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Abstract

The development and research of ethanol gas sensors have attracted extensive attention in recent
years. Modulating the structure and surface properties of sensing materials is the main considera-
tion for manufacturing metal oxide semiconductor gas sensors. In this paper, ZnO nanorod materi-
als with Inz0s3 particles grown on the surface were prepared by electrochemical deposition. The av-
erage length of the materials is 2~3 pm, and the dispersion is good. The gas sensing properties of
ZnO nanorod materials were systematically studied. The gas sensing results show that the perfor-
mance of the prepared gas sensing materials is better than that of the individual materials. At 270°C,
the response to 100 ppm ethanol is 42.3. It is about 7.8 times that of pure ZnO nanorods prepared
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by electrodeposition and has better selectivity at the same time.
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1. 5|

AN ZnO)E N —FhEE ZE 1 AR R, 2 —F n B S0k, IR e R E, HHE TR
WA, faE . SHEERINWMASES T, A0 Tl DU ES, R NE) 0T i f
WIRET, TEEIRIIYRFERZ[L]. 1E4 R E N AR TR AL BE2% S8 I HH T8 2 1R 82 i 5%
TR TS AT RO AT ALY S G2 0 B A S AN R A3 o LR 3 AR B A 25 T A SR A SRR AT /s 1Y
E RN ). 5T &R A SR 0 AR B L oA & MR . AR sl 7 AN
()32 RV [2] o Rl A JERAA HSH P 485 ) R 3 T A R e AR S )3 4 e S AL e B A S A A e 1Y) 2 5 R A
o

Sun &5 NAHIE 78R I B fL 45 2236 i T BLAR4) 60 nm ) ZnO 9K EF4Efifie, 76 210°C & 330°C ik
JE VG N R 5E TS, ZnO GKEF 4k R I B BEAG n . A2 1 RRER I SBBOPLAI[3] . Chao 25 A LAVE 1
AT HE(ACF) A BB, [ G T ZnO IBa K 2 FLEF4E . RIW ZnOIC 9K 2 FLAF4E B A B4 U
FPE[4]. Myung Sik Choi S48 FI& G IS A ROTIE G L T 2 FL(ALBRZE: ~16%, “F¥JfL1%: ~60 nm) ZnO
PR (R ~80nm), LABFFT NO, S . £ 4L ZnO 4k ik 1 i RBUZ I NO SRR I . 7E 3
F 2 5L ZnO Gk S AL g rR L2231 200°C I 2.93~0.5 ppm 1 74.68~10 ppm NO2 S AR M N 4k
AT O R, X NO SR R mik 8. A HRARE T LR R AE A7 AE K S0 T IS LR
B i B [5] . Shivani Dhall SR — 54 A EE(ZnO) K i K il i CO ML kA% . 1% A5 A% 4
RIVEA L) 8%I1) RELE, {E S0°CHMIN A28 10 #2. & RIRIE T 7E 50°C K LA R4 1) R B A 15
ppm CO [6]. Jingjing Liu il & 7 MURF 49K 9 Pt 3405 (1) 40 |2 ZnO sk . 5546 ZnO #Ek A Pt-C-ZnO (UL
FAZERE ZnO L1 Pt 9 KIRDAILL, ARSI Pt-ZnO fEBAR I TR E (200°C), FEUF £ F1 K
Rt R I AR TEA KBRS K et EAERMNZ, Pt-ZnO f£EE % 100 ppm TEA (1)
Wi AR i 242 [7]. Jae-Hun Kim $2H 7 3T Pt A1 Pd ZHAEAL I ZnO 49K 26 (NW) B i b 2 i 8 3564
IR TGS . BURYTIE A & 8 2 B R FE(S AT 10 nm) AR UG E(500°C~750 C) BAAL Pt 49K
FL(NPS) T,  AIARAL UV BRI [R] DAZER T E3R15 7 2511 Pd NPs &5 5% ZnO NWs (Rl £ — &
BB BOF FE E 18 B PR FRAL T AU S, Pt AT P B AEALI ZnO NW 43 1) 5 7 H %t BRI
AT BRI 2 [8] .- Sheng-Joue Young Jdid X SFZRATH, Wk S 05T T A AL ER(ZnO) A gk
RURL(Pt NPS)IE i) ZnO 91K HE(PYZnO NRS)ISE AR, S RDG2AE T . B FDGEUR GG . did
BELR(DC)REAE & kST 0 A1 30's, #1145 T 154 PtNPs ] ZnO NR. 3T ZnO Fl Pt/ZnO NR HIS AL B g% —
#, FasE HATE A . ZnO 1 PYZnO NR f£ 43 7E 1000 ppm A AR AN 270°C Y AR IR F (1) R A%
7351 1.34%71 121.03% [9].

