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Description

[0001] The present invention relates to an apparatus
for the generation, the distribution and/or the usage of
electrical energy, to a component for such an apparatus,
as well as to the process for the preparation of such a
component.
[0002] Dielectric insulation media in liquid or gaseous
state are conventionally applied for the insulation of an
electrically conductive part in a wide variety of appara-
tuses, such as for example switchgears, gas-insulated
substations (GIS), gas-insulated lines (GIL), transfor-
mers, or others.
[0003] In medium or high voltage metal-encapsulated
switchgears, for example, the electrically conductive part
is arranged in a gas-tight housing, which defines an
insulating space, said insulation space comprising an
insulation gas and separating the housing from the elec-
trically conductive part without letting electrical current to
pass through the insulation space. For interrupting the
current in e.g. high voltage switchgears, the insulating
gas further functions as an arc extinction gas.
[0004] Recently, the use of organofluorine compounds
in a dielectric insulation gas has been suggested.
[0005] Specifically, WO-A‑2010/142346 discloses a
dielectric insulation medium comprising a fluoroketone
containing from 4 to 12 carbon atoms. Further, WO-
A‑2012/080246 discloses a fluoroketone containing ex-
actly 5 carbon atoms (hereinafter referred to as "C5K") in
a mixture with a dielectric insulation gas component
different from said C5K to be particularly preferred.
[0006] Fluoroketones have been shown to have high
insulation capabilities, in particular a high dielectric
strength, as well as high arc extinction capabilities. At
the same time, they have a very low Global Warming
Potential (GWP)andvery low toxicity. Thecombinationof
these characteristics renders these fluoroketones highly
suitable as a possible alternative to conventional insula-
tion gases.
[0007] Notwithstanding the above-mentioned excel-
lent properties of a fluoroketone-containing insulation
gas, it has unexpectedly been found that care must be
taken to avoid a reduction in their insulation and arc
extinction performance over prolonged operation times.
Otherwise, a situation could ultimately occur that main-
tenance intervals were shortened or that operation of the
apparatus should prematurely be interrupted in order to
replace at least a portion of the insulation gas.
[0008] In addition, it has unexpectedly been found that
also care should be taken to avoid that the functionality of
components of theapparatus,whicharedirectly exposed
to the fluoroketone-containing insulation gas, could ad-
versely be affected during exposure over prolonged op-
eration times. This could ultimately likewise lead to the
situation mentioned above, that maintenance intervals
were shortened or that operation of the apparatus should
prematurely be interrupted, in this case for replacement
of the respective component. For example, sealing com-

ponents made of a polymeric material available on the
market have surprisingly been found to be sensitive to
C5K exposure at operational conditions.
[0009] The above findings regarding the potential re-
duction in performance of the insulation gas and in func-
tionality of certain components are contrary to the gen-
eral assumption that fluoroketones are non-reactive at
operational conditions of the apparatus. This general
assumption is reflected by the fact that there is nothing
in the state of art reporting on potential instability and
incompatibility issues that might arise when using fluor-
oketones in general and C5K in specific.
[0010] In consideration of the above, the problem to be
solved by the present invention is, thus, to provide an
apparatus for the generation, the distribution and/or the
usage of electrical energy, said apparatus comprising a
dielectric insulation medium containing an organofluor-
ine compound in general, and a fluoroketone in specific,
said apparatus allowing at the same time for a safe and
efficient operation over a relatively long period of time.
[0011] The problem is solved by the subject matter of
the independent claims. Preferred embodiments of the
invention are defined in the dependent claims and in
claim combinations.
[0012] The apparatus of the present invention com-
prises a housing enclosing an insulating space and an
electrically conductive part arranged in the insulating
space, said insulating space containing a dielectric in-
sulation medium at least a portion of which being in the
form of an insulation gas comprising an organofluorine
compound, in particular a fluoroketone. Additionally, the
insulation medium, and specifically the insulation gas,
can comprise one or more degradation products (or
"decomposition products") of the organofluorine com-
pound, as will be discussed below.
[0013] According to the invention, at least some of the
components of the apparatus that are directly exposed to
the insulation gas are made of a material which remains
unaltered during exposure to the insulation gas for a
predetermined period of time, which is here more than
1 year, at operational conditions. In other words, a pro-
longed contact ofmore than 1 yearwith the insulation gas
comprising the organofluorine compound and, as the
case may be, the decomposition product(s) does not
alter the material’s properties that are essential for ful-
filling its function.
[0014] According to this first aspect of the present
invention, the functionality of the components is main-
tainedand there is, thus, noneed for regular replacement
of the components, ultimately allowing for a long service
lifetime and a low maintenance of the apparatus.
[0015] Specifically, the term "component" as used in
the context of the present invention relates to any com-
ponent of essentially stable form,more specifically to any
solid or semi-solid component. Particularly, coating com-
pounds, more particularly paints or resins, as well as
sealing compounds are encompassed by the term "com-
ponent". Paste-like components, such as a lubricating
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compound or grease, are also encompassed.
[0016] The term "for a predetermined period of time"
relates to a period ofmore than 1 year,more preferably of
more than 2 years, even more preferably of more than 5
years, andmost preferably ofmore than 10 years. Thus it
is preferred, that the components of the apparatus that
are directly exposed to the insulation gas are made of a
material which remains unaltered during exposure to the
insulation gas for a period of more than 2 years, more
preferably of more than 5 years, and most preferably of
more than 10 years.
[0017] In particular, the term "insulation medium" as
used in the context of the present invention relates to an
insulation fluid. Since at least a portion of the insulation
medium is in the form of an insulation gas, the insulation
medium can be entirely in gaseous form or can be a two-
phasesystemcomprisingaportion ingaseous formanda
portion in liquid form.
[0018] In particular, the insulation medium, and in par-
ticular the insulation gas, can comprise one or more
degradation products of the organofluorine compound.
This can in particular be the casewhen the apparatus is a
switching apparatus, more particularly a switchgear or a
component thereof. When using an insulation gas com-
prising 1,1,1,3,4,4,4-heptafluoro‑3‑(trifluoromethyl)bu-
tan‑2-one, the degradation product can particularly be
hexafluoropropene and/or heptafluoropropene.
[0019] In particular, in the context of the present inven-
tion the term "directly exposed to the insulation gas" is to
be understood as being in direct contact with the insula-
tion gas.
[0020] Alternatively or additionally to the first aspect
mentioned above, a least some of the components of the
apparatus that are directly exposed to the insulation gas
have a surface, at least a portion ofwhich is devoid of any
nucleophilic group reactive towards the organofluorine
compound and/or reactive towards any degradation pro-
duct of the organofluorine compound at operational con-
ditions. The term "devoid of any nucleophilic group"
relates both to compounds which are an integral part
of the material as well as compounds which are bound in
any way to the surface of thematerial, e.g. resulting from
condensation of a gas component of the insulation med-
ium.
[0021] The term "nucleophilic group" relates to any
chemical group that is able to donate (in a chemical
reaction) an electron pair to an electrophile to form a
chemical bond. In particular, the term "nucleophilic
group" thus specifically relates to any chemical group
which is considered nucleophilic in relation to the orga-
nofluorine compound or its degradation product(s) which
are considered the electrophile.
[0022] According to this second aspect, decomposi-
tion reactionswith theorganofluorine compound, suchas
a nucleophilic substitution of the fluoroketone’s carbonyl
group, are efficiently prevented and the integrity of the
insulation gas and thus also its insulation and arc extinc-
tion performance ismaintained,which further contributes

to a long service lifetime and a low maintenance of the
apparatus.
[0023] In addition, safety or health risks that may be
caused by decomposition products are according to this
aspect of the present invention reduced or even elimi-
nated. This is of particular relevance in the case where
onepotential decomposition product is hydrogen fluoride
(HF), which is highly corrosive and extremely toxic.
[0024] The relevanceof decomposition products being
reduced or eliminated is further emphasized by the fact
that some decomposition products might open reaction
pathways which are closed for the organofluorine com-
pound on which they are based. This is for example the
case for copper which has the potential to react with a
decomposition product of C5K, but not with C5K itself.
Such secondary reactions are efficiently reduced or even
eliminated by the present invention.
[0025] According to embodiments of the second as-
pect, any compound contained on the surface of the
component forming an integral part of thematerial and/or
any compound bound to the surface is or are devoid of
any nucleophilic group.
[0026] According to embodiments of the first and any
other aspect, at least some of the components are made
of or comprise a material selected from the group con-
sisting of: a polymeric material, a metal, a metal alloy, a
ceramic, a composite thereof, mixtures thereof, combi-
nations thereof; in particular a polymericmaterial (includ-
ing a polymeric material contained in a composite mate-
rial). It is in this regard particularly preferred that the
polymeric material is selected from the group consisting
of silicones, polyolefins, polyethers, polyesters, polyur-
ethanes, polyepoxides, polyamides, polyimides, polyke-
tones and polysulfones, as well as mixtures thereof.
[0027] The term "at least some of the components" as
used in the context of the present invention can relate to
only one of the components, two or more of the compo-
nents and/or all components that are directly exposed to,
i.e. are in direct contact with, the insulation medium.
[0028] In embodiments in which at least some of the
components are made of or comprise a polymeric ma-
terial, it is preferred that thepolymericmaterial comprises
at least one plasticizer, the amount and/or the type of the
at least one plasticizer being such that it does not exude
out of the material when exposed to an organofluorine-
containing insulation gas at operational conditions.
[0029] According to preferred embodiments of the pre-
sent invention, the amount of plasticizer in the polymeric
material is less than 10 wt.-%, preferably less than 8 wt.-
%, more preferably less than 6 wt.-%, and most prefer-
ably less than 4 wt.-%, based on the total weight of the
polymeric material, since no exudation (or "sweating
out") of the plasticizer is observed when present in these
amounts. According to these embodiments, the material
properties are thus neither changed due to a change in
the content of plasticizer nor does the plasticizer give rise
to any soiling of surfaces of the components and/or of the
insulation space.
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[0030] Keeping the amount of plasticizer below the
levels disclosed above is in clear distinction to the
amounts of plasticizers used in commercially available
sealing components which have an amount of plasticizer
of more than 15 wt.-%.
[0031] Alternatively or additionally, further preferred
embodiments are that the plasticizer contained in the
polymeric material has a molecular weight higher than
450 g/mol. The reason is that it has been found that a
plasticizer of this molecular weight does not exude (or
"sweat") out of the material when exposed to an organo-
fluorine-containing insulation gas, whereas exudation
might occur, if the plasticizer had a lower molecular
weight.
[0032] Using a plasticizer having a molecular weight
above the threshold molecular weight of 450 g/mol dis-
closed herein is in clear distinction to the amounts of
plasticizers used in commercially available sealing com-
ponents comprising a plasticizer having a low molecular
weight, i.e. lower than 450 g/mol.-%.
[0033] The term "plasticizer" as used in the context of
the present invention relates to any additive of the poly-
meric material which is added for improving the flexibility
and durability of the polymeric material. The plasticizers
work by embedding themselves between the chains of
the polymers, spacing them apart (and thus increasing
the "free volume"), which results in a significant lowering
of the glass transition temperature of the material (com-
pared to the polymeric matrix without the plasticizer) and
makes it softer.
[0034] The term "plasticizer" in particular includes es-
ter plasticizers, such as sebacates, adipates, terephtha-
lates, benzoates, dibenzoates, gluterates, phthalates,
azelates, maleates, glycols, organophosphates, poly-
meric plasticizers, polyethers and oils. Given their spe-
cific purpose, the term also encompasses softeners,
extenders, and lubricants.
[0035] According to the present invention, the total
amount of volatile organic compounds in the polymeric
material is less than 1 wt.-% based on the total weight of
the polymeric material. In this context, the term "volatile
organic compounds" encompasses besides the volatile
organic compounds (VOC) sensu stricto also the very
volatile organic compounds (VVOC)and the semi volatile
organic compounds (SVOC). Specifically, the boiling
point of the volatile organic compound is thus selected
to be less than 400°C, more specifically less than 260°C.
[0036] No "outgassing" of the volatile organic com-
pound from the material of the component is observed
when present in an amount below the level mentioned
above. As a result, not only the functionality of the com-
ponent remains unaffected, but also a potential reaction
of the volatile organic compound is prevented, indepen-
dent of whether the volatile organic compound is in liquid
phase, e.g. at the solid-gas interface, or is in gaseous
phase.
[0037] The amount of volatile organic compounds in
the polymeric material being less than 1 wt.-% based on

