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Electrical insulation properties of the perfluoroketone C5F10O

A. Chachereau1, A. Hösl1, C. M. Franck1

1Power Systems and High Voltage Laboratories, ETH Zurich, Physikstr. 3, 8092 Zurich, Switzerland

E-mail: alisec@ethz.ch

Abstract. The electrical insulation properties of pure C5F10O and of C5F10O/N2 and C5F10O/CO2 mixtures are investigated in
a pulsed Townsend setup. The electron rate and transport coefficients and the density-reduced critical electric field of these mixtures
are obtained, and a synergy effect is observed in in C5F10O/N2 and C5F10O/CO2 mixtures. The total electron attachment cross
section of C5F10O is estimated based on the attachment rate to C5F10O in diluted C5F10O/N2 and C5F10O/CO2 mixtures.

Introduction

The perfluoroketone CF3C(=O)CF(CF3)2, which we
refer to in the following as C5F10O, has been recently
proposed as an environment-friendly alternative to SF6

in high voltage gaseous electrical insulation [1, 2]. The
manufacturer reports a low toxicity and recommends
an occupational exposure limit of 225 ppm for
C5F10O [3]. SF6 has excellent electric insulation
properties, yet its global warming potential (GWP)
on a hundred year time horizon is 23 500 relative to
CO2 [4]. By contrast, the GWP of C5F10O is smaller
than 1 [3] due to the rapid photolysis of C5F10O
in the atmosphere, similar to the perfluoroketone
C2F5C(O)CF(CF3)2 [5]. C5F10O has a boiling point of
26.9 ◦C [6], therefore, it does not have a sufficiently high
vapor pressure to be used as a single gas in high voltage
insulation, but has to be admixed with a carrier gas of
high vapor pressure. A pilot gas insulated substation
with C5F10O is in operation in Zurich, Switzerland,
using a mixture of 5.6% C5F10O, 11.1% O2 and 83.3%
CO2 in the high voltage switchgear with a rated
voltage of 170 kV, and C5F10O/synthetic air mixtures
in the medium voltage panels [7, 8]. Medium voltage
ring main units using C5F10O/synthetic air mixtures
are also available [9]. Several investigations have
reported breakdown voltages of C5F10O mixtures with
synthetic air, CO2, and CO2 + O2 [2, 10, 11], and the
effective ionization coefficient of C5F10O mixtures with
synthetic air has also been recently measured by Aints
et al. in a steady-state Townsend experiment [12].

In the present work, we consider mixtures of
C5F10O with the carrier gases N2 and CO2. We present
measurement results in diluted mixtures of C5F10O in
N2 and in CO2, and use these to estimate the electron
attachment cross section of C5F10O. We report the
rate coefficients of ionization, attachment, and effective
ionization, as well as the electron drift velocity and
the longitudinal electron diffusion coefficient in pure
C5F10O. Furthermore, we measure the properties of

C5F10O/CO2 and C5F10O/N2 mixtures with C5F10O
percentages up to 40%, in order to investigate the
synergism of the density-reduced critical electric field.
We compare our results with those of Aints et al. We
make all our data available on the database ETHZ [13]
from the LXcat project.

1. Methods

1.1. Swarm experiment

1.1.1. Experimental setup Most of the measurements
were performed in the pulsed Townsend setup that
was described in [14]. The latest measurements in
pure C5F10O were performed in a newer setup [15].
A principle schematic valid for both setups is shown
in figure 1. Each setup comprises a stainless
steel vessel containing two Rogowski electrodes. A
voltage is applied across the electrodes, resulting in
a homogeneous electric field in the electrode gap.
The gases under study are filled in the vessel as
described in section 1.1.2. The cathode is made of
two parts, a bulk cathode with a hole in its center, in
which a photocathode is inserted. The photocathodes
used for the present measurements were quartz slabs
coated with a 15 nm magnesium layer, which is again
overcoated with a 5 nm palladium layer. A pulsed UV-
laser with a wavelength of 266 nm and a pulse duration
of 1.5 ns FWHM illuminates the photocathode from
the back. Photoelectrons are released from the
photocathode into the gap between the electrodes and
initiate an electron avalanche. The electrons produce
positive ions by impact ionization, and negative ions
by electron attachment. The displacement current
resulting from the drift of the electrons and ions in
the electric field is measured. The resistance R1 and
capacitance C in figure 1 are needed to ensure that the
recharging current of the electrode capacitance, which
compensates the electron emission from the cathode,
is spread over a long time period (a few millisecond),
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Figure 1. Schematic of the pulsed Townsend experiment (R1 ∼
1 MΩ, R2 ∼ 100 Ω, C ∼ 1 nF).

so that it is negligible compared to the displacement
current of electrons and ions.

