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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention falls within the field of electrical insulation systems for use in
medium and high voltage electrical switchgear. More particularly, the invention relates to an
electrical insulation system comprising two fundamental elements:

1. a) a gas medium formed of a mixture of i) one or more highly fluorinated fluoroketones
of 5 to 6 carbon atoms, ii) one or more non-flammable hydrofluoroolefins of 4 carbon
atoms, and iii) one, two or three carrier gases selected from N2, O2, dry air, helium or
mixtures thereof; and

2. b) a molecular sieve capable of preferentially adsorbing water molecules rather than
molecules of the carrier gases present in the gaseous medium of the system.

[0002] Likewise, the invention relates to the use of the electrical insulation system, as well as
to medium or high voltage electrical switchgear comprising a closed enclosure in which live
electrical components are located and an electrical insulation system according to the
invention.

BACKGROUND OF THE INVENTION

[0003] Electrical insulation in medium and high voltage equipment is normally ensured by the
use of a dielectric gas that is introduced into a closed and sealed enclosure where the live
components of electrical equipment are located.

[0004] The most commonly used dielectric gas in recent years is gas SF6 because of its
excellent dielectric properties and, among many other advantages, because it is not toxic to
people. However, this gas has a high environmental impact due to its high greenhouse effect
potential (GWP = 22800).

[0005] For this reason, in recent years alternative gases that can replace this gas in this type
of equipment are being sought. Different alternative gases to SF6 with good dielectric
properties have been considered, but for one reason or another (unacceptable toxicity, high
greenhouse effect potential, flammability, etc.) they have not been finally implemented.

[0006] Furthermore, the use of only more environmentally friendly gases such as dry air, N2,
02 or CO2 as a dielectric medium in this equipment would result in a considerable increase in
the size of this equipment for a given voltage level, due to the lower dielectric strength of these
gases compared to SF6. Another option in this case would be to increase the filling pressure of
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the equipment to values higher than those used with SF6 (around 1300 mbars), but this would
imply making the design conditional on compliance with the various existing national
regulations for containers with pressures greater than 1500 mbars with the consequent
increase in the cost of the equipment.

[0007] A promising alternative is fluoroketones, not only because they have good dielectric
strength but also because some of them are not toxic to humans and have a much lower
environmental impact than SF6 gas. W02010/1460022 or WO2010/142346 already de facto
disclose the use of fluoroketones for electrical insulation in medium and high voltage
apparatuses.

[0008] Other documents such as WO02012/160158 and W02012/160155 disclose mixtures of
fluoroketones with carrier gases such as CO2, N2, O2, air or mixtures thereof. There are also
electrical insulation systems which disclose gas mixtures comprising hydrofluoroolefins of 3
carbon atoms like in US 2015/214701 A1, and gas mixtures comprising hydrofluoroolefins of 4
carbon atoms like in US 2018/247779 A1.

[0009] Another problem that negatively affects the dielectric capacity of gaseous insulation
systems is the presence of water molecules from the materials used to manufacture some
electrical components of the switchgear itself. Water may appear in the closed and sealed
enclosure of the switchgear where the insulating gas is located because some thermoplastic
materials used in the manufacture of electrical components such as, for example, polyamides
may contain water in their interior. For example, in the case of polyamides they can have
absorbed between 4.5 and 7.5% by weight of water.

[0010] The presence of water in the gaseous medium decreases the dielectric properties of
the same, so its presence should be avoided. To solve the problem of water in electrical
switchgears, desiccants and molecular sieves have been used. A molecular sieve is a material
that contains small pores of a precise and uniform size, and is used as an adsorbent agent for
gases and liquids. Molecules that are small enough to pass through the pores are adsorbed,
while larger molecules are not. Unlike a filter, the process operates at a molecular level. For
example, one water molecule may be small enough to pass, while other larger molecules may
not.

[0011] In SF6 gas isolation systems as the only insulating gas, the separation of water is
relatively simple by molecular sieves since the size of the SF6 molecule is substantially larger
than that of the water molecule and, therefore, the selection by molecule sizes is not a major
problem.

[0012] However, this problem is not so easy to solve in gaseous insulation systems in which
molecules of comparable sizes to those of the water molecule exist, such as carrier gases such
as N2, CO2, dry air together with insulators such as fluoroketones. In this type of dielectric
insulations, gases acting as carriers (CO2, N2, air, O2 etc.) have molecular sizes similar to
those of the water molecule, and sieves can adsorb part of these gases instead of the water
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molecules.

