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Abstract - In power distribution system, sulfur hexafluoride (SF6) is used as Arc Extinguish in the high voltage circuit 
breaker. Even though the SF6 gas has high dielectric strength, it affects the greenhouse if released in the atmosphere. The 
major disadvantage of SF6 is leakage by unavoidable circumstance, which needs continuous monitoring. Arced SF6 gas is 
poisonous and not should be inhaled. The internal parts need thorough cleaning periodically. Maintenance and transportation 
of this gas also difficult. In this paper usage of mixture of trifluroiodomethane (CF3I) with CO   as the potential alternative to 
SF6 gas and its insulation properties are examined. The pure CF3I is impossible to use due to its high boiling point. SF6 and 
CF3I have a number of similar properties: both gases are colorless, odorless and non-flammable. The weak chemical bond C-
I in CF3I means that’s it can be decomposed quickly in the atmosphere.CF3I is considered to be an environmentally friendly. 
CF3I provides dielectric strength which is higher than SF6 with less greenhouse potential. Analysis has been done in Finite 
Element Method tool for different case of dielectric strength by considering ratio of SF6 and CF3I. 
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I.INTRODUCTION 
 
Circuit breaker is switching device which can be open 
and closed in fraction of second and operated 
automatically to protect an electric circuit or 
component from damage caused by overload or short 
circuit. Circuit breaker is used to detect a fault 
condition and interrupt current Flow. The circuit 
breaker mainly consists of fixed contact and moving 
contact. If there is fault occurring in the power system 
then the healthy part of the system is isolated from 
the fault parts.  
 
The circuit breaker has to carry large power. Due to 
this large power there is a formation of high arcing 
between the moving and fixed contact during the 
operation of Circuit breaker [14]. So arc in circuit 
breaker can be quenched safely by increasing the 
dielectric strength between the current carrying 
contacts of circuit breaker which is carried by arc 
quenching medium.             
 
There are different types of circuit breaker According 
to the arc quenching media namely 
 

 Oil  Circuit breaker 
 Air Circuit breaker 
 SF6 Circuit breaker 
 Vacuum Circuit breaker 

 
II.SUFHUR HEXAFLUORIDE CIRCUIT 
BREAKER 
 
In power distribution system, sulfur hexafluoride 
(SF6) is used as Arc Extinguish in the high voltage 
circuit breaker [15]. Sulfur hexafluoride(SF6) having  
excellent dielectric and arc quenching properties  

 
because it is chemically inert gas, non-flammable, 
non-explosive, it has low boiling point. 
The main drawbacks of continued utilization of SF6 
can be found that 
 
 The Global warming Potential (GWP) of SF6 is 

about 23,900 times that of CO2 [7]. 
 Fluorine by-product density is increase 

exponentially when SF6 is used in current 
interruption. 

 It is chemically inertness means it cannot be 
readily removed from the earth’s atmosphere. 
SF6 has an atmospheric lifetime around 3,200 
years [8]. 

 Imperfect joint leads to the leakage of the SF6 
gas. Continuous monitoring is required. 

 SF6 circuit breaker is costly because the SF6 
costly.  

 It requires the additional equipment’s. 
 
III. QUALITIES OF ALTERNATIVE OF SF6 
GAS 

 
A new insulating medium in circuit should 
Have the following properties [8] 
 

 Dielectric strength should  be similar to  SF6 
 Have excellent arc extinction properties 
 Have breakdown voltage similar to SF6 
 Nonflammable and non-explosive 
 Low global warming potential and ozone 

depletion potential near zero 
 Should be chemically inert 
 Nontoxic and environment friendly 
 Easily decomposed in the atmosphere 

And have short atmospheric lifetime 
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IV. TRIFLUROIODOMETHANE 
 
Trifluroiodomethane, also referred to as 
trifluromethyl iodide is a halo methane with the 
formula CF3I. 
A Trifluroiodomethane molecule has three fluorine 
atoms and iodine atom attached to a central carbon 
atom and these atoms are highly electronegative. It is 
tetrahedral .Its Molar mass is 195.91 g/mol and its 
density is 2.361 kg/푚 . 
Carbon has ionization energy of 1090 kJ/mol and its 
electron affinity is 122 kJ/mol [6]. Iodine has 
ionization energy of 1008 kJ/mol and its high electron 
affinity is 295 kJ/mol which is greater than carbon 
[6]. The molecular shape of	CF I. The tetrahedral 
molecule shape of CF I	is shown in the fig.1 
 

 
Fig: 1 퐂퐅ퟑ퐈 tetrahedral molecular shape and its bonded 

electrons 
 
The pure CF3I (100%) have higher dielectric constant 
than the SF6. The insulating for CF3I is 1.2 times that 
of SF6. But it is impossible to use the pure CF3I 
because it has high boiling point. So CF3I combine 
with CO  is gives a good result for alteration of SF6 
[1]. CF3I - CO (30:70%) is considered as appropriate 
for gas insulated switchgear (GIS) application [11] 
[12]. 
 
