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Metal-doped SnO, based H,/C,H, gas sensor array and

its detection characteristics
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(State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongqing University, Chongqing 400044, China)

Abstract:H, and C,H, are the main fault characteristic gases in power transformer oil, their concentration and component can effectively
reflect the type of discharge fault in oil-paper insulation. This paper proposes a detection method for H,/C,H, based on metal-doped
Sn0, based gas sensor array. The gas sensor array consists of four sensor elements, which are pure SnO, and M-doped (M=Au, Cu and
Pd) SnO, sensors. Based on temperature modulation technology, the steady-state responses of gas sensor array to single and mixed target
gases at three operaling temperatures are collected. The multi-output support vector regression ( M-SVR) algorithm is used to
quantitatively estimate the concentrations of the target gases. The results show that metal doping can effectively improve the gas sensing
properties of SnO, based gas sensor elements for H, and C,H,, and the square correlation coefficients of the quantitatively estimated
results versus real concentrations of H, and C,H, in target gases are 0.974 5 and 0.961 4, respectively. This research presents a
promising approach for the detection of the H,/C,H, fault characteristic gases dissolved in power transformer oil.
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gas sensor array for mixed target gas detection

S e TR AR IR A 5 R AL B BT 1 H BE A Ak
G, FEA S S P I HEIE R, 5 HRSAP R
BEAE R, AW R AL BB TTIE Y Response = R,/R,.
A I TE S IR 20°C F1 50% AR E T AT o

MR AE FER I A IR ARAE SR H, 5 G H, B2
sk, S B 43 3 52 A 0~ 300 wL/L Al 0~200 wl/L,
SRR 10 ASARRIKSET (WER 1) B4 00 4, 8]
B SAy 1 e B v S o A B 4 ) IR 5 IR
FrLAFEA 5x10° =500 4153 , i BT F B 91 o 4 BOG AL
SRR, LR R B IR B R, % 4% 2 R S SR 4 L
78 3 FOANIR TARTRE T A 52 00 50000 , o4 41 A A< PRCKs
A Ax3=12 A0 R U T A5 S 56 R AR (4 B0 R /N R
500%12 4k,

&1 H, 5 CH, REKFER
Table 1 Concentration level table of H, and C,H,

pL-L™

BT H, CyH,

1 0 0

2 1 1

3 3 2

4 5 3

5 10 5

6 30 10

7 50 30

8 100 50

9 200 100

10 300 200

2.2 SEERERERE
R B M B, e B T AR R S

1E 300~400°C B AT 50 /L #i— H, 15 C,H, Ak
O 1, 75 35 P 2 SR A S5 TR

H, 10.817 | l SnO,
. ; i —®— Au/SnO,
10 | \ | | —A—Cu/SnO,
: ¢\: Pd/SnO,
8 : ' —
~ o ' 8229 0\
S : ] :
< : : ; °
H : 5583
E S
AT T4
Al A ; ; .64l A
! : : A
2t ! i !
300 320 340 360 380 400
TARREE/C

(a) SRR BREEFIXFS0 pL/L H 35 B

(a) Temperature characteristic of the gas sensor array to 50 uL/L H,

8r | i 1
Csz : : : SIIOZ
I —@— Au/SnO,
7 , : : A Cu/SnO,
6.840 ! ! Pd/SnO,
of : ; |
< sl ! ! i
< 1 i '
2 | 3966 !
B : 9 !
¢ L
o L ! —2
. A | : 2497
300 320 340 360 380 300
THERE/C

(b) S AL REEFI XS0 uL/L C,H, I BEAF{E
(b) Temperature characteristic of the gas sensor array to 50 pL/L C,H,
KIS AL I 9 B i i 4 2R
Fig.5 Temperature characteristic diagrams of the

gas sensor array

SRR, SR IBAR TR SnO, AR TAE IR
JE T Hmm A, T A AU TT X PR — A B T 7
BEE TARIREE Lo 52 B3 5 B AR iy 28 At 3, X 2
H T B IR Y TRy, SRR LR B A= 1l i) 4 8 1 22
TSR T SNk R ) R B R R T B IR R — 2P
PEF© ARG SR I PR R B0 AR B % i A e
7 REEAVR, i) 1 i i s OIT 6T I 18 Sk B B0 Ay 32 25 A2 32 R4
M TAERE,

