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Abstract

A high performance acetone gas sensor based on Zn0O/Sn0; composite fiber material was prepared
by electrostatic spinning and annealing calcination. The morphology and structure of the sample
were analyzed by various characterization techniques. The gas sensitivity test shows that the com-
posite fiber material responds 23.66 to 100 x 10-¢ acetone gas at 325°C and the response/recovery
time is 2 s and 69 s. Even the acetone concentration is as low as 10 x 10-5, the response can still reach
3.39. The Zn0O/Sn0,-based gas sensor shows good selectivity to methanol, ammonia, toluene, ace-
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tone, trichloromethane, DMF and glacial acetic acid, as well as good repeatability and stability. These
are attributed to the unique one-dimensional network morphology and the existence of a large
number of n-n type heterojunctions.
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1. 518

W 5 TR 257 (0 R R AT AP IR T, IR8Y5 Y A 45 R VEAT ML) (VOCS) Ui i . HR i 25
SR B 1] R RS2 BT B AR[L]. tbAh, TR 1 AUREIR IO A abs 2 —, BRI 3 R P
AT B B R T 1.8 x 10°°, IEH AMPF IR EENME T 0.9 x 107° [2]. FF AR B WA I 34 B 1) PR R <,
AR R IR VBN . &R EE PHRS UL RS R A FA57, (RRAS, S ARma R, Pl S i
TSR A, B2 S TR F AR Ak T 55 2 UR[3] [4]. (E& )8 A Sk, Zno & —FiE
B Bl(EQ = 3.37 eV) n B Gk, AGHREEURLE, (RAS, EERetirSiE2mn, KeEMNH T4
A . R SRR SnO, TR (Eg = 3.6 eV) n B Sk, HAM RGN, A, f#
e, B AT I REARLS] [6]. BEFERM, 4648 EMMie B R T R A2 S 4 1
R T8 AR SR R BR Y, B AR T Ak AR AR (KM BE[7]. Nguyen %584
BT HGE R FAK T Sn0, gikek, FEId/KHGEAE SnO, R4 ZnO KBk, &K E
K LER SNOL/1ZNO 1ES IR H X LB SR I T R4 A

FEARSZIG R FL 5 22145 T ZnOISnO, & & 41 4k 5 J 45, Xt il 4 10 B A P RIEEAT R AE 43 B A<
DR, R I PR A e s (i o2 e DRt e SR ] (2 s) R 1169 s) RAFRIE B 1. Faos Mk
B, R HBUBHLEEREAT T 2047 .

2. SRR RT3
21 ERPNSNEE

UG T 2 A R LREE(PVA, 4> T8 67000), TWE T gl H T AR R A IR A F
TEEREE LR (ZN(NO3), 6H,0), TE T RIENERHI R BA R AR SIS &K (SnCly2H,0), TWE TR
BRI SRR A PR AR o DL 25 S AT sl S5 E Tl AT — 204 8l, St R ML 8Tk
G =A%

S0 7 B FH A S BT R F(PA2004 ), MgV EAES A IR A ) E IR IR
(08-2G #Y), FMFHERUHAX IR RIEA R AR Sl (SXL-1208 ), Lilghs = lin & AR AR &
iR —6 BAHERS, HERBIE, HEESMBUEs =55 ak.
2.2.Zn0/SnO, E & H4ERFIZ

LT B RFAREC 1 g PVA JE I 15 ml 537K, B TERM L, B IR 90°C,
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fEIE/KIE 3 h, FEASETHE R B2 [ AOBOR A R . P RSFARI 0.6 g i IR B i 14 A 7] 558 JBE /K i B 1
SnCly2H,0 SRR ZIHE S L7 H) PVA VAR, B 2150 B O B SR A4 .

TR AT SR AL A 21 10 ml (9 — IR PR S8 rh, BUEHERESS . W EWARE DY 1.3 pL/min, “FH
BESGIRAE ELUU IR, WesRae i HW IR, e B IR b, BT Bk STy 20 cm,
T B R A 13 KV, 7E A0% AR L (RH) 26 1F T 4522, SEpa VB TR AR RAE S L,
HRBVES LRSI, B S R A THRIE A 5°C/min, i£%] 600°C G 4ERHZIRE 3 h, RE
B = =R A A, IR JOBURRER B AU 0 1 GOl ACIRER i R ZnO/SnO, & 41K

2.3. BEmHIRIAE

X ST HH{X(XRD, D8 Advance %Y, B [EAfE v A &) R E MBI AR SE ;. B 7 e
(SEM, MIRA LMS 1Y, $E7 788 A F)HRMEMEHITESURFE; X S48 T RETEL (XPS, NEXSA
A, SEEZEB R AR R R AL 22 R

