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It is significant for secure operation of gas insulated switchgears (GIS) to detect and analyze the PubMed

decomposition products of SF6 gas due to partial discharge. To analyze the mechanism of gas-sensing
response of carbon nanotube (CNT) and the improvement of doping to its gas-sensing performance, a
multi-walled carbon nanotubes (MWNT) sensor in which NiCl2 is doped is prepared in this way: firstly
the ultrasonic doping of suspension liquid of concentrated acid pretreated carbon nanotubes by adding
some NiCI2 x 6H20 crystal to it is performed, then the doped suspension liquid is coated onto
interdigitated electrode on the base of printed circuit board, and then the dried doped suspension liquid
forms gas sensing film. The gas sensing response of the sensor to decomposition products of SF6 gas
due to partial discharge is tested and the results show that the sensor possesses good sensitivity and
fast response performance, meanwhile the gas sensing responses of the sensor to standard gases of
three typical decomposition products, i.e., SOF2, SO2F2 and SO2, are tested and the differences of gas
sensing performances among these decomposition products are analyzed. The improvements of gas
sensing performance of NiCl2-doped incarnate in following aspects: the structural defects of carbon
nanotubes are increased; the reaction between Ni2+ and gas molecules further induces the variation of
potential barrier of CNT gas sensing file; the Ni2+ granules themselves become local catalytic active
center.

Keywords: carbon nanotubes doped sulphur hexafluoride decomposition products gas-
sensing response partial discharge

WeFs H#A 2010-11-10 & [E H # 2010-12-14 M4k & A H #§ 2011-10-12
DOI:
FETH -

[ 5 H s LA 90 & R VTR H (9735 H) (2009CB7245086).

WIRAERE : Tkbea
YE& i



YE & Email: mikezxx@tom.com

2% 30K -

[1]1 PNAHr, Ve, JEIE, 2. DAEdeBons BRSO BUNRHE B MG S Ja il BUa g R 1. o E AL
TFE2A4R, 2005, 25(3): 100-104. Sun Caixin, Xu Gaofeng, Tang Ju, et al. PD pattern recognition
method using box dimension and information dimension as discrimination features in GIS[J].
Proceedings of the CSEE, 2005, 25(3): 100-104(in Chinese). [2] JHE, FEKAS, X, 25, JS¥ie
T SFe s RAL s Fr I 5 4 R M gm i RUI [I]. EMNEIR, 2011, 35(1): 116-122. Tang Ju, Chen
Changjie, Liu Fan, et al. Detection of constituents from SF6 decomposition under partial discharge
and recognition of insulation defect coding[J]. Power System Technology, 2011, 35(1): 116-122(in
Chinese). [3]1 ¥, Bk, T%, %. JHTGISKIMELIZWI1SF6 /AU, HMEA,

2010, 34(5): 231-236. Luo Lishi, Yao Wenjun, Wang Jun, et al. Research on partial discharge
diagnosis of GIS by decomposed gas of SF6[J]. Power System Technology, 2010, 34(5): 231-236(in
Chinese). [4] fE7EL, {LEJT, AR, 5. TR UALE ST 5k B AU R vy A0 ) ST HELAE 20 SIS A2 R 4
[01. #HMEAR, 2007, 31(7): 55-58. Cui Zaiyu, Jiang Changyuan, Piao Jijun, et al. On-line UHF
partial discharge monitoring system for prevention of failures in gas-insulated switchgears[J]. Power
System Technology, 2007, 31(7): 55-58(in Chinese). [5] XIHN, R, SHHH. GISHAIAN R
Yy SR T[], HNELR, 2009, 33(5): 62-65. Liu Youwei, Wu Liyuan, Gong Yanpeng.
Investigation on SF6 decomposition products in GIS and affecting factors[J]. Power System
Technology, 2009, 33(5): 62-65(in Chinese). [6] FFIE, FEff, W5, 2%, GISH MRINE S %
], P ERHLTRESR, 2005, 25(19): 106-110. Tang Ju, Zhou Qian, Xu Zhongrong, et al.
Establishment of mathematical model for partial discharge in GIS using UHF method[J]. Proceedings of
the CSEE, 2005, 25(19): 106-110(in Chinese). [7] Valentini L, Armentano I, Kenny J M. Sensors
for sub-ppm NO2 gas detection based on carbon nanotube thin films[J]. Applied Physics Letters,