1.1.2. Gas purity The vessel has a base pressure of
1× 10−6 Pa. In order to fill a gas or gas mixture, the
content of the inlet pipes is first evacuated through the
vessel. Then, each of the inlet pipes is flushed with
one of the gases under study. Finally, the vessel is
evacuated again and closed. The residual pressure in
the vessel before the gas is filled is below 0.1 Pa. The
gases are then filled one after the other, starting with
the least abundant gas in the gas mixture. The gases
used in the present work are C5F10O with a purity of
at least 99.5 mole % (3M), N2 with a purity of 6.0
(Carbagas), and CO2 with a purity of 4.8 (Carbagas).

1.2. Measurement analysis

The measured current is the sum of the electron and ion
currents. These two components are separated using
an iterative procedure [16] and analyzed as follows.

1.2.1. Electron current analysis The electron current
analysis was described in detail in a previous
publication [16]; the physical model is briefly described
here to introduce the relevant quantities. Assuming
that the one-dimensional electron density along the
avalanche propagation axis is Gaussian, the electron
current Ie is expressed analytically for t ≥ 0 as [14, 16]

Ie(t) =
I0
2
ekeffNt

(
1− erf

(
t− Te√

2τDt

))
, (1)

I0 =
Ne(0)q0

Te
, (2)

where I0 is the electron current at time t = 0, keff

is the effective ionization rate coefficient, N is the
number density of the gas, Te is the electron drift time,
which relates to the bulk electron drift velocity we via
Te = d/we, τD is the characteristic time for longitudinal
electron diffusion, which relates to the longitudinal
diffusion coefficient DL via 2DL = w2

eτD, Ne(0) is the
initial number of electrons and q0 is the elementary
charge.

1.2.2. Ion current analysis A simple model for the
ion current Iion was described previously [16] for
the case where only one type of cation and one
type of anion are present. This approach fails for
instance when two types of negative ions (or two
types of positive ions) with different drift velocities
are present. This can occur due to the existence of
several attachment (or several ionization) processes,
or due to ion conversion or charge transfer. With a
more sophisticated approach, it is possible to analyze
cases with several anion species, including even ion
kinetics [17], but this requires an extensive knowledge
of the kinetic processes, which is not available in the
case of C5F10O.

We introduce here a simpler analysis which allows
us to obtain only the ionization and attachment rate
coefficients ki and ka, but makes no assumptions on the
number of ion species nor on the number of ionization,
attachment and ion conversion processes. We still
assume that the effective ionization rate coefficient keff

is simply given by the difference between the ionization
and attachment rate coefficients

keff = ki − ka, (3)

explicitly excluding electron detachment and any
other process that could lead to secondary electron
production. This analysis relies furthermore on the
fact that keff and Ne(0) are already known from the
electron current analysis. For simplicity, we neglect
electron diffusion in the following calculations so that
the number of electrons at an instant 0 ≤ t ≤ Te is
given by

Ne(t) = Ne(0) exp(keffNt). (4)

The time integral of the measured current Iexp gives the
total amount of charge that transits through the gap
between the electrodes. Dividing it by the elementary
charge q0, we obtain the number Nfinal

charges of charge
carriers which virtually cross the gap between the
electrodes

Nfinal
charges =

1

q0

∫ ∞
0

Iexp(t)dt. (5)

