results. @p%@ul ar éﬁéfﬁé\?‘psp&% ﬁgﬁ%grg’gt Q} or t teetransformer
20. 5w th the_fIU|d of this i fﬂﬁ i s about 25@6Iess than that for BS. 148
insul ating oill and about a 45%inprovenent over paraffinic oils. This test

evidence shoyg,d *Htﬁf&‘%f’eéﬁé"éréﬁé’%éf was 11000/433 volts
3-phase 500 kVA having total ‘'copper' and '1ron' losses

of 8050 watts and having 18 cooling panels.
' The test results of Table 3 show that a fluid according
10 . to this invention gave lowest increase of top fluid -
temperature and showed the lowest hot-spot and temperature

rise compared with the other fluids tested.

The temperature differshce TT -7 clearly shows

AVE
that the fluid of this invention flows significantly

15 faster than do tqg comparative fluids. elsignificant
correlation exists between the viscosity of each fluid
and its heat transfer properties which are reflected in
the temperatures obtained in the.test results. lIn
particular, the hot-spot temperature for the transformer

20 . with the fluid of this invention is about 25% less than
that for BS.148.insu1ating oil and about-a.45% improvenent
over paraffinic oils. _ |

| This test svidence shows that considerable economies

can be achieved by utilising the very significant heat

25 transfer prOperties of the fluid according to this

invention in otherwise conventional transformers.

In order to further illustrate the superior heat-



can be achieved by utilising the very significant heat 25 transfer (jééﬁ)
properties of the fluid according to this invention in otherw se .
conventi onal transfornmers. In order to further illustrate the superior

heat - transfer properties of fluihgs according to this invention the
foll.owing data is subnmtted showi ng the w nding tenperature gradients in

tHe. test transformer shown in the Figure with various different dielectric
fTTﬂds 5 perchloroethylene(P), perchloroethylene + tetrachl oro- '

di f ' uor oet hangr4idfer peopbreiest Yl €1aids' aiccdrdivg ttbl ithier aavestadd 13),
and perchl oroet hyl ene + tetra- chloro-difluoroethane and
trichlorotriftherfelbawtngFaatd is submmkHEHNGHBENBERABHREindiBBANSFCRNER
COVPCSI Tl ON GRADI ENTS ([err]) DETAI LS 10 % Low:

H gh Vol t age tempépatuge ¢gmadPents in the tesk iransformerQshdanOSOVV
11000/ 433V (b) P+112(70: 30) 5.3 6.0 500 kVA 3 phase ) (c)
P+113(91:9) in 8he Figure withOvarieuBadifferenindielectric) fRulds;113
3.5 5.0 ) designed to BS. 171: (66.7:28.6:4.7)

1978. The Sni rieeérghlerpethylene Pl eﬂtchulgrmmlemom tpsrachlorarsed in

consi deri ng the coollng of transforners
difluoroethane (112), perchloroethylene + trichloro-

+

trifluoroethane (t13), and perchloroethylene + tetra-

chloro-difluorocethane and trichlorotrifluorocethane,

FLUID WINDING TEMPERATURE TRANSFORMER
+ COMPOSITION : GRADIENTS (°C) DETAILS
10 (wt %)
- Low High
Voltage Voltage
{a) P . 6.7 - 9.1 ) 8050w 11000/433V
) _ )
(b) P+112(70:30) . 5.3 6.0 ) 500 kvA 3 phase
' )
(c) P+113(91:9) 3.6 5.0} 18 Radiator Panels
)
15 (@) P+112+113 3.5 P 5.0 ;. designed to BS.171:
(66.7:28.6:4.7) 1978.

The "winding temperature gradient" is a well-known

parameter useé in considering the cooling of transformers
20 and essentially is a measure of the difference in

temperature between the mass of fluid and the mass of

£he éoils. It can be seen from the results above that

(i) the use, see (B),:of the 2-component fluid blend,

according to the invehtioh, shows ah improvement of between
25 30% and 50% in §ooling capability compared with the use of

perchloroethylene alone, and



Q-/ and essentially is a nmeasure of the difference in tenperature between
mass of fluid and the mass of the coils., .t can be seen fromthe
esults above that {i) the use, see (b), of the 2-conponent fluid blend,
according to the invention, shows an inprovenent of between 25 30% and 50%
in cooling capability conparedMi<h the use of perchloroethyl ene al one, and
-16- (ii) the addition of 9% w w of trichlorotrifl uoroethane to 5% F
per chl oroet hyl ene or 5% w w to the two-conponent blend, see (d), gives a ﬁé

