Dielectric insulation nedium The present invention relates to a dielectric
i nsul ati on nmedium according to the preanble of claiml1l , and to the use of
a fl uor okwoanay/ism4such an insul ati on nedi um accordi ng troTiEPRONSRED| € Of
claim9 . The invention further relates to an apparatus for the generation,
the distribution or the usage of electrical energy, according to the
preanble of claim1ll and a dinensionrné nethod of claim?23 . Dielectric
insulation nmedia in liquid or gaseous state are conventionally applied for
the insulation of an electrical active part in a wde variety of electrical
appar atuses, such as switchgears or transfornmers. In mediumor high voltage
net al - encapsul at ed sw t chgedvseldotrexamselatien ehediumcal active part is
arranged in a gas-tight housing, which defines an insulating space, said

i nsul ati on space conprising an insulation gas usually with several bar

pressure and ﬁ%pgﬁééé‘&th%vgg‘d%ﬁg dapd errﬁ' %thﬁi'{f%ctaﬁéV‘En?%@%a%khom
letting electric current 1o pass t roué%. us, metal-encapsulate
swi t chgear s alddownf,oraccomtingote speacesanialg consttachi dn tdrah to the

swi tchgears which are mounted outdoorsand fnsul ated. ol eLy;by agbient, air.
For interrupting the currént in a high voIFage smntcﬁgear, the insula i ng
gas further famctidomg agcan taec exelembtlieconogascl@amveti ofiakl yiusedtion

i nsul ati on gases.w. th_hij i nsul ation_and _sw t chi ng, perfornance have_sone

envi ronmrent ar i BRCt TRLACTE! Shsad | GPERS Ml Rosper SRese T I S thHarm G

gl obal war m ng spotiénttiialn (@Pyhef uthgse dfinsiil et it glasese hag, beenording
to the preamble of claim 11 and a dimensioning method of

claim 23.

10 Dielectric insulation media in liquid or gaseous state are
conventionally applied for the insulation of an electrical
active part in a wide wvariety of electrical apparatuses,

such as switchgears or transformers.

In medium or high voltage metal-encapsulated switchgears,
15 for example, the electrical active part is arranged in a
gas-tight housing, which defines an insulating space, said
insulation space comprising an insulation gas usually with
several bar pressure and separating the housing from the
electrical active part without letting electrical current
20 to pass through. Thus, metal-encapsulated switchgears
allow for a much more space-saving construction than
switchgears which are mounted outdoors and insulated
solely by ambient air. For interrupting the current in a
high wvoltage switchgear, the insulating gas further

25 functions as an arc extinction gas.

Conventionally used insulation gases with high insulation
and switching performance have some environmental impact
when released to the atmosphere. So far, the high global
warming potential (GWP) of these insulation gases has been

30 coped with by strict gas leakage control in gas-insulated



coped with by strict gas | eakage control in gas-insul atedapparatuses and by
very careful gas handling. Conventional environnental-friendly insulation
gases |ikwoaogy4eisy air or CO2 have a quite | ow insul at ipon/EPestbesTIRNCE, SO
that gas pressure and/or insulation distances would have to be increased.
For the reasons nentioned above, efforts have been nade in the past to

repl ace these conventional insulation gases by suitable substitutes. For
exanpl e, WD 2008/ 073790 di scl oses a dielectric gaseous compound whi ch -
anong ot her characteristics - has a boiling point in the range between
about -20 OC to about -273C, which is |low, preferably non-ozone depleting
and whi ch hasir@a@iRUsess drtthrpaborty 223 200ul Speei hacdl Lyg. WooR008L03BZ90

di scl oses a nmher__of dif.ferent gonpou whi ch ot .fall within a_.
generic cherri%clilléfllr(ﬁ)en;?rier?ldtt"jllo%fr ﬁlrdt%ﬁerl,n%g“[-saﬂgﬂirﬁggge%lellé}%s et'\(lyg[ a %5 edus
i nsul at or conrpr iBi;:ngasecenpound $elvechedlbrommt hergpompnot, perf that gas

Iuorocyclohex%ggmgq% hgé%fokuorggz?a Eggnediggd gRéA- 067 Zgﬁxggs%%os s t he
use of perf Fhoroﬁ%opane és a di'gleétric gas.‘ﬁ%—%le réfers to trif

| uor oi odopet HaneeeCGE3l. ) and its use as an insulating gas in a

gas-insul ated switchgear. In this regard, the docunent nmentions both the

dielectric strength and the interruptin erforpance to be jnportant .
requi renents El’foorr gCahne i'nsul at n%ergtalsgrpe&ﬁocﬁg%’ a%%%?%?sngh?%e EB? Ell@@@i?)ina
GAWP of 5 andthe tdasst consicferatk ttheatiseonedtativedy iowneavioongeatal bload.

However, becaus f. the.rel.ative high boiling point of CF3l (-22 0C ) gas
m xtures wt Lf%fggfbs%%ﬁgﬁgppﬁﬁﬁitionalIy, pure CF3l-gas has about

For example, WO 2008/073790 discloses a dielectric gaseous
10 compound which - among other characteristics - has a
boiling point in the range between about -20°C to about
-273°C, which is 1low, preferably non-ozone depleting and
which has a GWP less than about 22,200. Specifically, WO
2008/073790 discloses a number of different compounds

15 which do not fall within a generic chemical definition.

Further, US-A-4175048 relates to a gaseous 1insulator
comprising a compound selected from the group of
perfluorocyclohexene and hexafluoroazomethane, and EP-A-
0670294 discloses the use of perfluoropropane as a

20 dielectric gas.

EP-A-1933432 refers to trifluoroiodomethane (CF3I) and its
use as an insulating gas in a gas-insulated switchgear. In
this regard, the document mentions both the dielectric
strength and the interrupting performance to be important
25 requirements for an insulating gas. CF3;I has according to
EP-A-1933432 a GWP of 5 and is thus considered to cause
relatively low environmental load. However, because of the
relative high boiling point of CF;I (-22°C) gas mixtures
with CO, are taught. Additionally, pure CF;I-gas has about
30 the same insulation performance as conventional insulation

media having a high insulation and switching performance,



t he same insul ation performance as conventional insulation nedia having a
hi gh i nsul ati on and sw tchi ng perfornmance,so that the proposed gas m xtures
have ar owwo 2800h40d46t he specific insul ati on perfornmance eCTaPRMODS7294
conventional insulation medium which would have to become conpensat ed by
increased filling pressure and/or |arger insulation distance. Therefore
there is an ongoing need for an insul ati én-medi um whi ch causes even | ess
environnmental |oad than CF3l and does not require an increase of the gas
pressure and/or the insulation distances above today usual values. In view
of this, the objective of the present invention is thus to provide an

i nsul ati ng nmech umdaving arcedseed BAAP, mixwtulayi hgvat atrbhensarfi®d i e the

conpar abl e or eve%uinphove insulatiog rogertie§ in conparison to.the

. Specl1ll ll’lS%l ati10on ]iaer orXmanc % a pure convengllonatl
known i nsul atron medi a”-wi thout "an T ncrease of the gas pressure and/or the
i nsul ati on diistsanees caboved twdayhappl ivedi Al bese. thilscobjectbmpensated

achi eved by the Lgsglatign gegiug1acqgrdin$ to %J Hp\% - P&efeareg ion
embodi nents oF t A& nvénti onare %iﬁ%ﬁa?%u e ‘degéndent "E54i ns o THEat o

i nventionsis diasechcen the surprising finding that by using a fluoroketone
having from4 to 12 carbon atons an insul ati on nedi um havi ng hi gh

 nsul ati on capabilities, jnparticylar g bigh diglectric strengin,(or
br eakdown fi el &S rength?‘, and®at “the’'$AnE 1 i me an extrenel y I'ow ¢ obal
war m ng pot emtdddlun( GAR)clcare e ob¢aémetles negehepahenthé flbadr akenore ;T

according to th gresent I nvention has the general structure
R

R1- CO- R2wher & PeEnd"Re arelat™ T eadt partrarfy ftuorihaté§ Presstre

and/or the insulation distances above today usual values.

10 In view of this, the objective of the present invention is
thus to provide an insulating medium having a reduced GWP,
but having at the same time comparable or even improved
insulation properties in comparison to the known
insulation media without an increase of the gas pressure

15 and/or the insulation distances above today applied

values.

This objective is achieved by the insulation medium
according to claim 1. Preferred embodiments of the

invention are given in the dependent claims.

20 The invention is based on the surprising finding that by
using a fluoroketone having from 4 to 12 carbon atoms an
insulation medium having high insulation capabilities, in
particular a high dielectric strength (or breakdown field
strength), and at the same time an extremely low global

25 warming potential (GWP) can be obtained.