[0013] WO 2016/116637 by the authors of the present invention solved this problem by a
gaseous medium formed by one or more fluoroketones, another additional dielectric gas,
particularly fluoronitrile, and by one or more carrier gases and a molecular sieve of certain
characteristics.

[0014] There is, however, a need to develop insulation systems for medium and high voltage
electrical switchgear based on gases or gas mixtures that, in addition to exercising their main
function of electrical insulation, allow providing improved safety, environmental impact or
durability characteristics that increase the versatility of existing insulation systems and allow
increasing the adaptability of insulation systems to as many working conditions as possible to
which medium and high voltage systems or switchgear may be subjected.

[0015] An alternative is systems based on mixtures of fluoroketones and hydrofluoroolefins,
both gases with high dielectric strength. WO2013/041695 discloses gaseous electrical isolation
media based on mixtures composed of a hydrofluoroolefin of 3 carbon atoms, such as for
example HFO-1234ze or HFO-1234yf, and a fluoroketone of 5 carbon atoms. The
hydrofluorolefins of 3 carbon atoms HFO-1234ze or HFO-1234yf have, however, the problem
that they may be flammable at certain concentrations and operating temperatures of the
medium and high voltage electrical switchgear to which the insulation systems described
herein are directed.

[0016] The authors of the present invention have developed an electrical insulation system for
medium and high voltage switchgear based on a mixture of fluoroketones and hydrofluorolefins
which maintains or even improves the dielectric strength of similar systems but reduces the risk
of ignition compared to the gaseous mixture described in WO2013/041695 and further allows
the dielectric insulation capacity not to be affected by the presence of water that may appear
inside the closed enclosures of said electrical switchgear, where the electrical components
insulated with the dielectric gases are located. In addition, the system of the present invention
has excellent environmental characteristics and very low toxicity.

OBJECT OF THE INVENTION

[0017] It is therefore an object of the invention a low environmental impact electrical insulation
system for medium or high voltage electrical switchgear that represents a solution to the
problems raised above. More particularly, the main object of the present invention is an
electrical insulation system for medium or high voltage electrical switchgear comprising:

1. a) a gaseous medium consisting of a mixture of:
1. i) one or more fluoroketones of between 5 and 6 carbon atoms;
2. ii) one or more non-flammable hydrofluoroolefins of 4 carbon atoms; and
3.1ii)) one, two or three carrier gases selected from N2, O2, dry air, helium or
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mixtures thereof;
2. b) a molecular sieve having a pore size of 3 to 6 A and a polar surface.

[0018] Another object of the invention is the use of the electrical insulation system of the
invention for electrical insulation and/or for the extinction of electric arcs in medium or high
voltage electrical switchgear.

[0019] A further object of the invention is a method the electrical insulation and/or for the
extinction of electric arcs in medium and high voltage electrical switchgear comprising
introducing the electrical insulation system into a closed and sealed enclosure where the live
electrical components of said medium or high voltage electrical switchgear are located.

[0020] A last object of the present invention is a medium or high voltage electrical switchgear
comprising a closed enclosure containing live electrical components and an electrical insulation
system according to the present invention.

BRIEF DESCRIPTION OF THE FIGURES

[0021]
Figure 1: representation of the structure A of the zeolite.
Figure 2: representation of the location of the sodium cations in structure A of the zeolite.

Figure 3: BAUR DTA-100E equipment used to determine the dielectric strength of gaseous
electrical insulation systems.

DETAILED DESCRIPTION OF THE INVENTION

[0022] A first main object of the present invention relates to an electrical insulation system for
medium or high voltage electrical switchgear comprising:

1. a) a gaseous medium consisting of a mixture of:
1. i) one or more fluoroketones of between 5 and 6 carbon atoms;
2. ii) one or more non-flammable hydrofluoroolefins of 4 carbon atoms; and
3.1ii)) one, two or three carrier gases selected from N2, O2, dry air, helium or
mixtures thereof;
2. b) a molecular sieve having a pore size of 3 to 6 A and a polar surface.
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[0023] The first element of the electrical insulation system of the invention is the gaseous
medium. Within this gaseous medium, one of the essential elements is fluoroketones of
between 5 and 6 carbon atoms.