V.COMPARISON OF CF3I AND SF6 
 
A. Atmospheric lifetime 
The lifetime of gas is approximate amount of time. It 
would take for the anthropogenic increment to an 
atmospheric pollutant concentration to return to its 
natural level as a result of either being converted to 
another chemical compound. If the gas has a high 
atmospheric lifetime then it produces the high 
environment impact. 
 
Trifluroiodomethane (CF3I) has very short 
atmospheric lifetime in the order of hours/days rather 
than year [3]. Atmosphere lifetime is given by, 
 
                       t=    (Yr.)      
     
Where: m=mass (kg),퐹 =flow of substance 
X(kg/yr),D=deposition of substance X(kg/yr) [2] 
 
“The atmospheric lifetime of SF6 is 3,200 years, 
which results in essentially irreversible heat trapping 
within the atmosphere.” 

It has an estimated lifetime of 0.005 years or less than 
1.8 days [1] because it is degraded by the solar 
radiation. But the atmospheric lifetime of SF6is 3200 
years which is drastically higher than CF3I. So SF6 is 
considering as a greenhouse gas. 
 
B. Ozone depletion potential 
Ozone is naturally present in atmosphere. In 
stratosphere the ozone absorb harmful UV radiation 
generated by the Sun.  
Gases that can reduce the amount of ozone’s in the 
stratospheric region are called “ozone-depletion 
substances” (ODS) 
The ODP of a compound is the ratio of the impact of 
the chemical on the ozone compared to the impact of 
a similar mass of CFC-11[4]. 
 

푂푃퐷 =
Global	Δ	푂 				due	to	substance		x

Global	Δ	푂 		due	to	CFC− 11  

 
The ozone depletion potential of SF6 is approximately 
zero because it is chemically inert do not react with 
other gases found in the stratosphere. It is not 
converted to a reactive gas so it reacts with and 
depletes ozone. 
The sulfur hexafluoride is a stable compound and 
decomposed by the UV rays and release the sulfur 
atoms which are leads to ozone destruction [13]. 
 
          S + 푂 →SO + 푂  
          SO + O→S + 푂  
           
The dispersion of SF6 in the atmosphere creates the 
sulfur dioxide [13]. The sulfur dioxide combine with 
the oxygen then it released the sulfur monoxide 
which is also cause the ozone destruction. 
 
         S푂  + O→ SO + 푂  
         SO + 푂 → S푂 + 푂  
 
The OPD of CF3I is very small value range from 
0.006 to 0.008 [10]. This is because the iodine cannot 
react with ozone however gases that contain iodine 
have a very short lifetime. Most of the iodine gas is 
destroyed in the troposphere, so they do not reach the 
area where the ozone is present. In CF3I, the fluorine 
gases undergoes conversion in the stratosphere, so 
fluorine gases are in a chemical form that does not 
cause ozone depletion.  CF3I is considered as an 
environmental friendly to replacement of   SF6.    

       
VI. DESCRIPTION 
 
A. Circuit Breaker Model 
Cheng Xian et al calculated the field present around a 
circuit breaker using ANSOFT MAXWELL V14 
software. They used this field to calculate the 
capacitance effect of the breaker to obtain the 
structural design of the hybrid circuit breaker. Now, 
the same model is modeled using ANSOFT V14 to 



International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-2, Issue-11, Nov.-2015 

Improving The Insulation In Arc Medium By Trifluroiodomethane (CF3I) In Circuit Breaker 
 

21 

obtain the field around the 12kV circuit breaker. This 
model is taken as the reference model for SF6  and 
CF3I. 
 
