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Description

[0001] The present invention relates to a method for
decomposing a fluoroketone, in particular a fluoroketone
containing exactly five carbon atoms, into disposable de-
composition products. It further relates to a fluoroketone
decomposition system as well as to an assembly of a
fluoroketone decomposition system and an educt con-
tainer, the latter being in particular a housing of an elec-
trical apparatus.
[0002] Dielectric insulation media in liquid or gaseous
state are conventionally applied for the insulation of an
electrical component in a wide variety of electrical appa-
ratuses, such as for example switchgears, gas-insulated
substations (GIS), gas-insulated lines (GIL), or trans-
formers.
[0003] In medium or high voltage metal-encapsulated
switchgears, for example, the electrical component is ar-
ranged in a gas-tight housing, which defines an insulating
space, said insulation space comprising an insulation gas
and separating the housing from the electrical compo-
nent without letting electrical current to pass through. For
interrupting the current in high voltage switchgear, the
insulating gas further functions as an arc extinction gas.
[0004] Recently, the use of organofluorine compounds
in an insulating gas has been suggested. Specifically,
WO-A-2010/ 142346 discloses a dielectric insulation me-
dium comprising a fluoroketone having from 4 to 12 car-
bon atoms. Furthermore, WO-A-2012/080246 discloses
a fluoroketone containing exactly 5 carbon atoms (here-
inafter referred to as "C5-FK") in a mixture with a dielectric
insulation gas component different from the C5K to be
particularly preferred.
[0005] The fluoroketones according to WO-A-
2010/142346, and in particular according to WO-A-
2012/080246, have been shown to have high insulation
capabilities, specifically a high dielectric strength, as well
as high arc extinction capabilities. At the same time, they
have a very low Global Warming Potential (GWP) and
very low toxicity. The combination of these characteris-
tics renders these organofluorine compounds highly suit-
able as a substitute for SF6 (sulphur hexafluoride), which
has commonly been used as a dielectric insulation me-
dium, but which is known to have a high GWP.
[0006] Despite of the ecological friendliness of the
fluoroketones according to WO-A-2010/142346, and in
particular WO-A-2012/080246, an intentional release of
the compound at the end of the lifetime of the apparatus
is not recommended.
[0007] One approach to handle the remaining fluoroke-
tone in the insulation medium at the end of the lifetime
is to recycle it. In this regard, the approach according to
WO-A-2017/029338 may be chosen, relating to a method
for reclaiming at least one substance from an insulation
medium of an electrical apparatus. The method accord-
ing to WO-A-2017/029338 comprises the subsequent
steps of:

a) transferring an initial gas mixture containing the
organofluorine compound and at least one further
component of the insulation medium into a sub-
stance reclaiming device,

b) liquefying the organofluorine compound in the
substance reclaiming device by
b1) compressing the initial gas mixture, and
b2) cooling the compressed initial gas mixture down
to a temperature at which the organofluorine com-
pound liquefies,

c) separating the liquefied organofluorine compound
from the remaining gas comprising the at least one
remaining component of the initial gas mixture, and

d) expanding the remaining gas via a balancing valve
and reintroducing at least a portion of the remaining
gas back into the insulation space.

[0008] Although the technique according to WO-A-
2017/029338 allows the recycling of the fluoroketone,
relatively complex separation techniques are required for
recovering it in pure form, which renders the technique
laborious.
[0009] One other approach would be to incinerate the
fluoroketone in a specifically equipped incineration plant.
This would, however, require collection of the used gas
mixtures from different sites of operation, which goes
along with relative complex logistics and high transpor-
tation costs.
[0010] EP 0 771 579 A1 relates to a method for de-
composing a halide contained in a gas, the method com-
prising the step of bringing the gas into contact, at a tem-
perature of at least 300°C, with a first mixture consisting
essentially of 0.05-40 wt% of potassium hydroxide and
at least one compound selected from the group consist-
ing of alkali-earth-metal oxides and alkali-earth-metal hy-
droxides
[0011] US 2 807 646 A relates to a process for making
a perchlorofluoro acetone by introducing a substantially
anhydrous gas-phase mixture of HF and a starting ma-
terial comprising a perhalogenated chloroacetone con-
taining 3 fluorine atoms at most into a reaction zone con-
taining a substantially anhydrous catalyst.
[0012] Further, EP 2 904 617 relates to an apparatus
for the generation, the distribution and/or the usage of
electrical energy comprising a housing enclosing an in-
sulating space containing a dielectric insulation gas, the
apparatus further comprising a molecular sieve having
an average pore size greater than the molecular size of
at least one decomposition product of the organofluorine
compound generated during operation of the apparatus.
[0013] In consideration of the drawbacks mentioned
above, the problem to be solved by the present invention
is thus to provide a simple and efficient method for con-
verting the fluoroketone into a form, in which it can be
safely disposed. In particular, a simple method and sys-
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tem for emptying an apparatus, in which a fluoroketone-
containing insulation or arc-extinction medium is used,
shall be provided, specifically for emptying the apparatus
at its end of lifetime.
[0014] The problem is solved by the subject-matter of
independent claim 1. Preferred embodiments are defined
in the dependent claims, claim combinations, and in the
description and accompanying drawings.
[0015] According to the method of claim 1, a fluoroke-
tone, and in particular a fluoroketone containing exactly
five carbon atoms, is decomposed into disposable de-
composition products by bringing an initial gas mixture
containing the fluoroketone into contact with a base B1,
the pKa value of the respective conjugate acid being high-
er than 11.
[0016] Preferably, a base B1 is used, the respective
conjugate acid of which having a pKa value higher than
14 and more preferably a pKa value of at least 17. Ac-
cording to the present invention, an alcoholate is used
as base B1, preferably a sterically hindered alcoholate,
more preferably a tert-butoxide, and specifically potassi-
um tert-butoxide (the conjugate acid of which has a pKa
value of 17).
[0017] It has been found that by using a base B1 ac-
cording to the above definition, and in particular potassi-
um tert-butoxide, a very efficient decomposition of the
fluoroketone can be achieved, allowing to relative fast
obtain a disposable gas mixture, which can be released
to the atmosphere without negative consequences.
[0018] As known to the skilled person, the "pKa value"
refers to the acid dissociation constant at logarithmic
scale, according to the equation: 

