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ABSTRACT

The present paper investigated the insulation char-
acteristics of gas mixtures containing CF3I as an
alternative to SF6 from the point of view of elec-
tron swarm parameters. The density-normalized
effective ionization coefficients and electron drift
velocities are calculated for the gas mixtures of
CF3I with Xe, He, N2 and CO2, by solving the
Boltzmann equation in the condition of steady-
state Townsend (SST) experiment. The overal-
l range of the density-normalized electric field
E/N is from 200 to 800 Td (1 Td = 10−17 Vcm2).
From the variation curve of the effective ioniza-
tion coefficients with the CF3I mixture ratio, the
limiting field strength for which the ionization ex-
actly balances the electron attachment is deter-
mined. The calculated results are valid for theoret-
ical analysis of the insulation performance of CF3I
and its gas mixtures as replacement of SF6. Ad-
ditionally, the global warming potential (GWP) is
also taken into account to evaluate the possibility
of applying in gas insulation of power equipment.

1. INTRODUCTION

Because of its high dielectric strength and out-
standing interruption performance, sulphur hex-
afluoride (SF6) has been widely used as a gaseous
insulating medium and an arc quenching medium
in the field of high voltage engineering and electri-
cal power applications. However, SF6 is a strong
greenhouse gas with a very high GWP which is
23900 times greater than that of SF6 over 100-year
time period. Consequently, SF6 has been listed as
one of the six principal greenhouse gases of con-
cern according to the Kyoto protocol. In a short
term, the gas mixtures of SF6 with environment
friendly gases can reduce the adverse impact on

environment, but the lifetime of SF6 is estimated
to be as long as 3200 years because of its chem-
ical inertness and thermal stability, which means
that all of the SF6 that has ever been or will be
produced will eventually end up in the atmosphere
[2]. The long-term solution to the SF6 greenhouse
problem is to replace SF6 with an acceptable non-
greenhouse gas as the insulating medium.

After decades of exploration and research, there
is still no perfect gas to substitute SF6 with ful-
ly consideration of the insulation strength, arcing
performance, chemical stability and liquefied tem-
perature. Most of perfluorocarbon (PFC) and hy-
drofluorocarbons (HFC) which have higher insula-
tion ability than, or comparable to SF6 also present
high GWP or high boiling point, such as c-C4F8,
n-C4F10, CF3SF5. However, if we use the environ-
ment friendly gas such as N2 and CO2 to replace
SF6, the size of the insulating equipment would
have to be increased since the dielectric strength
of these fluorine-free gases is substantially smaller
than that of SF6. Recently, trifluoroiodomethane
(CF3I) has been found to be a potential high volt-
age insulator.

Relative molecular mass 200.03
Melting point (°C) -110
Boiling point (°C) -22.5
Liquid density (g/cm3) 20°C, 1400
Critical temperature (°C) 122
Critical pressure (MPa) 3.95
C-I bond dissociation energy 226.1 kJ/mol
GWP ≤ 5
ODP ≤ 0.0001
flammability non

Tab. 1: Mainly physical and environmental properties of CF3I



As shown in Table 1, CF3I is colourless and non-
flammable. From the environmental point of view,
CF3I presents a weak GWP of 1–5 against approx-
imately 23900 for SF6. Due to the weak chemical
bond C-I, the overall atmospheric lifetime of CF3I
is very short (at most a few days), which greatly
limits its transport to the stratosphere when re-
leased at the surface. It has been reported in that
the steady-state ozone depletion potential (ODP)
of CF3I for surface releases is less than 0.0001.
Thus, CF3I is considered as a low environmen-
tal impact gas. However, CF3I has a high boiling
point -22.5°C [3]. The application of CF3I for in-
sulation inevitably needs it to be mixed with some
ordinary gases. The buffer gas composing the
greater portion can efficiently decrease the boiling
point of the mixture.

In this paper, the density-normalized effective
ionization coefficients and electron drift veloci-
ties in mixture compositions CF3I−xY, with x
= 0-100%, and where Y denotes Xe, He, N2 or
CO2 gas, are investigated by solving the electron
Boltzmann equation for a steady-state Townsend
discharge. The range of the overall density-
normalized electric field strength E/N is from 200
to 800 Td. Values of (E/N)lim with which the
ionization exactly balances the electron attach-
ment are deduced from the curves of (α− η)/N .