[0024] In a particular and preferred embodiment of the invention, fluoroketones have
respectively the structural formulations CF3-CO-CF-(CF3)2 (referred to herein as C5K) and
CF3-CF2-CO-CF-(CF3)2 (referred to herein as C6K). The reason why these two fluoroketones
are especially preferred is because they are products with good dielectric strength, with very
low greenhouse effect potential (global warming potential or GWP =1) and are also non-toxic.
For example, for fluoroketone C5K the environmental limit value for daily exposure, ELV-DE (8
hours), is 225 ppmv.

[0025] The second essential element of the gaseous medium would be hydrofluorolefins of 4
carbon atoms. In particular, the preferred 4-carbon hydrofluoroolefins are cis-1,1,1,4,4,4-
hexafluoro-2-butene (HFO-1336mzzZ) and trans-1,1,1,4,4 4-hexafluoro-2-butene (HFO-
1336mzzE).

[0026] These two hydrofluoroolefins also have a very low greenhouse effect potential, namely
the HFO-1336mzzZ has a GWP of 2 and the HFO-1336mzzE has a GWP of 18, and their
toxicity levels are low enough to be applied safely in medium and high voltage electrical
equipment. For example, for hydrofluoroolefin HFO-1336mzzZ the Workplace Exposure Limit
(WEL- 8 hours), is 500 ppmv.

[0027] But furthermore, a particularly relevant advantage of hydrofluoroolefins of 4 carbon
atoms and, in particular, of both hydrofluoroolefin HFO-1336mzzZ and HFO-1336mzzE is that
they are non-flammable, that is, they have no flammability limits at normal operating
temperatures of medium and high voltage electrical equipment, unlike hydrofluorolefins of 3
carbon atoms that do have flammability limits at such temperatures. Thus, for example,
hydrofluoroolefin with 3 carbon atoms HFO-1234yf has a lower flammability limit of 6.2% (% vol
in air) and an upper flammability limit of 12.3% (% vol in air) s/ASTM E681-01 at 21°C.
Hydrofluoroolefin with 3 carbon atoms HFO-1234zeE has no flammability limits at 21°C but it
does above 30 °C, so that for example at 60 °C the lower flammability limit is 5.7% (% vol in
air) and the upper flammability limit is 11.3% (% vol in air) s/ASTM E681-01. This makes
systems based on mixtures with hydrofluoroolefins of 3 carbon atoms, such as those
mentioned above, unsafe under certain working conditions. For example, from the above data
it follows that a mixture consisting of 10% C5K + 8% HFO-1234zeE + DRY AIR (i.e., with 9.75%
HFO-1234zeE in air) would be flammable at 60°C, while the mixture with 10% C5K + 8% HFO-
1336mzzZ + DRY AIR would not be flammable at 60°C.

[0028] Conversely, the use of hydrofluorolefins of 4 carbon atoms allows the mixed
fluoroketone and hydrofluoroolefin system of the present invention to have a higher degree of
safety than those already existing such as that disclosed in W0O2013/041695.
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[0029] The last element of the gaseous mixture of the electrical insulation system of the
invention is/are the carrier gas(es). As carrier gases are known the gases used to dilute the
fluoroketone(s) and hydrofluoroolefin(s) and, although having a lower dielectric strength, they
allow the gaseous medium to behave as such at low temperatures. On the other hand, they
are usually completely harmless (non-toxic) gases and generally with a reduced environmental
impact. Carrier gases can be various such as N2, O2, dry air, helium or mixtures thereof.
Particularly and preferably, in the system of the present invention, the carrier gases are
selected from N2, O2, dry air or mixtures thereof.

[0030] A particular and preferred embodiment of the invention relates to an electrical isolation
system wherein the gas mixture comprises a fluoroketone of 5 or 6 carbon atoms, more
preferably fluoroketone C5K, one or more hydrofluoroolefins of 4 carbon atoms, and one or
more carrier gases. In this embodiment preferably the carrier gases are selected from N2, O2,
dry air or mixtures thereof.

[0031] The total dielectric strength of the gaseous mixture will be influenced by the amount of
fluoroketone or fluoroketones and hydrofluoroolefin or hydrofluoroolefins of 4 carbon atoms, so
that the more fluoroketone(s) and the more hydrofluoroolefin(s) in the gaseous mixture, the
greater its dielectric strength.

[0032] However, the amount of fluoroketone and hydrofluoroolefin of 4 carbon atoms in the
gas mixture is conditioned by the minimum operating temperature of the switchgear where it is
to be used. Generally speaking, the lower the minimum operating temperature of the electrical
switchgear, the less fluoroketones and hydrofluoroolefins of 4 carbon atoms can be placed in
the gaseous mixture, since it is desirable to avoid their partial condensation at low
temperatures.