further 20%.i nprovement in. heat-renoval capability - however the use of
per 5hi ofidd: e fdditirn of % wink @f dFichioratsd fdpogeathpnentopr essur e

id ti . Al th latj it f. 113 t toxicity h d at

the hi RFCRIPraartylane, G54 Wiv, gl the, thor GomPoPentnbLRBALf | ammabi | i ty

dth i Cj _of f .l ui -gi to 10_t hi [ ti ,

inder cdtSe (€ divesa, B B S0y RERE, don Bepdstempieiaur o was
car 1| o1 00 el AB0UAS oo des JeiehToRhaRepeCd! (digst i buti on

transformer was "subjected to a catastrophic failure test by arranging an
| nteer nals Sl tdB1@ idecditbel DRI PodintYplre®a@rgy of 12kV, 13kA for a
duration of 300 ns. The transfornmer contained 585 litres of the blend:
(66% payaridictexsttidrene wiAllsa? &hadvicdlatddliltyr edi fligopeeskate a

toxicity hazard at the-highar 113 concentration.

In order to illustrate the'ndn-flammability and

the low toxicity of transformer fluids according to
10 this invention, under catastrobhic failure conditions,
the following test procedqre was carried out.

A 500 kvA 11000/433 volts three-phase typical
distribution transformer was subjeéted to a catastrophic
failure test by arranging an intern$1~short circuit and

15 applying fault energy of 12kv; 13kA for a duration of
300 ms. The transformer contained 585 litres of the blend:
(66% éerchloroethylene with 28.3%,tetrachlqrodifluoroethane
with the addition of 5.7% by weight of 1,1,2~trichlorotri-
fluoroethane) in a confined space. Under these test con-

20 ditions a small quantity of vapour and liquid emerged from
the pressure relief valve. There was no flame or explosive

gases produced at all. By infra-red measurement the

emerging vapour/fluid did not exceed a temperature of



with fhe addition of 5.7%Dby weight of 1,1,2-trichlorotri- fluoroethane)fifl
a confined space. Under these test con- 20 ditions a small quantity of
vapour and liquid emerged fromthe .pressure relief valve. There was no
flame or expl osive gases produced at all. By infra-red neasurenent the
emer gi ng vapour/fluid did not exceed.pplenperature of [err], for a duration
of* | ess than 200ns. -17- Sanples of the small gas cloud around the

t nsformer in the closed space during the destructive tests were taken at
intervals of: instantaneous, 10s. and 1 mn. Anal yses were carried out.on
t he sanples 5 which included infra-red, bubbler and "Draeger" tube

t echni ques. The coSamplestodHnthe i smabingas claudammmdb e and gases
produced were identified and are given in Table 4. 7 sanpling devices (at
head hei ght) wektansfgrmep injbhe plesrd sPaceiduning hfideshmctive 1

mnute later. 15 Table 4 |ists the concentrati ons of chem cal species
[denti fied in { FESEASMEEBOLAKER ot LRERRTRTROA  anA B RraneRn s -

cat a2t TP o (kb : piihr, B A5 BHHE bt 200 % Ve sampies
5 which included infra-red, bubbler and "Draeger" tube
techniques. Thg concentrqtions, in vpm, of the
halocarbons and gases.p:oduced were identified and are
given in Table 4.- |

7 sampling devices (at head height) were used:

10
3 instantaneous
2 at 10 seconds later
2 at 1 minute later.
15 Tablé 4 lists the concentrations of chemical species

idgntified in the gas/vapdur cloud around the trénsformer
following catastrophic failure, using as transformer fluid
66%/28.3% perchlé;oethylene/tetfachlorodifluoroethane with
the addition of 5.7% (wt. of mixture) of trichlorotrifluoro-
20 ethane. | . -

Under the tést condiﬁioné described abbve none of the
concentrations of'the cheﬁicél species detected represents
a serious toxic hazard.