4li Sn0, . Au/Sn0, ,Cu/Sn0, F Pd/Sn0, Xf H, A9 #
FE AR 5351124 360°C 340°C (340°C i1 320°C, AH LY Y
e B R 3. 641,10. 817.5.583 #18.229, H Au,Cu
Pd 487% Sn0, #1520 SnO, 14 fie A T AR I B 73 1l P A1



148 3 2% X

#= ¥ M $A40 K

T 40°C .20°C F1 20°C , Ml i {43 B 3985 1 2. 97 1. 53 Fil
2.26 4% Rl RIS 50 /L CoH, SRR
FERFPESS R L B 45 R 5 H, AL
2.3 SEEREIIRERSE

NPAUERER RS AT Hy 5 C,H, (9 e N {E
SRt T AL B H 7R 3207 340°C il 360°C T X
SRS RBIR R . T8 6 s N SIAEA [ T
VR X 8— H, Al C,H, vk BERRESS

H

2

40 Sn0,-340°C
©®-5n0,-360C
A 510,-320C
AwSn0,-320'C
AwSn0,-340°C
AWSnO,-360°C
—_ Cuw/Sn0,-320C
o Cu/Sn0,-340°C
> Cu/Sn0,-360°C
& Pd/Sn0,-320C
2 20 | ~@— Pd/sn0,-340C
E ()~ Pd/Sn0,-360°C

30 |-«

\

10
07 50 100 150 200 250 300
SRR EE/(UL-L)
(a) “SARAL R FEFI ST B —H, R BERp
(a) Concentration characteristic diagram of
the gas sensor array to single H,
14| CH,
$n0,-340C Pd/Sn0,-320C
©-—5n0,-360C —@— Pd/Sn0,-340°C o
12 | —A-sno,320C D~ Pd/Sn0,-360°C >
Aw/Sn0,-320°C ? _—(
Au/Sn0,-340°C
10 | - Awsno,3601C
_ Cu/$n0,-320C
" Cu/Sn0,-340°C
o 8 Cu/S$n0,-360°C <
E 6 q
/ $
4r // “ X
r)/ = ———1
2r ,?* ——
e -
0 1 1 1 1 1 ]
0 50 100 150 200

SARWRBE/(uL-L)
(b) KA KB B 3 B8 —CH, IO W BERp
(b) Concentration characteristic diagram of
the gas sensor array to single C,H,

K6 ALY H, F1 C,H, YRS
Fig.6  Concentration characteristic diagrams of the gas

sensor array to single H, and C,H, under different temperatures

H1 & 6(a) ATAL, SURIL BRIES 1Y) 4 DMERRERITHT 0~
300 wL/L {5 P %), i o7 Bl 5 3 B %) 358 in i B4 i, 24 ik
BEAF] 200 pL/L L F B SnO, F1 Cu/Sn0, #8424 i M 107 {8
W TR, 1 Au/Sn0, 5 Pd/SnO, PR FEMR TS
I R I LR Kok A, R W AR AN G . A
6(b) FTLLF Y, Sn0, Hl Cu/SnO, gfFxF C,H, A N45
2%, Pd/Sn0, I R AR, Au/Sn0, IRZ .

Rt B AL T TE e fE T AR IR R X H,
H1CLH, B SR AR FR , A& B2 (1~ 10 /L) H, i
NAFPEFEELA S5 R ME 7 TR, AT Au, Cu
Pd 84411 SnO, ZRCEMmI N 5 H, SARM B &Ml A
BB/ BN v = 1.802+0. 043x .y = 2.231 +0. 180x. y =
2.043+0. 078x Fl y = 1. 698+0. 141x, FiLR P HH 56 2 K i
T 1, B R g8 R I v i A A e o 2L A R A Y 28
PRI T o