The initial number of charge carriers is given by the
initial number of photoelectrons Ne(0) released at
the cathode. Each of the initial elementary charges
Ne(0) effectively crosses the gap between the electrodes
(either as an electron or as an anion if the electron is
attached as shown in figure 2) and therefore contributes
to Nfinal

charges. Along the way, electrons may ionize a
particle, creating a positive ion and a new free electron.
For each ionization event, an additional elementary
charge will cross completely the gap between electrodes
as illustrated in figure 2: the newly freed electron
covers the remaining distance towards the anode,
whereas the newly created cation covers the distance
back to the cathode. As a result, Nfinal

charges is the sum of
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Figure 2. Schematic of the transit of charge carriers (• electron,
⊕ cation, � anion) between the electrodes.

the initial number of photoelectrons and the number
of ionization events, i.e. the number of positive ions
Np(Te):

Nfinal
charges = Ne(0) +Np(Te). (6)

The number of ionization events during a small time
interval [t, (t+ dt)] is related to the ionization rate
coefficient ki and the number of electrons present at
time t as

dNp(t) = kiNNe(t) dt (7)

The final number of ionization events is reached once
the electrons have been absorbed by the anode, i.e.
at time Te. It is obtained by integrating the cation
production between instants 0 and Te

Np(Te) = kiN

∫ Te

0

Ne(t) dt

= Ne(0)
ki

keff
(exp(keffNTe)− 1)

=
ki

keff
(Ne(Te)−Ne(0)) . (8)

Replacing equation (8) into (6) yields

Nfinal
charges = Ne(0) +

ki

keff
(Ne(Te)−Ne(0)) . (9)

And this yields for ki and ka

ki = keff

Nfinal
charges −Ne(0)

Ne(Te)−Ne(0)
, (10)

ka = ki − keff = keff

Nfinal
charges −Ne(Te)

Ne(Te)−Ne(0)
. (11)

The key assumption of this method is the absence
of ionization events after the electron drift time
Te. The occurrence of ionization events after Te is
not accounted for in the calculation of Np(Te) with
equation (8), using the present method would thus
result in overestimating ki and ka.

1.2.3. Density-reduced critical electric field
The density-reduced critical electric field (E/N)crit

of a gas is defined as the E/N ratio for which
keff = 0, that is ki = ka. For E/N < (E/N)crit,
electron attachment is dominating over ionization.
For E/N > (E/N)crit, ionization dominates over

electron attachment. Therefore, (E/N)crit is a figure
of merit for electrical insulation, it is the minimum
E/N ratio for which an electrical discharge can be
self-sustained. The (E/N)crit of a gas mixture cannot
be predicted based solely on the (E/N)crit of the
individual components since it depends largely on the
electron energy distribution in the gas mixture. A gas
mixture is said to have a synergy when its (E/N)crit is
larger that the sum of the (E/N)crit of its components
weighted by their mole fractions in the mixture [18]. In
the present work, the (E/N)crit of different C5F10O/N2

and C5F10O/CO2 mixtures is obtained as the zero-
crossing of the measured keff versus E/N curves.

1.2.4. Estimating the total electron attachment cross
section The total attachment cross section of C5F10O
is estimated using two methods, a linear inversion
method and a Gaussian expansion method, which were
described previously [19]. These methods require as
input the effective ionization coefficient measured in
diluted mixtures of C5F10O with different carrier gases,
in the present case N2 and CO2, and the knowledge
of the electron energy distribution function (EEDF)
in the carrier gases. In the present work the EEDF
in N2 and CO2 is obtained by solving the Boltzmann
equation in the two-term approximation using the
solver Bolsig+ [20], with Biagi’s cross section set for
N2 [21] and Phelps’ cross section set for CO2 [22].
The effective ionization rate coefficient, electron drift
velocity and diffusion coefficients calculated in pure
N2 and in pure CO2 are shown in figures 5 and 4
respectively. Both methods rely on the assumption
that the C5F10O admixture does not disturb the
electron energy distribution function of the carrier
gas. The linear inversion method has the advantage of
making no assumption on the shape of the cross section
and requiring no initial guess of the solution. We

denote σ
(li)
a the cross section obtained by this method.

The Gaussian expansion is an optimization method
where the shape of the cross section is approximated
by the sum of several Gaussian functions. We denote

σ
(ge)
a the cross section obtained by this method. In the

present case, the cross section is well fitted with three
terms, i.e.