2. THEORETIC FRAMEWORK

The numerical method used for solving the Boltz-
mann equation has been described in detail by the
present authors in Ref. [4]. The electron colli-
sion cross sections for CF3I are taken from Ref.
[5], which have been confirmed to be capable of
predicting the experimental limiting E/N values of
CF3I−N2 mixtures accurately. While for the com-
panion gas, we use the collisional data of Xe [6],
He [7], N2 [8] and CO2 [9] as the initial set.

3. RESULTS AND DISCUSSIONS

Figure 1 shows the density-normalized effective
ionization coefficient (α − η)/N for differen-
t mixture compositions in CF3I−Xe, as a func-
tion of the reduced electric field E/N. In present
work, the electron energy share between the pri-
mary and secondary electrons after an ionizing
collision is assumed to be 0.5, which means the

newly released electron shares half of the primary
electron’s energy after the ionization scattering.
The results indicate that the values of (α − η)/N
increase with increasing E/N values, moreover, at
a given E/N value, reduce with increasing CF3I
content in the mixture. Figure 2 gives the elec-
tron drift velocities Ve, calculated in this work for
CF3I−Xe mixtures as a function of the E/N. It can
be clearly observed that the electron drift velocity
displays a quick trend to decrease as the CF3I con-
tent increases, especially in the higher E/N range.
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Fig. 1: The density-normalized effective ionization coefficients of
CF3I and Xe mixtures as a function of E/N at different CF3I gas mix-
ture ratio k(%).
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Fig. 2: The electron drift velocities in CF3I and Xe mixtures as a
function of E/N at different CF3I gas mixture ratio k(%).
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Fig. 3: The density-normalized effective ionization coefficients of
CF3I and He mixtures as a function of E/N at different CF3I gas mix-
ture ratio k(%).
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Fig. 4: The electron drift velocities in CF3I and He mixtures as a
function of E/N at different CF3I gas mixture ratio k(%).
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Fig. 5: The density-normalized effective ionization coefficients of
CF3I and N2 mixtures as a function of E/N at different CF3I gas mix-
ture ratio k(%).

Figures 3 and 4 show the predicted results for
(α−η)/N and Ve obtained in CF3I−He mixtures,
calculated for CF3I percentages between 25% and
100%. The effective ionization coefficients also
display the similar variation trend as observed in
CF3I gas mixtures with Xe. Of particular interest
is the trend of (α − η)/N for higher E/N with
respect to the values of α/N for pure He, where
the effective ionization coefficients of gas mix-
tures are still higher than that of pure He even the
severe process of attachment occurred with the
composing of CF3I. This phenomenon has also
been observed in CF3I and N2 gas mixture and
may be ascribed to the fact that the ionization po-
tential of CF3I is far more lower (10.23 eV) than
that of He (24.6 eV) [10]. The electron drift ve-
locity decrease dramatically as the CF3I content
increases.

As regards the electron swarm parameters of CF3I
gas mixtures with N2 and CO2, the present authors
have detailed discussed in Ref. [11], hence we di-
rectly display the results in this section. Figures 5
to 8 show our calculated results obtained in CF3I-
N2 and CF3I-CO2 gas mixtures for (α−η)/N and
Ve, respectively.
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Fig. 6: The electron drift velocities in CF3I and N2 mixtures as a
function of E/N at different CF3I gas mixture ratio k(%).
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Fig. 7: The density-normalized effective ionization coefficients of
CF3I and CO2 mixtures as a function of E/N at different CF3I gas
mixture ratio k(%).
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Fig. 8: The electron drift velocities in CF3I and CO2 mixtures as a
function of E/N at different CF3I gas mixture ratio k(%).