In general, the fluoroketone according to the present

invention has the general structure

R1-CO-R2



chains, said chains being i ndependently from each other |inear or branched
and having from1l to 10 carbon atons. The definition enconpasses both perf

| uori nat estoketwmesicas wel | as hydrof |uorinated ket onespcEaresoalobyeos t he

fl uor oket one used according to the present invention has a boiling point of
at least -5C at anbient pressure which is in clear contrast to the teaching
of the state of the art and in particufat of WD 2008/ 073790 which teaches a
boiling point of -20 OC or lower to be an essential feature of a feasible
di el ectric conpound. Preferably, the fluoroketone has from4 to 10 carbon
atons, nore preferably from4 to 8 carbon atons, and nost preferably 6

car bon atonBVﬂwﬂﬁainreﬁérreddtoRas ar<h-atf | Ueraoket ppetialAy méhtibonsdtabove,

d Co-f | k I
said Co-t Luosgkstone.cgq be ahertlugrl gt sLkelone (bpyina.the molgeul o

medi um can bé ibetdr iow | bgandhaddagaseéausirst ateom| h par tiCutarbon hetoms.

i nsul ati on a two-phase system caonpr S|n t he fluoroketone
both in qugﬁglag%a§5§%%hs s?a?gmpﬁ%regpértlc&1lji A% ﬁgu A 7OR° nedi um
can be an5aem@ﬂdla@ommﬁﬂyﬂnydhmmwuadshﬂtdﬂms.fluoroketone di spersed in a
gas phase conprising fluoroketone in gaseous state. For many applications,
it is preferred that the insulation nmedium conprises an insulation gas

conpri si ng t leerfdnadrigket dne éiu@pekat@@ﬂahsednmdﬁqn@inqﬁﬁ@ ibei present
particular the case for gp 1 nsul t%ﬁ ﬁku cused for  high.voltage, . .

switching in a correspon ng SW an insul‘ation gas IS used, it
can either b@ﬁwqyuranwhuﬂha1&Mﬂﬂﬂbkﬂﬁmtcdmtwa$MetélUbeoke&ohén@refetably

state of the art and in particular of WO 2008/073790 which
10 teaches a boiling point of -20°C or lower to be an

essential feature of a feasible dielectric compound.

Preferably, the fluoroketone has from 4 to 10 carbon
atoms, more preferably from 4 to 8 carbon atoms, and most
preferably 6 carbon atoms (also referred to as a Cb6b-
15 fluoroketone). As mentioned above, said C6-fluoroketone
can be a perfluorinated ketone (having the molecular

formula C¢Fi1,0) or a hydrofluorinated ketone.

In use, the insulation medium can be both in liquid and
gaseous state. In particular, the insulation medium can be
20 a two-phase system comprising the fluoroketone both in
ligquid and gaseous state. More particularly, the
insulation medium can be an aerosol comprising droplets of
the fluoroketone dispersed 1in a gas ©phase comprising

fluoroketone in gaseous state.

25 For many applications, it is preferred that the insulation
medium comprises an insulation gas comprising  the
fluoroketone at operational conditions. This is in
particular the case for an insulation medium used for high

voltage switching in a corresponding switchgear.



conprises air or at |least one air conponent, in particular selected from
the group consisting of carbon dioxide (CO2), oxygen (O 2) and nitrogen (N
2) , as bwbfero/ae3searrier gas. Aternatively, the insul trer2@assean
substantially consist of fluoroketone. The insulation properties of the
insulation gas, and in particular its breakdown field strength, can be
controlled by the tenperature, pressure and/or conposition of the
insulation nmedium |f a two-phase system conprising the fluoroketone both
in liquid and gaseous state is used, an increase of the tenperature does
not only result in an increase of the absolute pressure, but also in an

i ncrease of tlMe &huadroketaonedn sgeencent natddon iih tdeen | rsthati dpegas dae to

a higher vapour, .pfessurg; i 'A%%,r*%ee%r%%uf‘%h%ha%l‘h - oiR0Y, gpp' LeaLions of
the insul ati on"gas, 'such as applications in the nme iumvol agg range, 3
sufficient nocapmiateso,aiir exr tde raisto et ween tbhepouabey ofi pelecuheésrof

t he fl uoroketone to nunber of nol ecul.es .of t renai ni conpo s of
he medrum (seEaitd M I ool EREET 2l O R P R §

sufficient breakdown(di)el enst nengbhecan(e ,acdd evetdfevenratcaeriet ogas.

oper at i onal eratures e.g., of dawn to about -30 OC or even -40 0C

W thout _addi CORaT edaiies sHeR as SXUGTHal hedifng 1 vapOrFLarFoRI L a

hi gher concentomatiisan oaf fithe fdkearcoket one in the insulation gas is desired

to increase the breakdown field strength, which may in particular be the

case in highqﬁplta e ﬁgfiications, t.he p conposition and/ or the
a

t enperat ure of ‘T he"THhs ??oﬁrﬁﬁﬁfﬁ%ﬁgaﬁggz%a%:ﬁpégééﬁﬁg%?n8ﬁ§f ﬁ“%aylﬁow
t o deduce t hesgpariamgteer s redquigadown field strength, can be controlled
10 by the temperature, pressure and/or composition of the
insulation medium. If a two-phase system comprising the
fluoroketone both in liquid and gaseous state is used, an
increase of the temperature does not only result in an
increase of the absolute pressure, but also in an increase

15 of the fluoroketone’s concentration in the insulation gas

due to a higher vapour pressure.

It has been found that for many applications of the
insulation gas, such as applications in the medium voltage
range, a sufficient molar ratio, i.e. the ratio between
20 the number of molecules of the fluoroketone to the number
of molecules of the remaining components of the medium
(generally the carrier or buffer gas), and thus also a
sufficient breakdown field strength can be achieved even
at very low operational temperatures e.g. of down to about
25 =-30°C or even -40°C, without additional measures such as

external heating or vaporization.

If a higher concentration of the fluoroketone in the
insulation gas is desired to increase the breakdown field
strength, which may in particular be the case in high
30 voltage applications, the pressure, the composition and/or

the temperature of the insulation medium can be adapted



to obtain a desired breakdown field strength will be further exenplified in
the context of the Figures below. The dielectric insulation nmediumof the
present iwopenioamsean be used in any apparatus for the gemspraiooos;294 he
distribution or the usage of electrical energy, particularly in a

swi tchgear or a part and/or conponent thereof . For high voltage swtching,
for exanple, the interrupting capability®(or arc extinction capability) of
the insulation nediumis of particular inmportance. It has surprisingly been
found that the nedium according to the present invention not only has a
conpar abl e or even inproved insulating capability conpared to the above
ment i oned cormventricomallyi.nshll abyomovedi@, dbdtical shea saufdneient apquired

extinction capability, Vthoutsany inlention, t o fe pound by, the fhgoryit
is assuned that this arc extinction capa |?|?y can at 1east” partially be
attri but ed tdcurtdarecxrdriatiiienl om thhe dicssecitatdforthgr dductrs sofoetlbver .

fluoroketone inside the arcing region nmainly to tetraf | uoronethane (CF4)
which is well known to be a highly potent arc extinction nedium Another

i mportant aspéet diwlentare intelaupbionedsunheft enperateasent neneaseiofh the
SWi tchi ng, gas. in Epe Yool e 'Vnes%gl' \'\%é?ﬁ?%sl egngthﬂé]S%Je%teJr%r{%%',l urgs to

t he grounded veéessel even after cce arc rnterrupticon 1nside’the
swi t chi ng gapliseaspécitaldry afotrer héavy faale | nbérrupfleonrinal enerqgy,

met al - encapsul ated circuit.breakers. .Due to the deconpositjon of
Lot oket oned B darave i hmior ot i e tat oo arbubd bag bt To B9BPERSPS:
C6- thereof.

For high voltage switching, for example, the interrupting
10 capability (or arc extinction capability) of the
insulation medium 1is of particular importance. It has
surprisingly been found that the medium according to the
present invention not only has a comparable or even
improved insulating capability compared to the above
15 mentioned conventional insulation media, but also a
sufficient arc extinction capability. Without any
intention to be bound by the theory it is assumed that
this arc extinction capability can at least partially be
attributed to the recombination of the dissociation
20 products of the fluoroketone inside the arcing region
mainly to tetrafluoromethane (CF;) which is well known to

be a highly potent arc extinction medium.

Another important aspect during arc interruption 1is the
temperature increase of the switching gas in the whole
25 vessel which may lead to insulation failures to the
grounded vessel even after successful arc interruption
inside the switching gap, especially after heavy fault
interruption in metal-encapsulated circuit breakers. Due
to the decomposition of fluoroketones at moderate
30 temperatures (e.g. around 550°C to 570°C for C6-

fluoroketone) to lower fluorocarbons, the injected heat



fluoroketone) to | ower fluorocarbons, the injected heatenergy in the
exhaust vol unes does not |lead to tenperatures above these di ssociation

t enper at wep1umabisds al | fl uoroketone is dissociated. |f peufiP@ioont2o4

fl uoroketone is provided, the exhaust gas tenperature therefore cannot
exceed the above nentioned tenperatures |l eading to a good insulation
performance al so shortly after the interfuption of a heavy fault current in
a netal -encapsul ated hi gh-voltage circuit breaker. Anmong the nost preferred
fl uor oket ones having 6 carbon atons, dodecaf | uoro-2-nethyl pentan-3-one has
been found to be particularly preferred for its high insulating properties
and its extremengy owi GAP.tiRodeeahabgor o-2e hetdiy| peltean- 3rone (lalasb named 1

, 1,1, 2, 4 . 5 , 5., 5-nopafluorp-4- (tri.fluoro hyl) -3- :

bent anone, perF G S ey TS 9L BeRt i o1 “CRECEa O OS2 Uiid
previ ously onrllyl beefilconskdered usefwuul fdissonphetely diff erenatifficient
applications,..nanel.y .the pr.ocessing of, nolten reactive netal as referred
£oV i WD 20047080177 0 For e LU SAAHg of 5 vEBUAr SFeactor LRSCTAFEITEd to
in WO 02/ 68619Bredindd ncdnmet extxiceetd orhsysbers, m¢ntiviéduidmperachoes
cool i ng of eleckﬁpnlc syste r for the.RanklneEprocess in _smal Oggm@r

s
plants (as ref&red t&C naEﬁg%\Q%?WaFl%d&eﬁf tmance also s
| uor o- 2- met hylfpent anh3- ohetésrepeasn cof ord easaapd Bhubst @dotgrdessn | &s

fLLEgEgtﬁétL%%%%h?§%§§§%ﬁlQﬂ%£1;ﬂﬁﬁig%gggkﬁgféﬁggﬁ?g|?59%§e&fnnsphere of
about 5 days and its GAP is only about 1 . In addition, its ozone depletion
potential (OR). [s ZRLO-nJbWS . L0, 40 roaMBRLabbaad is.omeh loves fhan
10 atoms, dodecafluoro-2-methylpentan-3-one has been found to
be particularly preferred for its high insulating

properties and its extremely low GWP.