the total weight of the polymeric material is of particular
relevance, if the VOC is in the form of a low molecular
weight alcohol, since this would - if present in a higher
amount - potentially give rise to a nucleophilic substitu-
tion with e.g. the carbonyl group of the fluoroketone.
[0038] Typically, the polymeric material further con-
tains a filler, e.g. for providing the required mechanical
properties to the material.
[0039] In embodiments the polymeric material con-
tains at least one functionalized and/or unfunctionalized
metal oxide, and/or the polymeric material contains at
least one functionalized and/or unfunctionalized metal
hydroxide.
[0040] In further embodiments, at least a portion, in
particular all, of the metal oxide and/or metal hydroxide
contained in the polymeric material is unfunctionalized,
the amount of unfunctionalized metal oxide and/or metal
hydroxide being equal to or less than 5 wt.-%, preferably
is 4 wt.-% or less, more preferably is 2 wt.-% or less, and
even more preferably is less than 1 wt.-%, and most
preferably is approximately 0 wt-%.
[0041] In further embodiments the amount of metal
oxide and/or metal hydroxide, in particular the total
amount ofmetal oxide and/ormetal hydroxide, contained
in the polymeric material is 5 wt.-% at most, preferably 4
wt.-% at most, more preferably 2 wt.-% at most, even
more preferably is less than 1wt.-%, andmost preferably
is at least approximatelyor is exactly 0wt-%.According to
a specific embodiment, the polymeric material is devoid
of any metal oxide and/or metal hydroxide.
[0042] The terms "metal oxide" and "metal hydroxide"
are in the context of the present invention, and in parti-
cular of the above embodiment, to be understood as
metal compounds having a free oxide group or a free
hydroxide group, respectively. They are, however, not to
be interpreted as encompassing compounds, the oxide
or hydroxide group of which is functionalized or blocked,
unless explicitly stated to be so. The above embodiment
relating to "the amount of metal oxide and/or metal hy-
droxide" thus particularly relates to the amount of metal
compounds having a free oxide group or a free hydroxide
group, respectively, i.e. to unfunctionalized metal oxide
and/or unfunctionalized hydroxide.
[0043] If for the component according to the present
invention a polymeric material is to be used which re-
quires an amount of filler higher than the upper limits
given for the above mentioned embodiments, it is pre-
ferred that at least the portion of the filler exceeding the
respective upper limit is substituted by a filler being
devoid of an oxide or a hydroxide group and/or is func-
tionalized in a manner such that they are devoid of a free
oxide or hydroxide group, respectively. As a filler being
devoidof anoxideor ahydroxidegroup, carbonblackcan
for example be used.
[0044] According to a specific embodiment, the poly-
meric material contains a filler based on a metal oxide
and/or metal hydroxide, wherein at least a portion, in
particular all, of the metal oxide and/or metal hydroxide
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is functionalized.
[0045] In particular, the term "functionalization" or
"functionalized" relates toa treatmentbywhichaproperty
of a first chemical entity is altered. Specifically, the term
"functionalization" or "functionalized" relates to the reac-
tion of a first chemical entity with another chemical entity
whereby the reactivity of the first chemical entity is al-
tered. The first chemical entity can e.g. be a reactive
group, suchasanucleophilic group.Specifically, it canbe
the oxide group of ametal oxide or the hydroxide group of
a metal hydroxide, respectively. Particularly, the term
"functionalization" or "functionalized" relates to theblock-
ing of a first reactive group, whereby the first reactive
group is rendered chemically inert, i.e. unreactive to-
wards any other component present in the respective
system.
[0046] Functionalization can for example be achieved
by halogenation, in particular fluorination, or by alkylation
with an alkyl group or a fluoroalkyl group.
[0047] According to a particularly preferred embodi-
ment, at least a portion of the surface of the component is
hydrophobic. More particularly, at least a portion of the
surface of the component has a contact angle of more
than 90° when contacted with water. Due to its hydro-
phobicity, the component’s surface is essentially free of
water; reactions, which might otherwise occur on the
solid-gas interface when water is bound to it, are thus
efficiently reduced or even prevented.
[0048] In embodiments, if the surface of a component
(be it made of a polymericmaterial as described above or
of a metal or a metal alloy or a ceramic) has exposed
nucleophilic groups, at least some of the nucleophilic
groups shall be functionalized. Again, functionalization
can for example be achieved by halogenation, in parti-
cular fluorination, or by alkylation with an alkyl group or a
fluoroalkyl group. In this regard, the surface treatment
canbeachemical treatment, aplasma treatmentand/ora
chemical vapour deposition, in particular a plasma-en-
hanced chemical vapour deposition.
[0049] Preferably, the organofluorine compound com-
prised in the dielectric insulation gas is selected from the
group consisting of fluoroethers, in particular hydrofluor-
omonoethers, fluoroketones, in particular perfluoroke-
tones, fluoroolefins, in particular hydrofluoroolefins,
and fluoronitriles, in particular perfluoronitriles, and mix-
tures thereof.
[0050] It is thereby particularly preferred that the in-
sulation medium comprises a fluoroketone containing
from four to twelve carbon atoms, preferably containing
exactly five carbon atoms or exactly six carbon atoms or
mixtures thereof. The advantages achieved by the pre-
sent invention are particularly pronounced when the in-
sulation medium comprises a fluoroketone as defined
above, since any problem, which might otherwise arise
from the ketone group being subject to nucleophilic sub-
stitution, can be avoided.
[0051] The term "fluoroketone" as used in this applica-
tion shall be interpreted broadly and shall encompass

both perfluoroketones andhydrofluoroketones, and shall
further encompass both saturated compounds and un-
saturated compounds, i.e. compounds including double
and/or triple bonds between carbon atoms. The at least
partially fluorinated alkyl chain of the fluoroketones can
be linear or branched, or can forma ring, which optionally
is substituted by one or more alkyl groups. In exemplary
embodiments, the fluoroketone is a perfluoroketone. In
further exemplary embodiment, the fluoroketone has a
branched alkyl chain, in particular an at least partially
fluorinated alkyl chain. In still further exemplary embodi-
ments, the fluoroketone is a fully saturated compound.
[0052] Asmentioned, it is particularly preferred that the
insulation medium comprises a fluoroketone containing
exactly five carbon atoms or exactly six carbon atoms or
mixtures thereof. Compared to fluoroketones having a
greater chain length with more than six carbon atoms,
fluoroketones containing five or six carbon atoms have
the advantage of a relatively low boiling point. Thus,
problems which might go along with liquefaction can
be avoided, even when the apparatus is used at low
temperatures.
[0053] According to embodiments, the fluoroketone is
at least one compound selected from the group consist-
ing of the compounds defined by the following structural
formulae in which at least one hydrogen atom is sub-
stituted with a fluorine atom:
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[0054] Fluoroketones containing five or more carbon
atoms are further advantageous, because they are gen-
erally non-toxic with outstanding margins for human
safety. This is in contrast to fluoroketones having less
than four carbon atoms, such as hexafluoroacetone (or
hexafluoropropanone), which are toxic and very reactive.
In particular, fluoroketones containingexactly five carbon
atoms, herein briefly named C5K, and fluoroketones
containing exactly six carbon atoms are thermally stable
up to 500°C.
[0055] In embodiments of this invention, the fluoroke-
tones, in particular C5K), having a branched alkyl chain
are preferred, because their boiling points are lower than
the boiling points of the corresponding compounds (i.e.
compounds with same molecular formula) having a
straight alkyl chain.
[0056] According to embodiments, the C5K is a per-
fluoroketone, in particular has the molecular formula
C5F10O, i.e. is fully saturated without double or triple
bonds between carbon atoms. The fluoroketone a)
maymore preferably be selected from the group consist-

ing of 1,1,1,3,4,4,4-heptafluoro‑3‑(trifluoromethyl)bu-
tan‑2-one (also named decafluoro‑2-methylbutan‑3-
one), 1,1,1,3,3,4,4,5,5,5-decafluoropentan‑2-one,
1,1,1,2,2,4,4,5,5,5-decafluoropentan‑3-one and octa-
fluorocylcopentanone, and most preferably is
1,1,1,3,4,4,4-heptafluoro‑3‑(trifluoromethyl)butan‑2-
one.
[0057] 1,1,1,3,4,4,4-heptafluoro‑3‑(trifluoromethyl)
butan‑2-one can be represented by the following struc-
tural formula (I):