[0033] The other fundamental element of the electrical insulation system of the invention, apart
from the gaseous medium, is a molecular sieve with a pore size of 3 to 6 A and a polar
surface.

[0034] A molecular sieve as already pointed out above is a material containing small pores of a
precise and uniform size that is used as an adsorbent for gases and liquids. Molecular sieves
are capable of discriminating at the molecular size level so that molecules that are small
enough to pass through the pores are adsorbed while larger molecules are not.

[0035] The use of the molecular sieve in the electrical insulation system of the invention is
justified by the need to adsorb the water molecules present in the materials of some
components forming the electrical switchgear, since the presence of such molecules negatively
affects the dielectric strength and, therefore, the capacity as insulator of the gaseous mixture
with fluoroketones and hydrofluoroolefins.

[0036] Molecular sieves have a high water adsorption capacity, that in some cases can reach
up to 22% of their own weight in water. However, because the molecules of the carrier gases
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(N2, O2, dry air or helium) of the gaseous mixture of the insulation system have a molecular
size similar to that of the water molecule, the molecular sieve must be capable of selectively
separating the water molecules rather than those of these gases.

[0037] To this end, the inventors have discovered that the use of a molecular sieve with a pore
size of 3 to 6 A and a polar surface allows to make this discrimination and to selectively adsorb
water molecules rather than N2, O2, dry air or helium molecules, resulting in the dielectric
strength of the electrical insulation system of the invention not being altered or deteriorated.

[0038] This water-selective capacity of the sieves of the electrical insulation system of the
invention comes not only from the pore size but also, and especially in the case of molecules of
similar size to that of water, from the polar surface of the molecular sieves. The fact that the
surface is polar, makes it more attractive to those molecules that are more polar rather than
those that are less polar.

[0039] Table 1 describes both the size and polarity of certain molecules:

Table 1.

Product Molecule size, Angstroms polarity
Helium 2.551 10.2
Air 3.711 78.6
Carbon dioxide (CO») 3.941 195.2
Water (H,0) 2.641 809.1
Nitrogen (N5) 3.798 71.4
Oxygen (O») 3.467 106.7
Sulphur hexafluoride (SFg) 5.128 2221
Fluoroketone C5K Approx. 9,000

Hydrofluoroolefin HFO-1336mzzZ Approx. > 6,500

[0040] From these data it is easy to understand that, for example, it will be easy to discriminate
by size the adsorption of water molecules rather than molecules of e.g. SF6, fluoroketone or
hydrofluoroolefin; however, it is not so much so compared to molecules of the carrier gases
such as helium, O2, N2 or air, whose sizes are similar. Regarding these molecules, the much
higher polarity of the water rather than that of the other carrier gases is relevant. This
characteristic of water molecules is what causes them to be adsorbed preferably compared to
the rest when the surface of the sieve is polar.

[0041] There are molecular sieves of different nature such as zeolites, which are
aluminosilicates, porous glasses, clays, microporous carbons, activated carbons, etc. In
principle, any molecular sieve is suitable for use in the electrical insulation system of the
invention, as long as it complies with the pore size being between 3 to 6 A and having a polar
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surface.

[0042] However, in a preferred embodiment of the invention, the molecular sieve has a pore
size of 3to 4 A

[0043] Also in a preferred embodiment, the molecular sieve is a zeolite sieve. The zeolite may
be natural and preferably synthetic zeolite. Zeolites are aluminosilicates that may have
different structures such as zeolite A, zeolite X, zeolite Y, etc.

[0044] In the preferred embodiment of the invention, the zeolite has structure A. The structure
of the Zeolite A can be seen in Figure 1. The aluminium, silicon and oxygen atoms are
associated to form truncated octahedra called sodalite cages. Sodalite cages are combined in
Zeolite A in the form of a single cube leaving an interior space called cage a with a cavity 11.5
A in diameter accessible from the openings on the six sides of the cube. These inlets are
surrounded by 8 oxygen atoms and one or more interchangeable cations partially block the
front area. When the cations are Sodium (Na+) (see Figure 2), the ring of oxygen atoms
provides a "window" of 4.2 A diameter to enter the interior of the structure (cage a). Sodium
cations may be partially substituted by other cations in synthetic zeolites such as, for example,
potassium (K+) or calcium (Ca2+) resulting in openings of 3 A and 5 A respectively.