Dodecafluoro-2-methylpentan-3-one (also named
1,1,1,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-

15 pentanone, perfluoro-2-methyl-3-pentanone or
CF3CF,C(O)CF(CF3),2) has previously only been considered
useful for completely different applications, namely the
processing of molten reactive metals (as referred to in WO
2004/090177), for the cleaning of a vapour reactor (as

20 referred to 1in WO 02/086191) and 1in fire extinction
systems, or in liquid form for <cooling of electronic
systems, or for the Rankine-process in small power plants

(as referred to in EP-A-1764487).

Dodecafluoro-2-methylpentan-3-one is clear, colorless and
25 almost odourless. Its structural formula is given in the

following:



the one of conventional insulation gases. In addition, dodecaf

| uor o- 2- et hyl pentan-3-one is non toxic and offers outstandi ng nmargins of
human safwOyoi0liaesici s in contrast to fluoroketones havi rgTiEPI®9tObRN4 4
carbon atons, such as hexaf |uoroacetone (or hexaf |uoropropanone) , which
are generally toxic and very reactive. Dodecaf | uoro-2-nethyl pentan-3-one
has a boiling point of 49.2C at 1 bar. Ifs-vapour pressure, i.e. the
pressure of the vapor in equilibriumwth its non-vapor phases, is about 40
kPa at 25C. G ven the high vapour pressure of dodecaf

| uor o- 2- et hyl pent an- 3-one, an insul ati on gas having a breakdown field
strength sufficient for many applications, in particular in the nedium

vol tage range, can in general also be achieved!&t very |ow tenperatures
down to -30 OC . If the insulation mediumis apci-aBul ation gas, as it is
for exanple preferably the case iFi afFci4tuif r.éﬁker of a high voltage

swi t chgear, dodecaf | uoro-2- nejpwyd peat.ap-3dne Tan either be provided in a
gas m xture, which preferablyfurg,eqﬁponpri' S;Fir or at |least one air
conponent functioning as a carrier or buffer 'é}“ ternatively, the

i nsul ati ng gas can substantially consist of dod&c | uor o-

2-met hyl pentan-3-one . Based on the finding thdE'at a tenperature of 550 OC
or higher, dodecaf | uoro-2-nethyl pentan-3-one is deconposed to very
reactive fluorocarbon conmpounds having a | ower nunber of carbon atons, it

is preferred ﬂo%%tcatﬂl%c}f%i‘é'—%tggl %t%gﬂ%r—io &S sy Lol enfe oxygen; €9 25w th
whi ch the fluorocarbon conpoun ornmed can react to forminert conpounds,
such as e.g. I02the atmosphere of about 5 days and 1its GWP 1is only
about 1. In addition, its ozone depletion potential (ODP)
5 is zero. Thus, the environmental load is much lower than

the one of conventional insulation gases.

In addition, dodecafluoro-2-methylpentan-3-one is non-
toxic and offers outstanding margins of human safety. This
is in contrast to fluoroketones having less than 4 carbon
10 atoms, such as hexafluoroacetone (or hexafluoropropanone),

which are generally toxic and very reactive.

Dodecafluoro-2-methylpentan-3-one has a boiling point of
49.2°C at 1 bar. Its vapour pressure, 1.e. the pressure of
the wvapor in equilibrium with its non-vapor phases, 1is
15 about 40 kPa at 25°C. Given the high vapour pressure of
dodecafluoro-2-methylpentan-3-one, an insulation gas
having a Dbreakdown field strength sufficient for many
applications, in particular in the medium voltage range,
can in general also be achieved at very low temperatures

20 down to -30°C.

If the insulation medium is an insulation gas, as it 1is
for example preferably the case in a circuit breaker of a
high voltage switchgear, dodecafluoro-2-methylpentan-3-one

can either be provided in a gas mixture, which preferably



According to a particularly preferred enbodi nent of the present invention
the nolar ratio of the fluoroketone, in particular of dodecaf

| uor o- 2- wDhylopamd4an- 3-one, in the insulation gas is at pceapboodis7294
preferably at |east 2% nore preferably at |least 5% nore preferably at

| east 10% nost preferably at | east 15% These preferred nolar ratios refer
to a given standard or prescribed operatPng condition. Under deviating
conditions, the nolar ratio may still vary fromthese preferred val ues. The
significance of an insulating nmedium conprising dodecaf

| uoro- 2-met hyl pentan-3-one in a nolar ratio of at least 1% or 2%

respecti vel y,furshsasedcomrtikesf i mdirng otrhatttan leastl abnen gas havinpgnehks
nol ar ratio |.s0 .be aobtained at ve 0 at itions to
T3070C for 20k A ek 6 ADCT 5 o anc LAt URTS. | HECPAtT o 6aL" hebta
sufficient diielsedtatiinicsstgengthnf subetgntiedilymowldiage appdrdeusésposueh as
nediun1vo|taggﬂ%§§{insulate%_%%&;chgears, whi ch are operated at an

i nsul ati on gas preégﬁF%mﬁgkéround 1 bar and in particular below 1.5 bar. As
will be further illustrated by way of the exanples, the insulating

capability ofBaaed nsul athiengf gasihavithgta awl ar retperafudodecaf550°C or

| uoro- 2-met hyl.pent.an- 3- one of  at, | east, 1%?{9einst (aty 1 bar) e¥egoﬂi ghey than
that of conventdondl THsula i Ng gases. i's” ‘erbodi ment 13 THUS ar?lcuParIy
preferred. |tvdry adartiher Objecidarbof ¢dreoqredsentavivendi boweo prnobede

i nproved dielectric insulation.and inproved electrical apparatuses
Conprising ¢ (ST | GHOMEG! dih descrT B Bhove TS op] Sei | Ve 18 925
achi eved accaraiong de@ cl aiuhfd diyertthe uss/oafn t he(Gapovewdercr i badch the
quoroketgnej;or .

1 lUorocarbon compounds formed can react to form inert

compounds, such as e.g. CO;.

According to a particularly preferred embodiment of the
present invention, the molar ratio of the fluoroketone, in
particular of dodecafluoro-2-methylpentan-3-one, in the
15 insulation gas 1is at least 1%, preferably at least 2%,
more preferably at least 5%, more preferably at least 10%,
most preferably at least 15%. These preferred molar ratios
refer to a given standard or prescribed operating
condition. Under deviating conditions, the molar ratio may

20 still vary from these preferred values.

The significance of an insulating medium comprising
dodecafluoro-2-methylpentan-3-one in a molar ratio of at
least 1%, or 2% regpectively, is based on the finding that
an 1insulation gas having this molar ratio can also be
25 obtained at very low temperature conditions down to -30°C
for 2% and down to -40°C for 1% and that this insulation
gas has a sufficient dielectric strength for e.g. medium
voltage apparatuses, such as medium voltage gas-insulated
switchgears, which are operated at an insulation gas

30 pressure of around 1 bar and in particular below 1.5 bar.



dielectric insulation and, in particular, for arc extinction, and according
to claim 11l by an apparatus conprising the above-described fl uoroketone.

Pr ef err edwertbndispat s are di scl osed and claimed in the depard@otsrbai ns
Therefore, in addition to the insulation nedium described above, the
present invention further relates to an apparatus for the generation, the
di stribution and the usage of electrical lénergy, said apparatus conprising
a housing defining an insulating space and an el ectrical active part
arranged in the insulating space. This insulating space conprises the

i nsul ati on medi um descri bed above . The term"or" in the expression
"apparatus fés tvhd lgéereratitdrgr thel i statiduthonway ¢hetisageanplekecthecal

energy" is in_thi.s.context not,to be understo as _excl udi hg. conpi Lons
but is to beﬁ%&%}%ﬁid%ﬂébgﬁ'%laﬁ%o?ftﬁg %éﬁ%ﬁggﬁégtﬁ%ﬁﬁﬁéﬁh?%ggpggﬁagin
thi s cont ext dagitco dofe dardesrf et ecb b1 -oet tyy 1 el e Ny enec omflugt ok ¢aatcomhduct or

arrangement, .3 switch, aconductive component,. a syrge arester. and.the
like. In particular he~ap aratus of*{'he present invention inclrudes a

swW t chgear, iimgpdraticul anaarpsai r Thhsul atledd onegas-insuhatsedpaetakbulerly

ot herwi se) -enc sul%fed swi tchgear, or a part and/or conponent thereof, in
parti cul ar aFﬁﬁggﬁﬁFi'a bushi ng, a cable, a gas-insulated cable, a cable
joint, a current transformer, a voltage transformer, a surge arrester, an

gf;;{:'epg switch, ;2 di sgonnector, . Loagdsbreak sw teh, .and/on, A Gireuit,
provide improved dielectric insulation and improved

electrical apparatuses comprising the insulation medium

10 described above. This objective is achieved according to

claim 9 by the use of the above-described fluorocketone for

dielectric insulation and, in particular, for arc

extinction, and according to claim 11 by an apparatus

comprising the above-described fluoroketone. Preferred

15 embodiments are disclosed and claimed in the dependent

claims.

Therefore, in addition to the insulation medium described
above, the present invention further relates to an
apparatus for the generation, the distribution and the
20 usage of electrical energy, said apparatus comprising a
housing defining an insulating space and an electrical
active ©part arranged in the insulating space. This
insulating space comprises the insulation medium described

above.

25 The term “or” in the expression T“apparatus for the
generation, the distribution or the usage of electrical
energy” 1is in this context not to be understood as

excluding combinations but is to be read as “and/or”.