ASCRF YU 7, R R AU, §i% T RIA K In03 BUKL ZnO 9Kk, $n T
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2. SCufy
2.1. BR}

FHPREE(Zn(NO3)2-6H20) > 99%. HMTA 75 3F H 35 0 % (CeH12N4) « FEER AR (IN(NO3)3-4H20) 2 BF K
255 Aladdin 1b22 b E R A .

22. MRAEm

TEHIA I BN, F H TR G 75 V0 W r A b R o Hh AR K ST NRs EAMRL, i o0 U0 2 A
YERNBAML, R VENBAM, EARERIE NS L. AR ITE I TRE T o V3 4% 15 26 ¥ 0.003
mol fEEREE I 500 mL 25 & /K RIEAE, HiHE+2080 5 I 0.003 mol HMTA ¥y KRB HE 73 5 2 5
TN B 75 22 10 B R R R AR 50% (O6f LA R B ) A+ — BRIt 18] J il BB DTARIS MR . £E 75°C Rk, 1R
gk B AE K g, TSR LA-0.5 V [ ELIL 6 R AE (FH ELRL YR chi800D 7F=4:), /1N
Jo, SRR EE-1.6 V #7825 mino KRR I E AR NSRRI, A B TR, TR BT
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Figure 1. Process of electrodepositing S50 material

B 1. eBIRFR S50 #kbidiE

2.3. =L

) 3% B o7 23085 (FEI Tecnai F20), X RE S IOW 45 M HEAT RAE . KA X B AT 5 (XRD,
D/max2600, Hitachi) s ¥ i () i R 45 iR 4T T AL .

24. SHEERBHEHESE

WU S 20 J7 TN 25 Tk Tl S A9 B R TTE i BRI AE AR Lo K IR 2 AR =R
T 24 /N DLRE 5 AR M o A BT R G A5 RS AR B BEREAT 10T AT, 1 AR A3 1(80%
N2 A1 20% Oo)fF: N 5tk W8 RGEHIIR L ORIFAE 25°C £ 2°C o BEHUL M B AR R HEAT T 3R & .
IETEE NOpy — Sl — FRH AR A SR AR (1 H B U A AT TR i 2 P 4 SO H
(R FIVR A 5540, 5 < (Ra) I A2 14 25 1 FELBH EE (S = Ro/Ra B S = Ra/Rg) il 82/ & I 8] 78 LA 900611
FEL BEL AR A T 75 AR BT
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3. &R5118
3.1. EMSKERH
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Figure 2. (a) X-ray diffraction patterns of SO, S50; (b) SEM images of S50; (c) (d) The element mappings of S50
[E 2. (a) SO, S50 Y X GH£kfTHEIE; (b) S50 R T RMEEIR; (c) (d) S50 TR 27