=2231+0.180
a0t $no, H, Y Ce
—0— Aw/SnO,
| —A—Cu/SnO
3.6 2
Pd/SnO,
~ 32} . y=1.698+0.141x
& /
o
= 28} Ps A
% / /mo.om
24t @ ¢
Sol 4 5=1.802+0.043x
1.6} . .
0 2 8 10

g 6

SARIKBE/(WL-L)
K7 SRS 1~10 pL/L H, fuk g 4s

Fig.7 Concentration characteristic result of the gas sensor

array to 1~10 pL/L H, under optimum operating temperature

AR S S, A RS Y M) I AE Ay 2 B X o ) A<
TR 2 Az A A 0 S AR DU AR B, 181 7 W), 2B AT Au
Cu 1 Pd $82% SnO, ##{F%F 1 wL/L H, 90 R {5 53 50 4
1.84 2,41 2. 12 Fi1 1. 85, W|H s Au/Sn0, il Cu/Sn0, %
1 ) S A D AR BR 5 J2 1 L/ L AR R R P45 DG &R W] LA
HEWT SnO, F1 Pd/SnO, 2§ 14 (14 46 I 4% BR 43 531 A 4. 6 AN
2.1 pl/L, [AH, SRALEFEFI RS 1~ 10 wl/L C,H, B
A FAL A B R R T T 45 SnO,  Au/Sn0O, . Cu/Sn0,
F1 Pd/Sn0, XF C,H, By s AR A I A% B 5351 o 21.4.6.7
9.0 #15.3 /L,

AT S YR B AR I e 7 8B | R A D vk
JE TR, SR DU A A A T R 003 1 32 3R B
RE T 53T, A AL R4S AE 100 wl/L H, FE7ERY
T, TAEIRE Jy 320°C ISR AE 88 4 51 - Au/SnO),
5 Pd/Sn0, fUBRSRITX B — S5IR G CH, SR e 4y
PR, I 8 Fros . WAL 8 Af LI Y, ##44 X TR & A iy i)
o R B — SRR AL, X EE 2B Au/Sn0, 5 Pd/SnO,
a AR A CoH, iy B KA L H, 5 C,H, f77F
TE IR OC R BRI XS H, (9 e T R (F R B 4 G
FRIREREE C,H, WREE KM,
2.4 SO REED BhASN R 45 R IE R

25 W L A AN S RT A AR A% I i 3 25 T e
I3 AEHDNHAS E 5 E R R BT AR, A S5



55 5 1) AR %GB IR Sn0, F Hy/ CoH, SSRGS RAS A 149
Sl 100, R AR O, AELHG R 15 R E A A 2 AN AH TR, S Xk L R o 7
A P, 10 J 7R SR B9 & PG E B A TAR IR T
2 ga—a" ¥—C,H, AwSHO, 3t 50 wWL/L H, B C,H, SR PEPERT LS5 5, Ml th
i L HACH A, AT LAy, O G TR TTH H, CyH, BRI,
< RACH, P10, (B AE AR TR 1 3 LU, Tk 3 L8 — < 1
5 o B S PR AGL o
= : e
8r o | 10.817 @ .
47 .//. ol 8.229
’ . . . B -
070 50 100 150 200 <6l 5583
C,H, SRR BE/(uL-L™) H
B 4l36a1
K8 AuwSn0, 5 Pd/Sn0, %} C,H, 7F 320°C I e 35 vk 2497
Fig.8 Concentration characteristic diagram of Au and 2r %
Pd doped Sn0O, to C,H, at temperature of 320°C Pl,ll .
%’ﬂﬁﬁm%%ﬂ

ik Sn0, . Au/Sn0, .Cu/Sn0, F1 Pd/Sn0, 4 Fgsf%f 50
F1100 pL/L H, F1 C,H, SARRZELL A0 N, 245 5L an &
9 FiR. MNIEL O W LA Y, o % AN ] o B A 1 i) i
PR, 38 AR SRS | SR 53— PRk (0 W B 22 44
b I R e NS L YA (ERVAST i NI = R W 2 N e e )
AR T 380 W IS8 o 1 Ay = 32 3 X SRR, T s AR S Ak
Bifi AR B RAAIG, AR T 1) AR o332 i B o, g