2.4, SEAGHBIERSEIEREMI

VB LTI ZnOISNO, YK AF4E 5T A AR5 1 5 1 25 B T /K TR A i GRORE, FH 2R RHE 2ROR1E 351 S0 ik
155 M lbe 45 BV BOUT ST P & L, B R MR SR (1 42 J ta Al . I S8 L) ZnO/SnO, kA% Ik 3%
e R @R E, DURIES I fRE v

I SRR BRI R S8 (CGS-MT 2, b3t SRR B2 =) R MU R B RE A4 R 38 1 )
JS2 RAFE E SO IR A R L SRR R I HE S = R, /R, » Hi, R EAMAL RS
SR, Ry Ak AR TR RIS A A 1R FELBH o o] 7 /K ST T 72 SL A T 8 7 W /s B e e e e B A4
5 B L BEAR A Q0% M il 7 B (1) i 1]

PPN AR IR 25 D FE hr A e BL R B . SR PR R ST B T A B[] R P A B A TR U P 5
SR SRR RGIATIN, BN EER, MR 30%A 45 1% A R AT 1.

3. GR5ITR

1 P 27 22 B SR AR BRI L) ZnOISnO, 41 4ER KL XRD it . BRI LR, T
S U LA A B 9] SN TT £F T ZnO (JCPDS No.75-1526) 10 5 & Z < 4L A1 45 /4 ) SnO, (JCPDS
No0.41-1445)—%, W BISLEEHI15 1) ZnO/SnO, EA M EH7NT7 ZnO AU SnO, 347 . 7E1E B s A K I
Hefirhtig, KU PVA SHNTER BB d fEh O & 5e a0, IhiilfE 7 ZnO/ISnO, B A 474k .
B R A T H ZnO/SnO, A MBI SRR /N 51.81 nm. 3 4R A (1) s
KA
D= Bcos(0)

X DAESE:; KRGHIREE, 5089 Ay X SHEERIMK, H 0.15418 nm;  BIAAT UG 1 - iy 14 9
O RATHIAE S -

ZnO/SnO, B & A 4 BUR AT AR R J5 1) SEM BE W] 2 B . A&l 2(a) ik HEET PVA 5 Zn(NOs),
s fAF SCl, dAILAEMI ST 2RI IR AT 4, BT W AR AT e R TelE, BEAY—, K SiHBRERTA
YT EAA N 90.32 nm. ] 2(b) MiB KB R E 11 ZnO/SnO, B &4 4, MILLFHBRERT, JBe)a i Er 4
AP EAR N, RARGEFFE AR, BT EAE RN 55.73 nm,  HERE M N AT, Al LA 23] B
RN, X5 PVA SEENATE miR T A A <.

)
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Figure 1. XRD spectra of ZnO/SnO, NWs

1. ZnO/SnO, #HKETF4E R XRD [Elig

Figure 2. SEM images of Zn(CH3COO),/SnCl,/PVA (a) and ZnO/Sn0O, (b)
2. Zn(NO3),/SnCI,/PVA (a). ZnO/SnO, (b)#J SEM El&

i XPS 4341 ZnO/SnO, E A MR R m = A TG B, AT LA S IIARIENE C 1s (284.7eV)
FEEE, RN E 3 Fin. [ 3(a)s& ZnO/SnO, B & 41 4E) XPS 4tk K, 1% Kb ] LAkl 2] Sn, O A
Zn =FpeE. 5 3(b) AR T Zn2p 6, HALAIEAI T 1022.88 eV H1 1045.88 eV 4, 43 A% Zn 2py),
1 Zn 2py, IS S RE, S5 E R 2209 23eV, B Zn JEE L Zn® 1E4E . 5] 3(c)#& Sn 3d FI%GHE ], Sn 3dsy,
UL AT T 487.48eV Ak, Sn 3dy, A AWEAL T 495.98eV 4k, 44z 2K 85 eV, #B] Sn Tt LL Sn*
I RAFE. [ 3(d)2 O 1s GG, O 1s MHUE rT DL AU A B ="M, 730 9 di i 280(531.39 eV) . T
Bt 4(533.18 eV) Rk (534.18 eV), & AL Tk B b Sk & A AR [ R N fE s, 2 50
P £ 3 T R PR AEC[9], AT DA P TR AR T A R IR B 4R 7 5 o B2 8.93%
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Figure 3. XPS spectrum of ZnO/SnO; (a), Zn 2p (b), Sn 3d (c) and O 1s (d)
3.Zn0ISn0, (a), Zn 2p (b). Sn 3d (c)FA O 1s (d)AY XPS L

4. SEUM4RERIR

fE IR AR R TARIR T R —TE B S, AT ZnO/Sn0, FAL A 5 100 x 10°° 1 PR 442k,
OS5 L 5% A T A8 7 2 A5 8 B P )R A SR o A A Y e i TR . 5 s 4(a) o
£ 250°C~400°C[d], ZnO/SnO, i 5. 7 B EE 6 5 I B B FH iy S K, fE 325°Cik 3l KA (23.66). IR AE
BT 325°C g, Wi N R EUE REE IR KT AR N . AT ZnO/SnO, A A 4EAE 325°C % P B A A f K
R, B fE ) TARRE 9 325°C.