Also, the term “electrical active part” in this context is

30 to be interpreted Dbroadly including a conductor, a



Swi tchgears, in particular gas-insulated switchgears (AS), are well known
to a person skilled in the art. An exanple of a swtchgear for which the
present iwoentoam4ss particularly well suited is for exaopEr2aioosn n EP- A-
1933432, paragraphs [0011] to [0015], the disclosure of which is

i ncorporated herewith by reference. It is further preferred that the
apparatus is a switch, in particular an earthing switch (e.g. a fast acting
earthing switch) , a disconnector, a |oad-break switch or a circuit

breaker, in particular a nediumvoltage circuit breaker, a generator
circuit breaker and/or a high-voltage circuit breaker . According to

anot her pr ef eromeldhcerrbodi mrermtgentdre: ,appagat ush can bendutt ansf opmeonenn, a

particular a distributiqﬂ%trQQQJqﬁl Q) a pover transforner. According to

. SuxY arres I . .
still other eﬁ%éﬁ?nents, He "apparatus can al so be, e.g., an electrical

rotating machine, a generator, a nmotor, a drive, a sem conducting devi ce,

acomput [ ng. machi e, 3-B0UET eLAgtronles. doni e AN of.a-cORPORRDL,L bR oo

The invention particular el'at'es a nedi um or gh voltage apparatus.
The term " nmedingmugdelst ageswascogedrherigi npeefersleén anvatagenswlathed r ange

of 1 kVto 7 V,. r t he r.m," hi gh | t age” . 0 f
nor e than972 ﬁ%.l Q%ﬁf%%%%ons %%t%ﬁe IomﬁégltageoFé§%§EES§oaﬁfgégﬁgggea
f easi bl e, as smeltdchdeaaror devr t oasebatrhe resphect i veongarrearet er shéoeohe in

required val g for achi eviygg. a desi red, hreakdoun Lield strengthy the. .,
appar at us can corprise a controf uni't (also referfed to as | Ui

managenent sysifodmd,) &orcadod r gblinng a current transformer, a voltage

transformer, a surge arrester, an earthing switch, a

10 disconnector, a load-break switch, and/or a circuilt

breaker.

Switchgears, in particular gas-insulated switchgears
(GIS), are well known to a person skilled in the art. An
example of a switchgear for which the present invention is
15 particularly well suited is for example shown in EP-A-
1933432, paragraphs [0011] to [0015], the disclosure of

which is incorporated herewith by reference.

It is further preferred that the apparatus is a switch, in
particular an earthing switch (e.g. a fast acting earthing
20 switch), a disconnector, a load-break switch or a circuit
breaker, in particular a medium-voltage circuit breaker, a
generator circuit Dbreaker and/or a high-voltage circuit

breaker.

According to another preferred embodiment, the apparatus
25 can be a transformer, in particular a distribution

transformer or a power transformer.

According to still other embodiments, the apparatus can
also be, e.g., an electrical rotating machine, a

generator, a motor, a drive, a semiconducting device, a



individually or in conbination the conposition - in particular the chem cal
conposition or the physical phase conposition, such as a gas/liquid

t wo- phaseweystoereand/ or the tenperature of the insul ati eaTmrdicwnsass wel | as
the absol ute pressure, the gas density, the partial pressure and/or the
partial gas density of the insulation nediumor at |east one of its
conponents, respectively. In particular,l2he control unit can conprise a
heat er and/ or vaporizer in order to control the vapour pressure of the

fl uor oketone according to the invention. The vaporizer can e.g. be an

ul trasound vaporizer, or can conprise spraying nozzles for spraying the

i nsul ati on medingmtiimco nhhehappar &t usowen anleexenpliaryy eéabodepersnd/arr hiagh
vol t age applications, artial pressure of the fluoroketone can be

provi ded in fﬁ%lfﬁghtéﬁﬁﬁﬁxﬁggiun1by heati ng and/ or vapori zi ng, such that
the partial pressure of fluoroketone is maintained at a pressure |evel of

ac least 0. oo in.gnsibnsylated sullichoeats (O ), busbars,on cr wion

gas-insul ated transm ssionli'nes correspondi ng to conventi ona
i nsul ati on divstldroes (awmicteh aapr-oxiTimet elty rmequlineed ufii elvd Lsbgefigt hs ofisabout

300 kV/c a ventd |, pres vels. of e._g. abaqut
According}y,@%ﬁ%gghﬁ%ﬁ*%%ff%gegc?g%g?%gb?éa&gs ?ﬁggﬁegﬁ?ﬁgﬁgad %r72 KV,
vapori zi ng shaldrdze adapt ecdtrsuchhtibht tdileguar’t | abfpressur eaofvaliemge of

fluorOketODen&ﬁxya£ﬂggiqu %P.?ZP&ﬁ?%%ﬁ%xJ%yeknoﬁjﬁg h?ﬁSRK91%1Q§rFaP e
correspondi ng to conventional “in ation di'stances (w appr oxi mat e 9
requi red fi elbetlstw engivhsiref faolto 1440 deVieml .and conventi onal pressure
| evel s of e.g. about 6 bar. If a vaporizer is used, it usually also

conprises a dosing
In order to set the respective parameters to the regquired

10 value for achieving a desired breakdown field strength,
the apparatus can comprise a control unit (also referred
to as “fluid management system”) for controlling
individually or in combination the composition - in
particular the chemical composition or the physical phase

15 composition, such as a gas/liguid two-phase system -
and/or the temperature of the insulation medium as well as
the absolute ©pressure, the gas density, the partial
pressure and/or the partial gas density of the insulation
medium or at least one of its components, respectively. In

20 particular, the control unit can comprise a heater and/or
vaporizer in order to control the vapour pressure of the
fluoroketone according to the invention. The vaporizer can
e.g. be an ultrasound vaporizer, or can comprise spraying
nozzles for spraying the insulation medium into the

25 apparatus.

In an exemplary embodiment for high voltage applications,
a partial pressure of the fluoroketone can be provided in
the insulating medium by heating and/or wvaporizing, such
that the partial pressure of fluoroketone is maintained at
300 a pressure level of at least 0.6 bar in gas-insulated

switchgears (GIS) busbars or gas-insulated transmission



unit to set the concentration of the fluoroketone in the insulation nmedium
according to needs of breakdown field strength. This will exenplarily be
shown i n woreiwatasl bel ow for a high voltage gas-insul acegpsviotsizgear .
Furthernore, the control unit may conprise a neasuring unit for neasuring
the control paranmeters, such as tenperature, pressures and/or conposition -
in particular the liquid phase |evel --ahd/or a nonitoring unit for
nonitoring such paraneters. The invention is further illustrated by way of
the follow ng Exanple in conbination with the Figures of which Figure la
shows a graphical representation of the pressure reduced breakdown field of
an insul ati nd imedi uniGadéor,di g rireshaedpngsent i nvemtnomnocasla fiupct abmnoof

its nmole fract.i of . _dodec rQ-2- | pent an- 3- in.c rison.to
t he breakdomﬁ£¥%%§n <o ggH%%n%#%ﬁgfl?%E%thF%%uéggés; F%ﬁ%e%tfgggﬁ%gs 8m1
t he absol ut e gproegsur® okVidme) i asdl aohiventnediedmeas ssfnenctéonl ofofhe.g.

partial pressyce of dodecal |uoro: 2methyl pentan- 3;;one Figure 2 shoys.a
gr aphi cal representati on of the vapou %ﬁessure of “dddeda or o< 2?

met hyl pent ani3<aie rasthef uned t ong ofantidhe it enppratuiey Filgure & 3BapB8edshow
for various concentration |levels,. i.e. nmole fractiaons dodecaf | uor o- 2-
nethylpentan§§¥%he%hﬁ%ai$h%sfﬁ %ngr §AS °thé Cr % e8i<%e%EP€§§%§§%ﬁﬁils
tenperature maintained at a pressure level of at least 0.9 Dbar,
corresponding to conventional insulation distances (with
approximately required field strengths of about 440 kV/cm)

10 and conventional pressure levels of e.g. about 6 bar.

If a vaporizer is used, it usually also comprises a dosing
unit to set the concentration of the fluoroketone in the
insulation medium according to needs of breakdown field
strength. This will exemplarily be shown in more detail
15 below for a high wvoltage gas-insulated switchgear.
Furthermore, the control unit may comprise a measuring
unit for measuring the control parameters, such as
temperature, pressures and/or composition - in particular
the 1liguid phase 1level - and/or a monitoring unit for

20 monitoring such parameters.