[0045] In addition to helping to determine the pore opening diameter, that is undoubtedly
relevant in the molecular discrimination of the gases adsorbed by the Zeolites, they contribute
to rigidly established positive and negative charges in the crystalline structure of the zeolite
resulting in an uneven distribution of charges, which creates a polar surface. This characteristic
of the zeolite is precisely that which allows water molecules to be adsorbed preferably rather
than other molecules of carrier gases such as N2, O2, dry air or helium.

[0046] Another further object of the invention is represented by the use of an electrical
insulation system such as that described above for electrical insulation and/or for the
extinguishing of electric arcs in medium or high voltage electrical switchgear.

[0047] The gaseous medium comprising a mixture of one or more fluoroketones of 5 and 6
carbon atoms, one or more hydrofluoroolefins of 4 carbon atoms and one or more carrier
gases provides a dielectric strength to the system that the molecular sieve with a pore size of 3
to 6 A and a polar surface is responsible for maintaining, because it is capable of selectively
adsorbing water molecules that may appear in the gaseous medium from some of the
elements of the medium and high voltage electrical switchgear located in the closed and
sealed enclosure of said switchgear. That is why the system of the invention is of great use in
electrical insulation and is capable of extinguishing electric arcs in this type of electrical
switchgear.

[0048] Another further object of the invention in some way related to the use of the electrical
insulation system of the invention relates to a method for the electrical insulation and/or
extinguishing of electric arcs in high and medium voltage electrical switchgear comprising the
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introduction of an electrical insulation system comprising:

1. a) a gaseous medium consisting of a mixture of:
1. i) one or more fluoroketones of between 5 and 6 carbon atoms;
2. ii) one or more non-flammable hydrofluoroolefins of 4 carbon atoms; and
3.1ii)) one, two or three carrier gases selected from N2, O2, dry air, helium or
mixtures thereof;
2. b) a molecular sieve having a pore size of 3 to 6 A and a polar surface.

in a closed and sealed enclosure where the elements to be isolated from said medium or high
voltage electrical switchgear are located.

[0049] For this purpose, one or more gas-permeable bags containing the molecular sieve are
initially placed inside the enclosure. The enclosure is then closed so that it is perfectly sealed
and it is vacuumed. The gaseous mixture with the fluoroketone(s), the hydrofluoroolefin(s) of 4
carbon atoms and the carrier gas(es) is then introduced until the desired pressure is reached.

[0050] A final object of the invention relates to medium or high voltage electrical switchgear
comprising a closed enclosure containing live electrical components and an electrical insulation
system comprising:

1. a) a gaseous medium consisting of a mixture of:
1. i) one or more fluoroketones of between 5 and 6 carbon atoms;
2. ii) one or more non-flammable hydrofluoroolefins of 4 carbon atoms; and
3.1ii)) one, two or three carrier gases selected from N2, O2, dry air, helium or
mixtures thereof;
2. b) a molecular sieve having a pore size of 3 to 6 A and a polar surface.

[0051] Figure 3 is a test system for the experimental determination of dielectric strength of
gaseous insulation systems.

[0052] In a particular embodiment of the invention, such switchgear may be a secondary
distribution cell for electrical distribution networks of up to 72 kV.

[0053] Below are examples that allow understanding the possible embodiments of the
invention:

Example 1: detailed exposition on embodiments of the invention

[0054] As a preferred embodiment of this invention, an electrical insulation system is proposed
within a closed and sealed enclosure that is part of a medium or high voltage electrical
switchgear comprising a zeolitic molecular sieve with a size of between 3 and 6 A, preferably
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between 3A and 4A, and further a gas mixture comprising:

1.a) a fully fluorinated fluoroketone with structural formula CF3-COCF- (CF3)2 (to be
referred to as C5K); and

2. b) optionally also another fully fluorinated fluoroketone with structural formula CF3-CF2-
CO-CF- (CF3)2 (to be referred to as C6K),

3. ¢) at least one hydrofluoroolefin of four carbon atoms such as, for example, HFO-
1336mzzZ

4. d) and in addition to other carrier gas(es) such as, for example, N2, dry air, O2 or helium
or any combination thereof.

[0055] The two fluoroketones mentioned are products with good dielectric strength, with very
low greenhouse effect potential (GWP=1) and are also non-toxic. For example, for
fluoroketone C5K the Workplace Exposure Limit (WEL- 8 hours) is 225 ppmv.