[0019] with Ka being the dissociation constant of the
acid.
[0020] As a rule, acids having a pKa value in the range
of -2 to 12 in water are designated "weak acids", whereas
acids with a pKa value of less than about -2 are desig-
nated "strong acids". Since the conjugate acid of base
B1 (having a pKa value of higher than 11) is weak, pref-
erably very weak, the base B1 is thus a strong base,
preferably a very strong base within this terminology.
[0021] Generally, the fluoroketone and the decompo-
sition products generated by the process of the present
invention is gaseous at ambient temperature and pres-
sure. The term "dispose" as used in the context of the
present invention thus generally relates to a release of
the decomposition products into the atmosphere.
[0022] The term "disposable" hence typically means
that the respective gaseous substance exhibits no or only
negligible GWP, Ozone Depletion Potential (ODP) and
toxicity, such that its release into the atmosphere has no
negative consequences on the environment and in par-
ticular does not contribute to the "greenhouse effect".

[0023] The term "initial gas mixture" as used in the con-
text of this invention shall be interpreted broadly and en-
compasses any possible gas mixture containing the fluor-
oketone, but in particular relates to a fluoroketone-con-
taining insulation or arc-extinction medium, specifically
at the end of lifetime of the apparatus, in which it is used.
[0024] More particular, the "initial gas mixture" com-
prises apart from the fluoroketone at least one further
component, specifically a background gas (or "carrier
gas") or a background gas component, and/or decom-
position products generated from decomposition of the
fluoroketone.
[0025] The term "fluoroketone" as used in the context
of this invention shall be interpreted broadly and shall
encompass both perfluoroketones and hydrofluoroke-
tones, and shall further encompass both saturated com-
pounds and unsaturated compounds, i.e. compounds in-
cluding double and/or triple bonds between carbon at-
oms. The at least partially fluorinated alkyl chain of the
fluoroketones can be linear or branched, or can form a
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 ex-
emplary embodiments, the fluoroketone is a fully satu-
rated compound.
[0026] According to another aspect, the initial gas mix-
ture according to the present invention can comprise a
fluoroketone having from 4 to 12 carbon atoms, the at
least partially fluorinated alkyl chain of the fluoroketone
forming a ring, which is optionally substituted by one or
more alkyl groups.
[0027] It is particularly preferred that the insulation me-
dium comprises a fluoroketone containing exactly five 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, allowing to avoid liquefaction under opera-
tional conditions. Nevertheless, the boiling point of this
fluoroketone is still high enough to allow liquefaction by
means of the liquefaction device of the present invention.
[0028] 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 substi-
tuted with a fluorine atom:
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[0029] Fluoroketones containing five or more carbon
atoms are further advantageous, because they are gen-
erally non-toxic with outstanding margins for human safe-
ty. This is in contrast to fluoroketones having less than
four carbon atoms, such as hexafluoroacetone (or hex-
afluoropropanone), which are toxic and very reactive. In
particular, fluoroketones containing exactly five carbon
atoms, herein briefly named fluoroketones a), and fluor-
oketones containing exactly six carbon atoms are ther-
mally stable up to 500°C.
[0030] According to a specific embodiment, the initial
gas mixture according to the present invention, in partic-
ular comprising a fluoroketone having exactly 5 carbon
atoms, can further comprise a background gas, in par-
ticular selected from the group consisting of: air, air com-
ponent, nitrogen, oxygen, carbon dioxide, a nitrogen ox-
ide (including but not limited to NO2, NO, N2O), and mix-
tures thereof.
[0031] In embodiments of this invention, the fluoroke-
tones, in particular fluoroketones a), having a branched
alkyl chain are preferred, because their boiling points are
lower than the boiling points of the corresponding com-
pounds (i.e. compounds with same molecular formula)
having a straight alkyl chain.
[0032] According to embodiments, the fluoroketone a)
is a perfluoroketone, in particular has the molecular for-
mula C5F10O, i.e. is fully saturated without double or triple
bonds between carbon atoms. The fluoroketone a) may
preferably be selected from the group consisting of
1,1,1,3,4,4,4-heptafluoro-3-(trifluoromethyl)butan-2-
one (also named deca-fluoro-2-methylbutan-3-one),
1,1,1,3,3,4,4,5,5,5-decafluoro-pentan-2-one,
1,1,1,2,2,4,4,5,5,5-decafluoropentan-3-one and oc-
tafluorocylcopentanone, and most preferably is
1,1,1,3,4,4,4-heptafluoro-3-(trifluoromethyl)butan-2-
one.
[0033] 1,1,1,3,4,4,4-heptafluoro-3-(trifluorome-
thyl)butan-2-one can be represented by the following
structural formula (I):