The invention 1s further illustrated by way of the

following Example in combination with the Figures of which

Figure 1la shows a graphical representation of the
pressure reduced Dbreakdown field of an

25 insulating medium according to the present
invention as a function of its mole

fraction of dodecafluoro-2-methylpentan-3-

one in comparison to the breakdown field of

conventional insulation gases;



val ues at which an exenplary breakdown field strength of 440 kV/cm or 50
kV/cmis achieved; Figure 4 shows a purely schematic representation of a
hi gh vol twogeogas234asul at ed swi t chgear according to the pcesepiovjosizent i on
conprising a tenperature control unit; and Figure 5 shows a purely
schematic representati on of a high volta%e gas-insul ated sw tchgear
according to the present invention conpriéing a fluid handling unit.
Exanpl es For neasuring the breakdown field strength of an insulation nmedium
according to the present invention, a test vessel conprising dodecaf

| uor o- 2- met hyl pent an- 3-one (Novec 649, available from3M was evacuated
down t o aboutFitAG awhdi,and shewprEssurbswastsugressiwet yoifncrreasedsbya-

addi ng anbient air as buffer.gas to about_5 r.. .Forselected l e.
fracti ons of dodecaf | uoro- }%StHﬁ#%@ﬁ?a%%B-aogggfﬁ”fﬁ% g%sﬁﬁ#ﬁnggr%lal

i nsul ati on gas, the breakdowmetikelrd stifengbtewasldetrerfirmedhiyhpanpen-plate
el ectrode arrangenent under dc-voltage applied. As shown in Fig. la, the
pressure-reduced breakdown P&l d strength for the insulation medium
according to the present invention increases |linearly as a function of an
i ncreasi ng miliggurrcact | on of shbesf | aor ketphecefl t meppeesenttinpvenbifonthhere
sel ected to be dodecaf Iuorg-zbugethyl %Q£QQk§'anQf At ?OHBLEf 5g%EL99
above 15% the insul ati on medrdm acco Jingl%o t he present "Irnventron has a
br eakdown vol t age hi gher thartthlhépeonstnednventi enal a function of the

temperature;

Figure 3a, 3b, 3¢ show for various concentration levels,

10 i.e. mole fractions, of dodecafluoro-2-
methylpentan-3-one in air as carrier gas

the respective ©pressure and temperature

values at which an exemplary Dbreakdown

field strength of 440 kV/cm or 50 kV/cm is

15 achieved;

Figure 4 shows a purely schematic representation of
a high voltage gas-insulated switchgear
according to the present invention

comprising a temperature control unit; and

20 Figure 5 shows a purely schematic representation of
a high wvoltage gas-insulated switchgear
according to the present invention

comprising a fluid handling unit.
Examples

25 For measuring the breakdown field strength of an
insulation medium according to the present invention, a
test vessel comprising dodecafluoro-2-methylpentan-3-one
(Novec 649, available from 3M) was evacuated down to about
140 mbar and the pressure was successively increased by

30 adding ambient air as buffer gas up to about 5 bar. For



insul ation gas according to the state of the art. Fig. Ib and Ic show the
absolute filling pressure of the insulation nediumaccording to the present
i nventi orweo0n/fsesaet i on of the nole fraction of the fl uechatrowe/sf29i he
present invention, here selected to be dodecaf |uoro-2- nethyl pentan-3-one
Fig. Ib and Ic are obtained fromFig. la by choosing a permssible field
strength of the electrical apparatus, bylbransform ng the abscissa (yaxis)
of Fig. la by dividing the values by the perm ssible field strength and
inverting the resulting values to arrive at an absolute pressure scale and
hence absol ute pressure curve, and by nmultiplying the ordinate (x-axis)
wi th the absdlaiteetprressute dueveibtosaref veodecthéupaptiPamephgdpaneanf3the

fluorketone of the i ntiaon,, here eferab f _dodecaf :
Iuoro-2-nethﬁ?f%ﬁ?én?égoﬁgsp' e ef%%%gé%%%gfggﬁd S%E%H%¥$F$%O% ogéﬁlgo be
exenpl arily &40 dadgtdm i maBi g. débeanin®@ kVicm ien Fipgn-ldatlen Fegec2rpdehe
vapour press%&%a%fegpd%p%fc%ﬁpr :%&ﬂqﬁggykpqugn-3-one as a function of the
t enperature i“SsowT. “the (h solﬁie) pré%sugg)ofx¥he i nsul ati ng gas shall be
chosen such that given the partial gas pressure of the fluoroketone
(defined by tAwe shawmalnopégat ilng tErperatiser accotdiay boekkgowe Ziplthe

desired breakqun fiequstrq: th is t.ai ned. A@ wel | an er at

. L ng
S ngt oL insulatio medilum accordin k the
terrper ature can ebg et erm ne or a dglrven 1'E)I’ ea? own fierd s r%ng ?I ana

absol ut e pregsurseraf ilmecsysteminEorasxanpliecaa lyr eakdewt unicglidbnsts£nghh of
440 kV/cm at .an _absol ute pressure of Z.P ar ac

. 1ncreasing .m acricn %f 9 d%ng %Otﬁigprls n
achi eved at a ¥oI&° W& i 'St ‘dotfecat” | Uor 62%- n%?ﬁy? Bt aRl 3-8RePHF 615,
The partial pressurienf here selected to be dodecafluoro-2-

10 methylpentan-3-one. At a mole fraction above 15%, the
insulation medium according to the present invention has a

breakdown voltage higher than the most conventional

insulation gas according to the state of the art.

Fig. 1b and 1lc show the absolute filling pressure of the
15 insulation medium according to the present invention as a
function of the mole fraction of the fluorketone of the
present invention, here selected to be dodecafluoro-2-
methylpentan-3-one. Fig. 1lb and 1c are obtained from
Fig. la by choosing a permissible field strength of the
20 electrical apparatus, by transforming the abscissa (y-
axis) of Fig. la by dividing the wvalues by the permissible
field strength and inverting the resulting wvalues to
arrive at an absolute pressure gcale and hence absolute
pressure curve, and by multiplying the ordinate (x-axis)
25 with the absolute pressure curve to arrive at the partial
pressure of the fluorketone of the invention, here
preferably of dodecafluoro-2-methylpentan-3-one. The
permissible field strength is chosen to be exemplarily

440 kV/cm in Fig. 1b and 50 kV/cm in Fig. lc.

30 In Fig. 2, the wvapour ©pressure of dodecafluoro-2-

methylpentan-3-one as a function of the temperature 1is



dodecaf | uoro-2-nethyl pentan-3-one in the insulation gas is thus 1.25 bar.
According to Fig. 2, this partial pressure is obtained at a tenperature of
56C. Fromvbiguw@asssbb or Ic in conbination with Figure 2pctapowbhsttof or
selecting the paraneters of the insulation nedium such as absolute filling
pressure, nolar fraction or partial pressure of fluorketone and fluid
management, in particular heating and/orl¢aporization of |iquid phase
fluorketone, and/or fluid reserve managenent of |iquid phase fluorketone,
can be deduced. This method conprises the steps of: determning for a given
el ectrical apparatus a permssible electrical field strength of the desired
i nsul ati on nedicewm.arthea (dld el tperpmssibie opetlati ngsteapenat gre ohalhe
desired insulatign nedi d m.ning fromthe .prressure-reduced e own
field st rengtk% ocf%cﬁeen elg%krl egﬁgésgﬁg?goﬁ%%e |aur%lz%sl agafsun%?el%%u% ?ﬁe%{r%ng)l ar
fracti on of tHeddaertdoetconelafirtdre binvemt i oin{see epgraFigy tapperature
her ei nafterpr%fc%rr%pllry vm'%oh GFEOHQeC- §§o h%nd Jore_br efgrg&l{ omqr?de §f 4
| uor o- 2- et hfl pent-an-"3- one, and"ffonft he per mssible figfas F engt ?%e
absol ut e pressureotir ies afbttaiendcnsul ati on medi um as a function of the
partial pressure of the fluorketone (see e.g. Fig. Ibor Fig. Ic) ,
selecting a desir absolute fillin ressure of the insul ation Lum
Cohi oh 18 typroald b aet nader oF - aBneelPERaarEecait tron wad ey eob. 2
based on constirgct | vecakhddon dperlat | shakngonstaral nebsofuthe eteectuiecabt
appar at us)

be

" the system. For example, a breakdown field strength of

440 kV/cm at an absolute pressure of 2.5 bar is according
10 to Fig. 1 achieved at a molar ratio of dodecafluoro-2-
methylpentan-3-one of 0.5. The ©partial ©pressure of
dodecafluoro-2-methylpentan-3-one in the insulation gas is
thus 1.25 bar. According to Fig. 2, this partial pressure

is obtained at a temperature of 56°C.

15 From Figures 1b or 1lc in combination with Figure 2, a
method for selecting the parameters of the insulation
medium, such as absolute filling pressure, molar fraction
or partial pressure of fluorketone and fluid management,
in particular heating and/or vaporization of liguid phase

20 fluorketone, and/or fluid reserve management of ligquid

phase fluorketone, can be deduced.
This method comprises the steps of:

- determining for a given electrical apparatus a
permissible electrical field strength of the desired
25 insulation medium and a minimal permissible operating

temperature of the desired insulation medium,

- determining from the pressure-reduced breakdown field
strength of the desired insulation medium as a
function of the molar fraction of the fluorketone of

30 the invention (see e.qg. Fig. la), hereinafter



determning fromthe absolute pressure curve the mniml required partial
pressure of the fluorketone, and fromthe vapour pressure curve the

corr esponslongivapasi zati on tenperature of the fl uorket omrer/ERaho@dst2es m ni ng
whet her the vaporization tenperature is above the mninmal perm ssible
operating tenperature of the desired insulation nedium and only if the
vapori zation tenperature is below the m h/'nmal permi ssible operating
tenperature of the desired insulation medium providing a fluid managenent
system in particular nmeans for heating and/or vaporization and/or fluid
reserve managenent of |iquid phase fluorketone, for maintaing the parti al
pressure above thecnehénablyequithed papt i%al Cpressar end Andur t heefdethillyed

exanple is shown i i c.iln o t ] it h, Fi 2 f a Lumv age
appar at us bei ng ra@%@gg%f%u%%ge% @%f%%g%QT%%%I? #g%h1mh?%ﬂ tﬂgggﬁrnigé%ble
electrical field speengthiloiet héidesi retdxehgthi nshkat ebrofredeunpcanshee

derived (e.g. 50 k¥iem ,.and being rated to an anient femerature. from
whi ch the mni mal pérn sSible opera ing(%enpera Ur 8%of" t'he desi'r ed

i nsul ati oa nedi umgant bel derévedr¢ eof. th@5€)uorketondi ngetoeFiyg. F2g. 1b
extrapolated to -25C, the partial pressure of fluorketone of the invention,
here exenplarily d%ﬁe%é?'lg%{b-z-nethylpentan-3-one, at -25C i s approxi
mately 0.025 bar, which according to Fig. Ic requires approximtely 0.95
bar absolute fitlisglpeessyre. dEbiseds abelodwtichef i(1el ihg appasatus- spechti c)

perm ssibl e fllllngnsulation medium (which 1s typically defined for
some standard conditions and may, e.g9., be based on
10 constructive and/or operational constraints of the

electrical apparatus),

- determining from the absolute pressure curve the
minimal required partial pressure of the fluorketone,
and from the vapour pressure curve the corresponding