[0056] The presence in the gas mixture of a hydrofluoroolefin of 4 carbon atoms, such as
HFO-1336mzzZ or HFO-1336mzzE, allows to substantially increase the dielectric strength of
the mixture without negatively affecting other operating parameters.

[0057] The dielectric strength of the insulation system, in addition to being improved by the
presence of the selective molecular sieve used due to the reduction of water therein, will also
be influenced by the percentage of fluoroketone or fluoroketones and by the percentage of
hydrofluoroolefin of 4 carbon atoms used in the gaseous mixture. So that the more
fluoroketone and hydrofluoroolefin of 4 carbon atoms there is in the gaseous mixture, the
greater will be its dielectric strength for a determined final filling pressure. However, as
mentioned above, the amount of fluoroketone and hydrofluoroolefin of 4 carbon atoms in the
gas mixture is conditioned by the minimum operating temperature of the switchgear if
condensation at low temperatures is to be avoided (which would lead to a reduction in the
dielectric properties of the gas mixture at these low temperatures).

[0058] The following two tables show the molar fraction values of fluoroketones C5K and C6K
and hydrofluoroolefins HFO-1336mzzZ and HFO-1336mzzE that could be used in the gaseous
mixture without condensation thereof for different minimum operating temperatures of the
switchgear, assuming a filling temperature of the switchgear of 20 °C and with a total filling
pressure of the mixture of 1400 mbars.

Table 2. Mixtures with fluoroketone C5K

Temp (°C) Pvs, C5K (bar) P, C5K (bar) X, C5K
-40 0.036 0.045 0.032
-35 0.049 0.061 0.043
-30 0.067 0.081 0.058
-25 0.090 0.107 0.076
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Temp (°C) Pvs, C5K (bar) P, C5K (bar) X, C5K
-20 0.120 0.139 0.099
-15 0.157 0.178 0.127
-10 0.203 0.226 0.162
-5 0.260 0.284 0.203
0 0.329 0.354 0.253
Table 3. Mixtures with fluoroketone C6K

Temp. (°C) Pvs, C6K (bar) P, C6K (bar) X, C6K
-40 0.015 0.018 0.0131
-35 0.020 0.025 0.0177
-30 0.027 0.033 0.0235
-25 0.037 0.043 0.0309
-20 0.049 0.056 0.0401
-15 0.064 0.072 0.0516
-10 0.083 0.092 0.0657
-5 0.106 0.116 0.0829
0 0.135 0.145 0.1037
Table 4. Mixtures with HFO-1336mzzZ

Temp. (°C) Pvs, HFOZ (bar) P, HFOZ (bar) X, HFOZ
-40 0.023 0.029 0.0211
-35 0.033 0.041 0.0292
-30 0.046 0.056 0.0398
-25 0.063 0.075 0.0534
-20 0.085 0.099 0.0706
-15 0.114 0.129 0.0921
-10 0.149 0.166 0.1186
-5 0.193 0.211 0.1508
0 0.247 0.266 0.1897
Table 5. Mixtures with HFO-1336mzzE

Temp. (°C) Pvs, HFOE (bar) P, HFOE (bar) X, HFOE
-30 0.162 0.195 0.1395
-20 0.290 0.336 0.2399
-10 0.490 0.546 0.3899
0 0.740 0.794 0.5673
wherein:

Pvs, C5k and Pvs, C6K, Pvs, HFOZ and Pvs, HFOE are the saturation vapour pressures of
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fluoroketones C5K and C6K and hydrofluoroolefins HFO-1336mzzZ and HFO-1336mzzE at
different temperature values,

P, C5K and P, C6K and P, HFOZ and P, HFOE are the pressure values of the fluoroketones
C5K and C6K and the hydrofluoroolefins HFO-1336mzzZ and HFO-1336mzzE in the
switchgear at the filling temperature of 20 °C (P, C5K = Pvs, C5K x 293.15/Tmin(K))

X, C5K and X, C6K and X, HFOZ and X, HFOE are the molar fractions of the fluoroketones
C5K and C6K and the hydrofluoroolefins HFO-1336mzzZ and HFO-1336mzzE in the final
mixture (for a final filling pressure of 1400 mbars) which could be used without condensation
even at the minimum operating temperature of the switchgear.