1,1,1,3,4,4,4-heptafluoro‑3‑(trifluoromethyl)butan‑2-
one with molecular formula CF3C(O)CF(CF3)2 or
C5F10O, has been found to be particularly preferred for
high and medium voltage insulation applications, be-
cause it has the advantages of high dielectric insulation
performance, in particular in mixtures with a dielectric
carrier gas, hasvery lowGWPandhasa lowboilingpoint.
It has an ODP of 0 and is practically non-toxic.
[0058] According to embodiments, even higher insula-
tion capabilities can be achieved by combining the mix-
ture of different fluoroketone components. In embodi-
ments, a fluoroketone containing exactly five carbon
atoms, as described above and here briefly called
C5K, and a fluoroketone containing exactly six carbon
atomsorexactly sevencarbonatoms, herebrieflynamed
fluoroketone c), can favourably be part of the dielectric
insulation at the same time. Thus, an insulation medium
can be achieved having more than one fluoroketone,
each contributing by itself to the dielectric strength of
the insulation medium.
[0059] In embodiments, the further fluoroketone c) is at
least one compound selected from the group consisting
of the compounds defined by the following structural
formulae in which at least one hydrogen atom is sub-
stituted with a fluorine atom:
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and

as well as any fluoroketone having exactly 6 carbon
atoms, in which the at least partially fluorinated alkyl
chain of the fluoroketone forms a ring, which is substi-
tuted by one or more alkyl groups (IIh);
and/or is at least one compound selected from the group
consisting of the compounds defined by the following
structural formulae in which at least one hydrogen atom
is substituted with a fluorine atom:

and
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in particular dodecafluoro-cycloheptanone, as well as
any fluoroketone havingexactly 7 carbonatoms, inwhich
the at least partially fluorinated alkyl chain of the fluor-
oketone forms a ring, which is substituted by one ormore
alkyl groups (IIIo).
[0060] Thepresent invention encompasses each com-
pound or each combination of compounds selected from
the group consisting of the compounds according to
structural formulae (Ia) to (Ii), (IIa) to (IIh), (IIIa) to (IIIo),
and mixtures thereof.
[0061] Depending on the specific application of the
apparatus of the present invention, a fluoroketone con-
taining exactly six carbon atoms (falling under the des-
ignation "fluoroketone c)" mentioned above) may be
preferred; such a fluoroketone is non-toxic, with out-
standing margins for human safety.
[0062] In embodiments, fluoroketone c), alikeC5K, is a
perfluoroketone, and/or has a branched alkyl chain, in
particular an at least partially fluorinated alkyl chain,
and/or the fluoroketone c) contains fully saturated com-
pounds. In particular, the fluoroketone c) has the mole-
cular formula C6F12O, i.e. is fully saturated without dou-
ble or triple bonds between carbon atoms. More prefer-
ably, the fluoroketone c) can be selected from the group
consisting of 1,1,1,2,4,4,5,5,5-nonafluoro‑2‑(trifluoro-
methyl)pentan‑3-one (also named dodecafluoro‑2-
methylpentan‑3-one), 1,1,1,3,3,4,5,5,5-nonafluor-
o‑4‑(trifluoromethyl)pentan‑2-one (also named dodeca-
fluoro‑4-methylpentan‑2-one), 1,1,1,3,4,4,5,5,5-nona-
fluoro‑3‑(trifluoromethyl)pentan‑2-one (also named do-
decafluoro‑3-methylpentan‑2-one), 1,1,1,4,4,4-hexa-
fluoro‑3,3-bis‑(trifluoromethyl)butan‑2-one (also named
dodecafluoro‑3,3‑(dimethyl)butan‑2-one), dodecafluor-
ohexan‑2-one, dodecafluorohexan‑3-oneanddecafluor-
ocyclohexanone, and particularly is the mentioned
1,1,1,2,4,4,5,5,5-nonafluoro‑2‑(trifluoromethyl)pen-
tan‑3-one.
[0063] 1,1,1,2,4,4,5,5,5-Nonafluoro‑2‑(trifluoro-
methyl)pentan‑3-one (also named dodecafluoro‑2-
methylpentan‑3-one) can be represented by the follow-
ing structural formula (II):

1,1,1,2,4,4,5,5,5-Nonafluoro‑4‑(trifluoromethyl)pen-
tan‑3-one (here briefly called "C6-ketone", with molecu-
lar formula C2F5C(O)CF(CF3)2) has been found to be
particularly preferred for high voltage insulation applica-
tions because of its high insulating properties and its
extremely low GWP. Specifically, its pressure-reduced
breakdown field strength is around 240 kV/(cm*bar),

which is much higher than the one of air having a much
lower dielectric strength (Ecr = 25 kV/(cm*bar). It has an
ozone depletion potential of 0 and is non-toxic (LC50 of
about 100’000 ppm). Thus, the environmental impact is
very low, and at the same time outstanding margins for
human safety are achieved.
[0064] Additionally or alternatively, the insulationmed-
ium preferably comprises a hydrofluoromonoether con-
taining at least three carbon atoms.
[0065] As mentioned above, the organofluorine com-
pound can also be a fluoroolefin, in particular a hydro-
fluoroolefin. More particularly, the fluoroolefin or hydro-
fluorolefin, respectively, contains exactly three carbon
atoms.
[0066] According to particularly preferred embodi-
ments, the hydrofluoroolefin is thus selected from the
group consisting of: 1,1,1,2-tetrafluoropropene
(HFO‑1234yf), 1,2,3,3-tetrafluoro‑2-propene
(HFO‑1234yc), 1,1,3,3-tetrafluoro‑2-propene
(HFO‑1234zc), 1,1,1,3-tetrafluoro‑2-propene
(HFO‑1234ze), 1,1,2,3-tetrafluoro‑2-propene
(HFO‑1234ye), 1,1,1,2,3-pentafluoropropene
(HFO‑1225ye), 1,1,2,3,3-pentafluoropropene
(HFO‑1225yc), 1,1,1,3,3-pentafluoropropene
(HFO‑1225zc), (Z)1,1,1,3-tetrafluoropropene
(HFO‑1234zeZ), (Z)1,1,2,3-tetrafluoro‑2-propene
(HFO‑1234yeZ), (E)1,1,1,3-tetrafluoropropene
(HFO‑1234zeE), (E)1,1,2,3-tetrafluoro‑2-propene
(HFO‑1234yeE), (Z)1,1,1,2,3-pentafluoropropene
(HFO‑1225yeZ), (E)1,1,1,2,3-pentafluoropropene
(HFO‑1225yeE), and combinations thereof.
[0067] As mentioned above, the organofluorine com-
pound can also be a fluoronitrile, in particular a perfluor-
onitrile. In particular, the organofluorine compound can
be a fluoronitrile, specifically a perfluoronitrile, containing
two carbon atoms, three carbon atoms or four carbon
atoms.
[0068] More particularly, the fluoronitrile can be a per-
fluoro-alkylnitrile, specifically perfluoroacetonitrile, per-
fluoro-propionitrile (C2F5CN) and/or perfluorobutyroni-
trile (C3F7CN).
[0069] Most particularly, the fluoronitrile can be per-
fluoroisobutyronitrile [according to the formula
(CF3)2CFCN] and/or perfluoro‑2-methoxypropanenitrile
[according to the formula CF3CF(OCF3)CN]. Of these
species, perfluoroisobutyronitrile is particularly preferred
due to its low toxicity.
[0070] According to a further preferred embodiment,
the insulation medium comprises carbon dioxide (CO2).
[0071] Additionally or alternatively, the insulationmed-
ium comprises air or at least one air component, in
particular selected from the group consisting of oxygen
(O2) , nitrogen (N2), carbon dioxide (CO2), and mixtures
thereof.
[0072] According to a particularly preferred embodi-
ment, the insulation medium comprises carbon dioxide
and oxygen. It is thereby particularly preferred that the
ratio of the amount of carbon dioxide to the amount of
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oxygen ranges from 50:50 to 100:1.
[0073] In particular in view of interrupting the current in
a high voltage switchgear, it is a further preferred that the
ratio of the amount of carbon dioxide to the amount of
oxygen ranges from 80:20 to 95:5, more preferably from
85:15 to 92:8, even more preferably from 87:13 to less
than 90:10, and in particular is about 89:11. In this regard,
it has been found on the one hand that oxygen being
present in a molar fraction of at least 5% allows soot
formation to be prevented even after repeated current
interruption events with high current arcing. On the other
hand, oxygen being present in amolar fraction of at most
20%(i.e. of 20%or less),moreparticularly of atmost 15%
(i.e. of 15%or less), reduces the risk of degradation of the
material of the electrical apparatus by oxidation.
[0074] In embodiments, the apparatus of the invention,
in particular gas-insulated apparatus, is part of or is a:
(gas-insulated) high voltage apparatus, (gas-insulated)
medium voltage apparatus, (gas-insulated) low voltage
apparatus, direct-current apparatus, switchgear, air-in-
sulated switchgear, part or component of air-insulated
switchgear, gas-insulated metal-encapsulated switch-
gear (GIS), part or component of gas-insulated metal-
encapsulated switchgear, gas-insulated transmission
line (GIL), busbar, bushing, gas-insulated cable, cable
joint, current transformer, voltage transformer, sensors,
humidity sensors, surge arrester, capacitor, inductance,
resistor, current limiter, high voltage switch, earthing
switch, disconnector, combined disconnector and earth-
ing switch, load-break switch, circuit breaker, gas circuit
breaker, gas-insulated vacuumcircuit breaker, generator
circuit breaker, medium voltage switch, ring main unit,
recloser, sectionalizer, low voltage switch, any type of
gas-insulated switch, transformer, distribution transfor-
mer, power transformer, tap changer, transformer bush-
ing, electrical rotating machine, generator, motor, drive,
semiconducting device, power semiconductor device,
power converter, converter station, convertor building;
and components and/or combinations of such devices.
[0075] According to a further aspect, the present in-
vention also relates to a component designed to be
mounted (i.e. specifically built to be incorporated and
to be used) in an apparatus as defined above, in which
the component is to be directly exposed to the insulation
medium.
[0076] In embodiments, the component is made of a
material which during exposure to an insulation gas
comprising an organofluorine compound for a period of
more than 1 year at operational conditions remains un-
altered and/or which has a surface, at least a portion of
which is devoid of any nucleophilic group reactive to-
wards the organofluorine compound and/or reactive to-
wards any degradation product of the organofluorine
compound, in particular at operational conditions of the
apparatus in which it is to be mounted.
[0077] It is understood that the preferred features dis-
closed in the context of the apparatus likewise apply to
embodiments of the component itself, which in particular