Under compafable_ﬁest conditions ﬁith the transformer

25 wunit filled with peféhloroethylene alone, the concentration



e addition of 5 7% (w. of m xture) of trichlorotrifluoro- -20 et hane. -

der the test conditions described above none of the concentrations of the
7 enj cal species detected represents a serious toxic .hazard. ' Under

nmpar abl e test conditions with the transformer 25 unit filled with .
perchl oroet hyl ene al one, 1. concentration - 18 - of perchl oroet hyl ene
at -catastrophic failure is typically 3,000 ppm over 2 m nut:es and

I nst'ant aneous 6,000 ppm In a third aspect, this invention-consists in '}f

seal ed switchgear incorporating circuit-interrupter apparatus 5 havi ng at

| east taw pemchikorcsdthydenectat aatastrophiier falidsiregiandypepatayi ng said
contacts, the contacts being separated in the presence of an

arc- ext?rrﬂﬁﬂ PPMmPYeR) i) !Q:qusmgl dnigitantapeopsr 670800pphy| ene and
tetrachl oro-_di fl uoroet hane. Switching tests using hernetically

seal ed un|ts§?|4IQRPR&thEQQEmiqakﬁuiﬁvﬁﬁﬁééﬂdFﬁ@sﬁétﬁhﬁQ sgededi on, have
shown n i ble pressure rises fol 30 switching operations *at 12
kV 5005‘%’&)%? r#%?‘;ﬁﬁ/\ﬁ“f*%tcor‘cdﬁ'tﬁ&% SIT PR TB3PFB* AT YFocar bon
L0 2R o8 Y Sl U e PR, bl S, St o
oper at '@f&i@%&%éﬁﬁﬂﬁﬂsﬁ@ c%ﬂtta@wg t%%V coh th3ds peiayed
separated in the presence of an arc—extinguishing fluld
comprising a blend of perchloroethylene and tetrachloro-
difluorocethane. | |
10 . Switching teets-using hermetically sealed units filled
with £fluid blends, according to this invention, have shown
negligible pressure rises fcllowing 30 switching operations
-at 12 kV, 500 amperes enc a powef factor cf 0.7. With
BS148 hydrocarbon insulating oil in place of the said
15 fluid and under the same switching conditions considerable
pressure was built up after only a few switching operations,
causing ruptﬁre of the switching.device tank. Seeied
switchgear having, for example, a!nitrogen-filled headspace
has the advantage of & predstermined env1ronment, whereas
20 unsealed switchgear canz smifer from the ingress of such
undesirable extraneous impurities as moisture or oxygen.
| Preferably the fluid contains between 10% and 30%
(by weight) of the tetrachlorodlfluoroethane component.
Typical tests show that perchloroethylene alone has
25 a.very unsatisfactory switching performance and is unable

to properly extinguish arcs during repeated electrical

switching interruptions.



swi t chgear having, for exanple, a nitrogen-filled headspace has the <;é§:)
advant age of & predet.erm ned envi,ronnent, whereas 20 unseal ed sw tchge :
can suffer fromthe'ingress of such undesirable extraneous inpurities as’
noi sture or oxygen. Preferably the ftiid cont ai ns between 10% and 30% ( by

wei ght) of the tetrachl orodifl uoroet hane conmponent. Typical tests show that

pgrchl oroet hyl ene alone has 25  a very unsatisfactory sw tching
peYformance and is unable to properly extinguish arcs during repeated

el ectrical switchingriénigrisdésosed thatlkhid i dtrdens! eadd,hal thpes 1S
due, in part, to the deconposition products fornmed during arcing and al so
to the breakdovwGe&dmpdei o hbrsdedty | fovme® | Aoty ryifig@ndlaQison@d n
substanti al anounts. The addition of fluorine- S atomcontaining

“nol ecul es i n t hthen btealkdpwm\oficshe ngematelommthy Feneh ancdrenudbet,i fgpurimsiinigng
performance of the fluid. It is believed that the reason for this enhanced
perform ance ighleeine ckpnsebgtantial rampungs uri Mhe rdditdane afs fdwor ine-
[err], [erg% etc. Thus t he presence of 10 trichlorotrifluoroethane in

the fluid nPxtuREoProrRtaining molepiien dhs mihiure RARMideshdppgove-
' h d ich h | | ent. di.el egtr.i

species, such, aulgt Lal ehal SO0l R et Dl oR: eveonipllonte dicl S

two-conmponent fiyi g HuPs Ll OO IO reason for this enhanced perform-

ance is the presence of electron-capturing free radicals

such as CF,, CF,Cl etc. Thus thé presence of

3 2

10 trichlorotrifluorqethane in the fluid mixture promotes
fhe formation (under arcing conditions) of species such as
CF4, CC1F3, and CC12F2,.which have excellent dieleétric
préperties, low toxicity and assist arc-extinction,
compared with the tﬁo-component fluiag, dué to reduction