[0034] 1,1,1,3,4,4,4-heptafluoro-3-(trifluorome-
thyl)butan-2-one, here briefly called "C5-ketone", with
molecular formula CF3C(O)CF(CF3)2 or C5F10O, has
been found to be particularly preferred for high and me-
dium voltage insulation applications, because it has the
advantages of high dielectric insulation performance, in
particular in mixtures with a dielectric carrier gas, has
very low GWP and has a low boiling point. It has an ODP
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of 0 and is practically non-toxic.
[0035] According to embodiments, even higher insu-
lation capabilities can be achieved by combining the mix-
ture of different fluoroketone components. In embodi-
ments, a fluoroketone containing exactly five carbon at-
oms, as described above and here briefly called fluor-
oketone a), and a fluoroketone containing exactly six car-
bon atoms or exactly seven carbon atoms, here briefly
named fluoroketone c), can favourably be part of the di-
electric insulation at the same time. Thus, an insulation
medium can be achieved having more than one fluoroke-
tone, each contributing by itself to the dielectric strength
of the insulation medium.
[0036] In embodiments, the further fluoroketone c) 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 substi-
tuted with a fluorine atom:

as well as any fluoroketone having exactly 6 carbon at-
oms, in which the at least partially fluorinated alkyl chain
of the fluoroketone forms a ring, which is substituted 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:
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and

in particular dodecafluoro-cycloheptanone, as well as
any fluoroketone having exactly 7 carbon atoms, in which
the at least partially fluorinated alkyl chain of the fluor-
oketone forms a ring, which is substituted by one or more
alkyl groups (IIIo).
[0037] The present 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, and in particular with the gas mix-
ture further comprising a background gas, which is pref-
erably selected from the group consisting of: air, air com-
ponent, nitrogen, oxygen, carbon dioxide, a nitrogen ox-
ide (including but not limited to NO2, NO, N2O), and mix-
tures thereof.
[0038] According to another aspect, the initial gas mix-
ture according to the present invention can comprise a
fluoroketone having exactly 6 carbon atoms, in which the
at least partially fluorinated alkyl chain of the fluoroketone
forms a ring, optionally substituted by one or more alkyl
groups.
[0039] As mentioned, such insulation medium can
comprise a background gas, in particular selected from
the group consisting of: air, air component, nitrogen, ox-
ygen, carbon dioxide, a nitrogen oxide (including but not
limited to NO2, NO, N2O), and mixtures thereof. Further-
more, an electrical apparatus comprising such an insu-
lation medium is disclosed.
[0040] According to still another aspect, the initial gas
mixture according to the present invention can comprise

a fluoroketone having exactly 7 carbon atoms, in which
the at least partially fluorinated alkyl chain of the fluor-
oketone forms a ring, optionally substituted by one or
more alkyl groups. Furthermore, such an insulation me-
dium can comprise a background gas, as mentioned
above, in particular selected from the group consisting
of: air, air component, nitrogen, oxygen, carbon dioxide,
a nitrogen oxide (including but not limited to NO2, NO,
N2O), and mixtures thereof. Furthermore, an electrical
apparatus comprising such a dielectric insulation fluid is
disclosed.
[0041] Depending on the specific application of the
electrical component of the apparatus of the present in-
vention, a fluoroketone containing exactly six carbon at-
oms (falling under the designation "fluoroketone c)" men-
tioned above) may be preferred for the respective insu-
lation space compartment; such a fluoroketone is non-
toxic, with outstanding margins for human safety.
[0042] In embodiments, fluoroketone c), alike fluoroke-
tone a), 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
compounds. In particular, the fluoroketone c) has the mo-
lecular 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-(trifluor-
omethyl)pentan-3-one (also named dodecafluoro-2-
methylpentan-3-one), 1,1,1,3,3,4,5,5,5-nonafluoro-
4-(trifluoromethyl)pentan-2-one (also named do-
decafluoro-4-methylpentan-2-one), 1,1,1,3,4,4,5,5,5-
nonafluoro-3-(trifluoromethyl)pentan-2-one (also named
dodecafluoro-3-methylpentan-2-one), 1,1,1,4,4,4-hex-
afluoro-3,3-bis-(trifluoromethyl)butan-2-one (also
named dodecafluoro-3,3-(dimethyl)butan-2-one), do-
decafluorohexan-2-one, dodecafluorohexan-3-one and
decafluorocyclohexanone (with sum formula C6F10O),
and particularly is the mentioned 1,1,1,2,4,4,5,5,5-non-
afluoro-2-(trifluoromethyl)pentan-3-one.
[0043] 1,1,1,2,4,4,5,5,5-Nonafluoro-2-(trifluorome-
thyl)pentan-3-one (also named dodecafluoro-2-methyl-
pentan-3-one) can be represented by the following struc-
tural formula (II):

