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Abstract: Due to the influence of O2 on final products and volume fraction of SF6
decomposed components, the content of O2 should be taken into account when
diagnosing the fault of gas-insulated equipment through detecting volume
fraction and variation law of components. Therefore, using the constructed PD
decomposition test device, SF6 and O2 mix gas with different O2 content is tested
under the same test condition. Besides, gas chromatography technology is
adopted to study the influence of O2 on SF6 decomposed components under PD.
Result indications are as follows: whether O2 is injected or not, CF4, CO2, SOF2 and
SO2F2 produce; an increase in O2will restrain the production of CF4while cannot
affect the CO2; the increase in O2 can facilitate the generation of SOF2 and SO2F2 ;
the effect of SOF2 is stronger than that of SO2F2; within the same discharge time,
with the increasing of O2 volume fraction, volume fraction of SOF2 and SO2F2
reduce gradually and tends to be stable in the end; regardless of O2 injected, the
ratio gradually decreases and finally becomes steady along with extension of
discharge time.
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Introduction

When SF6 with good electro-negativity
serves as an insulating medium for
high voltage equipment, the insulating
strength can be improved greatly.
Hence, it is extensively applied in the
external insulation. The SF6 chemical
property is stable and it is not easy to
decompose. However, when insulation
defect causes partial discharge (PD) in
the equipment, SF6 will decompose
and generate low fluorides such as SF2,
SF3 and SF4. If there is no other
impurities, these low fluorides would
reform into SF6 and do not affect the

performance of equipment. It is
inevitable that there exists less
impurities such as air or water in the
SF6 due to all kinds of reasons. The
impurities react with decomposed
items and more complex products
generate, such as SOF2, SO2F2, SOF4,
SO2, CF4, CO2, HF and H2S. Among all
these products, some will remain in
the SF6 for a long time, reducing the
electro-negativity, while others
dissolve in water and turn into acidic
materials, which corrode internal
components and damage inner solid
insulation. The industry standard -
Quality Standard for Sulphur
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Hexafluoride of Transformer in
Service (DL/T 941-2005) stipulates
that air (N2 and O2) quality for 110kV
and above running equipment shall be
less than 0.2%.

The initial research by Van Brunt and
Herro indicates that O2 has a
remarkable effect on the final
products of SF6 decomposed
components. The volume fraction of
decomposed component varies
according to volume fraction of O2 .
When PD type, total level of discharge,
development trend and harm are
determined through detecting volume
fraction and variation law of gas
decomposed component, there must
be an deviation from correct diagnosis
result, even wrong judgment. In the
paper, SF6 PD discharge
decomposition test device is used to
simulate common metallic protrusion
insulation defects. SF6 decomposes
under the influence of PD caused by
applied test voltage. How volume
fraction of components change at
different discharge sections if
injecting SF6 /O2 mix gas/ is studied,
which lays a foundation for condition
evaluation and fault diagnosis of gas
insulation equipment.

1. Analysis of Mechanism of SF6
Decomposition Caused by PD

1.1 Decomposition of pure SF6

There are three causes of SF6
decomposition, that is, high-energy
electron collision (electric effect)
incandescence (thermal effect) and
optical radiation (optical effect). As
for SF6 gas-enclosed insulation
equipment, because the total energy
of PD generated by insulation defects

is relatively low and the equipment
temperature varies slightly, SF6
decomposition is mainly electric
effect.

If impurities exist such as
micro-oxygen or micro-water, any
impurity will react with low sulphur
fluoride, generating irreversible
aerobic sulphur fluoride.