15 of the cbncentration of perchloroethylene in the region
of the arc. The presence of electron capturing free
radicals such as -CF3,—CF2C1, etc:, also appears to

enhance the'electron-capture properties of tbe arc-

extinguishing fluid.



of the concentration of perchloroethylene in the region of thevarc.”
presence of electron capturing free radicals such as: [err] etc., also
2ars to enhance the el ectron-capture properties of-the arc-

‘ngui shing fluid.. 0 =20 - - 20- TABLE 1:
FLAMMABI LI TY AND TEMPERATURE MEASUREMENTS ON FLUI DS TESTED AT CATASTROPH C

FATABEE Te\PEAMMARELTTE) AND TEMPERAFURE-MEASUREMENTEN OF

ORIELUEDS YESTER AR ErfiSrhGPRIE kAT uRE

Yes 1000C/ 1Gs

FI anmabl e Benzene

Yes [err]
Aci d gases BS 148 -

FI ammabl e Trlchloro-

Yes [err]/1s

and acid gases

Pet-eiat oTO

Flanwableﬁﬁ;
Gl

Peor—ei~seharge—Et hyl ene

No _ 500 /0. 8s TEMPERATORE LNY, - unaccept abl e pour point Silicone
oil  FLUES FEAMEBOOC/ DBRATION OF F! ammablgpspifgioNs scosity 0 BS148/
113 No [err] kAsour or FLAMEH gh vapour (50/50%
pressure; con- '
Perc+BS148 Yes >1000°¢/5 Flammable -
(Ins. 0il) Acid gases
BS 148 - 0il Yes >1000°C/ 10s Flammable
Trichloro- Flammable
Benzene Yes b 700°C/1s and'agid gases
Perchloro- o Poor discharge
Ethylene No 500°C/0.8s and arcing,
unacceptable
pour point !
Silicone oil Yes »1000°¢/5s Flammable, high
viscosity
BS148/ 113 Ho 1 600°C/1s High vapour
" pressure; con-
(50/50%) siderablé acids
Complex Esters Yes »1000°C/7s Flammable
Phosphate Ester Yes 51000°C/5s Flammable
D.C.B.T.F. Yes « 700°C/0.7s Flammable
. and acid gases
NOTES: D.C.B.T.F. = Dichlorobenzotrifluoride
Perc. = Perchloroethylene’
. : .
Trichlorotrifluoroethane

- 113

i

-

Catastrophic failure coﬁditioné: prospective fault energy

3 phase 12kV, 13 kA for up to 500ms. Test equipment éontained

60 litres of fluid.



si derabl e -aci ds Conpl ex Esters Yes >[err]/7s . Fl ammabl e
Phosphate Ester Yes . [err]/5s . Flammable D.C. B. T. F. Yes
[err] C/O0.7s " Flammabl e and adgy-gases NOTES: D.C.B. T.F. =
Di chlrorobenzotrifl uoride Pere. = Perchl oroet hyl ene 113 _ =
Trichlorotrifluoroethane Catastrophic failure conditions: prospective
f%t ener gy $aBhese 12kV, 13 kA for up to 500ns. Test equi pnent

o)

c ained 60 Tttres of fl uid. -21- TABLE 2 Sone conparative electri.cal
and physi cal sonpoohparativé @ledtrical wnd phylsical poopertbes 86i | i ng
El ectrical Vol une . Di.el.etri.c. Di.ss difluoroethane Point Paint
Br eakdown Ratelectty Eluddsnt *° Fact or* in ‘[err] *- Terr]
strength (ohmcns) * Tan Perchl or o-
(kV) * et hyl en$ Tstrachloro~ Poxxzaaoi;!.ing ‘Electricgl) Volume 4x| ddi€lectric Dids
. 004 30 difluorogthane] Point Poinsg() Breakdowny| esistivity Gonstant * Faciog*
50 -421in105 °C >60°C  stuemgthr]| (olm )% . 004T®8¢
111 = >e0Perchlorotx[err] - 2.35 &V)* 007 100C 111
>60 ixethydene 2. 53 05
20 -26 113 >60  axt013 2.5 .004
30 e m >60 ax1013 2.5 .004
50 ~2 105 60 ax10'3 2.5 .004
_a3%c 111 >60 1x10'3 2.35 .007
30
Mooec 1M >60 1012 2.53 .05
Perchlorcethylene 121 60 1x1013 2.4 .008
113 | 47 >60 1x10"3 2.5 .005
o3¢ >0 1x10t 2.24 .0013
BS.148 12 .
: Moo°c 60 1x10 2.18 .06
Insulation. <
oil -

*Electrical tests carried out at 20°C unless otherwise stated.