[0044] 1,1,1,2,4,4,5,5,5-Nonafluoro-4-(trifluorome-
thyl)pentan-3-one (here briefly called "C6-ketone", with
molecular formula C2F5C(O)CF(CF3)2) has been found
to be particularly preferred for high voltage insulation ap-
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plications because of its high insulating properties and
its extremely low GWP. Specifically, its pressure-re-
duced 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. Thus, the environmental impact is much low-
er than when using SF6, and at the same time outstanding
margins for human safety are achieved.
[0045] According to a particularly preferred embodi-
ment of the method according to the present invention,
the initial gas mixture is brought into contact with an ex-
cess amount of base B1 in relation to the amount of fluor-
oketone to be decomposed.
[0046] In particular when using potassium tert-butox-
ide, an excess amount of base B1 not only allows for a
particularly efficient fluoroketone decomposition. Sur-
prisingly, it has also been found that by using an excess
amount of base B1, lower amounts of free 2H-heptafluor-
opropane and hexafluoropropene are contained in the
resulting gas mixture to be disposed. Hence, a disposa-
ble gas mixture which is substantially free of any toxic
components can be achieved by the method of the
present invention, as will be explained in further detail by
way of the working examples discussed below. With re-
gard to this preferred embodiment, the use of at least 2,
preferably at least 3 equivalents of base B1 in relation to
the amount of fluoroketone to be decomposed, has been
turned out to be particularly preferred.
[0047] According to a straightforward and thus pre-
ferred embodiment, the initial gas mixture is passed
through a filter containing the base B1. In this regard, it
has further been found that the filter is preferably heated,
since thereby an increase in the decomposition rate is
achieved. Specifically, heating to a temperature in the
range from 60°C to 100°C has been shown to be partic-
ularly preferred.
[0048] It has been found that in some cases, trifluora-
cetic acid (TFA) can be present after having brought the
initial gas mixture into contact with the base B1. In order
to remove TFA, the decomposition products generated
by the reaction with the base B1 are, according to a further
preferred embodiment, subsequently brought into con-
tact with a neutralizing substance, in particular a base
B2 different from the base B1. Generally, the base B2 is
much weaker than the base B1 and typically is or contains
an inorganic base, and specifically is an aqueous NaOH
solution.
[0049] Apart from the method described above, the
present invention also relates - according to a further
aspect - to a fluoroketone decomposition system, i.e. de-
composition device. The fluoroketone decomposition
system comprises a gas line to be fluidly connected with
an educt container containing the fluoroketone to be de-
composed, said gas line opening into a product container
for storing the decomposition products.
[0050] According to the invention, a filter comprising
an alcoholate base B1 is arranged in the gas line, the

pKa value of the respective conjugate acid being higher
than 11, preferably higher than 14 and more preferably
at least 17.
[0051] With regard to the preferred features defined
above in the context of the method of the present inven-
tion, these features are likewise preferred for the fluor-
oketone decomposition system. In particular, potassium
tert-butoxide is preferably used in the fluoroketone de-
composition system. According to a further preferred em-
bodiment, the fluoroketone decomposition system com-
prises a pump and/or a compressor to generate a gas
flow from the educt container towards the product con-
tainer. The gas flow can be determined by a flowmeter
and is ideally adjusted in a manner that the contact of
the initial gas mixture with the filter lasts sufficiently long
for ensuring complete decomposition of the fluoroketone.
[0052] In analogy to what has been said above in the
context of the method, the fluoroketone decomposition
system preferably comprises heating means allocated to
the filter, in order to 31.03.2020 allow for a higher de-
composition rate and ultimately for a higher efficiency of
the system.
[0053] According to a further preferred embodiment, a
reactor comprising a neutralizing substance is arranged
in the gas line downstream of the filter. By means of the
reactor, TFA generated in the course of the fluoroketone
decomposition can be neutralized and thus removed
from the gas mixture to be disposed.
[0054] The present invention is illustrated by way of
the following working example along with the figures, of
which

Fig. 1 shows schematically an assembly according to
the present invention comprising a fluoroketone
decomposition system;

Fig. 2 relates to a diagram showing the amount of C5-
FK (indicated by its respective chromatograph-
ic peak area) in a gas mixture after different
periods of contacting the gas mixture with dif-
ferent amounts of tert-butylate (tert-butoxide)
in a respective filter as well as after final heating
of the filter;

Fig. 3 relates to a diagram showing the concentration
of hexafluoropropene after several periods of
contacting a gas mixture containing C5-FK with
different amounts of tert-butylate (tert-butoxide)
in a respective filter as well as after final heating
of the filter;

Fig. 4 relates to a diagram showing the concentration
of 2H-heptafluoropropane after several periods
of contacting a gas mixture containing C5-FK
with different amounts of tert-butylate (tert-bu-
toxide) in a respective filter as well as after final
heating of the filter; and
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Fig. 5 relates to a chromatogram of the gas mixture
resulting from the contacting with 3 equivalents
of potassium tert-butoxide after 10 minutes of
contacting and after additional heating.