σ(ge)
a (ε) =

3∑
i=1

cie
−(ε−εi)2/(2s2i ), (12)

where ci, εi and si are the amplitude, position and
width of the Gaussian peaks, determined by the fit.

2. Results

2.1. Diluted C5F10O/N2 and C5F10O/CO2 mixtures

This section presents the electron swarm parameters
obtained in C5F10O/N2 and C5F10O/CO2 mixtures
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Table 1. Overview of the measurements in the diluted
C5F10O/N2 and C5F10O/CO2 mixtures.

buffer C5F10O (E/N)-range pressures

gas mol% (Td) (kPa)

N2 0 5 - 180 2, 10
0.13 5 - 140 2, 10
0.25 50 - 140 2, 10

CO2 0 5 - 140 2, 10
0.26 5 - 110 2, 10
0.50 6 - 26 10
1.00 108 - 130 2, 10

where the percentage of C5F10O is smaller than 1%.
While these mixtures are not directly of interest
for electrical insulation, they allow us to probe the
attachment cross section of C5F10O, using the methods
described in section 1.2.4. An overview of the
investigated mixtures is given in table 1. Example
measurements in the mixture of 1% C5F10O in CO2 are
shown in figure 3 for two different ratios of the electric
field over gas density E/N . The electron current is
fitted satisfyingly by the analytic model (1). It results
from the analytical model (1) that the exponential
decrease of the electron current in figure 3(a) is due
to a negative value of keff , in other terms, the electron
attachment rate is larger than the ionization rate ka >
ki, i.e. E/N < (E/N)crit. In figure 3(b), the electron
current is exponentially increasing with time, which
corresponds to ka < ki, i.e. E/N > (E/N)crit.

The obtained effective ionization rate coefficient,
electron drift velocity and diffusion coefficient are
shown in figures 5 for N2 mixtures and figure 4
for CO2 mixtures. The electron drift velocity and
diffusion coefficient are not affected by the addition
of a small amount of C5F10O in N2 and CO2, whereas
the effective ionization coefficient in diluted C5F10O
mixtures is decreasing with increasing C5F10O content
due to electron attachment to C5F10O.

2.2. Electron attachment cross section

Figure 6 shows the estimations of the attachment cross

sections σ
(li)
a and σ

(ge)
a of C5F10O obtained with the

linear inversion method and the Gaussian expansion
method, respectively. The electron attachment cross
section of SF6 is shown for comparison, it is taken from
the Biagi database [21], which used the results from
Braun et al [23] and Christophorou and Olthoff [24]. A
good agreement is obtained between both estimations

σ
(li)
a and σ

(ge)
a , which is encouraging as to the

uniqueness of the solution. To verify the accuracy
of those estimations, the values of keff in C5F10O

mixtures are calculated from the cross sections σ
(li)
a

0 50 100 150 200 250

0

2

4

6

8

(a)

t (ns)

I
(µ
A
)

0 50 100 150 200 250

0

5

10

15
(b)

t (ns)

I
(µ
A
)

measured current
electron current
ion current
fit of electron current model (1)

Figure 3. Current versus time in the mixture of 1% C5F10O
in CO2, at a pressure of 10 kPa, for an electrode spacing of
19 mm, and for a reduced electric field E/N of (a) 110 Td and
(b) 124 Td.

and σ
(ge)
a as

k
[C5F10O mixture]
eff = (1− x)k

[carrier gas]
eff

− x
√

2

me

∫ ∞
0

σaεf
[carrier gas]dε, (13)

where x is the mole fraction of C5F10O in the mixture,

me is the electron mass, k
[carrier gas]
eff is the effective

ionization rate coefficient in the carrier gas and
f [carrier gas] is the electron energy distribution function

in the carrier gas. Both k
[carrier gas]
eff and f [carrier gas] are

calculated with Bolsig+ as indicated in section 1.2.4.