Pour Point reduces by about 3°C when 5% of 11 or 113 is
added to 2-component mixtures, the electrical properties
remaining substantially the same.

113 = Trichlorotrifluworcethane
11 = Trichloromonofluoromethane



_Rey chl or oet hyl ene 121 >60 Ix[err] 2.4 - . 008 113

>60 - Ix[err] 2.5 . .005 243C - | \
1x1014 2.24 .0013 ES. 148 100C . : _
| x102 2.18 .06 Insulation oil *lectrical tests

ried out at [err] unless qtperwi se stated. Pour Point reduces by about
3C when 5% of 11 or 113 is added to 2-conponent n1xtures tthe el ectrical <
@E?Begties remai ni ng substantially the sanme. 113 = Trichl ofotrifl uor oet hafie
i chl or ononof | uor onet hane - 22 - TABLE 3 TENPERATURE Rl SE TESTS
RESULTS FOR VARI OUS. DI ELECTRIC AND OLANT FIDS ([err]) In a 500 kVA,
3- phase 11000/433 vol t sealed transformer. Designed to BS 171: 1978, -
v it B Q Er1e & f.hﬁﬁnBFLUID MEASURED THERMOCOUPLES

err] TT ‘AV  THOTSPOT  at 50C at 50 C

N 509 KUb, 139 11 e 11000/14 30velt spated tgapsformer. 66.4
@eﬁggned to BS 171 978 having total losses of 8050 watts.
FLUID . MEASURED THERMOCOUPLES VALUES  OBTAINED FHOM DATA
' : | TYPICAL
Composition - - . ‘ _
" (by wt) T Twe CTr-Tw Thorseor ) gggrrz
] . ' ' | cr-mnpo:ss\
66.7:28.6:4.7. : - - ;
BS.148 Insulating 48.0 40.1 7.9 86.0 12.0. -
; Dil . 2 L. . ] - . . . ' .f
Complex Ester NG g v S - 38.0°
Sllicone L . 48,5 3&.0‘ TGS 93.H 43.0
Paraffinic OiF  54.7 0.5  14.5 .101.2 8.0

. .

NB: ALl test conditions remained the same for each fluid



66.7:28:6:~. 4. 7. BS. 148 Insulating 48.0 40.1 7.9 86. 0

12.0. "Gl Conpl ex Ester . . 88.6 38.0 Silicon
: 48. 5 .GC.5" 93.4 43.0 Paraffinic Ol 54.7
40.5° 14.5 , 101.2 85.38 NB: - Al test

canditions remai ned the same for each fluid -23 - TABLE 4 CONCENTRATI ONS
CHEM CAL SPECI ES | DENTI FI ED | N THE GAS/ VAPOUR CLOUD AROQUND THE :
SFORVER %E@Eth'NG CATASTROPHI C FAI LURE CONDI TI ONS CHEM CAL

CCNCENTRAT VPM AFTER COVPOUND | | NST 10s

1 M n Perchl oroethyl ene 1100 1200 270 112

130 120 65 113 80 20

20 Car bont eONEENTRATIONSL4F CHEMICAL SPECIEE IDENTIFIED 11

60 80 35 13 20 20

20 Chlori n@N_THE GAS/VAPOUR CLOUHZAROUNDTWHE TRANSFORMERTydr ogen chloride
2.5 ND ND Car bonyl chlori dex NOH ND

ND Car bony FOLLOWE NEh ICATASTROPHIC MAILURE GWNDITIONS ND ND = non det ect ed
bel ow 1 vpm

CHEMICAL ' _ CONCENTRATIONS IN VPM AFTER
COMPOUND . . INST . 10s 1 Min~
Perchloroethylene 1100 1200 270
112 1300 120 65
13 80 20 20 o
Carbontetrafluoride (14) 5 5 .5
11 _ , 60 80. - 35
13 . '_ 20 . 20 .20
Chlorine#* 2 ND ' 3 -
Hydrogen chloride 2.5 ND ND
Carbonyl chloride* ND ND ND
Carbon monoxide WD ND ND
Carbonylfluoro chloride  MD ND ND

| )
ND = non detected below 1 vpm

11 trichloromonfluorométhane
13

* not detected;below 0.5 vpm.