[0055] According to Fig. 1, the assembly shown com-
prises a fluoroketone decomposition system 2, which is
connected with an educt container 4 in the form of a tank
41, and which typically is the housing 411 of an electrical
apparatus, in which a fluoroketone-containing insulation
and/or arc extinction medium is used. Thus, Fig. 1 depicts
the situation, where the housing of the electrical appara-
tus shall be emptied at the end of life of the insulation
and/or arc extinction medium.
[0056] Specifically, the fluoroketone decomposition
system 2 comprises a gas line 6, which is fluidly connect-
ed with the educt container 4 via an opening 8. For ex-
ample, the gas line 6 can be in the form of a tube, which
is fitting a respective socket or port of the educt container
4. A primary section 6a of the gas line leads to a filter 10
comprising the base B1, whereas a secondary section
6b arranged downstream of the filter 10 leads to a product
container 12 (or product tank). As the case may be, a
vacuum pump 14a or a compressor 14b is connected to
the gas line 6. In addition, a flowmeter 16 is connected
to the gas line 6 for determining the gas flow through the
gas line. In the specific embodiment shown, the flowm-
eter 16 is connected to the primary section 6a and the
vacuum pump or compressor 14a, 14b is connected to
the secondary section 6b of the gas line.
[0057] During operation, a gas flow through the gas
line 6 in direction from the educt container 4 towards the
product container 12 is generated by means of the vac-
uum pump 14a (in case the pressure in container 4 is
higher than 1 bar) or the compressor 14b (in case the
pressure in container 4 is equal or lower than 1 bar).
Thereby, the gas passes the filter 10, where fluoroketone,
in particular C5-FK, is brought into contact and reacts
with the base B1. Thus, disposable decomposition prod-
ucts are generated, in particular isobutene.
[0058] The gas mixture containing the disposable de-
composition products is then guided through the second
section 6b of the gas line 6 to the product container 12,
where the gas mixture is collected and eventually re-
leased into the atmosphere.
[0059] The technical effect of the method of the present
invention is shown by means of the following working
example, in connection with Fig. 2 to 5.
[0060] According to the example, a stainless steel 500
ml autoclave was filled with 400 mbar of C5-FK, specif-
ically 1,1,1,3,4,4,4-heptafluoro-3-(trifluoromethyl)butan-
2-one (according to structural formula I given above). In
addition, the autoclave was filled with technical air up to
a total pressure of 2 bar.
[0061] Prior to gas filling, different amounts of potas-
sium tertbutoxide (1, 2 and 3 equivalents with respect to
the amount of C5-FK) were placed inside the autoclave.
[0062] A reference measurement of the gas composi-

tion was carried out using gas chromatography-mass
spectrometry (GC-MS) immediately after filling. Further
measurements were carried out during the following hour
in intervals of about 15 minutes. For the samples brought
into contact with 2 and 3 equivalents of potassium tert-
butoxide, two runs were carried out.
[0063] After the first hour of bringing the C5-FK con-
taining gas mixture into contact with potassium tertbu-
toxide, the autoclave was placed in an oven at a temper-
ature of 100°C and left inside the oven overnight. After
this heating period, a final sample was taken and ana-
lyzed via GC-MS and via Fourier-transform infrared spec-
troscopy (FT-IR). Also, the "aged" potassium tertbutoxide
was analyzed.
[0064] A shown in Fig. 2, C5-FK was efficiently decom-
posed by bringing it into contact with potassium tertbu-
toxide. In particular, for the samples brought into contact
with 3 equivalents of potassium tertbutoxide, an entire
decomposition could be achieved within about 50 min-
utes. Also for the other samples (brought into contact
with 1 or 2 equivalents of potassium tertbutoxide, respec-
tively), a relatively high decomposition rate was deter-
mined.
[0065] Moreover, it was found that heating (points at
60 minutes in the diagram) has a positive effect on in-
creasing the decomposition rate, which allows entire de-
composition of the sample brought into contact with 2
equivalents of potassium tertbutoxide.
[0066] The presence of an excess amount of potassi-
um tertbutoxide not only leads to a higher C5-FK decom-
position rate, but also to a lower amount of free 2H-hep-
tafluoropropane and hexafluoropropene in the resulting
gas mixture, as shown in Fig. 3 and Fig. 4. This can be
explained by the potassium tertbutoxide (being present
in excess amounts, briefly called KtertBu in Fig. 5) react-
ing with 2H-heptafluoropropane and hexafluoropropene,
which was confirmed by FT-IR analysis of the solid re-
actant after aging, showing a strong degree of fluorination
of the solid.
[0067] Thus, by using an excess amount of potassium
tertbutoxide as reactant and by applying heat to the re-
actor, an efficient C5-FK decomposition can be achieved,
whereby the presence of toxic 2H-heptafluoropropane
and hexafluoropropene in the resulting gas mixture can
be avoided at least approximately (i.e. kept at an amount
well below 100 ppm), as further shown in Fig. 5.
[0068] Whereas according to Fig. 5 the amount of 2H-
heptafluoropropane (briefly named "hepta") and hex-
afluoropropene (briefly named "hexa") decreases or di-
minishes after aging and heating, an increasing amount
of isobutene (CH2C(CH3)2) is generated. However, in
contrast to 2H-heptafluoropropane and hexafluoropro-
pene, isobutene is non-toxic. In addition, it has a GWP
of far less than 1 and an ODP of 0, and can therefore be
released into the atmosphere without any negative effect.
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List of reference numerals