1.2 Reaction between SF6
decomposition and impurities

When SF6 contains micro-air and
water, the balance between
decomposition and recombination
would be altered. The energy
produced by electron collisions
facilitates the generation of O atom,
which reacts with low sulphur
fluorides, bringing about complex
aerobic sulphur fluorides. Main
reactions are listed below:

Few low sulphur fluorides and above
products mix with O2 and H20,
resulting to oxidation and hydrolysis
reaction.
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Besides, solid insulation materials
around PD area will release C atom
because of impulse discharge. These C
atoms will react with O atom and F
atom drifting from discharge
high-energy area. As a result, CO2 and
CF4 come into being:

Research indicates that SOF2 and
SO2F2 are main characteristic gases of
SF6. The SO2F2 concentration is higher
than that generated under the
influence of arc discharge. Meanwhile,
SOF4 generates mainly under PD and
is easy to dissolve in water. After
dissolution SO2F2 will generate again.
That is why there are large quantities
of SOF4 and SO2F2. Hence, how SF6
decomposes into C02, CF4, SOF2 and
SO2F2 under the different O2 condition
will be discussed in the following
sections.

2. SF6Decomposition Caused by PD

2.1 Test device

In order to study the effect of micro-O2
on SF6 decomposition characteristic
under PD, SF6 PD decomposition test
device is used to conduct the
decomposition test. The needle-plate
electrode is utilized to simulate
common metallic protrusion
insulation defect; the distance
between the needle and plate is 1.2cm;
applied test voltage can generate
stable PD, but does not exceed the
inherent PD voltage of equipment - Ug;
the test wiring is shown in Fig.1. The
American Varian CP-3800 gas
analyzer is used to measure obtained
SF6 components quantitatively. The

packed column P-QS and capillary
column CP-S5CB operate in parallel to
separate component gas. Two PDHID
detectors are equipped; carrier gas is
high-purity He, the volume fraction of
which is 99.999%; the volume flow
rate is 2mL/min; constant
temperature of column is 40℃; the
sample size is 1mL and split ratio is
10:1; those components can be
effectively separated from SF6 because
of PD.

Fig.1 SF6 discharge decomposition
device

2.2 Standard chromatogram

The standard chromatogram of
relevant component must be obtained
to measure the SF6 discharge
decomposition component
quantitatively. The standard
chromatogram is shown in Fig.2.

Tab.1 Table of standard gas
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Fig.2 Standard chromatogram

The peak area external standard
method is used to make
chromatographic quantitative
calibration. The quantitative
calibration calculation is listed below:

Where:

Ai: sample

As,i: peak area

ci: sample

csi: volume fraction

Ki: absolute calibration factors shown
in Tab.2

Tab.2 Calibration factors

2.3 Test process

Conduct the test according to the

following procedures:

1) Place low temperature
needle-plate electrode in a discharge
chamber; vacuumize the discharge
chamber and inject fresh SF6;
vacuumize the chamber once again;
repeat this process for 3-4 times;
leave the chamber alone for 24h after
last vacuum to fully gasify
micro-water and reduce the effect of
inherent water to the minimum.

2) Inject some pure oxygen into
treated discharge chamber at the
vacuum condition and fill fresh SF6
until the pressure of discharge
chamber reaches 0.3MPa. The
influence of six kinds of O2 volume

fraction  (O2) is studied, that is,

 (O2) ＜0.1%;  (O2) = 0.2%, 0.5%,

1.0%, 2.0% and 3.0%. The HY-YF
oxygen tester is applied to measure.
Make it motionless for 24h after filling
the gas. The DMP-10 precise
drew-point meter is used to measure
the micro-water volume fraction of
mix gas. According to the
requirements of industry standards
DL/T 596-1996, volume fraction of
water shall be controlled between
450×10-6 and 500×10-6 (not zero
because of some reasons).

3) Apply test voltage to defect model
and use circuit resistance to monitor
PD amplitude and quantity of
discharge; adjust the test voltage to
make defect model generate
continuous PD.

4) Take out SF6 discharge
decomposition component sample gas
from the mouth every 12 hour to do
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analysis.