W 2(a) P RHE K S ) XRD BIE, SO #ah AT I S5hr#E ZnO (JCPDS No.79-207, ZE[AIFE N
P63mc, S H N a=b=0.325nm, ¢=0.521nm, a=/4=90°, y=120°)MUCH: RIF, ARKME|Z5,
RIPAFFFE R4 ZnO. 540 SO FEMARLL, RIHAK In0s FKLIK S50 MRS EIE In JEFA K
RFIEVE B T B BY (7514 T ZnO fi7 564t , LR BT R 4E JCPDS K No.65-3170 R 47 Hi48 1] 37,77 1n203.
Ib4h, XRD BB A4 0AH, R MRS B B S A A . 6] 2(b) 2l S50 # i) SEM &
B, MWEIF R LLE R A B In03 BURLIBRIR ZnO i), BRI EEAE 2~3 pm. S50 #F
a1 G 2 WL R ] 2(c) R 2(d) o, S5 RR B, S50 Ff S A7/E Zn Al Iny O Ju&, XEETLRIEFE
a AT 5) . IEBT T InOs M RHA SJHIATE T ZnO MRLR T -

3.2. SEMEREMS

3% T A FIRE T PR RLS Ll SN T B RAE AL, B AT LA Y S50 AT SO #4£ 270°C
IS W 8 f g, e S50 AR T S0, 42.3 fif. ATRLAINTHE In,O05 FRIMA R A K 1 ZnO gk i xt
CBE S R N R e  270°C 58 SONSRAE TAFIREE o 05 B 7E BLIR R 2E4T . 5] 3(b) Ny S50 #4
BHE 270°CH) Llgma AR E M2k, &b feos 7 BGE R N AR Z 18], LR S50 R4 kIR 2% i B AR 5
o 5] 3(c)7y S50 X 100 ppm LEFMENAEIAEIE, 78 270°CHPRE T, A& IES K A 1 = Ja SYImi 7 pY
AL AR BRI 4R P B AT AR SEACORFEANAS, R IAA R AR E AN B R AR 120 "W AT, K S50 #48
fE 270°C R X} 100 ppm A F A T HEATIR, 4] 3(d)Fs MR 2B ff e B8 ze i T HoAh Uk, R
Hon C WA B R FE A
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Figure 3. (a) The response values of SO, S50 to 100 ppm ethanol at different temperature; (b) Response recovery curves of

S50 to 100 ppm ethanol at 270°C; (c) Repeatability of S50 sensor; (d) The response values of the sensors to different gases at
270°C

[ 3. (a) SO+ S50 Xt 100 ppm ZEFFEARELRE THIMRE; (b) S50 7E 270 CHIXY 100 ppm ZEZAYNED Rz R E#iZk; (c)
S50 fERk=RHIE B M; (d) fERLERTE 270 CRI T AN E SR NE R (&

3.3. SikERANE
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Figure 4. Schematic diagram of before and after band contact
[E 4. BEHEMBIEHREE
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FAF TN LAE, RS s FHRME e, JFUAET O MR REMEIRT . MRET L
SARIS,  EES TSR TR A TR, BT ER,  TTF B0 R4S HBE B A
In203 F1 ZnO HIREH R4 2.8 eV il 3.37 eV, MIIIEE /N 5.3 eV fl 4.97 eV, HEHAK
In2O3 FUKLET, HLF M In0s LA ZnO, ELEIEAIITEKRREGUA R P, BT P S B TR X
(T R DA K A A ) BRI RS, sl 4 fok. ZnO RIEHE T2, B2 K580 7] UK FT/E ZnO #4
BRI, KER O WA Bh TR AR RN, XA BT 26 a8 R 85 T O SR RO & 1 7
1) N IR T A
C,H,OH+ 60" — 2CO, +3H,0+ 6e (1)

R RBE MR TR 2, B TR SR TR, A R
4, &Eig

ARSOR I T R O i % T 2 SRR ZnO/Ing0s, ilid XRD, SEM S8R, 704t 7 4R 45
FNLH A, TER T ARG )& e AR 100 ppm ZEE IR K 2008 42.3 £, A BRI IR0 S/
SIF[E], HAMZARLE BA RIF R E YRR REE . B i R AU R RE VAR P AR} R B B T e A,
N EFRAE T KB O W AT B 3R i A2 B b
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