monochlorotrifluorémethane



TX\= trichl or onmonfl uor omet hane 13 = nDnQChIorotrifIuoronethahe * ot *"

cted; bel ow 0.5. vpm ~ -24- TABLE 5 CATASTROPHI C FAI LURE TESTS Ti ne
Copcentration (ppmw v) of hal ocarbors at point |iquid of of
rupture of test equipment (60-Rieapacity) Liquid Sampling during
catastrophic failure test. Prospective (mn.) energy, 3Ph, 12 KV, 13 KA .
for.500 m P 112 113 11,12,13,14 total * P 0 ggg
6000 _ _ _ Aver age of : 1 4000 _ 7
I 3 tests 5 3500 - _ W w Average
1 TABLESGOCATASGROPHIC FAILURE TESIS0O of 5 tests.P/112/113 66.7:28.6:4.7
0 1500 480 90 850 ww Average 1 500
50 410 90 of 4 tests Energency . for 5 mn exposure _
exposure 1ﬁ|00 ﬁolo 71200 | concentratid?Ofpdn W) of halocarbonst 4€pchof 1 0N
Pl = Lpfr:i dor oetihyl epe of rupture of test equipment (60 1 capacity)
Q Sampling |during catastrophic failure test. Prospective
(min.) |energy 3Ph, 12 KV, 13 KA for 500 ms.
P 112 113 11,12,13, 14
1  total *
P : o 6000 - - -
Average of ¢ - {400t - - .-
3 tests 5 3504 - - : -
P/112 70/30 o }1s00 | 930 - 1400
w/w Average 1 800 500 _ 350
of 5 tests - A
P/112/113 | . - _ -
66.7:28.6:4.7 0 - 11300 480 90 850
w/w - Average 1 500 50 {10 90
of 4 tests -
Emergencyf for 5 min | 3
exposure exposure [1500 1500 {4000 "3000
limit time :
. Notation .
P = Perchloroethylene

112

Tetrachlorodifluoroethane (90:10 symm:assymm isomers w/w)

113 = 1,1,2 trichloro-1,2,2,-trifluoroethane

11 = Trichloromonofluoromethane

12 = Dichlorodifluoromethane ¢
13 = Monochlorodifluoromethane

14 = Tetrafluoromethar=

¥ 11 content was abour -+ := h:1f of total



112 = -Tetrachl orodi f| uoroet hane (90: 10 synm assynm i soners w w) 113 =
~1,1,2 trichloro-1,2,2,-trifluoroethane 11 = TrichlLarononof| uor onet hane

Di cthrodiquOroﬁethane 13 Monochl or odi f| uor onet hane 14

o el eectt Tt Combrt 2820 a brena or - (RMIHRININSEN

t.etrachl orodi f | uor oet hane and perchl oroethylene. 5 2.- A 1 4i d"as® clai ned

i f<claim 1 wherein the proportion of tetrachl orodifluoroethane is between
10% and 50% byraaiMyt . 10 3. Afluid as claimed in claim2 wherein the
proportion of tetrachlorodifl uoroethane is between 20% and 40% by wei ght.

15 4. A fluid as clainmed in-any one of clains 1, 2 or 3 wherein the:
fluid further incorporates a third conponent which is a hydrogen-free,

fl uori ne-cont ai ni ng al iplEtdledyr i@ rfinnyd | compwed ey bonligi0id blend5. A
fluid as clainmed in claim4 wherein the third conponent is chosen from
_perfluoro (n-pettetachlorodifluoroethane and perchloroethylene.

2
1

29

- s

2. A fluid as clainmed in claim 1 wherein the
proportion of tetrachlorodifluoroeghane is.between 10%
and 50% by weight.

10 '

3. A fluid as claimed in claim 2 wherein the

proportion of tetrachlorodifluorcethane is between 20%

and 40% by weight.

15 4. A fluid as claimed in any one of claims 1, 2 or
3 wherein the fluid further incorpoiates a third component
which is a hydrogen-free, fluorine-containing aliphatic

or carbocyclic halocarbon.