15 vaporization temperature of the fluorketone, and

- determining whether the vaporization temperature is
above the minimal permissible operating temperature

of the desired insulation medium, and

- only if the vaporization temperature 1is below the

20 minimal permissible operating temperature of the
desired insulation medium, providing a fluid
management system, in particular means for heating

and/or vaporization and/or fluid reserve management

of liquid phase fluorketone, for maintaing the

25 partial pressure above the minimal required partial
pressure.
A further detailed example 1s shown in Fig. 1lc in

connection with Fig. 2 for a medium-voltage apparatus
being rated to a given voltage level, from which the

30 permissible electrical field strength of the desired



pressure of e.g. 1.2 bar, such that no active vaporization of |iquid
fluorketone is needed. A further dinensioning rule relates to the maxi nal
per m ssi bive 20pen2d46ng t enperature of the desired insul aPcoEromdiosTmvd €. g.
105 0C in high-voltage or nmedi unvoltage apparatuses. According to Fig. 2 ,
105 OC corresponds to a fluorketone partial pressure 5 bar, which may
result in the absolute pressure exceeding8all pernissible (e.g.
apparatus-specific) pressure limts. This shall be avoided by Iimting the
amount of available liquid fluorketon and/or limting the tenperature, e.g.
by active cooling. Therefore, in the apparatus a reserve volunme of liquid
fl uor ket one amdyudrata comaxingehiupermassikdd e degpervat nget enper@t e aof) ,t hend

desired insubation pedium shall, b, Limited. sych.that the. agsolte, i Liing
pressure is naintai ned bel ow a gi ven pressuare It of the apparat us
(maxi mal per missinizlle ppenatsNglPr epsure)ing Thenapparates oshatle t Hasihade a

reserve vol ume of, Li.ag d [iuorketone andlor meang for |imdjng,a maxipnl
perm ssi bl e opérating tenperature of the deSirted i'nsul ati on hedram suc
that the absalaut®idi| bi rgtpresduarted stamihb at pedhbelmaw @ i viere pressubé

limt of thegﬁpp%ra%ys .Fig.f3a,t b and.3c show further_ the relatﬁonsﬁip
bet ween the absOlute ¥i9 1i ng  presstre ahd'the'ténper attre of “CHEYIASArdti on
gas requir ed doalcabitfdiuo ra -Gi-wert lyrleakdown f-iceled starrengih °C=pesm sppbbei -

electrical field_stren g, here exenpl arily 440 kV/cm and Sg kV/cm .
Cespect vl o vart B68 MoFhr (TG oRE AR denetsl urket afe BFINRESS
i nvention. Asipcscaparenty, hes dbeleaebesbcutieeld IStimgngitessure. This is
10 below the (e.g. apparatus-specific) permissible filling
pressure of e.g. 1.2 bar, such that no active wvaporization

of liquid fluorketone is needed.

A  further dimensioning rule relates to the maximal
permissible operating temperature of the desired
15 insulation medium, e.g. 105°C in high-voltage or medium-
voltage apparatuses. According to Fig. 2, 105°C
corresponds to a fluorketone partial pressure 5 bar, which
may result 1in the absolute pressure exceeding all
permissible (e.g. apparatus-specific) pressure limits.
20 This shall be avoided by limiting the amount of available
liguid fluorketon and/or limiting the temperature, e.g. by
active cooling. Therefore, 1in the apparatus a reserve
volume of ligquid fluorketone and/or a maximal permissible
operating temperature of the desired insulation medium
25 shall be limited such that the absolute filling pressure
is maintained Dbelow a given pressure limit of the
apparatus (maximal permissible operating pressure). The
apparatus shall thus have a reserve volume of liguid
fluorketone and/or means for limiting a maximal
30 permissible operating temperature of the desired
insulation medium such that the absolute filling pressure
is maintained Dbelow a given pressure limit of the

apparatus.



of the insulation gas can be increased by increasing the nolar ratio M of
the fluoroketone, in this particular case of dodecaf

| uor o- 2- wDhylopam4an- 3- one, and/ or by increasing the toral/Eproc@bsrbaut e
filling pressure. In Fig. 3a for exanple, a high-voltage breakdown field
strength of 440 kV/icmis achieved at a pressure of about 7 bar and a
tenperature of about 22 OC, the nolar-rafio of the fluoroketone being 5%
The sane breakdown field strength is achieved at a pressure of |ess than 2
bar, but a tenperature of 60 OC, the nolar ratio of fluoroketone being
100% In Fig. 3b for exanple, a nmediumvoltage breakdown field strength of
50 kV/cm i s atly.eved, aBbamnabstt uskeodi Ifuirtgepr esSsurec bt abyosit119. Bebaeeand a

tenperature of 20C e nolar ratio of .t fl roketone bein %
The sane bregﬁlo é%%?l %Fs?%%ggPﬁ s “achi evet %Iggep5%§15¥glo abo%tgaé
bar and a tenmend@an@nﬁgaﬂxmmqﬁfredheOnnbaaimaw(giﬂ@ﬁ bta@k@k@moﬂeebdlng
100% Fig. 3c sho once ggf%s%h adni Ie pira%etﬁ n%en thﬁ case
of a high- voltage breakdg strength o k9 Em SThE"AGFT zontar

dashed | i ne be&meﬂmxpdunt§4m ahd/amre@meseﬂls1@h@mappaeBQSC$p®eﬂw-|cfor

maxi mal perm_ssi.bl e absqgl ute pressure, re_e. verti ashed
e bet hoen FOEE 5 Tt FEAeobnes Phe tax RS ROPAFESTOIE oBtrafhy
t enper at ur e, ihetee te.og. 1@5 Qe apﬁuﬂeﬁﬂt|ﬂgeabﬁ@u@bermdﬁﬁuwrdcutvenﬁﬁh
nolar ratio Nt 0 % ext en bet ween points awn- througgpgurve

bet ween poi nts 1-Hnd*4°5} th8na@§<§Idfaé1 ?%s%ﬁ?§eéﬁﬁ9eb§§ bp?{ﬁ%?}%%
t enperature andfﬁfﬂﬁﬁﬁﬁ M atd octof flmmw¢%§twmepflmhEhi@vpatt@aulhereaEeg.

dodecaf luorofzéﬁgg1a Jggp 3_methylpentan 3-one, and/or by increasing
the total or absolute filling pressure. In Fig. 3a for

example, a high-voltage breakdown field strength of 440

kV/cm is achieved at a pressure of about 7 bar and a

temperature of about 22°C, the molar ratio of the

15 fluoroketone being 5%. The same breakdown field strength

is achieved at a pressure of 1less than 2 bar, but a

temperature of 60°C, the molar ratio of fluoroketone being
100%.

In Fig. 3b for example, a medium-voltage breakdown field
20 strength of 50 kV/cm is achieved at an absolute filling
pressure of about 0.8 bar and a temperature of about -
20°C, the molar ratio of the fluoroketone being 5%. The
same breakdown field strength is achieved at a pressure of
about 0.1 bar and a temperature of about 5°C, the molar

25 ratio M of fluoroketone being 100%.

Fig. 3¢ shows once more the admissible parameter range for
the case of a high-voltage breakdown field strength of 440
kV/cm. The horizontal dashed line between points 1 and 2
represents the appartus-specific maximal permissible
30 absolute pressure, here e.g. 6 bar. The vertical dashed
line between points 2 and 3 represents the maximal

permissible operating temperature, here e.g. 105°C. The



one, as taken fromFig. 3a. The encircled area, i.e. the area delimted by
the lines connecting in sequence the points 1-2-3-4-1, defines the range of
adm ssi blwoparcaragiser s, nanely absolute filling pressuresCTmPORI5T2Y4
tenperatures of the desired insulation nedium and nolar ratios (or
correspondi ngly partial pressures) of the fluorketone of the invention for
a sel ected breakdown field strength or-péPnissible electrical field
strength. As nentioned above, the electrical apparatus of the present

i nvention can conprise a control unit (or "fluid nmanagenent system) in
order to adapt the pressure, the conposition and/or the tenperature of the
i nsul ati ng nmedimirninAs ahpsekahpl @resshimgh volvage ew hohgearraconpr MsilAgsa

tenmperature %%@ern%!s U}E'&wé%ns. own, JI.n Fi gnd“ & The SV&%E%&%%@ GONpI L Ses a
housi ng 4 defining an i nsulating space and an electrical "active part 8
arranged in theversulatimg Spaoel 64 . iThehswibebyeae R2réssther coomprases a

tenperature.%pntrol unﬁ% 10a for, settin %@eﬁgl§¥y¥%€ﬁd or §Eule st a part

of the hou5|n§qf?l%% Fhe" Wt %%%? and thud'tre insutat Pon medi Gm "

conpri sedsi n ctheehensitadimigprspacerd ¢oga dederedltiempebatureylbnceurse,

any other part in con%agt m%th t i ns Iat&gn nedLun1c§p Q? heat ed ig or der
to bring the G¥eul3ti oR HRdIrGH & e desi Fad FET&FAtir € - fhus® * T he “U&pour
pressure of tdredf | deldketode by antdeconsesgientonyactts gl A readdquerae t hae

i nsul ation gas .- .as L%_ s ,the ab o%ute pressure_of the insulation.gas
canbe adapteéxﬁégﬁ%drﬁg yg ﬁsTalséié in%%ﬁg. 7°79%he ¢ uo?gﬁéFSHg??s in
t hi s enbodi mentraneit drenogesaus!y aisstinideut edlt hnoughaidsdidees | nsykatthngg
space due to the . . . .
10 temperatures of the desired insulation medium, and molar
ratios (or correspondingly partial pressures) of the
fluorketone of the invention for a selected breakdown

field strength or permissible electrical field strength.