[0069]

2 fluoroketone decomposition system
4; 41, 411 educt container
41 tank
411 housing of apparatus
6; 6a, 6b gas line
6a primary section of gas line
6b secondary section of gas line
8 opening
10 filter
12 product container
14a vacuum pump
14b compressor
16 flowmeter
18 heating means
20 reactor
21 neutralizing substance

Claims

1. Method for decomposing a fluoroketone, in particular
a fluoroketone containing exactly five carbon atoms,
into disposable decomposition products, character-
ized in that the method comprises the step of bring-
ing an initial gas mixture containing the fluoroketone
into contact with a base B1 being an alcoholate, the
pKa value of the respective conjugate acid being
higher than 11.

2. Method according to claim 1, wherein the pKa value
of the respective conjugate acid of the base B1 is
higher than 14, and preferably is at least 17.

3. Method according to any of the preceding claims,
the base B1 being a sterically hindered alcoholate,
more particularly a tert-butoxide, and specifically po-
tassium tert-butoxide.

4. Method according to any of the preceding claims,
wherein the initial gas mixture is passed through a
filter (10) containing the base B1.

5. Method according to any of the preceding claims,
wherein the filter (10) is heated, in particularly to a
temperature in the range from 60°C to 100°C.

6. Method according to any of the preceding claims,
wherein after the step of bringing the fluoroketone
into contact with the base B1, the decomposition
products generated are subsequently brought into
contact with a neutralizing substance, in particular a
second base B2 different from the base B1, and more
particularly an aqueous NaOH solution.

7. Fluoroketone decomposition system comprising a
gas line (6; 6a, 6b) fluidly connectable with an educt
container (4; 41, 411) containing the fluoroketone to
be decomposed, said gas line (6; 6a, 6b) opening
into a product container (12) for storing the decom-
position products, characterized in that a filter (10)
comprising a base B1 is arranged in the gas line (6;
6a, 6b), the base B1 being an alcoholate and the
pKa value of the conjugate acid of the base B1 being
higher than 11.

8. Fluoroketone decomposition system according to
claim 7, further comprising a pump (14a) and/or a
compressor (14b) to generate a gas flow from the
educt container (4; 41, 411) towards the product con-
tainer (12).

9. Fluoroketone decomposition system according to
claim 7 or 8, further comprising heating means (18)
allocated to the filter (10).

10. Fluoroketone decomposition system according to
any of claims 7 to 9, wherein downstream of the filter
(10) a reactor (20) comprising a neutralizing sub-
stance (21) is arranged in the gas line (6; 6a, 6b).

11. Assembly comprising the fluoroketone decomposi-
tion system according to any of claims 7 to 10 and
an educt container (4; 41, 411).

12. Assembly according to claim 11, wherein the educt
container is the housing (411) of an electrical appa-
ratus.

13. Assembly according to claim 11 or 12, the apparatus
is or is part of a: switchgear, in particular gas-insu-
lated switchgear (GIS), or part and/or component
thereof, gas-insulated line (GIL), busbar, bushing,
cable, gas-insulated cable, cable joint, current trans-
former, voltage transformer, sensor, humidity sen-
sor, surge arrester, capacitor, inductance, resistor,
insulator, air-insulated insulator, a gas-insulated
metal-encapsulated insulator, current limiter, high
voltage switch, earthing switch, disconnector, com-
bined disconnector and earthing switch, load-break
switch, circuit breaker, gas circuit breaker, generator
circuit breaker, gas-insulated vacuum circuit break-
er, medium voltage switch, ring main unit, recloser,
sectionalizer, low voltage switch, and/or any type of
gas-insulated switch, transformer, distribution trans-
former, power transformer, tap changer, transformer
bushing, electrical rotating machine, generator, mo-
tor, drive, semiconducting device, computing ma-
chine, power semiconductor device, power convert-
er, converter station, convertor building, and com-
ponents and/or combinations of such devices.
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Patentansprüche

1. Verfahren zum Abbau eines Fluorketons, insbeson-
dere eines Fluorketons, das genau fünf Kohlenstoff-
atome enthält, zu entsorgbaren Abbauprodukten,
dadurch gekennzeichnet, dass das Verfahren den
Schritt des In-Kontakt-Bringens einer Ausgangsgas-
mischung, das das Fluorketon enthält, mit einer Ba-
se B1, die ein Alkoholat ist, umfasst, wobei der pKa-
Wert der jeweiligen Konjugatsäure höher als 11 ist.