AR Bl 2 FEARR A )
24 r
SnoO, |
- O- Au/Sn0O, |
20 < Cu/SnO 100l !
Pd/SnO, ((@QLIJ !
o) I
|
161 H, (f) | : CH,
~ lead !
E b sopL & 100 pL.
% Q@0 . |
2 % l. : O
E gl 900 VR 5oL
! i &
e Y OV 5y |
) k N& |
RS v { !
4 & h 2 &
L SR " & L
1

0 [ ) 1 1 B 1 1 1 1 1 1 1
0 60 120 180 240 300 360 420 480 540 600
i ) /s

B9 AL I 9 1 sl 2 o7 A
Fig.9 Dynamic response characteristic of the gas

sensor array

4 P ARAL AR A e -1 S N 1] 24 28~ 39 s Al
34~45 s[RI BITAT A58 A A0 5 YRR 107 i HG i) oz ) BE K
SRR AT , W SR AN URAT B4 B i 17 K 2
P, i H AT SEBS H, A1 CoH, AR S M

FT LA AE R A I, BT 6 mB2% Sn0, 22X
PR IERES 25 AR IR EATTXT H, Rl C, H, PRl —< Ry

E 10 SARMEERENT 50 wl/L H, F1 C,H, (0 Ry 5 b

Fig.10  Gas response comparison of the sensor units

in the gas sensor array between 50 wL/L H, and C,H,

3.1 HURRELS T E

A 3 R e ST £ SR AR B AR R 51 X o )
A S e 1 B S S00x 12 2 4, S T8 T4 AT
G ) AL RS b 2 AR R R AR EE T X
R S A B, 1 TR R Aw/Sn0, 5 Pd/Sn0,
PSR R 0 A B 308 i 1o — IO AT, AT LA
MI’EIEP?EX’&*E%F%&TE‘ LD ON R W B SR €1

BRI A 2] I B v ) it R RE M 5 LA 2D 3L
K‘?JFEEZO PRI , 2R T 2 23 23 A (PCAY) 5125 %0 Ji 0
PEEATIIAL R, A7 S SR R 24 1 T B S AT B R A
IRBIE N 7E {5 B . PCA ZbHJS & B, 14 PCL Al
PC2 HYTTHR AT 99. 70% , NI Ha 4 i 12 [ 2 2, i
THEROR R ANTE 12 FER o AR 12 ) RUE WY 43R
— H, 5 C,H, 3, IR G A i £ 8 K 0 5 H,
— W, AT REVA A T B A A% SR B T X H, FA SR A )
N o PR H i — Rl SR B AN AR I, 1Y ) — R <A
Ve FE L (s A% LA 5 vk BE B SR — 3, RUARA%
JREATTOHR A SR 1 i — Rl E &
3.2 RESEEMIRZ

BP 28 [ 25 SR 2 2 T AR ) ), JFE
DR 2R H B B 7 AT o Al i I A i S8
) HOR  MIE T o EHAUE 0 SE s, FH



150 I # M £ ¥ M F40E
R R R BI%50.02.0.3 55 4, TEHAMALE AR TS F 40 it
s Wt i OER .
a5t H,-200 pL/L . - spe
%2 BPHEMSSHEHKER

B CH-0pLL

’E‘ 20F B CH-30uLL
E C,H,-50 /L
3 § CH-100 uL/L
= C,H,-200 uL/L A H,50+CH, 10
2R - ' ) A H,50+C,H,50
A .l]f] A2a® 7 o H, 50+C,H, 200
H, 100+C,H, 10
101 o ﬁ“ H, 100+C,H, 50
e H, 100+C,H, 200
H, 200+C,H, 10
Srom H, 2004C,H, 50
[ ] & H,200+C,H,200
0

0 5 10 15 20 25 30 35 40
Au/SnO, Wi ¥

K11 Aw'Sn0O, 5 Pd/SnO, JE iAW E s 2 4EH05S

Fig.11 The 2D scatter plot of the raw response data of Au/Sn0O,

and Pd/Sn0, sensors
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Table 2 BPNN parameters and classification results
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