2.4 SF6 PD test monitoring

In order to ensure that PD is
generated by needle-plate defect
model, the inherent initial PD voltage -
Ug of the device is 45kV without
needle-plate discharge model.
Therefore, the applied voltage should
not exceed the value if there is
needle-plate discharge model. The
applied voltage is 22kV. The impulse
current monitoring system can
monitor stable PD signal, which is
shown in Fig.3. The voltage is adjusted
to make voltage amplitude sustain at
10.3mV or so. The average value of
per discharge is about 151pC through
calibration result.

Fig.3 PD signal detected by
non-inductance resistor

3. Test Result Analysis

3.1 Effect of sample gas storage time
on measuring result

The analysis of SF6 equipment’s gas
chromatogram on site is different
from SF6 decomposition component
detection in the lab. The collected gas
cannot be analyzed at once, but
should be placed there for some time.
However, under the influence of
temperature, sunlight and other
factors, volume fraction of sample
component is likely to change, causing
the error. In order to avoid the

deviation, the author made
quantitative analysis of gas
components and storage period. In
other words, a certain quantity of gas
is drawn at regular intervals to detect
volume fraction. The storage time is
60h in total and the result is shown in
Tab.3.

Tab.3 Change of SF6 decomposed
components according to storage
period.

Based on the Tab.3, volume fractions
of four kinds of components, which
vary according to the time, can be
calculated, which is shown in Fig.4. It
is found that CO2 volume fraction
varies greatly, up to 102%; SO2F2
volume fraction changes slightest -
3%; the change rate of CF4 and SOF2 is
-29% and -28% respectively. Hence, to
minimize the effect of storage period
on analysis result, sample gas should
be measured on site or in the lab
within a short time. The measurement
is made within 4.5h in the paper and
the change rate absolute value is less
than 5%, so storage period can be
neglected.
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Fig.4 Change rate of four components
according to storage time

3.2 Test result analysis

No matter whether O2 is injected, CF4
always exists among the decomposed
components under the influence of PD
but the total volume fraction is less,
which is shown in Fig.5.

Fig.5

The volume fraction of CF4 without O2
injection is higher than the one with
O2 injection and has certain
dispersibility. After injecting O2 with
different volume fractions, volume
fraction of CF4 becomes less and the
change is not obvious, which indicates
that O2 hinders the generation of CF4.
As for CF4, C mainly comes from the
release of solid insulation material
around discharge area; F atom is
generated by SF6 decomposition; its
volume fraction is proportional to
discharge energy; C and F combine
only at high-energy discharge area.

Therefore, when solid insulation
material is not at PD high-energy
discharge area, volume fraction of CF4
is less. If O2 is not injected, CF4
volume fraction presents U-shape
curve along discharge time. The
reason is as follows: O2 volume
fraction cannot be zero in actual gas
chamber but less than 0.1%. As
discharge time extends, large
quantities of F atoms react with a little
O2 not F atom. Meanwhile, CF4
decomposes under the influence of PD.
The generated F atoms also join in the
reaction process of aerobic sulphur
fluoride, breaking the balance of CF4
reaction and reducing the volume
fraction. As the discharge time further
extends, aerobic sulphur fluoride will
tend to saturate. At that time, it is easy
for F atoms to drift from high-energy
discharge area and react with C atoms.
When O2 injects, it is easier for F
atoms to react with O atoms. As a
result, the possibility that F atoms
drift away from high-energy discharge
area and react with C atoms reduces.
Hence, CF4 component volume
fraction will become less if O2 injects.

The relation between C02 volume
fraction and discharge time is shown
in Fig.6. It is found that C02 volume
fraction increases as discharge time
extends under the condition that O2
volume fraction is different. When the
O2 volume fraction is less than 0.1%
(without O2), The residual O2 in the
gas chamber makes decomposed O
atoms free under the influence of
stable PD. The decomposed O atoms
combine with C atoms released by
solid insulation materials and send
out the heat. The O2 has minor effect
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on the generation of CO2. Given that
chemical property of F atom is more
active than O atom, CF4 volume
fraction is smaller than CO2.