20 5. A fluid as claimed in claim 4 wherein the third
component is chosen from
perfluoro (n-pentane)
pgrfluoro (n-@exane)
perfluoro {cyclopentane)

25 : - perfluoro {(cyclohexane)



Fooro—{+r—hexane)perfluoro (cycl opentane) 25

\ée fI ane tetrafl uorodi br onpet hane ; . .
nof | :mm ,ma ane and trichlorotrifluoroethane 5 6. Afluid
as cl ai«re ereipgthe third conponent is ’

trichlorotrifluoroethane. 7. A fluid as claimed in any one of clains 4, 5 |
or 6 wherein the third conponent is present in an anount of. 10 up to 25@6a¥£
weight. 8. Afluid as clained in claim?7 mherein the third conponent is ™

present in an anmunt, 4Qf., %ﬁu% %Séigﬁo@%hgn 9. Afluid as

claimed in claim8 erein COiTpo ent |s present in an amount of

from5 to 10% of thQdy@ﬂymbfggr&@glggghgth; Transforner apparatus which
contains as the 20 essential dielectric coo |ng fluid a fluid as clainmed in

any one of clai @mdl trdchlokbtrifanskeetBanapparatus as claimed in claim 10
wherein the essential dielectric cooling fluid conprises 25 a blend of
tetrachl orodi fl uor oet hane and perchl or oet hyl ene.
5 6. A fluid as claimed in claim 4 wherein the third
component is trichlorotrifluoroethane.
7. A_fluid as claimed in any one of claims 4, 5

or 6 wherein the third component is present in an amount of

10 up to 25% by weight.

8. a fluid as claimed in claim 7 wherein the third

component is present in an amount of up to 10% by weight.

15 9. A fluid as claimed  in claim 8 wherein the third
component is present in an amount of from 5 to 10% of

the weight of the fluid.

10. Transformer apparatus which contains as the
20 essential dielectric cooling fluid a fluid as claimed in

hny one of claims 1 to 9.

1. Tfansformef apparatus as claimed in claim 10
wherein the essential dielectric booling fluid comprises

25 a blend of tetrachlorodifluoroethane and perchloroethylene.



- 27.-.F+C . L M S * 12. Transformer apparatus containing a (EZZ&)
dlelectrlc coollng fluid around wi ndings wherein the fluid conprlses a 4

bl end of tetrachl orodifluoroethane and perchloroethyl ene.

Transforner apparatus as clained in either claimi1l HI“I mﬂu“lﬂlmmﬁl n the
fluid further contains a hydrogen-ft&& f| uorine cont

yclocarbon hal ocar bon. 10 14. Transfornmer apparatus ad cfaifred in-

*her claim 11 or claim 12 in which the fluid further contains

trfchlorotrifluoroe 15. Tra forner appar-atus. as cl ai e Qla|n114
15 wherein the tri cL?oro rl?ﬁj @ﬁ%t"%?é‘:soé'fﬁaﬁnﬁngn%mg’?c&fr Gp to

cha e 15 S0 ookl et ‘%Iﬁ?rach T R ot G e e

bl end is bet V\Bsnbf&%aafi é@t@%ﬂ@fdﬁﬁflﬂméﬁ?&x@ ahi ??r}%gglofo'&% R@RHALI Ng

circuit- interrupter apparatus having at |east two ele contacts and
means for closing and separating said contacts, 25 and dielectric fluid
surroundi ng said contacts wherein the fluid is a fluid as clained in any of
clainms 1 to59. *13C TramdfEmer dghardinid @xjedairedlin eddher cllaiim 17
wherein the ' '

11 or claim 12 wherein the fluid further contains a
hydrogen~free fluorine containing aliphatic or cyclocarbon

halocarbon.

10 14. Transfqrmer appatatus as claimed in either
claim 11 or claim 12 in which the fluid further contains

trichlorotrifluoroethane.

15. Transformer épparatus as claimed in claim 14
15 wherein the trichlorotrifluoroethane is present in an

amount of up to 10% by weight of the fluid.

16. Transformer apparatus as claimed in any of
claims 11 to 15 wherein the tetrachlorodifluoroethane

20 content of the blend is between 20% and 40% by weight.

17. Sealed switchgear -incorporating circuit- -
interrupter apparatus.having at least two electrical
contacts and means fof closing an& separating said contacts,

25 and dielectric fluid surrounding said contacts wherein the

fluid is a fluid as claimed in any of claims 1 to 9.