shall also apply vice versa.
[0078] According to specific embodiments, the com-
ponent is selected from the group consisting of: a coating
compound, in particular a paint or a resin, a sealing
compound, an adhesive, an insulating compound, a lu-
bricating compound, in particular grease, a molecular
sieve, a binder-free molecular sieve, a desiccant, a bin-
der-free desiccant, a humidity sensing material, as well
as combinations thereof.
[0079] In embodiments of a binder-free molecular
sieve and/or binder-free desiccant, the molecular sieve
and/or desiccant is in powder form and can be present in
the apparatus e.g. in containers or on a carrier, as dis-
closed in the co-pending still unpublished PCT applica-
tion No. PCT/EP2013/070834 filed today, in particular
therein p.9, 1.27 - p.10, 1.23 and also in the description of
figures 2, 3a, 3b on p.35, 1.26 - p.36, 1.34 and in the
additional delimiting features in claims 25‑27.
[0080] Humidity measurement (using a humidity sen-
sing material) is of particular relevance in an apparatus
according to the present invention, since water can de-
teriorate the insulation capability not only of the gaseous
insulation medium, but also of any other insulator, such
as solid spacers, insulators etc.. Also, the condensation
of water onto surfaces increases the risk of flashovers. In
particular in view of the use of an organofluorine com-
pound,more particularly a fluoroketone, this organofluor-
ine compound or fluoroketone can react with water to a
corrosive and toxic decomposition product. This further
emphasizes the importance of monitoring the humidity in
the apparatus and keeping it at a low level.
[0081] For the reasons given above, suitable humidity
measurement techniques shall not rely on the detection
of dew formation. Instead, suitable humidity measure-
ment techniques and devices include the following:

a) Capacitive humidity measurement

[0082] This technique uses a humidity sensing materi-
al, the dielectric constant of which changes in relation to
the water (humidity) content present. The preferred fea-
tures specified for the component in the context of the
apparatus likewise relates to this capacitive humidity
sensing material. Thus, if a polymeric material is used
as a (capacitive) humidity sensing material, it preferably
contains less than 10 wt.-% plasticizer and/or contains a
plasticizer having a molecular weight higher than 450
g/mol. Alternatively to using a polymeric capacitive hu-
midity sensing material, a metal oxide, such as e.g.
Al2O3, can be used as a humidity sensing material.

b) Resistive humidity measurement

[0083] This technique uses a humidity sensing materi-
al, the resistance or conductance of which changes in
relation to the water (humidity) content present in the
apparatus or at a surface of the component in the appa-
ratus. Thepreferred features specified for the component
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in the context of the apparatus likewise relate to embodi-
ments of this resistive humidity sensingmaterial. Thus, if
a polymeric material is used as a (resistive) humidity
sensing material, it preferably contains less than 10
wt.-% plasticizer and/or contains a plasticizer having a
molecular weight higher than 450 g/mol.

c) Quartz crystal analyser

[0084] According to this technique or device, the hu-
midity sensing material is an oscillating quartz resonator
coated with a hygroscopic layer. In the presence of
humidity, the mass loading on the oscillator changes in
relation to thewater content present, leading to a change
in resonance frequency. An example for such a device is
the QMA‑2030, Process Moisture Analyzer from Michell
Instrument, United Kingdom. Also for this embodiment,
the preferred features specified for the component in the
context of the apparatus likewise relate to embodiments
of such a humidity sensing material, i.e. the hygroscopic
layer coated on the resonator.

d) Thermal conductivity

[0085] According to this technique, absolute humidity
is quantified via the thermal conductivity of a reference
gas compared to the same gas containing moisture.
[0086] Also other types of sensors e.g. for humidity
measurement etc. can be present in the apparatus, in-
cluding e.g. optical sensors, that may be components of
the apparatus in the sense of this application and shall be
material-designed according to the subject-matter and
embodiments of the appended claims.
[0087] Furthermore, for all such measurement techni-
ques as exemplarily mentioned above, at least some of
theparts of themeasurement devices canalternatively or
in addition be protected by a respective enclosure, in
order to reduce or even avoid interference or damages
causedby thepresenceof decomposition products, such
as hydrogen fluoride (HF). In particular, semipermeable
membranes can be used that restrict the passage to the
nominal insulation gas components and water.
[0088] As mentioned above, the present invention en-
compasses embodiments in which a polymeric material
containing a filler is used and that, in order not to exceed
the preferred upper limit of a metal oxide or metal hydro-
xide contained in the polymeric material, it is possible to
functionalize the respective functional group.
[0089] According to a still further aspect, the present
invention also relates to a process for producing or pre-
paring a component for an apparatus as described
above, the component being made of a polymeric mate-
rial containing a filler basedonametal oxide and/ormetal
hydroxide, wherein prior to the compounding of the ma-
terial the metal oxide or metal hydroxide, respectively, is
functionalized.
[0090] According to a further aspect, the present in-
vention further relates to a process for producing or

preparing a component for an apparatus as defined
above, the component being made of a metal, a metal
alloy, a ceramic and/or a composite thereof, wherein at
least a part of the exposed nucleophilic groups of the
component’s surface is functionalized.
[0091] With regard to the above processes, functiona-
lization can for example be achieved by halogenation, in
particular fluorination, or by alkylation with an alkyl group
or a fluoroalkyl group, as mentioned above.
[0092] For the surface treatment, i.e. the functionaliza-
tion of the exposednucleophilic groups of a surfaceof the
component, a chemical treatment, a plasma treatment
and/or a chemical vapour deposition, in particular plas-
ma-enhanced chemical vapour deposition, can be used.
[0093] In particular, the preferred features disclosed in
the context of the apparatus or the component of the
present invention likewise apply to embodiments of the
process and vice versa.
[0094] The present invention is further illustrated by
way of the attached examples and figures.

EXAMPLES

Example 1

[0095] Three different paints were provided, one being
a powder coating and thus comprising no VOC (sample
4C_HG_11_01 according to the present invention, see
Fig. 1a, 1b) and the other two being solvent-based coat-
ings comprising more than 1 wt.-% of VOC (comparative
samples4C_HG_11_02and4C_HG_11_03, seeFig. 1a,
1b). For each sample, a coated substratewasexposed to
an insulation gas comprising 1,1,1,3,4,4,4-heptafluor-
o‑3‑(trifluoromethyl)butan‑2-one at 1 bar in an autoclave
at a temperature of 100°C for one month.
[0096] The amount of two decomposition products
obtained by the exposure is shown in

Fig. 1a relating to a gas chromatogram (abundance
in a.u. versus retention time in minutes) in
which the peak of a first decomposition pro-
duct (hexafluoropropene) is plotted for the
three samples 4C_HG_11_01,
4C_HG_11_02, 4C_HG_11_03 with two
measurements for each; and

Fig. 1b relating to a gas chromatogram (abundance
in a.u. versus retention time in minutes) in
which the peak of a second decomposition
product (heptafluoropropene) is plotted for
the three samples 4C_HG_11_01,
4C_HG_11_02, 4C_HG_11_03 with two
measurements for each.

[0097] As is clear from the chromatograms showing
two measurements (130527_01 and 130527_02, for
confirmation purposes) for each of the three samples,
only neglectable amounts of both the first and the second
decomposition products have been detected after ex-
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posing the sample according to the present invention to
the insulation gas, whereas for the comparative samples
the respective peaks in the chromatograms are pro-
nounced. In this regard, it is to be noted that in Fig. 1b
the result of the second measurement of sample
4C_HG_11_01 is shown superimposed with the result
of the first measurement.

Example 2 (Reference Example)

[0098] A rubber containing a plasticizer having a mo-
lecular weight higher than 450 g/mol, said plasticizer
being present in an amount of less than 10 wt.-% based
on the totalweight of the polymericmaterial was provided
(herein called sample 2_01). As comparative samples, a
rubber having a plasticizer content ofmore than 15wt.-%
(herein called sample 2_02) and a rubber containing
bis(2-ethylhexyl)sebacate, i.e. a plasticizer having a mo-
lecular weight of 427 g/mol and, thus, lower than 450
g/mol (herein called sample 2_03), were provided.
[0099] All samples were exposed to an insulation gas
comprising 1,1,1,3,4,4,4-heptafluoro‑3‑(trifluoromethyl)
butan‑2-one at 1 bar in an autoclave at a temperature
of100°C foronemonth.After exposure,noexudation (i.e.
sweating out) was observed for sample 2_01, i.e. the
sample according to the present invention, whereas for
the comparative samples 2_02 and 2_03, exuded mate-
rial in the formof agreasymaterial was clearly visible. For
sample 2_03, NMR analysis of the greasy material re-
vealed the structure of bis(2-ethylhexyl)sebacate. These
results on the samples 2_01, 2_02 and 2_03 were ver-
ified experimentally (not shown in a figure).