The calculations of keff using σ
(li)
a and σ

(ge)
a are shown

in figures 5(a) and 4(a) using dashed and dotted lines.
The calculations agree perfectly with each other and

with the measured values of keff . Thus, σ
(li)
a and σ

(ge)
a
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Figure 4. (a) Effective ionization rate coefficient, (b) drift
velocity and (c) diffusion coefficient as functions of E/N in
C5F10O/CO2 mixtures. The gas mixtures are color-coded, the
C5F10O percentages being indicated in figure (a). The gas
pressures are indicated with different marker shapes ( 2 kPa,

10 kPa). The full lines in (a), (b) and (c) correspond to keff ,
we and NDL in CO2, calculated using Bolsig+. The dashed
and dotted lines in (a) correspond to calculations of keff in the

C5F10O/CO2 mixtures obtained with equation (13) using σ
(li)
a

and σ
(ge)
a , respectively.

0 20 40 60 80 100 120 140

�1

�0:5

0

0:5

1

1:5

N2

0:13%

0:25%

(a)

E=N (Td)

k
e
�
(1
0
�
1
7
m

3
s�

1
)

0 20 40 60 80 100 120 140
0

5

10

15

(b)

E=N (Td)

w
e
(1
0
4
m
s
�
1
)

0 20 40 60 80 100 120 140
0

1

2

3

(c)

E=N (Td)

N
D
L
(1
0
2
4
m
�
1
s
�
1
)

Figure 5. (a) Effective ionization rate coefficient, (b) electron
drift velocity and (c) electron diffusion coefficient as functions
of E/N in C5F10O/N2 mixtures. The gas mixtures are color-
coded, the C5F10O percentages being indicated in figure (a).
The gas pressures are indicated with different marker shapes (
2 kPa, 10 kPa). The full lines in (a), (b) and (c) correspond to
keff , we and NDL in N2, calculated using Bolsig+. The dashed
and dotted lines in (a) correspond to calculations of keff in the

C5F10O/N2 mixtures obtained with equation (13) using σ
(li)
a

and σ
(ge)
a , respectively.
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Figure 6. Total attachment cross section of SF6 and estimated
total electron attachment cross section of C5F10O.

are equally good estimations of the attachment cross

section of C5F10O. The slight difference between σ
(li)
a

and σ
(ge)
a at low electron energies ε . 0.05 eV, results

in a small divergence in the calculated keff , visible
only for E/N < 6 Td in the diluted CO2 mixtures of
figure 4(a). Since this low E/N range was not covered
in the present measurements, the attachment cross
section cannot be precisely resolved at electron energies
below 0.05 eV, but is in the right order of magnitude.
The estimated attachment cross section of C5F10O,

σ
(li)
a and σ

(ge)
a , feature three attachment peaks. A very

narrow peak is found at 0.05 eV, although the actual
peak position might be at lower energies since this
range is not well resolved. The main attachment peak
is at 1.3 eV and a third peak is found at about 5.5 eV.
Since the present measurements are not extremely
sensitive on the exact shape of the cross section for
energies higher than 2 eV, the peak observed at about
5.5 eV could be in fact the superposition of several
peaks in the range 2−10 eV. The attachment cross
section of SF6 is also shown in figure 6 for comparison.
C5F10O has a much lower attachment cross section
than SF6 at low energies, but a much larger attachment
cross sections at energies above 0.7 eV and up to 10 eV.

2.3. Results in pure C5F10O

Measurements were performed in pure C5F10O over
a large pressure range, from 100 Pa to 2 kPa. At
low pressures, a large range of E/N is covered, from
50 Td to 900 Td, whereas at high pressures the range
is restricted to a narrow E/N band around the critical
field (E/N)crit. Example measurements carried out
in pure C5F10O at the pressure 100 Pa are shown
in figures 7 and 8. Figure 9 shows the ionization,

�50 0 50 100 150 200

0

0:5

1

1:5

2

2:5(a)

t (ns)

I
(µ
A
)

0 10 20 30 40 50 60

0

0:1

0:2

(b)

t (µs)

I
(µ
A
)

measured current
electron current
ion current
fit of electron current

Figure 7. Current versus time in pure C5F10O, at a pressure
of 0.1 kPa, for an electrode spacing of 25 mm, and for a reduced
electric field E/N of 698 Td (a) on the electronic timescale and
(b) on the ionic timescale.

attachment and effective ionization rate coefficients,
as well as the electron drift velocity and diffusion
coefficient obtained in pure C5F10O. The results are
independent of the gas pressure. In particular, the fact
that the obtained values of ki and ka are independent of
the gas pressure implies that no electron detachment
occurs in C5F10O, as equations (10) and (11) would
fail if it were the case. A certain spread is observed in
the values of the effective ionization rate coefficient of
C5F10O around the critical electric field. The density-
reduced critical electric field of C5F10O is 757± 10 Td.
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Figure 8. Current versus time in pure C5F10O, at a pressure
of 0.1 kPa, for an electrode spacing of 25 mm, and for a reduced
electric field E/N of 898 Td (a) on the electronic timescale and
(b) on the ionic timescale.