From the variation of the effective ionization
coefficients curves, we can deduce the values
of the limiting field strength (E/N)lim, i.e.
(α − η)/N=0, for gas mixtures of CF3I with Xe,
He, N2 and CO2 at different gas content. Figure 9
shows the (E/N)lim as a function of the CF3I gas
percentage. It is seen that the values of (E/N)lim
are larger in CF3I-N2 than in the rest gas com-
bination for the CF3I gas content variation from
20% to 90%, especially for small concentrations
of CF3I in the mixtures. However, the increase of
CF3I percentage leads to the difference among the
four decreases gradually. The main reason for this



behavior may stem on the dominated influence of
CF3I on the values for the effective ionization co-
efficients in the gas mixtures. It reveals that for
CF3I concentrations in the gas mixtures of CF3I
with N2, CO2 and Xe lower than 70%, the insu-
lation strength of SF6 is superior, but for above
this limit, the positions are reversed. Likewise, as
judged from these swarm properties, the gas mix-
tures of CF3I with He can also achieve the same
insulation level to that of pure SF6 when the gas
content is larger than a certain value.
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Fig. 9: The limiting fields (E/N)lim as a function of CF3I gas con-
tent k.

4. CONCLUSIONS

In this paper, we use the Boltzmann equation
method to calculate the density-normalized effec-
tive ionization coefficients and electron drift ve-
locities in CF3I gas mixtures with Xe, He, N2 and
CO2 for the range of E/N from 200 to 800 Td. It
is shown that the two-term expansion of the Boltz-
mann equation is valid for deducing the electron
swarm parameters of CF3I and its gas mixtures.
Gas mixtures with 70% CF3I present a very simi-
lar dielectric strength to that of SF6 and might be
a good candidate to replace SF6 with the advan-
tages of comparable insulation strength and non-
environmental destruction. Owing to the scarce
number of theoretical analyses in mixtures of CF3I
with a buffer gas the present data is justified for
the purposes of discharge modeling. Future, more
research works should be carried out on the dis-
charge performance of the gas mixtures under dif-
ferent electric field and by-products produced after
dielectric breakdown.

5. ACKNOWLEDGEMENT

This work was supported by the grants from the
National Natural Science Foundation of China
(No. 51177101 and No. 51337006)

REFERENCES

[1] M. Rigby, J. Mhle, B. R. Miller, R. G. Prinn,
P. B. Krummel, L. P. Steele, et al., "History
of atmospheric SF6 from 1973 to 2008," At-
mosphere of Chemistry Physycis, 10,10305-
10320, 2010.

[2] L. G. Christophorou and R. J. Van Brun-
t, "SF6/N2 mixtures: basic and HV insula-
tion properties," , IEEE Transactions on Di-
electrics and Electrical Insulation, 2, 952-
1003, 1995.

[3] Y. Cressault, V. Connord, H. Hingana, and A.
Gleizes, "Transport properties of CF3I ther-
mal plasmas mixed with CO2, air or N2 as
an alternative to SF6 plasmas in high-voltage
circuit breakers," Journal of Physics D: Ap-
plied Physics, 44, 495202, 2011.

[4] Y. K. Deng and D. M. Xiao, "Analysis
of the insulation characteristics of c-C4F8
and N2 gas mixtures by Boltzmann equa-
tion method," The European Physical Jour-
nal: Applied Physics, 57, 20801, 2012.

[5] M. Kimura and Y. Nakamura, "Electron
swarm parameters in CF3I and a set of elec-
tron collision cross sections for the CF3I
molecule," Journal of Physics D: Applied
Physics, 43, 145202, 2010.

[6] J. Meunier, P. Belenguer and J. Boeuf, "Nu-
merical model of an ac plasma display panel
cell in neon-xenon mixtures," Journal of Ap-
plied Physics, 78, 731-745, 1995.

[7] The Siglo Data base in C.a.K. Software
(Ed.).

[8] A. V. Phelps and L. C. Pitchford, "Anisotrop-
ic scattering of electrons by N2 and its effec-
t on electron transport," Physical Review A,
31, 2932, 1985.

[9] Y. Itikawa, "Cross sections for electron colli-
sions with carbon dioxide," Journal of Phys-
ical and Chemical Reference Data, 31, 749-
768, 2002.

[10] J. de Urquijo, A. Juarez, E. Basurto and
J. Hernandez-Avila, "Electron impact ion-
ization and attachment, drift velocities and
longitudinal diffusion in CF3I and CF3I−N2
mixtures," Journal of Physics D: Applied
Physics, 40, 2205, 2007.

[11] Y. K. Deng and D. M. Xiao, "The effec-
tive ionization coefficients and electron drift
velocities in gas mixtures of CF3I with N2
and CO2 obtained from Boltzmann equa-
tion analysis," Chinese Physics B, 22, 35101,
2013.