Example 3 (Reference Example)

[0100] A rubber containing a filler based on silanized
silica (first sample according to the invention) and, as a
comparative sample, a corresponding rubber containing
a SiO2 filler were provided. All samples were exposed to
an insulation gas comprising 1,1,1,3,4,4,4-heptafluor-
o‑3‑(trifluoromethyl)butan‑2-one at 1 bar in an autoclave
at a temperature of 100°C for one month.
[0101] The amount of the two decomposition products
hexafluoropropene and heptafluoropropene obtained by
the exposure is shown in

Fig. 2a relating to a gas chromatogram (abundance
in a.u. versus retention time in minutes) for
the gas obtained after exposure to the rubber
containing a filler based on silanized silica ac-
cording to the present invention; and

Fig. 2b relating to a gas chromatogram (abundance
in a.u. versus retention time in minutes) for
the gas obtained after exposure to the rubber
containing a SiO2 filler according to the com-
parative sample.

[0102] For the sample according to the present inven-

tion (Fig. 2a), a total amount heptafluoropropene (reten-
tion time: 5.025minutes) of 0.5mol-%and a total amount
of hexafluoropropene (retention time: 3.939) of 0.06mol-
% have been determined in the gas mixture after expo-
sure.
[0103] For the comparative sample (Fig. 2b), a total
amount of heptafluoropropene (retention time: 5.034
minutes) of 0.9 mol-% and a total amount of hexafluor-
opropene (retention time: 3.953 minutes) of 0.15 mol-%
have been determined in the gasmixture after exposure.

Claims

1. Apparatus for the generation, the distribution and/or
the usage of electrical energy, said apparatus com-
prising a housing enclosing an insulating space and
an electrically conductive part arranged in the insu-
lating space, said insulating space containing a di-
electric insulationmedium, at least a portion ofwhich
being in the form of an insulation gas comprising an
organofluorine compound, wherein at least some of
the components of the apparatus that are directly
exposed to the insulation gas aremade of amaterial
which remains unaltered during exposure to the
insulation gas for a period of more than 5 years at
operational conditions and have a surface, at least a
portion of which is devoid of any nucleophilic group
reactive towards the organofluorine compound an-
d/or reactive towards any degradation product of the
organofluorine compound at operational conditions,
wherein any compound contained on the surface of
the component and forming an integral part of the
material and/or any compound bound to the surface
is or are devoid of any nucleophilic group, and the
nucleophilic group relates to any chemical group that
is able to donate in a chemical reaction an electron
pair to an electrophile, with the electrophile being the
organofluorine compound or its degradation pro-
duct(s) and the organofluorine compound being se-
lected from the group consisting of: fluoroethers,
fluoroketones, fluoroolefins, fluoronitriles, and mix-
tures thereof, wherein at least some of the compo-
nents are made of or comprise a polymeric material,
wherein the total amount of volatile organic com-
pounds having a boiling of less than 400°C in the
polymeric material is less than 1 wt.-% based on the
total weight of the polymeric material.

2. Apparatus according to any of the preceding claims,
wherein at least some of the components are made
of or compriseapolymericmaterial selected from the
group consisting of silicones, polyolefins, poly-
ethers, polyesters, polyurethanes, polyepoxides,
polyamides, polyimides, polyketones, polysulfones,
as well as mixtures thereof.

3. Apparatus according to any of the preceding claims,
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wherein the amount of plasticizer contained in the
polymeric material is less than 10 wt.-%, preferably
less than 8wt.-%,more preferably less than 6wt.-%,
and most preferably less than 4 wt.-%, based on the
total weight of the polymeric material, or wherein the
plasticizer contained in the polymeric material has a
molecular weight higher than 450 g/mol.

4. Apparatus according to any of the preceding claims,
wherein the total amount of volatile organic com-
pounds having a boiling of less than 260°C in the
polymeric material is less than 1 wt.-% based on the
total weight of the polymeric material.

5. Apparatus according to any one of the preceding
claims, wherein the polymeric material contains at
least one compound selected from the group con-
sisting of: functionalized metal oxide, unfunctiona-
lized metal oxide, functionalized metal hydroxide,
unfunctionalized metal hydroxide, or any combina-
tion thereof.

6. Apparatus according to claim 5, wherein at least a
portion of the metal oxide and/or metal hydroxide
contained in the polymeric material is unfunctiona-
lized, the amount of unfunctionalized metal oxide
and/or metal hydroxide being equal to or less than
5wt.-%,preferably is 4wt.-%or less,morepreferably
is 2 wt.-% or less, and even more preferably is less
than 1wt.-%, andmost preferably is approximately 0
wt-%.

7. Apparatus according to claim 5 or 6, wherein the
amount of metal oxide and/or metal hydroxide con-
tained in the polymeric material is equal to or less
than 5 wt.-%, preferably is 4 wt.-% or less, more
preferably is 2 wt.-% or less, and even more pre-
ferably is less than 1 wt.-%, and most preferably is
approximately 0 wt-%.

8. Apparatus according to any of the preceding claims,
the polymeric material containing a filler based on a
metal oxide and/or metal hydroxide, wherein all of
the metal oxide and/or metal hydroxide is functiona-
lized.

9. Apparatus according to any of the preceding claims,
wherein at least a portion of the surface of the com-
ponent is hydrophobic, and/or wherein at least a
portionof the surfaceof the component hasa contact
angle of more than 90° when contacted with water.

10. Apparatus according to any of the preceding claims,
wherein the component is selected from the group
consisting of: a coating compound, in particular a
paint or a resin,asealingcompound,anadhesive, an
insulating compound, a lubricating compound, in
particular grease, a humidity sensing material, as

well as combinations thereof.

11. Apparatus according to any of the preceding claims,
wherein the organofluorine compound is selected
from the group consisting of: hydrofluoromo-
noethers, perfluoroketones, hydrofluoroolefins, per-
fluoronitriles, and mixtures thereof; and/or wherein
the insulation medium comprises air or at least one
air component, in particular selected from the group
consisting of oxygen (O2), nitrogen (N2), carbon
dioxide (CO2), and mixtures thereof.

12. Apparatus according to any of the preceding claims,
wherein the insulation medium comprises a fluoro-
ketone containing from four to twelve carbon atoms,
preferably containing exactly five carbon atoms or
exactly six carbon atoms or mixtures thereof, and/or
wherein the insulation medium comprises a hydro-
fluoromonoether containing at least three carbon
atoms.

13. Apparatus according to claim 11, wherein the insula-
tion medium comprises carbon dioxide and oxygen,
and the ratio of the amount of carbon dioxide to the
amount of oxygen ranges from 50:50 to 100:1, pre-
ferably from 80:20 to 95:5, more preferably from
85:15 to 92:8, even more preferably from 87:13 to
less than 90:10, and in particular is about 89:11.

14. Apparatus according to any of the preceding claims,
wherein the apparatus, in particular gas-insulated
apparatus, is part of or is a: high voltage apparatus,
medium voltage apparatus, low voltage apparatus,
direct-current apparatus, switchgear, air-insulated
switchgear, part or component of air-insulated
switchgear, gas-insulated metal-encapsulated
switchgear (GIS), part or component of gas-insu-
lated metal-encapsulated switchgear, gas-insulated
transmission line (GIL), busbar, bushing, gas-insu-
lated cable, cable joint, current transformer, voltage
transformer, sensors, humidity sensors, surge ar-
rester, capacitor, inductance, resistor, current limiter,
high voltage switch, earthing switch, disconnector,
combined disconnector and earthing switch, load-
break switch, circuit breaker, gas circuit breaker,
gas-insulated vacuum circuit breaker, generator cir-
cuit breaker, medium voltage switch, ring main unit,
recloser, sectionalizer, low voltage switch, any type
of gas-insulated switch, transformer, distribution
transformer, power transformer, tap changer, trans-
former bushing, electrical rotating machine, genera-
tor, motor, drive, semiconducting device, power
semiconductor device, power converter, converter
station, convertor building; and components and/or
combinations of such devices.

15. Apparatus according to any one of the preceding
claims, wherein the at least some of the components
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of the apparatus that are directly exposed to the
insulation gas are made of a material which remains
unaltered during exposure to the insulation gas for a
period of more than 10 years at operational condi-
tions of the apparatus.

16. Component designed tobemounted in anapparatus
according to any of claims 1 to 15, in which the
component is to be directly exposed to the insulation
medium, in particular insulation fluid, the component
being made of a material, which during exposure to
an insulation gas comprising an organofluorine com-
pound for a period of more than 5 years at opera-
tional conditions remains unaltered, andwhich has a
surface at least a portion of which is devoid of any
nucleophilic group reactive towards the organofluor-
ine compound and/or reactive towards any degrada-
tion product of the organofluorine compound at op-
erational conditions of the apparatus, in which it is to
be mounted, wherein any compound contained on
the surfaceof the component and forming an integral
part of the material and/or any compound bound to
thesurface isor aredevoidof anynucleophilic group,
andnucleophilic group relates to any chemical group
that is able to donate in a chemical reaction an
electron pair to an electrophile, with the electrophile
being the organofluorine compound or its degrada-
tion product(s) and the organofluorine compound
being selected from the group consisting of: fluor-
oethers, fluoroketones, fluoroolefins, fluoronitriles,
and mixtures thereof, wherein the component is
made of or comprises a polymeric material selected
from the group consisting of silicones, polyolefins,
polyethers, polyesters, polyurethanes, polyepox-
ides, polyamides, polyimides, polyketones, polysul-
fones, as well as mixtures thereof, wherein the total
amount of volatile organic compounds having a boil-
ing point of less than 400°C in the polymericmaterial
is less than 1 wt.-% based on the total weight of the
polymeric material.

17. Component according to claim 16, wherein the
amount of plasticizer contained in the polymeric
material is less than 10 wt.-%, preferably less than
8wt.-%,more preferably less than 6wt.-%, andmost
preferably less than 4 wt.-%, based on the total
weight of the polymeric material, or wherein the
plasticizer contained in the polymeric material has
a molecular weight higher than 450 g/mol.

18. Component according to any of claims 16 to 17,
wherein the total amount of volatile organic com-
pounds having a boiling point of less than 260°C in
the polymeric material is less than 1 wt.-% based on
the total weight of the polymeric material.

19. Component according to any of claims 16 to 18,
wherein the amount of metal oxide and/or metal

hydroxide contained in the polymeric material is
equal to or less than 5 wt.-%, preferably is 4 wt.-%
or less, more preferably is 2 wt.-% or less, and even
more preferably is less than 1 wt.-%, and most pre-
ferably is approximately 0 wt.-%.