Fig.6 The relation between CO2
volume fraction and discharge time

The relation between SO2F2 or SOF2
volume fraction and discharge time
under different O2 volume fractions is
shown in Fig.7 and Fig.8 respectively.
Based on the Fig.7 and 8, if the
discharge time and O2 volume fraction
are the same, the gas production of
SOF2 is higher than SO2F2. The gas
production rate of SOF2 and SO2F2
without O2 injection is less than that
with O2. Besides, the gas production
rate of SO2F2 reduces slowly and tends
to saturate after 60h while 72h for
SOF2. When O2 injects, volume
fractions of SOF2 and SO2F2 show
good linear growth as discharge time
extends. The O2 can promote the
generation of SOF2and SO2F2 .

Fig.7 The relation between SO2F2
volume fraction and discharge time

Fig.8 The relation between SOF2
volume fraction and discharge time

If there is no O2 injection, the gas
production rate of SO2F2 and SOF2 falls
as discharge time extends. That is
related to the reduction of O2 and H2O
in the gas chamber. O2 and H2O
decompose into O and OH, which are
the important reactants of SO2F2 and
SOF2 generation. When the volume
fraction reduces continuously, gas
production rate of tends to saturate.

When O2 volume fraction in the SF6
increases gradually, insulation
strength in the discharge gas chamber
reduces; PD initial discharge voltage
falls; discharge frequency and
amplitude increase; an increasing
number of high current discharge
make SF6 decomposition intensify
and react more. The O2 facilitates the
generation of SO2F2 and SOF2 , which
will increase gradually. Due to the
existence of large quantities of O2, as
discharge time extends, generated
SO2F2 and SOF2 continue to react and
gas production cannot saturate,
presenting a trend of good linear
growth. Hence, it is speculated that if
O2 increases further, generation rate
of SO2F2 and SOF2 would also
increase from linear growth to index
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growth.

Within the same discharge time, SO2F2
volume fraction is compared with that
of SOF2, we can get the Fig.9. Based on
that Fig.9, it is shown that within the
same discharge time, with the
increasing of O2 volume fraction, SOF2
volume fraction and SO2F2 volume
fraction reduce gradually and tend to
be stable. When O2 volume fraction
increases to some extent, SOF2 volume
fraction and SO2F2 volume fraction
decrease gradually and tend to be
stable with the extension of discharge
time.

Fig.9 SOF2 volume fraction and SO2F2
volume fraction

4. Conclusions

1) When making SF6 decomposed
component chromatogram analysis
for gas-insulated equipment in service,
storage time of sample gas should be
set as short as possible. In other
words, measure the sample gas as
quickly as possible to ensure that the

results are not affected by the
influence of storage time.

2) The C atoms and F atoms released
by solid insulation materials combine
with O atoms, generating CF4 and CO2.
If solid insulation materials are not
located in PD high-energy discharge
area combined with limited C atoms
and O2 restrain, CF4 volume fraction is
not great. With the increasing of O2
volume fraction, the CO2 volume
fraction does not change obviously,
which indicates that O2 has minor
effect on the CO2volume fraction.

3) The gas production rate of SO2F2
and SOF2 without O2 injection is less
than that with O2 and tends to
saturate, which indicates that O2 can
facilitate the generation of SO2F2 and
SOF2. As O2 volume fraction increases,

 SO2F2 /  SOF2 reduces gradually

and tends to be stable. In addition, no
matter whether O2 is injected,

 SO2F2 /  SOF2 reduces gradually

and tends to be stable as the discharge
time extends.

4) Under the PD, now that O2 has a
remarkable effect on the change of SF6
decomposed component and its
volume fraction, O2 volume fraction
must be measured in quantitative
manner to get correct results when
component volume fraction is used to
diagnose the insulation faults.
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