2. Verfahren nach Anspruch 1, wobei der pKa-Wert der
jeweiligen Konjugatsäure der Base B1 höher als 14
ist und vorzugsweise mindestens 17 beträgt.

3. Verfahren nach einem oder mehreren der vorherge-
henden Ansprüche, wobei die Base B1 ein sterisch
gehindertes Alkoholat ist, genauer ein tert-Butoxid
und insbesondere Kalium-tert-butoxid.

4. Verfahren nach einem oder mehreren der vorherge-
henden Ansprüche, wobei die Ausgangsgasmi-
schung durch einen Filter (10) geleitet wird, der die
Base B1 enthält.

5. Verfahren nach einem oder mehreren der vorherge-
henden Ansprüche, wobei der Filter (10) erwärmt
wird, genauer auf eine Temperatur im Bereich von
60 °C bis 100 °C.

6. Verfahren nach einem oder mehreren der vorherge-
henden Ansprüche, wobei nach dem Schritt des In-
Kontakt-Bringens des Fluorketons mit der Base B1
die erzeugten Abbauprodukte anschließend mit ei-
ner neutralisierenden Substanz in Kontakt gebracht
werden, genauer einer zweiten Base B2, die sich
von der Base B1 unterscheidet, und insbesondere
einer wässrigen NaOH-Lösung.

7. Fluorketon-Abbausystem, umfassend eine Gaslei-
tung (6; 6a, 6b), die fluidisch mit einem Eduktbehälter
(4; 41, 411) verbunden werden kann, der das abzu-
bauende Fluorketon enthält, wobei die Gasleitung
(6; 6a, 6b) in einen Produktbehälter (12) zum Auf-
bewahren der Abbauprodukte mündet, dadurch ge-
kennzeichnet, dass ein Filter (10), der eine Base
B1 umfasst, in der Gasleitung (6; 6a, 6b) angeordnet
ist, wobei die Base B1 ein Alkoholat ist und der pKa-
Wert der Konjugatsäure der Base B1 höher als 11 ist.

8. Fluorketon-Abbausystem nach Anspruch 7, ferner
eine Pumpe (14a) und/oder einen Verdichter (14b)
umfassend, um eine Gasströmung von dem Edukt-
behälter (4; 41, 411) zu dem Produktbehälter (12)
hin zu erzeugen.

9. Fluorketon-Abbausystem nach Anspruch 7 oder 8,
ferner Heizmittel (18) umfassend, die dem Filter (10)

zugeordnet sind.

10. Fluorketon-Abbausystem nach einem oder mehre-
ren der Ansprüche 7 bis 9, wobei prozessabwärts
des Filters (10) ein Reaktor (20), der eine neutrali-
sierende Substanz (21) umfasst, in der Gasleitung
(6; 6a, 6b) angeordnet ist.

11. Anordnung, umfassend das Fluorketon-Abbausys-
tem nach einem oder mehreren der Ansprüche 7 bis
10 und einen Eduktbehälter (4; 41, 411).

12. Anordnung nach Anspruch 11, wobei der Eduktbe-
hälter das Gehäuse (411) einer elektrischen Vorrich-
tung ist.

13. Anordnung nach Anspruch 11 oder 12, wobei die
Vorrichtung Folgendes oder ein Teil von Folgendem
ist:

eine Schaltanlage, genauer eine gasisolierte
Schaltanlage (GIS) oder ein Teil und/oder Bau-
teil davon,
eine gasisolierte Leitung (GIL), ein Sammellei-
ter, eine Durchführung, ein Kabel, ein gasiso-
liertes Kabel, eine Kabelverbindung, ein Strom-
wandler, ein Spannungswandler,
ein Sensor, ein Feuchtigkeitssensor, ein Über-
spannungsableiter, ein Kondensator, ein induk-
tiver Widerstand, ein Widerstand, ein Isolator,
ein luftisolierter Isolator, ein gasisolierter,
metallverkapselter Isolator, ein Strombegrenz-
er, ein Hochspannungsschalter, ein Erdungs-
schalter, ein Trennschalter, ein kombinierter
Trenn- und
Erdungsschalter, ein Lasttrennschalter, ein
Schutzschalter, ein Gasschutzschalter, ein Ge-
neratorschutzschalter, ein gasisolierter Vaku-
umschutzschalter, ein Mittelspannungsschal-
ter, ein Ringleitungsnetz, ein Kurzunterbrecher,
ein Abschnittstrennschalter, ein Niederspan-
nungsschalter und/oder eine beliebige Art von
gasisoliertem Schalter, Wandler, Verteilungs-
wandler, Leistungswandler, Stufenschaltwerk,
Transformatordurchführung, drehender elektri-
scher Maschine, Generator, Motor, Antrieb,
Halbleiterbauelement, Rechenmaschine, Leis-
tungshalbleiterbauelement, Leistungsumset-
zer, Umformstation, Umformgebäude und Bau-
teile und/oder Kombinationen derartiger Vor-
richtungen.