2.4. Synergism in C5F10O/N2 and C5F10O/CO2

mixtures

In order to study the synergism in the density-reduced
critical electric field, we measure different C5F10O/N2

and C5F10O/CO2 mixtures with up to 40% C5F10O.
An overview of the measurements is given in table 2.
Example measurements in the mixture of 12% C5F10O
in N2 at 10 kPa are shown in figure 10. For these
measurements, the analytic fit of the signal was rather
insensitive on the diffusion coefficient, which could
take any value between 1 × 1024 to 2× 1025 m−1 s−1,
therefore, we do not report the electron diffusion
coefficient. Measurements at lower pressures would
have been preferable to obtain the diffusion coefficient,
but would have yielded less accurate values for

Table 2. Overview of the measurements in the C5F10O/N2 and
C5F10O/CO2 mixtures.

buffer C5F10O (E/N)-range pressures

gas mol% (Td) (kPa)

N2 0 5 - 180 2, 10
1.01 110 - 186 2, 10
4.04 198 - 212 2, 4, 10
8.06 238 - 250 10

12.03 268 - 276 10
19.96 324 - 332 10
30.06 384 - 390 10
39.85 440 - 445 10

CO2 0 5 - 140 2, 10
1.00 108 - 130 2, 10
4.09 157 - 167 10
8.13 195 - 207 10

12.01 225 - 235 10
20.03 288 - 295 10
30.03 354 - 361 10
39.87 415 - 422 10

the effective ionization rate coefficient, which was
prioritized here. Figures 12 and 11 show the effective
ionization rate coefficient, the electron drift velocity
and the longitudinal electron diffusion coefficient
obtained in C5F10O/N2 and C5F10O/CO2 mixtures
respectively. A large increase of the density-reduced
critical electric field (E/N)crit is observed with
increasing C5F10O content. The obtained (E/N)crit

values in C5F10O/N2 and C5F10O/CO2 mixtures are
summarized in figure 13 and compared to the (E/N)crit

of C5F10O/synthetic air mixtures from Aints et al. [12]
and that of SF6/N2 and SF6/CO2 mixtures [25]. We
observe a synergy effect in both the C5F10O/N2 and
the C5F10O/CO2 mixtures, but it is more pronounced
in the C5F10O/N2 mixtures. Mixtures of ∼ 26%
C5F10O in N2 and of ∼ 30% C5F10O in CO2 have
the same density-reduced critical electric field as pure
SF6. The value of 770±25 Td for the (E/N)crit of pure
C5F10O obtained by Aints et al. is in good agreement
with the range of 757± 10 Td obtained in the present
study. And the (E/N)crit values obtained by Aints et
al. for C5F10O/synthetic air mixtures are quite similar
to the present values obtained in C5F10O/N2 mixtures.

3. Discussion

3.1. Electron attachment to C5F10O

Electron attachment to fluorinated ketones has not
been extensively studied. To our knowledge, only
Illenberger and Meinke [26] reported measurements
of electron attachment to perfluoroacetone using a
crossed beam experiment and mass spectrometric
detection of the anions. They observed strong parent
ion formation peaking towards 0 eV as well as multiple
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Figure 9. (a) Effective ionization rate coefficient, (b) electron drift velocity, (c) electron diffusion coefficient, (d) ionization rate
coefficient and (e) attachment rate coefficient as functions of E/N in C5F10O, at different gas pressures ( 0.1 kPa, 0.2 kPa,
0.5 kPa, 1 kPa, 1.5 kPa, 2 kPa).
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Figure 10. Current versus time in the mixture of 12% C5F10O
in N2, at a pressure of 10 kPa, for an electrode spacing of 13 mm,
and for a reduced electric field E/N of (a) 268 Td and (b)
276 Td.