2003, 82(6): 961-963. [8] Kong J, Franklin N R, Zhou C, et al. Nanotube molecular wires as
chemical sensors[J]. Science, 2000(287): 622-625. [9] SuehiroJ, Zhou G, Hara M. Detection of
partial discharge in SF6 gas using a carbon nanotube-based gas sensor[J]. Sensors and Actuators B,
2005, 105(2): 164-169. [10] 5KIEAE, ARV, HME, 55, KIISFe A )m i i 2 BE s g KA A% 12K
P[] PE AL T2, 2009, 29(16): 114-118. Zhang Xiaoxing, Ren Jiangbo, Xiao Peng, et al.
Multi-wall carbon nanotube films sensor applied to SF6 PD detection[J]. Proceedings of the CSEE,
2009, 29(16): 114-118(in Chinese). [11] KM, XA, R4 3. WALKE M. dbnt: PR T 1R
#t, 2003: 142-175. [12] ‘FH, DR, RIYE. BRAUCKE AL S ma LRI L], MR,
2006(20): 103-107. Niu Li, Luo Yanling, Li Liwei. Research advances in response mechanism of
carbon nanotube-based gas sensors[J]. Materials Review, 2006(20): 103-107(in Chinese). [13]
Zhao Jijun, Alper Buldum, Jie Han, et al. Gas molecule adsorption in carbon nanotubes and nanotube
bundles[J]. Nanotechnology, 2002, 13(2): 195-200. [14] Collins P G, Bradley K, Ishigami M, et
al. Extreme oxygen sensitivity of electronic properties of carbon nanotubes[J]. Science, 2000(287):
1801-1804. [15] Peng S, Cho K. Ab initio study of doped carbon nanotube sensors[J]. Nano
Letters, 2003, 3(4): 513-517. [16] LuY J, LiJ, HanJ, et al. Room temperature methane detection
using palladium loaded single-walled carbon nanotube sensors[J]. Chemical Physics Letters, 2004,
394(46): 344-348. [17] Li Yanhui, Wang Shuguang, Wei Jinquan, et al. Lead adsorption on carbon
nanotubes[J]. Chemical Physics Letters, 2002, 357: 263-266. [18] /74, XIfhkE, MEwE, %. &
JERL 4B 2 BERR AR SIERF A [9]. WV R4 4R 2%/, 2009, 43(5): 911-915. Fang
Xiangsheng, Liu Weiting, Chen Yuquan, et al. Study on gas sensing property of metal particle doped
multi-walled carbon nanotubes[J]. Journal of Zhejiang University: Engineering Science, 2009, 43

(5): 911-915(in Chinese). [19] Chu F Y. SF6 decomposition in gas insulated equipment[J]. IEEE
Trans on Electrical Insulation, 1986, 21(5): 693-725. [20] Van Brunt R J. Production rates for
oxyfluorides SOF2, SO2F2, and SOF4 in SF6 corona discharges[J]. Journal of Research of the National
Bureau of Standards, 1985, 90(3): 229-253. [21] Van Brunt RJ, Herron J T. Fundamental
processes of SF6 decomposition and oxidation in glow and corona discharges[J]. IEEE Trans on
Electrical Insulation, 1990, 25(1): 75-94. [22] 7KiRZE, k38, FIE, . SFeA MM AT Ik
IRFVKELI]. mHERA, 2008, 34(4): 664-669. Zhang Xiaoxing, Yao Yao, Tang Ju, et al.
Actuality and perspective of proximate analysis of SF6 decomposed products under partial discharge
[J]. High Voltage Engineering, 2008, 34(4): 664-669(in Chinese). [23] W%, KefE, XIEHE, %5
AR s 28 A AR R nm B AR SR T I [0]. RO, 2010, 36(3): 598-602. Chang Tao,
Zhang Xiaoxing, Liu Wangting, et al. Carbon nanotubes gas sensor applied to detection of dissolved
gases in oil[J]. High Voltage Engineering, 2010, 36(3): 598-602(in Chinese).

AT o ) KA S E
1. XA Rk SHY .GISH &Rl X IL i =619 [3]. hMHA, 2009,33(5): 58-61

N
2. PUHRE TAAK AN SFE SRR =M i I T 26 B 5 iR i2 T [3]. 4R, 2011,35(12): 118-
123

Copvright by Hi 3 A