<%;L In said fluid which constitutes an arc-éxtingui shi ag
UId s a dielectric. 5 19. Swit'chgear as clained in cIa|n117

mhere wﬂﬁat ﬁﬂﬁre i n vacuum chanbers surrounded by ‘sai'd fluid.*20.
Sealed* 88rporating electrical 10 circuit-interrupter :
appar at us havi ng at [east twS&l=ectrical contacts and means for closing and -
separating said contacts and dielectric fluid surrounding said contacts, {;;

said fluid conprising a blend of tetrachlorodi- fluoroethane and o
perchl oroet hyl ene. 15 21. Seal ed switchgear as clained in any of clains 17

to 20 wher ei #8t he sWitichguay aish TlainE i G Bitth 4070 WNe ¥81ANEHET
tetrachl orodi f| uor oet hane. 20 22. Sealed switchgear, as clained in

any of contacts/are Ammedsudiin tsadd [flivdi&ontai ns up to 25% by wei ght of
trichlorotrifluoroethane. 23. Seal ed sw tchgear as clainmed in any of clains
25 17 tehichwhonsitd tutes (an @ rooveet irsyui shinid) %8 hyideaghwe di .
trichlorotrifl uoroethane. -29- 24. Sealed switchgear as clainmed in any
of claias avddelectmistein the fluid contalns as a third conponent,
5 _
19. Switchgcar as claimed 1n claim 17 wherein the

contacts are in vacuum chamhers surrounded by said fluid

20. Sealed sw;tchgear incorporating electrical
- 10 circuiteinterrupter apparatus having at léa§t two
electrical contacts and means for_closing and $eparating
said contacts and dielectric £luid surrounding said
contacts, said fluid comprising a blend of tetrachlorodi-
fiuoroethane and perchloroethylene.
15 g |
21. Sealed switchgear as claimed in any of claims

17 to 20 wherein the fluid contains between 20 and 40%

by weight of tetrachlorodifluoroethane.

20 . 22, Sealed switchgear, as claimed in any of claims
17 to 21, wherein the fluid contains up to 25% by weight

of trichlorotrifluoroethane.

23, Sealed switchgear as claimed in any of claims
25 17 to 21 wherein the fluid contains 5 to 10% by weight

o£itrichlorotiifluoroethane.



. /
a hydragen-free, fluorine containing aliphatic or carbo- cyclic hanc{Eé&é//
5 25. A fuse having a fuse elenent in an arc- extinguLsthg‘Lngignfii‘Lp'
an insuTating chanber wherein the liquid is a blend of
tetrachl orodi fl uoroethane and per Qtyg)r oet hyl ene. 10 26 WM‘"
fuse elenent in an arc- extinguishing liquid within an WIW
erein the liquidis a fluid as claimed in any of clains 1°td 9

A dielectric, cooling or arc-extinquishing fluid conprising a blend of
'tetrachlorodifluoroethane i n perchl oroet hyl ene substantially as. '

her ei nbefore descrighed sealiled SAtRIHFedP As i Fa fnedlin any %gas a .l ed

swi tchgear substantially as described and contalning a alned I n

any of clai m7l tb029. whdrelnatheO "1R{1PIEGH & iiFs S W4 ad W d &%@ﬁéﬁtc 25
coolant fluid conprising 66. 7% by wei ght. perchloroethylene % by Wei ght

t et rachl or odif hyamthatfeear;d fAudpite okl ining A PIpRd ¢ {¢ USF 0ed FBoS - *

C L MS * - 30- 30. Afuse containing an arc-extinguishing dielectric
cyclic halocarbon.

- 25. A fuse having'a fyse element in an arc-
extinguishing ligquid within an insulating chamber wherein
the liquid is a blend of tetrachlorodifluoroethane and

perchloroethylene.

‘26, A fuse having a fuse element in an arc-
extinguishing liquid within an inéulating chamber wherein
the liquid is a fluid as claimed in any of claims 1 to 9;_
15 27. A dielectric, cooling or arc-extinguishing

fluid comprising a blend of tetrachlorodifluorocethane

in perchloroethylene substantially as hereinbefore

described with reference to Table 2.

20 . 28. Sealed switchgear substantially as described
and containing a fluid as claimed in any of claims

"1 to 9.

29. Transformer apparatus containing a dielectric
25 coolant fluid comprising 66.7% by weight perchloroethylene,
28.6% by weight tetrachlorodlfluoroethane and 4 7% by

weight trlchlorotrlfluoroethane.-



=-30-

30. A fuse containing an arc-extinguishing dieléctric
£luid as claimed in ény of claims 1 to 8 and substantially

as hereinbefore described.