dissociative attachment peaks in the range of 2−12 eV.
We observe a somewhat different picture for the
perfluoroketone C5F10O. The effective ionization rate
coefficient in C5F10O/N2 and C5F10O/CO2 mixtures
shown in figures 5(a) and 4(a) is lowest at intermediate
E/N ratios, from about 30 Td to 80 Td, which suggests
that electron attachment to C5F10O occurs mainly
at electron energies above thermal. Accordingly, the
estimated electron attachment cross section features
only a small attachment peak at low energies possibly
being parent ion attachment, and a main attachment
peak at 1.3 eV. We do observe substantial attachment
in the range 3−11 eV which could be the superposition
of multiple dissociative attachment peaks, similarly to
perfluoroacetone.
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Figure 11. (a) Effective ionization rate coefficient and (b)
electron drift velocity as functions of E/N in C5F10O/CO2

mixtures. The gas mixtures are color-coded, the C5F10O
percentages being indicated in figure (a). The gas pressures are
indicated with different marker shapes ( 2 kPa, 10 kPa).

3.2. Density-reduced critical electric field

The density-reduced critical electric field of C5F10O
is about 2.1 times larger than that of SF6. However,
due to the limited vapor pressure of C5F10O only
a small percentage of C5F10O can be added to a
carrier gas such as N2 and CO2 for use in electrical
insulation. Therefore, synergy effects with carrier gases
are, besides (E/N)crit, an important characteristic.
Mixtures of ∼ 26% C5F10O in N2 and of ∼ 30%
C5F10O in CO2 have the same density-reduced critical
electric field as pure SF6. However, the C5F10O
percentage in applications is limited by the vapor
pressure of C5F10O. This is illustrated in figure 14,
which shows the dew point of C5F10O (assuming
no interaction with the carrier gas) as a function
of its mole fraction, for two technically relevant
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Figure 12. (a) Effective ionization rate coefficient and
(b) electron drift velocity as functions of E/N in C5F10O/N2

mixtures. The gas mixtures are color-coded, the C5F10O
percentages being indicated in figure (a). The gas pressures
are indicated with different marker shapes ( 2 kPa, 6 kPa,
10 kPa).

total pressures. In order to obtain figure 14, the
vapor pressure curve of C5F10O was estimated by
the Clausius-Clapeyron relation with a boiling point
of 26.9 ◦C and a heat of evaporation of 109 kJ kg−1

given by the 3M technical datasheet, and a filling
temperature of 25 ◦C was assumed. The total
pressure of 0.13 MPa is typical for medium voltage
applications whereas 0.6 MPa is typical for high voltage
applications. For example, a current application
with a minimum operating temperature of -15◦C
features C5F10O content of 13.6% for a total pressure
of 0.13 MPa [27]. It results from figure 14 that
mixtures containing 2 to 27% of C5F10O are of interest,
depending on the targeted application. For most of
these mixtures, the density-reduced critical electric
field is lower than that of SF6. Nonetheless, it is higher
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Figure 13. Density-reduced critical electric field of
C5F10O/N2, C5F10O/CO2, SF6/N2 and SF6/CO2 mixtures.
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Figure 14. Dew point of C5F10O as a function of its mole
fraction in a gas mixture for two different total pressures of
0.13 MPa and 0.6 MPa.

than the (E/N)crit of synthetic air, while still having
a negligible GWP.

Conclusion

We report for the first time electron rate and transport
coefficients in pure C5F10O and in C5F10O/N2 and
C5F10O/CO2 mixtures, and give an estimation of
the total electron attachment of C5F10O. We observe
a synergy effect in C5F10O/CO2 and C5F10O/N2

mixtures leading to a relatively high density-reduced
critical electric field of these mixtures even for low
C5F10O mole fractions. These mixtures do no offer
the same density-reduced critical electric field as SF6,
so that increasing the pressure or the insulating
distance is necessary compared to SF6 insulated
devices. Nonetheless, C5F10O has the advantage of
having a negligible GWP and a low toxicity which is
uncommon for perfluorinated molecules.
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