Revendications

1. Procédé de décomposition d’une fluorocétone, en
particulier d’une fluorocétone contenant exactement
cinq atomes de carbone, en produits de décompo-
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sition jetables, caractérisé en ce que le procédé
comprend l’étape de mise en contact d’un mélange
gazeux initial contenant la fluorocétone avec une ba-
se B1 qui est un alcoolate, la valeur de pKa de l’acide
conjugué respectif étant supérieure à 11.

2. Procédé selon la revendication 1, dans lequel la va-
leur de pKa de l’acide conjugué respectif de la base
B1 est supérieure à 14, et de préférence vaut au
moins 17.

3. Procédé selon l’une quelconque des revendications
précédentes, la base B1 étant un alcool stérique-
ment encombré, plus particulièrement un tert-bu-
toxyde, et spécifiquement le tert-butoxyde de potas-
sium.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel on fait passer le mélange
gazeux initial à travers un filtre (10) contenant la base
B1.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel on chauffe le filtre (10), en
particulier jusqu’à une température dans la gamme
de 60 °C à 100 °C.

6. Procédé selon l’une quelconque des revendications
précédentes dans lequel, après l’étape de mise en
contact de la fluorocétone avec la base B1, on met
ensuite en contact les produits de décomposition gé-
nérés avec une substance neutralisante, en particu-
lier une deuxième base B2 différente de la base B1,
et plus particulièrement une solution aqueuse de
NaOH.

7. Système de décomposition de fluorocétone compre-
nant une conduite de gaz (6; 6a, 6b) raccordable
fluidiquement à un récipient de réactifs (4; 41, 411)
contenant la fluorocétone à décomposer, ladite con-
duite de gaz (6; 6a, 6b) s’ouvrant à l’intérieur d’un
récipient de produits (12) destiné à stocker les pro-
duits de décomposition, caractérisé en ce qu’un
filtre (10) comprenant une base B1 est disposé dans
la conduite de gaz (6; 6a, 6b), la base B1 étant un
alcoolate et la valeur de pKa de l’acide conjugué de
la base B1 étant supérieure à 11.

8. Système de décomposition de fluorocétone selon la
revendication 7, comprenant en outre une pompe
(14a) et/ou un compresseur (14b) pour générer un
écoulement gazeux depuis le récipient de réactifs
(4; 41, 411) vers le récipient de produits (12).

9. Système de décomposition de fluorocétone selon la
revendication 7 ou 8, comprenant en outre des
moyens de chauffage (18) affectés au filtre (10).

10. Système de décomposition de fluorocétone selon
l’une quelconque des revendications 7 à 9 dans le-
quel, en aval du filtre (10), un réacteur (20) compre-
nant une substance neutralisante (21) est disposé
dans la conduite de gaz (6; 6a, 6b).

11. Ensemble comprenant le système de décomposition
de fluorocétone selon l’une quelconque des reven-
dications 7 à 10 et un récipient de réactifs (4; 41,
411).

12. Ensemble selon la revendication 11, dans lequel le
récipient de réactifs est le boîtier (411) d’un appareil
électrique.

13. Ensemble selon la revendication 11 ou 12, l’appareil
étant ou faisant partie d’un appareillage de commu-
tation, en particulier un appareillage de commutation
isolé au gaz (GIS), ou une partie et/ou un composant
de celui-ci, une ligne isolée au gaz (GIL), une barre
omnibus, une traversée, un câble, un câble isolé au
gaz, une jonction de câbles, un transformateur de
courant, un transformateur de tension, un capteur,
un capteur d’humidité, un parasurtenseur, un con-
densateur, une bobine d’induction, une résistance,
un isolateur, un isolateur isolé à l’air, un isolateur
encapsulé dans du métal isolé au gaz, un limiteur
de courant, un commutateur haute tension, un com-
mutateur de mise à la terre, un sectionneur, un sec-
tionneur et commutateur de mise à la terre combiné,
un interrupteur à coupure en charge, un disjoncteur,
un disjoncteur au gaz, un disjoncteur de générateur,
un disjoncteur sous vide isolé au gaz, un commuta-
teur moyenne tension, une unité de réseau électri-
que bouclé, un disjoncteur à réenclenchement, un
sectionnaliseur, un commutateur basse tension,
et/ou tout type de commutateur isolé au gaz, un
transformateur, un transformateur de distribution, un
transformateur de puissance, un commutateur à pri-
ses de réglage, une traversée de transformateur,
une machine électrique tournante, un générateur,
un moteur, une transmission, un dispositif semi-con-
ducteur, un calculateur, un dispositif semi-conduc-
teur de puissance, un convertisseur de puissance,
un poste de transformation, un bâtiment de transfor-
mateurs, et les composants et/ou combinaisons de
tels dispositifs.

19 20 



EP 3 546 055 B1

12



EP 3 546 055 B1

13



EP 3 546 055 B1

14



EP 3 546 055 B1

15



EP 3 546 055 B1

16



EP 3 546 055 B1

17

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 2010142346 A [0004] [0005] [0006]
• WO 2012080246 A [0004] [0005] [0006]
• WO 2017029338 A [0007] [0008]

• EP 0771579 A1 [0010]
• US 2807646 A [0011]
• EP 2904617 A [0012]


	bibliography
	description
	claims
	drawings
	cited references