As mentioned above, the electrical apparatus of the
15 present invention can comprise a control unit (or “fluid
management system”) 1in order to adapt the pressure, the
composition and/or the temperature of the insulating

medium.

As an example, a high voltage switchgear comprising a
20 temperature control unit is shown in Fig. 4, The
switchgear 2 comprises a housing 4 defining an insulating
space 6 and an electrical active part 8 arranged in the
insulating space 6. The switchgear 2 further comprises a
temperature control unit 10a for setting the housing 4, or
25 at least a part of the housing 4, of the switchgear and
thus the insulation medium comprised in the insulating
space 6 to a desired temperature. Of course, any other
part in contact with the insulation medium can be heated
in order to bring the insulation medium to the desired
30 temperature. Thus, the wvapour pressure of the fluoroketone
- and consequently its molar ratio in the insulation gas -

as well as the absolute pressure of the insulation gas can



tenperature gradient given in the insulation space. The concentration of
the fluoroketone is thus higher in close proximty to the walls 4 ' of the
housi ng 4wo 2&/abiser nati ve control unit or fluid nanageremEPIWOOSTIVE S
schematically shown in Fig. 5 in which a fluid handling unit 10b is
attributed to the gas-insulated swtchgear as the control unit. According
to this control unit, the conposition ofZthe insulating nmedium and in
particular its concentration of the fluoroketone, is adjusted in a
respective dosing unit conprised in the fluid handling unit 10b, and the
resulting insulation nmediumis injected or introduced, in particular
sprayed, int®< hedepsabatiéngospaceld. . A tHecenbbdivnentnshown. i M, Fighed
the insulati IS spr yed in the | ti space h for
an aer osol %ﬂ,@? H@Egne Sadroplettgllgf ﬂ%&gq?Iﬁ%rdﬁg oné 2% SBPgSeysed
in the respectwaurubuﬂedertgasugmhetaaﬂmsohnb@hairm@rayedcent@uehex> the

i nsul ati ng space 6 Xﬁneans f ngzzles 16. anq:the flugrﬁketone i S re@glly
m era 1\ sSu
evapor ated, t resu Fhah"| ulétlng space B ﬁﬁonogenous

oncentraBiomqﬂbddummﬂketon@ tsaeéﬂﬁbcakEyoaerebamhmﬁ3higmﬁmcnmcembeat|on
in close prOX|n1t hou5| 1,1 npr|5|n the nozzl es 16.
Al ternativel Y Fhi éulﬁ%Jla 6 ﬁ@gtm%H ﬁf é%lcdtdfl t’s concentrati on,
pressure and tenperature, can be controlled in the fluid handling unit 10b
bef ore bei ng Amjaectecthdntwee thentnsll ahionospaceiid maraprmdrot eggsiten is

circul ation of the asjjturtger open| s 1 ar e rOV|ded %n %9 egnmall
4'' of the hoﬁél % cd é’dsd%enlngs $g%d|§gjto c%anﬁel 59 Bﬁ Bl
housi ng 4 andnﬁhﬂ0MMﬂg1$hettr1buted to the gas-insulated switchgear as
10 the control unit. According to this control unit, the
composition of the insulating medium, and in particular
its concentration of the fluoroketone, is adjusted in a
respective dosing unit comprised in the fluid handling
unit 10b, and the resulting insulation medium is injected
15 or introduced, in particular sprayed, into the insulating
space 6. In the embodiment shown in Fig. 5, the insulation
medium is sprayed into the insulating space in the form of
an aerosol 14 in which small droplets of liquid
fluoroketone are dispersed in the respective carrier gas.
20 The aerosol 14 is sprayed into the insulating space 6 by
means of nozzles 16 and the fluoroketone 1is readily
evaporated, thus resulting in an insulating space 6 with
an inhomogenous concentration of fluoroketone,
specifically a relatively high concentration 1in close
25 proximity of the housing wall 4’ comprising the nozzles
16. Alternatively, the insulation medium, in particular
its concentration, pressure and temperature, can be
controlled in the fluid handling unit 10b before being
injected into the insulation space. In order to ensure
30 circulation of the gas, further openings 18 are provided
in the upper wall 4'’ of the housing 4, said openings
leading to a channel 20 in the housing 4 and allowing the

insulating medium to be removed from the insulating space



insulating mediumto be renoved fromthe insulating space6 . The sw tchgear
with fluid handling unit 10b, as shown in Fig. 5, can be conbined with the
t enper at we 20mi4e3ab unit 10a described in connection w PoTHEP09457294 f no
tenperature control unit is provided, condensation of the fluoroketone can
occur. The condensed fl uoroketone can be collected and reintroduced into
the circulation of the insulation nmediun¥2ln the context of the sw tchgears
shown in Fig.s 4 and 5 it is noted that nom nal current |oad generally
facilitates the vaporization of the fluoroketone by the ohm c heating of
current carrying conductors. List of reference nunerals 2 swi tchgear 4
housing 4 ' Kousiimg waltcAgtalr wppér falid ofiatteihousinng 6 Gnsukat Bhgwspace
8 electrical .active part 10a nper at.ure, contyol .unit 10 | ui d handl i ng
unit 14 aer0so %% ho%ilé%TE %geﬁQﬁ§ %%ﬂ?ﬁtéagpé oe#%%kéi%(%nggfgfﬁg 1.
Di el ectric i nsultat il0a medsomibelar act erozeect non hatitgai drigwsuldat i af medi um
conprises a quorokq}ggg having from4.to 12 car%pnaﬂﬁgnﬁsg%i Angylghion

: emperd contr UIl] 18 ovl e
nmedi um aCCOF&T ng]feto clalm , Characterl z & | ndtehé.t Cfche uoroket one "has
t he general gtlnuotokegone can occur. The condensed fluoroketone can be

collected and reintroduced into the circulation of the

insulation medium.

In the context of the switchgears shown in Fig.s 4 and 5
it is noted that nominal current load generally
10 facilitates the wvaporization of the fluoroketone by the

ohmic heating of current carrying conductors.

List of reference numerals

2 switchgear
4 housing
15 47 housing wall
417 upper wall of the housing
6 insulating space
8 electrical active part
10a temperature control unit
20 10b fluid handling unit
14 aerosol
16 nozzle
18 opening

M molar ratio of fluorketone.



R1-CO-R2 wherein R and R2 are at |east partially fluorinated chains, said
chai ns being i ndependently from each other |inear or branched and having

from1l towdQomamsbsae atons . 3 . Insulati on nmedi um accor ¢cmgEre@oobabm 1 or 2
, Characterized in that the fluoroketone has a boiling point of at |east
-5C at anbient pressure. 4 . Insulation nmediumaccording to any of the
precedi ng clains, characterized in that £Refl uoroketone has 6 carbon atons
5 . Insulation nmediumaccording to claim4 , characterized in that the
fluoroketone i s dodecaf |uoro-2- nethylpentan-3-one . 6 . Insulation nedium

according to any of the preceding clains, characterized in that the

i nsul ation nediunlconprises an insulation gas conprising the fluoroketone
at operationg! qg@ﬁltlons . Insul ation nediumaccording to claim®6 ,
characterized in at the nolar ratio of the fluoroketone in theinsulation
gas is at least 1% preferably at |east 2% nore preferably at |east 5%
nore preferably at |east 10% nost preferably at |least 15% 8 . Insulation
medi um accor di-ng td<diesitmie ornFulatharactetivzed Fharhaterheeiinsul atheh gas

is a gas mxture, mhich fur MPLLEERm@ oo Al deast O@?nggk%tone

conponent, in particular se *ecte fromthe grou consi sting of car
di oxi de, oxygen armdviingr dgem 49 to Uge cefrlerf laforsket one according to any of
claime 1 to 8 in a dielectric insulation nmedium

5 2. Insulation medium according to claim 1, characterized

in that the fluoroketone has the general structure
R1-CO-R2

wherein R1 and R2 are at least partially fluorinated
chains, said chains being independently from each
10 other linear or branched and having from 1 to 10

carbon atoms.

3. Insulation medium according to c¢laim 1 or 2,
characterized in that the fluoroketone has a boiling

point of at least -5°C at ambient pressure.

15 4. Insulation medium according to any of the preceding
claims, characterized in that the fluoroketone has ©

carbon atoms.

5. Insulation medium according to claim 4, characterized
in that the fluoroketone is dodecafluoro-2-

20 methylpentan-3-one.
6. Insulation medium according to any of the preceding

claims, characterized in that the insulation medium
comprises an insulation gas comprising the

fluoroketone at operational conditions.