20. Component according to any of the claims 16 to 19,
wherein at least a portion of the surface of the com-
ponent is hydrophobic, and/or wherein at least a
portionof the surfaceof the component hasa contact
angle of more than 90° when contacted with water.

21. Component according to any of claims 16 to 20,
wherein the component is selected from the group
consisting of: a coating compound, in particular a
paint or a resin,asealingcompound,anadhesive, an
insulating compound, a lubricating compound, in
particular grease, and a humidity sensing material,
as well as combinations thereof.

22. Process for preparing an apparatus according to any
of the claims 1 to 15 or for preparing a component
according to any of claims 16 to 21, the component
being made of or comprising a polymeric material
containing a filler based on a metal oxide and/or
metal hydroxide, wherein prior to the compounding
of the polymeric material the metal oxide or metal
hydroxide, respectively, is functionalized such that
the oxide group of the metal oxide and/or the hydro-
xide group of the metal hydroxide is rendered che-
mically inert.

23. Process for preparing an apparatus according to any
of the claims 1 to 15 or for preparing a component
according to any of claims 16 to 21, the component
being made of or comprising a polymeric material,
wherein at least some, in particular all, of the ex-
posed nucleophilic groups of a surface of the com-
ponent are functionalized, in particular wherein func-
tionalization is performed by chemical treatment, for
example halogenation or fluorination or alkylation
with an alkyl group or a fluoroalkyl group, by plasma
treatment and/or by chemical vapour deposition,
particularly by plasma-enhanced chemical vapour
deposition.

Patentansprüche

1. Vorrichtung zur Erzeugung, Verteilung und/oder
Nutzung von elektrischer Energie, wobei die Vor-
richtung ein Gehäuse umfasst, das einen Isolier-
raum und ein elektrisch leitfähiges Teil, das in dem
Isolierraum angeordnet ist, umschließt, wobei der
Isolierraumein dielektrisches Isoliermediumenthält,
von demwenigstens ein Teil in Form eines Isolierga-
ses, das eine Organofluorverbindung umfasst, vor-
liegt, wobei wenigstens manche der Komponenten
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derVorrichtung, die direkt gegenüber dem Isoliergas
exponiert sind, aus einem Material bestehen, das
während Exposition gegenüber dem Isoliergas über
einen Zeitraum von mehr als 5 Jahren bei Betriebs-
bedingungen unverändert bleibt und eine Oberflä-
che aufweist, von der wenigstens ein Teil frei von
jeglicher nukleophilenGruppe ist, die gegenüber der
Organofluorverbindung reaktiv ist und/oder gegen-
über jedem Abbauprodukt der Organofluorverbin-
dung bei Betriebsbedingungen reaktiv ist, wobei
jede Verbindung, die auf der Oberfläche der Kom-
ponente enthalten ist und einen integralen Teil des
Materials bildet, und/oder jede Verbindung, die an
die Oberfläche gebunden ist, frei von jeglicher nuk-
leophiler Gruppe ist oder sind, und die nukleophile
Gruppe eine beliebige chemische Gruppe bezeich-
net, die fähig ist, in einer chemischen Reaktion ein
Elektronenpaar aneinElektrophil abzugeben,wobei
das Elektrophil die Organofluorverbindung oder de-
ren Abbauprodukt(e) ist und die Organofluorverbin-
dung ausgewählt ist aus der Gruppe bestehend aus:
Fluorethern, Fluorketonen, Fluorolefinen, Fluornitri-
len und Gemischen davon, wobei wenigstens man-
che der Komponenten aus einem/ein Polymermate-
rial bestehen oder umfassen, wobei die Gesamt-
menge an flüchtigen organischen Verbindungen
mit einem Siedepunkt von weniger als 400 °C in
dem Polymermaterial weniger als 1 Gew.-% bezo-
gen auf das Gesamtgewicht des Polymermaterials
beträgt.

2. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei wenigstens manche der Komponenten
aus einem/ein Polymermaterial ausgewählt aus der
Gruppe bestehend aus Siliconen, Polyolefinen, Po-
lyethern, Polyestern, Polyurethanen, Polyepoxiden,
Polyamiden, Polyimiden, Polyketonen, Polysulfo-
nen und Gemischen davon bestehen oder umfas-
sen.

3. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die Menge an Weichmacher, die in dem
Polymermaterial enthalten ist, weniger als 10 Gew.-
%, vorzugsweiseweniger als 8Gew.-%,bevorzugter
weniger als 6Gew.-%undhöchst bevorzugt weniger
als 4 Gew.-% bezogen auf das Gesamtgewicht des
Polymermaterials beträgt oder wobei der Weichma-
cher, der in dem Polymermaterial enthalten ist, ein
Molekulargewicht von höher als 450 g/mol aufweist.

4. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die Gesamtmenge an flüchtigen organi-
schen Verbindungen mit einem Siedepunkt von we-
niger als 260 °C in demPolymermaterial weniger als
1 Gew.-% bezogen auf das Gesamtgewicht des
Polymermaterials beträgt.

5. Vorrichtung nach einem der vorstehenden Ansprü-

che, wobei das Polymermaterial wenigstens eine
Verbindung ausgewählt aus der Gruppe bestehend
aus: funktionalisiertemMetalloxid, unfunktionalisier-
tem Metalloxid, funktionalisiertem Metallhydroxid,
unfunktionalisiertem Metallhydroxid oder einer be-
liebigen Kombination davon enthält.

6. Vorrichtung nach Anspruch 5, wobei wenigstens ein
Teil des Metalloxids und/oder Metallhydroxids, das
in dem Polymermaterial enthalten ist, unfunktionali-
siert ist, wobei die Menge an unfunktionalisiertem
Metalloxid und/oder Metallhydroxid gleich oder klei-
ner als 5 Gew.-% ist, vorzugsweise 4 Gew.-% oder
kleiner ist, bevorzugter 2Gew.-%oder kleiner ist und
nochbevorzugter kleiner als1Gew.-% ist undhöchst
bevorzugt etwa 0 Gew.-% beträgt.

7. Vorrichtung nach Anspruch 5 oder 6, wobei die
Menge an Metalloxid und/oder Metallhydroxid, die
in dem Polymermaterial enthalten ist, gleich oder
kleiner als 5 Gew.-% ist, vorzugsweise 4 Gew.-%
oder kleiner ist, bevorzugter 2 Gew.-% oder kleiner
ist und nochbevorzugter kleiner als 1Gew.-% ist und
höchst bevorzugt etwa 0 Gew.-% beträgt.

8. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei das Polymermaterial einen Füllstoff auf
der Basis eines Metalloxids und/oder Metallhydro-
xids enthält, wobei dasgesamteMetalloxid und/oder
Metallhydroxid funktionalisiert ist.

9. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei wenigstens ein Teil der Oberfläche der
Komponente hydrophob ist und/oder wobei wenigs-
tens ein Teil der Oberfläche der Komponente einen
Kontaktwinkel von mehr als 90° aufweist, wenn mit
Wasser in Kontakt gebracht.

10. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die Komponente ausgewählt ist aus der
Gruppe bestehend aus: einer Beschichtungsverbin-
dung, insbesondere einem Anstrich oder einem
Harz, einer Dichtungsverbindung, einem Klebstoff,
einer Isolierverbindung, einer Schmierverbindung,
insbesondere Schmierfett, einem Feuchesensorik-
material sowie Kombinationen davon.

11. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die Organofluorverbindung ausgewählt
ist aus der Gruppe bestehend aus: Hydrofluormo-
noethern, Perfluorketonen, Hydrofluorolefinen,
Perfluornitrilen undGemischendavon; und/oderwo-
bei das Isoliermedium Luft oder wenigstens eine
Luftkomponente umfasst, insbesondere ausgewählt
aus der Gruppe bestehend aus Sauerstoff (O2),
Stickstoff (N2), Kohlendioxid (CO2) und Gemischen
davon.
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12. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei das Isoliermediumein Fluorketonmit von
vier bis zwölf Kohlenstoffatomen, vorzugsweise mit
genau fünf Kohlenstoffatomen oder genau sechs
KohlenstoffatomenoderGemischendavon, umfasst
und/oderwobei das IsoliermediumeinenHydrofluor-
monoether mit wenigstens drei Kohlenstoffatomen
umfasst.

13. Vorrichtung nach Anspruch 11, wobei das Isolierme-
dium Kohlendioxid und Sauerstoff umfasst und das
Verhältnis derMenge anKohlendioxid zu derMenge
an Sauerstoff in dem Bereich von 50:50 bis 100:1,
vorzugsweise von 80:20 bis 95:5, bevorzugter von
85:15 bis 92:8, noch bevorzugter von 87:13 bis
weniger als 90:10 liegt und insbesondere etwa
89:11 beträgt.

14. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die Vorrichtung, insbesondere gasiso-
lierte Vorrichtung, Teil ist von einer oder eine ist:
Hochspannungsvorrichtung, Mittelspannungsvor-
richtung, Niederspannungsvorrichtung, Gleich-
stromvorrichtung, Schaltanlage, luftisolierte Schalt-
anlage, Teil oder Komponente einer luftisolierten
Schaltanlage, gasisoliertemetallverkapselte Schalt-
anlage (GIS), Teil oder Komponente einer gasiso-
lierten metallverkapselten Schaltanlage, gasisolier-
te Übertragungsleitung (GIL), Sammelschiene,
Durchführung, gasisoliertes Kabel, Kabelverbin-
dung, Stromwandler, Spannungswandler, Senso-
ren, Feuchtesensoren, Überspannungsableiter,
Kondensator, Induktivität, Widerstand, Strombe-
grenzer, Hochspannungsschalter, Erdungsschalter,
Trennschalter, kombinierter Trennschalter und Er-
dungsschalter, Lasttrennschalter, Schutzschalter,
Gasschutzschalter, gasisolierter Vakuumschutz-
schalter, Generatorschutzschalter, Mittelspan-
nungsschalter, Ringhaupteinheit, Wiedereinschal-
ter, Trennschalter, Niederspannungsschalter, jede
Art von gasisoliertem Schalter, Transformator, Ver-
teilungstransformator, Leistungstransformator, Stu-
fenschalter, Transformatorbuchse, elektrische rotie-
rende Maschine, Generator, Motor, Antrieb, Halb-
leitervorrichtung, Leistungshalbleitervorrichtung,
Leistungswandler, Wandlerstation, Wandlergebäu-
de; und Komponenten und/oder Kombinationen de-
rartiger Vorrichtungen.

