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Experimental Study of Decomposition Products of C4F7N/CO, Mixture Under
Different Fault Conditions

YANG Tao, ZHANG Boya, LI Xingwen, LI Chenwei
(State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In recent years, the environmentally friendly insulating medium C4F7N/CO2 mixed gas has attracted wide at-
tention due to its excellent electrical performance and environmental protection advantages, which has the potential to
replace SFe gas. In this paper, the decomposition experiments of C4F7N/CO2 mixture under partial discharge, partial
overheating and spark discharge were carried out according to the fault conditions that may be encountered in actual op-
eration. The decomposition products under different working conditions were qualitatively analyzed by gas
chromatography-mass spectrometry (GC-MS), and the characteristic decomposition products under different working
conditions were proposed. The results show that the decomposition products under three different conditions are mainly
composed of saturated fluorocarbons (CFs, CaFs, CaFs, CsF10), unsaturated fluorocarbons (CzFs, CsFes, CaFs, i-CsFs) and
nitrogenous compounds (CzFsN, C3FsN, C2N2, HCN). According to the difference of decomposition products under dif-
ferent working conditions, HCN and peak area(CsFsg)/peak area(C2FsN)>1 can be used as the characteristic decomposition
products under partial discharge condition.C4Fs and its isomer i-C4Fg are used as characteristic decomposition products
under partial overheating condition. Under the condition of spark discharge, CF4 and peak area(CsFs)/peak area(C2F3N)<1
are taken as the characteristic decomposition products of spark discharge. Characteristic decompaosition products of power
frequency breakdown are C4Fs and C3F3N.

Key words: SFe substitute gas; C4F7N/CO2; decomposition characteristics; gas chromatography-mass spectrometry;
characteristic decomposition product
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Fig.3 Experimental platform of spark discharge

decomposition
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Fig.4 Spark discharge voltage, current waveform and

discharge energy distribution
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Fig.5 Total ion flow chromatogram of C4F7N/CO2 mixture

before the experiment
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Fig.6 Mass spectrograms of C4F7N and C3HF7

B 7 CaFINICO Ji UK Jay BT B 20 Al €1 )
Fig.7 Partial discharge decomposition chromatogram of

C4F7N/CO2 mixed gas
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Fig.8 Change of decomposition product content of C4sF7N/CO2 mixed gas under different partial discharge value
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Fig.9 Change of decomposition product content of C4sF7N/CO2 mixed gas under different pressure
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Fig.10 Thermal decomposition chromatogram of
C4F7N/CO2 mixed gas
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Fig.11 Thermal decomposition product content changes of
C4F7N/CO2 mixed gas at 500 ‘C under different pressure
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Fig.12 Thermal decomposition product content changes of C4F7N/CO2 mixed gas at 700 “C under different pressure
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Fig.13 Spark discharge decomposition chromatogram of
C4F7N/CO2 mixed gas
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Fig.14 Spark discharge decomposition product content changes of C4F7N/CO2 mixed gas under different pressure
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Fig.15 Decomposition percentage of C4F7N under different

fault conditions
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Fig.16 Normalization of C4F7N content under different

conditions of thermal decomposition
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Table 3 Decomposition products of C4F7N/CO2 mixture under
different fault conditions
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