25 7. Insulation medium according to claim 6, characterized

in that the molar ratio of the fluoroketone in the



10. Use of a fluoroketone according to claim9 , characterized in that the
i nsul ation nmediumis used for extinguishing an arc in an electrical swtch,
in parti cwmbaniomz2amesl ow vol tage switch, a nedi um vol t age PemiEPe#19057284 hi gh
voltage switch, in particular a circuit breaker. 11. Apparatus for the
generation, the distribution or the usage of electrical energy, said

appar atus conprising a housing defining a4 rnsul ati ng space and an

el ectrical active part arranged in the insulating space, said insulating
space conprising an insulation medium characterized by the dielectric

i nsul ati on medi um according to any of the clains 1 to 8. 12. Apparatus
according to any ohgetprecedang icl airs leblse appar atrescbebngy aatrred'em:or
hi gh vol tage apparatus 3. us according-to ai_m

characterized in tzﬁét % reéla 6??%?61%5 a% Pé é1f1ggar‘ %}Onrepa&‘?l cur arhénat
air-insul ated or aegas- ilsyl atced mvaieafle&mﬁgswltat]@dimlt%hgear, or a part or
conponentthereof, in particular a bus bar, a bushing, a cable, a

gas-i nsul at e% cablﬁsueiac&tg)l e jIQé(EI om & g&fr rent | ér ancsforg% a \éol tage -
transforner, “and/ or surge arrester . x. %p ratus accor ing to any of
clainms 105to 12, dh@mt@rmzzedi | mnt Hﬁtatt héhepparat Ustisn agsw tth, a ngas
particul ar an earthl A9 svmt sconnect or gelsoaqrbreak svxitch and/or a
circuit breaker. %fp drav% s accor i ng to EFa 1 cIfar att ert2ed At hat
the apparatus is @lhlwmm@ﬂﬂemﬁzClmcpattbbeaherselected from the group

consisting of carbon dioxide, oxygen and nitrogen.

9. Use of a fluoroketone according to any of claims 1 to
10 8 in a dielectric insulation medium.
10. Use of a fluoroketone according to claim 9,

characterized in that the insulation medium is used
for extinguishing an arc in an electrical switch, in
particular in a low voltage switch, a medium voltage
15 switch or a high wvoltage switch, in particular a

circuit breaker.

11. Apparatus for the generation, the distribution or the
usage of electrical energy, said apparatus comprising

a housing defining an insulating space and an

20 electrical active part arranged in the insulating
space, said insulating space comprising an insulation

medium, characterized by the dielectric insulation

medium according to any of the claims 1 to 8.

12. Apparatus according to any of the preceding claims,
25 the apparatus being a medium or high voltage
apparatus.

13. Apparatus according to claim 10 or 11, characterized
in that the apparatus is a switchgear, in particular
an air-insulated or a gas-insulated metal-

30 encapsulated switchgear, or a part or component



havi ng a heating chanber for providing a selfblasting effect, and that in a
switching operation the fluoroketone is deconposed to fluorocarbon
conpoundswbaviong2®el ower nunber of carbon atons in the peatErPr@IosRIDEr
during a back-heating phase. 16. Apparatus according to claim 15,
characterized in that the fluoroketone has 6 carbon atons, and in
particular is dodecaf |uoro-2-nethyl pentdh-3-one . 17. Apparatus according
to any of clainms 10 to 12, characterized in that the apparatus is a
transforner, in particular a distribution transforner or a power
transforner . 18. Apparatus according to any of clains 10 to 12,
characterized in tthatredie apparattusculsirare ébectlvacal arlotabing, nachieheg, a

generator, a notor, ri.ve, sem cting hce, .a.conmputin hine,
a power el ect roni Cs S%i&Q%“&%-f%¥ %gggﬁﬁongntggé%%eoﬂglﬁgf A%paggggén£
according to any dfrantse pmecedi ag wdldiags chanadbemezed amdfhat a t shugeher
conprises a contrgrfggﬁﬂ;or controlling individually or in conbination
aconposition, a tenperéiure, an absolute pressure, a partial pressure, a
gas density and/or a partial gas density of the insulating nmediumor at

| east ones5of lidt.s cGompordntss, acespedhiovelty. 20y Appar attasmaccdOdi hg clladi m
19, characterized jn %Q%%nggxfoptygba%nit conprises a heater_and/.or

. h h N, in .
vapori zer for conf?gfilng the partia préééhra RtTEHE f Ftioroke one an Yin

particular, for neanttaionileg i tinabewe tainequiswedcpart kal dpsessuretbeyel a 21.
Appar at us accordlQ%a%95¥@éﬁﬁsﬁ¥€%ﬂn%ﬁg%3&0a2%ﬁrcuit breaker.

15. Apparatus according to claim 14, characterized in

10 that the apparatus is a high voltage circuit breaker
having a heating chamber for providing a self-

blasting effect, and that in a switching operation

the fluoroketone is decomposed to fluorocarbon
compounds having a lower number of carbon atoms in

15 the heating chamber during a back-heating phase.

16. Apparatus according to claim 15, characterized in
that the fluoroketone has © carbon atoms, and in

particular is dodecafluoro-2-methylpentan-3-one.

17. Apparatus according to any of c¢laims 10 to 12,
20 characterized in that the apparatus is a transformer,
in particular a distribution transformer or a power

transformer.

18. Apparatus according to any of c¢laims 10 to 12,
characterized in that the apparatus is an electrical

25 rotating machine, a generator, a motor, a drive, a
semiconducting device, a computing machine, a power

electronics device, and/or a component thereof.

19. Apparatus according to any of the preceding claims,
characterized in that it further comprises a control

30 unit for controlling individually or in combination a



characterized in that the control unit (10a, 10b) conprises a tenperature
control unit (10a) conprising a heating systemfor setting the housing (4),
or at | easD a10p@pis6of the housing (4), of the apparat uspro/Ee2eessned
tenperature, and/or the control unit (10a, 10b) conprises a fluid handling
unit (10b) for dosing a concentration of the fluoroketone and for injecting
the resulting insulation nmediuminto theZapparatus. 22. Apparatus according
to any of clainms 11-21, characterized by the apparatus having a reserve
volume of liquid fluorketone and/or neans for limting a maxim

perm ssi bl e operating tenperature of the desired insulation nedium such

t hat the absol ut e danddsig ipmessar ¢cinpenmitntrai, neth belbewlatgi were greEssur e

limt of the apparatus. .23, t hod for di i_onin el ectrical _apparatus
according to any 5%4%%%%n?ﬁ%§%%&?1fgcﬁg?gggéﬁﬁ%gd%gﬁzﬂéa%t%%ggﬁ?ﬁ Bas
determ ning for thkengpar atisthepenwudsitiing etetium cal ticelledssttr eyt hobf
the desired insulationnediunkgpd a niniqpkmﬁgrnissible operating

t enper at ure of théjﬁéﬁqmﬁfqﬁwﬁ?aﬁ%ﬁ$%%uﬁlﬂnydeternining fromthe

pressure-reduced breakdown field strength of the desired insulation nmedi um
as a functi orlof Hpparsitars faactromof ctlkenf | LDy kehemectamdzEdomt hehat
perm ssi bl e fieIdtﬁﬁgqu%hmgpeua9§ogg%er %ggsurq}gﬂ{ve gg ;hg 5gsgkaggon
medi um as a function of 't he par?lal pressare of e(?ﬁuor%e one,pseﬁecfing
a desired absol utedn || cngtprédsuge ofthéhe pastulat i oty of  the
fluoroketone and, in particular, for maintaining it

above a required partial pressure level.

10 21. Apparatus according to any of claims 19 to 20,
characterized in that the control unit (10a, 10b)
comprises a temperature control unit (10a) comprising
a heating system for setting the housing (4), or at
least a part of the housing (4), of the apparatus to

15 a desired temperature, and/or the control unit (10a,
10b) comprises a fluid handling unit (10b) for dosing
a concentration of the fluoroketone and for injecting

the resulting insulation medium into the apparatus.

22. Apparatus according to any of claims 11-21,

20 characterized by the apparatus having a reserve
volume of liquid fluorketone and/or means for

limiting a maximal permissible operating temperature

of the desired insulation medium such that the

absolute filling pressure is maintained below a given

25 pressure limit of the apparatus.

23. Method for dimensioning an electrical apparatus
according to any of claims 11 to 21, characterized by

the steps of

- determining for the apparatus a permissible

30 electrical field strength of the desired insulation



determning fromthe absolute pressure curve the mniml required partial
pressure of the fluorketone, and fromthe vapour pressure curve the
corresponstongivapasi zati on tenperature of the fl uorket omrer/FEepalons7294
determ ni ng whet her the vaporization tenperature is above the mnima
perm ssi bl e operating tenperature of the desired insulation nedium 24.
Met hod for dimensioning an electrical apparatus as clained in claim 22,
characterized by the further step of, if the vaporization tenperature is
bel ow the m ni mal perm ssible operating tenperature of the desired

insul ati on medium providing a fluid managenent system in particular the
fluid managenent sysdéemmcl akned i@ anyniofingd lai mepd@m22siptef er abbyating

conpri si ng nmeans f ol %?e]ﬁ%’c a(ggl/&rlevgggr égt fgg/&rl g\éé{u d _reserve
managenent of I|qU|dm ase uorketone or T ai ng t he par?ial pressure
above the mnimal required partial pressure.

determining from the pressure-reduced breakdown field
strength of the desired insulation medium as a
5 function of the molar fraction of the fluorketone,
and from the permissible field strength the absolute
pressure curve of the insulation medium as a function

of the partial pressure of the fluorketone,

- selecting a desired absolute filling pressure of the

10 insulation medium,

- determining from the absolute pressure curve the
minimal required partial pressure of the fluorketone,
and from the vapour pressure curve the corresponding

vaporization temperature of the fluorketone, and

15 - determining whether the vaporization temperature is
above the minimal permissible operating temperature

of the desired insulation medium.

24. Method for dimensioning an electrical apparatus as
claimed in claim 22, characterized by the further

20 step of, if the vaporization temperature is below the
minimal permissible operating temperature of the

desired insulation medium, providing a fluid
management system, in particular the fluid management

system claimed in any of claims 19-22, preferably

25 comprising means for heating and/or vaporization
and/or fluid reserve management of liquid phase
fluorketone, for maintaing the partial pressure above

the minimal required partial pressure.