15. Vorrichtung nach einem der vorstehenden Ansprü-
che,wobei diewenigstensmanchenderKomponen-
ten der Vorrichtung, die direkt gegenüber dem Iso-
liergas exponiert sind, aus einemMaterial bestehen,
das während Exposition gegenüber dem Isoliergas
über einen Zeitraum von mehr als 10 Jahren bei
Betriebsbedingungen der Vorrichtung unverändert
bleibt.

16. Komponente, dafür gestaltet, in einer Vorrichtung
nach einem der Ansprüche 1 bis 15 montiert zu
werden, wobei die Komponente direkt gegenüber
dem Isoliermedium, insbesondere Isolierfluid, expo-
niert werden soll, wobei die Komponente aus einem
Material besteht, das während Exposition gegen-
über einem Isoliergas, das eine Organofluorverbin-
dung umfasst, über einen Zeitraum von mehr als 5
Jahren bei Betriebsbedingungen unverändert bleibt,
und die eine Oberfläche aufweist, von der wenigs-
tens ein Teil frei von jeglicher nukleophiler Gruppe
ist, die gegenüber der Organofluorverbindung reak-
tiv ist und/oder gegenüber jedem Abbauprodukt der
Organofluorverbindung bei Betriebsbedingungen
der Vorrichtung, in der sie montiert werden soll, re-
aktiv ist, wobei jede Verbindung, die auf der Ober-
fläche der Komponente enthalten ist und einen in-
tegralen Teil desMaterials bildet, und/oder jede Ver-
bindung, die an die an die Oberfläche gebunden ist,
frei von jeglicher nukleophilen Gruppe ist oder sind,
und nukleophile Gruppe eine beliebige chemische
Gruppe bezeichnet, die fähig ist, in einer chemi-
schen Reaktion ein Elektronenpaar an ein Elektro-
phil abzugeben, wobei das Elektrophil die Organo-
fluorverbindung oder deren Abbauprodukt(e) ist und
die Organofluorverbindung ausgewählt ist aus der
Gruppe bestehend aus: Fluorethern, Fluorketonen,
Fluorolefinen, Fluornitrilen und Gemischen davon,
wobei die Komponente aus einem/ein Polymerma-
terial ausgewählt ist aus der Gruppe bestehend aus
Siliconen, Polyolefinen, Polyethern, Polyestern, Po-
lyurethanen, Polyepoxiden, Polyamiden, Polyimi-
den, Polyketonen, Polysulfonen sowie deren Gemi-
schen besteht oder umfasst, wobei dieGesamtmen-
ge an flüchtigen organischen Verbindungen mit ei-
nem Siedepunkt von weniger als 400 °C in dem
Polymermaterial weniger als 1 Gew.-% bezogen
auf das Gesamtgewicht des Polymermaterials
beträgt.

17. Komponente nach Anspruch 16, wobei die Menge
an Weichmacher, die in dem Polymermaterial ent-
halten ist, weniger als 10 Gew.-%, vorzugsweise
weniger als 8 Gew.-%, bevorzugter weniger als 6
Gew.-%undhöchst bevorzugt weniger als 4Gew.-%
bezogen auf das Gesamtgewicht des Polymerma-
terials beträgt oder wobei der Weichmacher, der in
dem Polymermaterial enthalten ist, ein Molekular-
gewicht von höher als 450 g/mol aufweist.

18. Komponente nach einem der Ansprüche 16 bis 17,
wobei die Gesamtmenge an flüchtigen organischen
Verbindungenmit einemSiedepunkt vonwenigerals
260 °C in dem Polymermaterial weniger als 1 Gew.-
% bezogen auf das Gesamtgewicht des Polymer-
materials beträgt.

19. Komponente nach einem der Ansprüche 16 bis 18,
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wobei die Menge an Metalloxid und/oder Metallhyd-
roxid, die in dem Polymermaterial enthalten ist,
gleich oder kleiner als 5 Gew.-% ist, vorzugsweise
4 Gew.-% oder kleiner ist, bevorzugter 2 Gew.-%
oder kleiner ist und noch bevorzugter kleiner als 1
Gew.-% ist und höchst bevorzugt etwa 0 Gew.-%
beträgt.

20. Komponente nach einem der Ansprüche 16 bis 19,
wobei wenigstens ein Teil der Oberfläche der Kom-
ponente hydrophob ist und/oder wobei wenigstens
ein Teil der Oberfläche der Komponente einen Kon-
taktwinkel von mehr als 90° aufweist, wenn mit
Wasser in Kontakt gebracht.

21. Komponente nach einem der Ansprüche 16 bis 20,
wobei die Komponente ausgewählt ist aus derGrup-
pe bestehend aus: einer Beschichtungsverbindung,
insbesondereeinemAnstrichodereinemHarz, einer
Dichtungsverbindung, einemKlebstoff, einer Isolier-
verbindung, einer Schmierverbindung, insbesonde-
re Schmierfett, einem Feuchtesensorikmaterial so-
wie Kombinationen davon.

22. Verfahren zur Herstellung einer Vorrichtung nach
einem der Ansprüche 1 bis 15 oder zur Herstellung
einerKomponente nacheinemderAnsprüche16bis
21, wobei die Komponente aus einem/ein Polymer-
material besteht oder umfasst, das einen Füllstoff
auf der Basis eines Metalloxids und/oder Metallhyd-
roxids enthält, wobei vor dem Compoundieren des
Polymermaterials das Metalloxid bzw. Metallhydro-
xid funktionalisiert wird, so dass die Oxidgruppe des
Metalloxids und/oder die Hydroxidgruppe des Me-
tallhydroxids chemisch inert gemacht wird.

23. Verfahren zur Herstellung einer Vorrichtung nach
einem der Ansprüche 1 bis 15 oder zur Herstellung
einerKomponente nacheinemderAnsprüche16bis
21, wobei die Komponente aus einem/ein Polymer-
material besteht oder umfasst, bei dem wenigstens
manche, insbesondere alle, der freiliegenden nuk-
leophilenGruppen einer Oberfläche der Komponen-
te funktionalisiert sind, insbesondere wobei die
Funktionalisierung durch chemische Behandlung
durchgeführt wird, beispielsweise Halogenierung
oder Fluorierung oder Alkylierung mit einer Alkyl-
gruppe oder einer Fluoralkylgruppe, durch Plasma-
behandlung und/oder durch chemische Gasphase-
nabscheidung, insbesondere durch plasmaunters-
tützte chemische Gasphasenabscheidung.

Revendications

1. Appareil pour la production, la distribution et/ou l’u-
tilisation d’énergie électrique, ledit appareil compre-
nant un boîtier renfermant un espace isolant et une

partie électriquement conductrice disposée dans
l’espace isolant, ledit espace isolant contenant un
milieu isolant diélectrique dont au moins une partie
est sous la forme d’un gaz isolant comprenant un
composé organofluoré, dans lequel au moins cer-
tains des composants de l’appareil qui sont directe-
ment exposés au gaz isolant sont faits d’unmatériau
qui reste inchangé pendant une exposition au gaz
isolant pendant une période de plus de 5 ans dans
les conditions de fonctionnement et ont une surface
dont au moins une partie est dépourvue de tout
groupe nucléophile réactif vis-à-vis du composé or-
ganofluoré et/ou réactif vis-à-vis de tout produit de
dégradation du composé organofluoré dans les
conditions de fonctionnement, dans lequel tout
composé contenu sur la surface du composant et
formant une partie intégrante du matériau et/ou tout
composé lié à la surface est ou sont dépourvu(s) de
tout groupe nucléophile, et le groupe nucléophile se
rapporte à tout groupe chimique capable de donner
dans une réaction chimique une paire d’électrons à
un électrophile, l’électrophile étant le composé or-
ganofluoréouson/sesproduit(s) dedégradationet le
composé organofluoré étant choisi dans le groupe
constitué par : fluoroéthers, fluorocétones, fluoroo-
léfines, fluoronitriles et leurs mélanges, dans lequel
au moins certains des composants sont constitués
d’un matériau polymérique ou comprennent un tel
matériau, la quantité totale de composésorganiques
volatils ayant un point d’ébullition inférieur à 400 °C
dans le matériau polymérique étant inférieure à 1 %
en poids par rapport au poids total du matériau
polymérique.

2. Appareil selon l’une quelconque des revendications
précédentes, dans lequel au moins certains des
composants sont faits de ou comprennent un maté-
riau polymérique choisi dans le groupe constitué par
les silicones, les polyoléfines, les polyéthers, les
polyesters, les polyuréthanes, les polyépoxydes,
les polyamides, les polyimides, les polycétones,
les polysulfones, ainsi que leurs mélanges.

3. Appareil selon l’une quelconque des revendications
précédentes, dans lequel la quantité de plastifiant
contenue dans le matériau polymérique est infé-
rieure à 10 % en poids, de préférence inférieure à
8%enpoids, pluspréférablement inférieureà6%en
poids, et le plus préférablement inférieure à 4 % en
poids, sur la base du poids total du matériau poly-
mérique, oudans lequel le plastifiant contenudans le
matériau polymérique a un poids moléculaire supé-
rieur à 450 g/mole.

4. Appareil selon l’une quelconque des revendications
précédentes, dans lequel la quantité totale de
composés organiques volatils ayant un point d’ébul-
lition inférieur à260 °Cdans lematériaupolymérique
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est inférieureà1%enpoids sur labasedupoids total
du matériau polymérique.

5. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le matériau polymérique
contient aumoins un composé choisi dans le groupe
constitué par : oxyde métallique fonctionnalisé,
oxydemétallique non fonctionnalisé, hydroxydemé-
tallique fonctionnalisé, hydroxyde métallique non
fonctionnalisé, ou toute combinaison de ceux-ci.

