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Ni-doped Carbon Nanotube Sensor for Detecting Dissolved Gases in Transformer Oil
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ABSTRACT: Detection of the composition and content of
dissolved gases in transformer oil has an important significance
for transformer diagnosis and state assessment. The paper
proposed a nickel-doped carbon nanotube gas sensor to detect
dissolved gases in transformer oil. The preparation and test
method of the developed sensor was introduced. The sensor
response was conducted using the test device which detects
dissolved gases in transformer oil. Then the response
mechanism of gas sensing was analyzed. The results show that,
compared to mixed acid modified carbon nanotube, the
nickel-doped carbon nanotube has a higher sensitivity and
responsiveness to the six dissolved gases in transformer oil,
and there is a linear relationship between the relative resistance
value p of the sensor and the gas concentration in the low
concentration (1~10 uL/L) of the C,H, gas. It indicates that the
developed sensor has a capability of detecting the low
concentration gas. Therefore, the sensor can reflect the general
situation and approximate concentration of the dissolved gas in

transformer oil.

KEY WORDS: transformer oil; dissolved gas; carbon

nanotube; nickel-doped; sensor; gas response

T AR A P VA A AR B 1 AN B AR T 2RI AT
RIS BIAIPS A R o SR P HES A Rk
B R DA S B AR AR T i, L
Jrid WIITESVYR, XA AR AR EA T B B
IR BB SO SRR o IRER A R 5IRER

EeWB: EHXREAEMOARELRBE©O73 HH)
(2009CB724506).

The National Basic Research Program of China (973 Program)
(2009CB724506).

FOBRANKEHILL, G045 AR B A I B h VAR 6
Bl AL 4 AT B 00 AR A S FE 5 IR FE (1~
10 WL/L) S CoH, AUb, AR A Hi AR (5 o 5 A R P
S IR S R AT T ORI R B A R v
AR IIRE 7. RS RIS TR Sl AR R KB A A
T L
SRR AR R BRI B fR
A
0 3l

BIEAENE N RGP IE B EE L%, H
BATIROEE W RGN < 4ielT, —HBAE
PR, Keh E RE TG R E Rk . BT,
110 kV 2 DL EZ5Eg 1 KA L 7748 R 28475 Lhidnie =X
AR A8 A3, 7R R A N AR e (i B 2
s 19 G R e Nt 1K (30 e iy oM~ R W W =)
WSS Y2 B 3 v s Tl 41 A
J 245 T TR A TR PSR B ) A X B R T B
TR 5 1 B m RO X R iR SR AU B R
PIXF LR R, RIS AP SRR B 2D a] Dl —
R W £ BB S R AEAE o, T i S Y
R bE e R0, FRT, P ARSI AR e 2% vl o v
fESARI T EA S B B2 AN E
HEFEEHEESE . IR, IR AR SR TE A B
ARAEFEN R e s, B SRS IR A3 T R AR TR
AR E OREH T R4 7R 48
Wai, TR SRS s AR,

HRl, PR BUL ISR O & RO & B AR 4
W R . GKERTIK R, AU IR



120 SN G I =< T 1 R DO = A 4

31 %

BET R R BREUR MR A SO U BRGK ), T
BRI R A T LR T mT
AR A M A AR SRR 2 MR IR G, AU
KRG RS = REE, T H R ER & RIFHE
BEPE. N TR EBRAKE I R BUE AR R, E A
GhEE R AL B . BRRS TIRAET
B, XGRS BEAT o b RO,

A SCAE TR R NG 0 (1) Be 40 K A A% [ s L it
E, BT — M SRR S R 2 B R A K
(multi-walled carbon nanotubes, MWNTs)" < % Ji&
a5, WETT T AZBR G0 OK A SRS X AR T s i
FE AR SO B, B T SO LA, 4
BRI . HTHESBEEE FRGHMISBRE
MWNTs H1, B4 T AR F 25 i o 7 e = A 1 44 5
WL RE J1s SIRERIEMER) MWNTs MHEL, ASCHE
1] (14 A S8 o) AR T 28 ik mh Vs A U T T R
JEE ] 1 T T
1 BRI E EEARSRNEE

AL T F R g oK 8 ER A A SR R ) 440
B EHEAN 20~30 nm, KEHN 10~30 pm, 4ifE
KT95%, ZEESEN) . HESssimE 1 s, H
I 1(a) AARE MWNTs (308 i 7 S
(scanning electron microscope, SEM)K].

MWNTs A& 85 58 5 B BRI F B AR i e, 7 3k
JE bl SCHR AR LA, AR TE IR FEZ00 30 pm,
HAERE Y 1 mm, Z%8 1 mm, WK 27w,

6K 0.1 g MWNTS 32 60 75 FH < it R AN R il
FRIZARFALL 3:1 FHI s mh, BT EARIRY
A 60 min, AR SRR K T OKFRRE,
&L R 022 um e E . Wtk X 2L
W, BEMBHERESME, SEEIE. BT, ik
R .. B 1(b)MIRRB ML MWNTs [
SEM K.

XFECE 1(a)s 1(b)AT LRI, ZIRBRAEMEIL Y
MWNTs #E4TWr, KEEARH, o 4TH, FE=4EMR
Z R . FH G /K COBENG B R o TG B RO FE
2 mg/mL FEJRIE, HL 20 mg NiCl,-6H,O S|
50 mL MWNTs # i, A AL 90 min, 532K
FEIE TR TR A U B IR AT B AR AR R I
BB 80C NHUEE . Witk & LK, #Hil#H
SIE . R EE I MWNTs SR, E 92 Ik
SR AR AR RO, AR RS R BB AR

det HV

1DL"‘J| 500 x | TLD | 10.00 kV 3':;?;%;';3
(c) BB A IIRANKE
1 BRYKER SEM
Fig.1 SEM images of MWNTs

BELL

MWNTs X Fi AR

—

BT FRL AR £V
(a) IFERT IS5 MR R (b) IS P 2

2 BRARERRRTEE
Fig. 2 Sketch of carbon nanotubes sensor

MWNTs, & 2(b)fi~.

Kl 1(c) N85 4 MWNTs £ SEM &, i id W
B 1(b)M ()KL, FBI MWNTs FREEE A
VIR B &Y, 4iRe TIRRB S KR
2 RBZ MWNTs fERES4HMH P SRR
S Rzt 56 K2 AL
21 KRNTESFHPEBEERE ST ERTE

W% 1 MWNTSs A& 328508 78 BTt i) <k
R IR B (A 3 Frm)E RS =T, B S48

R 512k



a4 SRR SE: BB AR A R R 28 T A ol i e R U

121

iVIES f

| BHHTIHTAX

i i [—\

Liifﬁh‘éﬁiﬁﬁl—%ﬁiﬁ X

RS
3 RAKREERFENTERMPERSILERE
Fig. 3 Detection test device for the MWNTs sensor
adsorbing dissolved gases in transformer oil
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