B. Modeling of 12kV Circuit breaker 
 

 
Fig: 2 three dimension model of 12kV circuit breaker  

 
A circuit breaker (12KV, 20KA) is modeled, whose 
length is 162mm, diameter is 90mm. Diameter of 
Contact is 55mm, and thickness is 21mm, length of 
contact shield is 84mm, and thickness of contact end 
cap is 5mm. The model contains an upper fixed 
contact and lower movable contact. Both are placed 
inside an arcing chamber which contains either SF6 or 
CF3I gas inside at high pressure. Then the field in 
circuit breaker with SF6 and CF3I separately is 
analyzed. The dimensions of the circuit breaker are 
below: 
 

 
 Fig: 3 circuit breaker dimension 

 
The distance of separation between the contacts is 
made to be 200cm. The 3D model is then converted 
into a simple 2D model for analyzing the circuit 
breaker inner field distribution. 
The three dimension (xyz) plane is converted into the 
two dimension (xy) plane.  
The two dimension medium voltage circuit breaker 
model is shown in the fig. 4 

              
Fig: 4 Schematic model of circuit breaker 

C. FEM Analysis Setup 
The fixed contact is provided with an excitation 
voltage of 12kV while the moving contact is assumed 
to be grounded since the contacts are separated. Both 
the contacts are placed inside the arcing chamber. 
Parameters such as force  is provided on all the 
structure. The whole structure is meshed on length 
basis with more than 1000 elements. The analysis 
setup consists of 5 adaptive passes with 0.01 
percentage error.  
 
D. Computational Electric field result of SF6 

 

 
Fig: 5 Electric field distribution with SF6 

 
 

 The electric field is concentrated on the SF6 
region since it is the dielectric medium 
which offers resistance to the field. 
 

 
Fig: 6 Graph (Mag E vs distance) with the dielectric medium SF6  
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 This very high electric field increases the 
temperature in the arcing chamber. 

 Since the conductor does not offer any 
resistance the field is almost zero in the 
contact region. The field decreases radially 
away from the contacts and affect the shape 
of the contacts resulting in deformation of 
the contact. 

 The electric field value for SF6 is 8.5195e5 
V-per-meter which is larger value since 
insulating property of SF6 is high. The 
simulation result of SF6 is shown in the fig.5 
 

E. Computational electric field result of CF3I-푪푶ퟐ 
 

 
Fig: 7 Electric field distribution with CF3I-퐂퐎ퟐ 
 

 The pure is CF3I impossible to use because it 
has the high boiling point. 

 The electric distribution ofCF3I-CO 	is 
shown in the fig.7 

 On the other hand the combination of CF3I-
CO  insulation performance is linearly 
proportional to the CF3I 

 
Fig: 8 Graph (Mag E vs distance) with the dielectric medium 

CF3I-퐂퐎ퟐ  
 

 The electric field value for CF3I-CO  is 
1.7014e6 (V-per-meter). So it has the 
dielectric constant 0.7-0.8 times that of SF6. 
 

F. CF3I Toxicity 
The National research council (NRC) is the 
committee on Toxicology, which published an review 
about the toxicity of CF3I [9].They conclude the 
review as follows 
 
“Overall, the toxicity of CF3I is low. The effect of 
CF3I on mutagenicity and reproductive parameters is 
equivocal and may warrant further investigation. 
Human exposure to CF3I could occur during the 
manufacturing, transportation, storage, or packaging 
processes. Accidental releases are also potential 
sources of exposure.”[9] 
 
VII. RESULT 
 
The electric field value for SF6 is 8.5195e5 V-per-
meter and for CF3I-CO  is 1.7014e6 (V-per-meter). 
The electric field distribution in CF3I-CO is slightly 
larger than the SF6.The dielectric constant is inversely 
proportional to the electric field. So the dielectric 
constant of CF3I-CO (30-70%) is 0.8 times that of 
SF6. . SF6 requires high maintenance but CF3I 
requires less maintenances Thus the CF3I-CO (30-
70%) is a potential alternative for SF6 in gas insulated 
switchgear or in gas insulated circuit breaker.  
 
CONCLUSION 
 
Even though SF6 gas is good insulating medium, it is 
hazards to the environment impart. So it is consider 
as a greenhouse gas due to its atmospheric lifetime 
and high ozone depletion potential. The studies about 
the hazards caused by SF6 is described below 
 
“SF6 is a strong greenhouse gas and the molecule is 
very resistant against attack in the atmosphere. The 
natural self-cleansing property of the atmosphere is 
insufficient to deal with such super molecules. Its 
production is now restricted under the Kyoto 
Protocol” [5]. 
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High maintenance and thorough monitoring is so 
difficult for SF6. But CF3I requires less maintenance. 
The Pure CF3I (100%) is not be used because it has 
high boiling point. Fluorine component is more toxic 
and harmful. The fluorine density of SF6 is more than 
CF3I. The Fluorine density of CF3I-CO  is 1/3th that 
of CF3I-CO .Although the dielectric constant of CF3I-
CO is 0.8 times of SF6. CF3I-CO 	has the best 
properties for the Circuit breaker application. CF3I is 
environmental friendly so it is considered as a 
potential alternative for SF6 in gas insulated circuit 
breaker 
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