6. Appareil selon la revendication 5, dans lequel au
moins une partie de l’oxyde métallique et/ou de
l’hydroxyde métallique contenus dans le matériau
polymérique est non fonctionnalisée, la quantité d’o-
xyde métallique et/ou d’hydroxyde métallique non
fonctionnalisé étant égale ou inférieure à 5 % en
poids, de préférence est égale ou inférieure à 4%en
poids, plus préférablement est égale ou inférieure à
2%en poids, et demanière encore plus préférée est
inférieure à 1 % en poids, et le plus préférablement
est environ 0 % en poids.

7. Appareil selon la revendication 5 ou 6, dans lequel la
quantité d’oxyde métallique et/ou d’hydroxyde mé-
tallique contenue dans le matériau polymérique est
égale ou inférieure à 5%en poids, de préférence est
égale ou inférieure à 4 % en poids, plus préférable-
mentest égaleou inférieureà2%enpoids, et encore
plus préférablement est inférieure à 1% en poids, et
le plus préférablement est d’environ 0 % en poids.

8. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le matériau polymérique
contient une charge à base d’un oxyde métallique
et/ou d’un hydroxyde métallique, dans lequel la to-
talité de l’oxyde métallique et/ou de l’hydroxyde mé-
tallique est fonctionnalisée.

9. Appareil selon l’une quelconque des revendications
précédentes, dans lequel au moins une partie de la
surface du composant est hydrophobe, et/ou dans
lequel au moins une partie de la surface du compo-
sant a unangle de contact supérieur à 90° lorsqu’elle
est mise en contact avec de l’eau.

10. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le composant est choisi
dans le groupe constitué par : un composé de revê-
tement, en particulier une peinture ou une résine, un
composé d’étanchéité, un adhésif, un composé iso-
lant, un composé lubrifiant, en particulier une
graisse, un matériau de détection d’humidité, ainsi
que des combinaisons de ceux-ci.

11. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le composé organofluoré
est choisi dans le groupe constitué par : hydrofluo-

romonoéthers, perfluorocétones, hydrofluorooléfi-
nes, perfluoronitriles et leurs mélanges ; et/ou dans
lequel lemilieu isolant comprend de l’air ou aumoins
un composant de l’air, en particulier choisi dans le
groupe constitué par l’oxygène (O2), l’azote (N2), le
dioxydedecarbone (CO2), et desmélangesdeceux-
ci.

12. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le milieu isolant comprend
une fluorocétone contenant de quatre à douze ato-
mes de carbone, de préférence contenant exacte-
ment cinq atomes de carbone ou exactement six
atomes de carbone ou des mélanges de ceux-ci,
et/ou dans lequel le milieu isolant comprend un
hydrofluoromonoéther comprenant au moins trois
atomes de carbone.

13. Appareil selon la revendication 11, dans lequel le
milieu isolant comprenddu dioxyde de carbone et de
l’oxygène, et le rapport de la quantité de dioxyde de
carbone sur la quantité d’oxygène est dans la plage
de50:50à100:1, depréférencede80:20à95:5, plus
préférablement de 85:15 à 92:8, de manière encore
plus préférée de 87:13 à moins de 90:10, et en
particulier est d’environ 89:11.

14. Appareil selon l’une quelconque des revendications
précédentes, dans lequel l’appareil, en particulier un
appareil isolé au gaz, fait partie d’un(e) ou est un(e) :
appareil haute tension, appareil moyenne tension,
appareil basse tension, appareil à courant continu,
appareillage de commutation, pièce ou composant
d’appareillage de commutation isolé par air, appa-
reillage de commutation encapsulés dans des mé-
taux à isolation gazeuse (SIG), pièce ou composant
de dispositif de commutation à isolation gazeuse à
enveloppe métallique, ligne de transmission à isola-
tion gazeuse (GIL), barre de distribution, douille,
câble à isolation gazeuse, joint de câbles, transfor-
mateur de courant, transformateur de tension, cap-
teur, capteur d’humidité, limiteur de surtension,
condensateur, inductance, résistance, limiteur de
courant, interrupteur haute tension, interrupteur de
mise à la terre, disjoncteur, sectionneur combiné et
interrupteur de mise à la terre, interrupteur de cou-
pure de charge, disjoncteur, disjoncteur à gaz, dis-
joncteur à vide isolé au gaz, disjoncteur du généra-
teur, interrupteur moyenne tension, unité principale
annulaire, réenclencheur, sectionneur, interrupteur
basse tension, tout type de commutateur à isolation
gazeuse, transformateur, transformateurdedistribu-
tion, transformateur de puissance, changeur de
prise, douille de transformateur, machine électrique
rotative, générateur, moteur, entraînement, disposi-
tif semi-conducteur, dispositif semi-conducteur de
puissance, convertisseur de puissance, station de
conversion, bâtiment convertisseur ; et des compo-
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sants et/ou des combinaisons de tels dispositifs.

15. Appareil selon l’une quelconque des revendications
précédentes, dans lequel au moins certains des
composants de l’appareil qui sont directement ex-
posés au gaz isolant sont faits d’un matériau qui
reste inchangé pendant l’exposition au gaz isolant
pendant une période de plus de 10 ans dans des
conditions de fonctionnement de l’appareil.

16. Composant conçu pour être monté dans un appareil
selon l’une quelconque des revendications 1 à 15,
dans lequel le composant doit être directement ex-
posé aumilieu isolant, en particulier au fluide isolant,
le composant étant constitué d’un matériau qui, lors
d’une exposition à un gaz isolant constitué d’un
composé organofluoré pendant une période de plus
de 5 ans dans des conditions de fonctionnement,
reste inchangé, et dont la surface est dépourvue, en
partie au moins, de tout groupe nucléophile réactif
vis-à-vis du composé organofluoré et/ou réactif vis-
à-vis de tout produit de dégradation du composé
organofluoré dans les conditions de fonctionnement
de l’appareil dans lequel il doit être monté, tout
composé contenu sur la surface du composant et
faisant partie intégrante du matériau et/ou tout
composé lié à la surface étant dépourvu de tout
groupe nucléophile, et le groupe nucléophile dési-
gnant tout groupe chimique capable de donner dans
une réaction chimique une paire d’électrons à un
électrophile, l’électrophile étant le composé organo-
fluoré ou son ou ses produit(s) de dégradation et le
composé organofluoré étant choisi dans le groupe
constitué par : fluoroéthers, fluorocétones, fluoroo-
léfines, fluoronitriles et leurs mélanges, dans lequel
le composant est constitué de ou comprend un ma-
tériau polymérique choisi dans le groupe constitué
par les silicones, les polyoléfines, les polyéthers, les
polyesters, les polyuréthanes, les polyépoxydes, les
polyamides, les polyimides, les polycétones, les po-
lysulfones, ainsi que desmélanges de ceux-ci, dans
lequel la quantité totale de composés organiques
volatils ayant un point d’ébullition inférieur à 400 °C
dans lematériau polymérique est inférieure à 1%en
poids par rapport au poids total du matériau poly-
mérique.

17. Composant selon la revendication 16, dans lequel la
quantité de plastifiant contenue dans le matériau
polymérique est inférieure à 10 % en poids, de pré-
férence inférieure à 8 % en poids, plus préférable-
ment inférieure à 6 % en poids, et le plus préféra-
blement inférieure à 4 % en poids, par rapport au
poids total du matériau polymérique, ou dans lequel
le plastifiant contenudans lematériau polymériquea
un poids moléculaire supérieur à 450 g/mole.

18. Composant selon l’une quelconque des revendica-

tions 16 à 17, dans lequel la quantité totale de
composés organiques volatils ayant un point d’ébul-
lition inférieur à260 °Cdans lematériaupolymérique
est inférieure à 1 % en poids par rapport au poids
total du matériau polymérique.

19. Composant selon l’une quelconque des revendica-
tions 16 à 18, dans lequel la quantité d’oxyde mé-
tallique et/ou d’hydroxydemétallique contenue dans
lematériaupolymériqueest égaleou inférieureà5%
en poids, de préférence est égale ou inférieure à 4%
enpoids, plus préférablement est égale ou inférieure
à 2 % en poids, et de manière encore plus préférée
est inférieure à 1 % en poids, et le plus préférable-
ment est d’environ 0 % en poids.

20. Composant selon l’une quelconque des revendica-
tions 16 à 19, dans lequel au moins une partie de la
surface du composant est hydrophobe, et/ou dans
lequel au moins une partie de la surface du compo-
sant a unangle de contact supérieur à 90° lorsqu’elle
est mise en contact avec de l’eau.

21. Composant selon l’une quelconque des revendica-
tions 16 à 20, dans lequel le composant est choisi
dans le groupe constitué par : un composé de revê-
tement, en particulier une peinture ou une résine, un
composé d’étanchéité, un adhésif, un composé iso-
lant, un composé lubrifiant, enparticulier unegraisse
et unmatériau de détection d’humidité, ainsi que des
combinaisons de ceux-ci.

22. Procédé de préparation d’un appareil selon l’une
quelconque des revendications 1 à 15 ou de pré-
paration d’un composant selon l’une quelconque
des revendications 16 à 21, le composant étant
constitué de ou comprenant un matériau polymé-
rique contenant une charge à base d’un oxyde mé-
tallique et/ou d’un hydroxyde métallique, dans le-
quel, avant le mélange du matériau polymérique,
l’oxyde métallique ou l’hydroxyde métallique, res-
pectivement, est fonctionnalisé de telle sorte que
le groupe oxyde de l’oxyde métallique et/ou le
groupe hydroxyde de l’hydroxyde métallique soient
rendus chimiquement inerte.

23. Procédé de préparation d’un appareil selon l’une
quelconque des revendications 1 à 15 ou de pré-
paration d’un composant selon l’une quelconque
des revendications 16 à 21, le composant étant
constitué d’unmatériau polymérique ou comprenant
un matériau polymérique, dans lequel au moins une
partie, en particulier la totalité, des groupes nuclé-
ophiles exposés d’une surface du composant sont
fonctionnalisés, en particulier dans lequel la fonc-
tionnalisation est effectuée par traitement chimique,
par exemple, par halogénation ou fluoration ou alky-
lationpar ungroupealkyle ouungroupefluoroalkyle,
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par traitement par plasma et/ou par dépôt chimique
en phase vapeur, notamment par dépôt chimique en
phase vapeur assisté par plasma.
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