[0059] For example, for a medium voltage switchgear with a filling pressure at 20 °C of 1.40
bar and a minimum operating temperature of -10 °C, the following could be used:

1. a) a mixture of N2 (or dry air or O2 or helium or a mixture thereof) with 16.2% C5K

2. b) or a mixture of N2 (or dry air or O2 or helium or a mixture thereof) with 6.57% C6K,

3. ¢) or a mixture of N2 (or dry air or O2 or helium or a mixture thereof) with 11.86% HFO-
1336mzzZ,

4.d) or a mixture of N2 (or dry air or O2 or helium or a mixture thereof) with 38.99%
1336mzE,

5. e) or a mixture of N2 (or dry air or O2 or helium or a mixture thereof) with 16.2% C5K
and 11.86% HFO-1336mzzZ,

without condensation of fluoroketones or hydrofluoroolefins up to -10°C.

[0060] Below this temperature of -10 °C, fluoroketones and hydrofluoroolefins would begin to
condense partially, reducing their percentage in the gaseous mixture and thus decreasing the
dielectric strength of the initial insulation system.

[0061] Likewise, for a medium voltage switchgear with a filling pressure at 20 °C of 1.40 bar
and a minimum operating temperature of -20 °C, the following could be used:

1. a) a mixture of N2 (or dry air or O2 or helium or a mixture thereof) with 9.9 % C5K

2. b) or a mixture of N2 (or dry air or O2 or helium or a mixture thereof) with 4,01 % C6K,

3. ¢) or a mixture of N2 (or dry air or O2 or helium or a mixture thereof) with 7.06% HFO-
1336mzzZ,

4.d) or a mixture of N2 (or dry air or O2 or helium or a mixture thereof) with 23.99%
1336mzE

5. e) or a mixture of N2 (or dry air or O2 or helium or a mixture thereof) with 9.9% C5K and
7.06% HFO-1336mzzZ,

without condensation of fluoroketones or hydrofluoroolefins up to -20 °C.
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[0062] Below this temperature of -20 °C, fluoroketones and hydrofluoroolefins would begin to
condense partially, reducing their percentage in the gaseous mixture and thus decreasing the
dielectric strength of the initial insulation system.

[0063] And so on for other minimum operating temperatures of the switchgear.

[0064] If the final pressures of the mixture in the switchgear were different from 1.40 bar, the
percentages of C5K and C6K, HFO-1336mzzZ and HFO-1336mzzE would also be modified

accordingly and according to the following formula:
XC5K = P,C5K / Ptotal mixture

X,C6K = P,CBK / Ptotal mixture
XHFOZ = P,HFOZ / Ptotal mixture

XHFOE = P HFQE/ Ptotal mixture
where Ptotal mixture is the final pressure of the mixture. If higher percentages of fluoroketones

and hydrofluoroolefins are used in mixtures than those indicated for each temperature at the
time of filling of the switchgear, the dielectric strength will logically be higher, but it should be
taken into account that at the minimum operating temperatures the dielectric strength of the
isolation system would be reduced and would be lower than if the percentages of fluoroketone
and hydrofluoroolefins indicated in Tables 2, 3, 4 and 5 had been used for each temperature,
due to the condensation of part of the fluoroketone or fluoroketones and/or hydrofluoroolefin or
hydrofluoroolefins.

Example 2: Dielectric strength test of gaseous mixtures

[0065] The dielectric strength of different gaseous mixtures was evaluated by measuring the
"electrical breakdown voltage” in BAUR DTA-100E equipment having a gas test cell with two
electrodes according to standard ASTM D2477 (one of the 5 electrodes is a 38.1 mm (1.5
inch) diameter flat face disc and the other electrode is a 19.05 mm (0.75 inch) diameter
spherical ball) and with an electrode spacing of 8 mm.

[0066] The gaseous mixtures tested were as follows:

1. a) 1400 mbars of dry air
2. b) 1400 mbars of mixture of dry air + 9% C5K
3. ¢) 1400 mbars of mixture of dry air + 9% C5K + 8% HFO-1336mzzZ

[0067] The results of these tests are shown in Table 5:
Table 5: Electrical breakdown voltage values of gaseous mixtures
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GAS or MIXTURE

Dielectric rupture voltage, kV

Dry air 22.8
Dry air + 9% C5K 37.5
Dry air + 9% C5K + 8% HFO-1336mzzZ 42.0

[0068] As can be seen in the last entry of Table 5, the addition of 8% HFO-1336mzzZ
hydrofluoroolefin to the dry air fluoroketone mixture provides a further increase in the electrical
breakdown voltage of said mixture of about 12%, which makes such a gaseous mixture even
more suitable for electrical insulation applications in medium or high voltage electrical

switchgear.

