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& Breakdown Characteristics



Why Any Gas instead of (Cheap) Air as 
Dielectric
The most common reasons for using SF6 as a dielectric in Power 
Systems are as follows

1.  With increasing transmission voltages, the size of transmission towers, 
lines and substations have been increasing to meet the requirement of 
necessary clearances

2.  Impairing the aesthetics

3. Economic liability because of huge land as well as material
requirements

4. Performance of electrical equipment and installations in open air is
intensively affected by atmospheric conditions and environmental
pollution



Properties of Insulated Gas Required

1. Working Temperature range of -30oC to +60oC

2. Liquefaction of Gas should not take place

3. Gas and its decomposed Products should not react with metal, solid 
dielectrics, sealants etc 

4. Gas decomposed Components should not have inferior properties 
than Gas itself specially Di-electric strength

5. Gas & its Decomposed Components should be non-toxic and non-
flammable

6. Gas should be Inert and having high density

7. No Green House Effect



Sulphur-Hexafluoride SF6

1. SF6 gas was used for HV Circuit Breakers abbreviated as GIS (Gas
Insulated Switch-Gear) before 1960’s

2. The same abbreviation GIS (Gas Insulated Substation) was used for 
SF6 gas substations or metal-clad substations

3. In 1976, first 550KV first GIS was installed in Japan

4. Gas Insulated Switchgear are in Working from last 25 years in Japan 
for a Working Voltage of 765KV

5. Gas Insulated Substations at a Working Voltage of 1100KV is 
functional from  year 2000 in Japan

6. SF6 Gas Insulated co-axial cables by the name of CGITL
(Compressed Gas Insulated Transmission Lines) are in use



SF6 Physical Properties

1. In a SF6 molecule, six fluorine atoms arrange themselves uniformly 
like an octahedron on a central sulphur atom

2. An excited sulphur atom forms six stable covalence bonds with the 
strongly electronegative fluorine atoms

3. The rigid symmetrical structure, small binding distance and high 
binding energy between atoms of the SF6 gas molecule provide a 
high stability

4. Thermal dissociation in highly purified SF6 gas begins at extremely 
high temperatures (above 1000 K).

5. Up-till Temperatures of 500K, no thermal dissociation & chemical 
reaction with other materials has been observed

6. SF6 is a non - toxic, colourless, odourless, non-flammable, non-
explosive gas besides being chemically inert and thermally stable



SF6 Physical Properties
7. Molecular mass of SF6 gas is quite high (146) & it has a high density

8. Because of high density the charge carriers have a short mean free 
path.



SF6 Electron Attachment Property
Some atoms or molecules in their neutral gaseous state have an affinity to
acquire a free electron and form a stable negative ion. This property of
negative ion formation is known as “electron attachment” or “electron
affinity”

Atomic or Molecular gases having electron affinity property lack one or two 
electrons in their outer shell and hence are known as electronegative 
gases

For e.g. the halogens (F, Cl, Br, I and At) have one electron missing in their 
outer shells, whereas O, S and Se have two electrons less in their outer 
shells.

For the attachment of an electron to a neutral molecule, the electron must 
have a certain minimum kinetic energy. 

This energy is of the order of 1eV, very low compared to the energy 
required for impact ionization



SF6 Electron Attachment Property
For a negative ion to remain stable for some time, its total energy must be
lower than that of a neutral molecule in the ground state.

This difference in energy levels is known as “ electron affinity ”

This energy is released as a quantum or kinetic energy upon attachment

The simplest mechanism is one in which the excess energy upon 
attachment is released as quantum known as Radiative attachment. 
This process is reversible, that is the captured electron can be released by 
absorption of a photon known as photo-detachment

There are several processes of negative ion formation:

(i) Radiative Attachment



SF6 Electron Attachment Processes

The excess energy upon attachment can be acquired as kinetic energy of
a third body upon collision and is known as a third body collision 
attachment,

(ii) Collision Attachment

Here the excess energy is used to separate the molecule into a neutral 
particle and an atomic negative ion. More Predominant in Molecular Gases

(iii) Dissociative Attachment



SF6 Electron Attachment Processes

The intermediate stage of Dissociative Attachment, the molecular ion is at a 
higher potential level and upon collision with a different particle this 
excitation energy may be lost to the colliding particle as potential and/or 
kinetic energy

(iv) Intermediate Dissociative Attachment

Splitting of a molecule into positive and negative ions upon impact of an 
electron without attaching the electron

(v) Splitting of a Molecule Without Attachment



SF6 Electron Attachment Processes

No Electron Attachment involved in this Process

(iv) Charge Transfer Following Heavy Particle Collision



SF6 Breakdown Characteristics
Townsend ’ s theory of development of avalanche in air, basically an 
electropositive gas, has to be slightly modified to take care of the electron 
attachment property of the electronegative gas.

ηa is defined as the number of attaching collisions made by one electron
drifting 1 cm in the direction of the field

The ionization by electron collision is then represented by the “effective 

ionization coefficient ” , ᾱ ( ᾱ = α − ηa )

Attachment Co-efficient (ηa)

Inherent Relative Strength



SF6 Breakdown Characteristics

Intrinsic Electric Strength



SF6 Breakdown Characteristics

At atmospheric pressure, that

is, at 0.1 MPa and 20°C it 
works out to be 89 kV/cm for 
SF 6 gas in uniform fields



SF6 Breakdown Current Characteristics

Excluding ɣ or Secondary Process

Including ɣ or Secondary Process



SF6 Breakdown Criteria

Or

As long as α ≥ η
a
,, that is, on the right side of the line, Breakdown is possible

For no = 1 electron and ᾱ is 
a variable during all gap 

length then



SF6 Streamer Breakdown Criteria

For Critical Amplification or 

Streamer Breakdown



Today’s Text Covered up till Chapter 3 (Article 3.5 

to Article 3.5.2 ) of IEEE Press Book  

(Ravindra Book)