Example 3: Environmental impact (greenhouse effect) of an example gaseous mixture

[0069] The global warming potential (GWP) of a gaseous mixture is calculated, in accordance
with the European Regulation on fluorinated greenhouse gases, as the weighted average
derived from the sum of the weight fractions of each substance multiplied by its GWP value.

[0070] Thus:

1. a) the greenhouse effect potential (GWP) of a mixture with 9% fluoroketone C5K, 6%
HFO-1336mzzE and 85% dry air would be 3.44, i.e. 0.0151% of the greenhouse effect
potential (GWP) of SF6 gas which is 22800 (taking into account that the GWP of C5K is
1 and that of HFO-1336mzzE is 18, and that the molecular weight of C5K is 266, that of
HFO-1336mzzE is 164 and that of dry air is 29).

2. b) the greenhouse effect potential (GWP) of a mixture with 9% fluoroketone C5K, 6%
HFO-1336mzzZ and 85% dry air would be 0.75, i.e. 0.0033% of the greenhouse effect
potential (GWP) of SF6 gas which is 22800 (taking into account that the GWP of C5K is
1 and that of HFO-1336mzzZ is 2, and that the molecular weight of C5K is 266, that of
HFO-1336mzzZ is 164 and that of dry air is 29).
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P ATENTI KR RAYV
1. Elektrisk isoleringssystem med lav miljgpavirkning til elektrisk medium- og hgjspaendingskoblingsudstyr
omfattende:
a) et gasformigt medie omfattende en blanding af:
i} én eller flere fluorketoner med mellem 5 og 6 carbonatomer;
ii} én eller flere ikke-breendbare hydrofluorolefiner med 4 carbonatomer; og
iii} én, to eller tre beerergasser valgt blandt N2, 02, tgr luft, helium eller blandinger deraf;

b} en molekylzer si med en porestgrrelse pa 3 til 6 A og en polaer overflade.

2. System ifglge krav 1, hvor gasmediet omfatter en fluorketon med 5 carbonatomer, én eller flere hydro-
fluorolefiner md 4 carbonatomer og én eller flere baerergasser valgt blandt N2, 02, tgr luft, helium eller blandin-

ger deraf.

3. System ifglge krav 1 eller 2, hvor fluorketonen er (CF3)2-CF-CO-CF3 og hydrofluorolefinerne med 4 car-
bonatomer er HFO-1336mzzZ eller HFO-1336mzzE.

4, System ifglge et hvilket som helst af de foregaende krav, hvor basrergasserne er valgt blandt tgr luft, N2

og 02.

5. System ifglge krav 1, hvor molbrgk er den ene eller de flere fluorketoner med 5 til 6 carbonatomer og
den ene eller de flere hydrofluorolefiner med 4 carbonatomer er mindst 1% eller mindst 2% eller mindst 5% eller

mindst 10 % eller mindst 15%.

6. System ifglge et hvilket som helst af de foregaende krav, hvor den molekylzere si har en porestgrrelse

pa 3til 4 A.

7. System ifglge et hvilket som helst af de foregaende krav, hvor den molekylzere si er valgt blandt naturli-

ge zeolitter og syntetiske zeolitter.

8. System ifglge krav 7, hvor zeolitterne har en struktur A.

9. Anvendelse af et elektrisk isoleringssystem ifglge et hvilket som helst af de foregaende krav til elektrisk

isolering og/eller til slukning af lysbyer i elektrisk medium- og hgjspaendingskoblingsudstyr.

10. Fremgangsmade til elektrisk isolering og/eller slukning af lysbuer i elektrisk hgj- og mediumspan-
dingskoblingsudstyr omfattende at indfgre det elektriske isoleringssystem ifglge et hvilket som helst af krav 1 til 8
i et lukket og forseglet indelukke, hvor elementerne fra naevnte elektriske medium- og hgjspandingskoblingsud-

styr, som skal isoleres, befinder sig.
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11. Elektrisk medium- eller hgjspandingskoblingsudstyr omfattende et lukket indelukke indeholdende
strgmfgrende elektriske komponenter og et elektrisk isoleringssystem ifglge et hvilket som helst af de foregaen-

de krav 1 til 8.

12. Elektrisk koblingsudstyr ifglge krav 11, hvor koblingsudstyret kan veere elektrisk strgmfordelingskob-
lingsudstyr i netvaerk op til 72 kV.
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FIG. 3
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