4(b) NTE 325CF, ZnO/SnO, FEAL AR MR N 100 x 107° HEE, &S WA LB, KN,
=& F . DMF FIK LB AR SR BB . 455 RIR ZnO/SnO, % B % P FH 14 w97 3R 50 v T L
EAAR, WS R U LR 10 £ . PRI ZnO/SnO, AL IR Bt P B AR A 1R 5 47

4(C)45 T ZnO/SNO, FAL IR AR AE 325°C TAEIRE T, 10 x 107°~1000 x 107° ity P Bl 52 Sz 1] 9 1 i
I3 R EAFA 2% . 7E 10 x 107°~1000 x 107° [ 7 ANIEERME N 3, w7 52 00 B 5 D IR A FEE 10 348 o g 348
T, 7EART 200 x 10°° EpBEK AR, BT 200 x 107° S KA XS . AR B AR A 10 x 1070, fRIR
T AT AG WENE(3.39), T W A K Bt D R A A e S R AERE . FRATTXHARFE 200 x 107° LR K
Wi N R B AT 0T A, R4 PR MAVR BE AT 200 x 107 C I, A2 I 14 v [ 532 0 ol 7R ok P A8 4k L
TR ZPER R log(S-1) = 0.93846l0g(C) — 0.53207 (R? = 0.99615), 1[&] 4(d)fraw, £ A A0 B 1 75
WA AR, T DL g o S SR R AR T A R ) EAAR IR
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Figure 4. Response sensitivity of ZnO/SnO, to 100 x 107 acetone at different operating temperatures (a); Response sensi-
tivity to 100 x 10 gas at 325°C (b); Response recovery characteristic curve of ZnO/Sn0O, in 10 x 10~ 6-1000 x 10 ®acetone
gas (c); Response sensitivity curve with acetone concentration and low Concentration-response fitted curves for concentra-
tion acetone (inset) (d); Real-time curves of resistance changes for 100 x 10 ® acetone gas (e); stability test over a month (f)

[ 4. ZnO/SnO, ZEARE TAEIRE T3¢ 100 x 10°° AERAYMRL R 81 (a); 7E 325°C TYEIRE TXF 100 x 107° RIS iAHY
MR R (b); 7E 10 x 10 °~1000 x 10 ° FERS iAo MR e S H5 1 ik () ; IR SR B0 AR AR BE BE AL A 4 R A
R RERROREE - MIRZH & Hh2% (FRIE]) (d); % 100 x 10 ° AOERS iAoy R PR EE 1 SER Btk (e); — ™A ISR EMEIIR()

Kl 4(e) & ZnO/SNO, HeAL AR 100 x 10°° A BhAS BH A2, h T WL, ZnO/SnO, Bk ka5 718
FOBI IR SARSE, AEARTE A B B BIRRE , AU S BB SCRER R BIWIAG K/ A i B R
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IS A] ()58 X, ZnO/SnO, Fft Begesf il BEy 100 x 1078 P A fr v S /1 2 I 1] 43 5011 K9 2s/69s. 9 T WAk,
ZnO/SnO, HEAE AR e e M, FRATE—ANF B R] P Hodh A7 7 6 IR, W& 4(f) s, RIAR RS
FERAETAE R, A 100 x 107° PR i o7 8 SR AR 4EREAE 20 224, 1B ZnO/SnO, JE S At 2k A e
VEGF, 3@ AR 0 R <A

5. SEHIE

Zn0O/SnO, B & A1 HEM BT b =i b R 0% W] REA LA JUAN R AL
BAEE TARIRE KT 300°C, fRERas B fld Rk 9 B SRS, IR 7 5% M 4(0%) R AE AL IE T
SN FHAREFRUNT
C,H,0+80> —3CO, +3H,0+16¢" @)

ZnO/SnO, B A 4P AEMRF 1Y) — YRS H AL B o ™ 2R T S8 <0 1 R B 4t T A R 2% A, AT
S 1 AR N R U

AR RERT 1 2R R R A AR KB 5 4G, 4] 5 /& ZnO A SnO, 2K n-n Y 57 57 45 ) 1) e
HonEl. i, Evac, Ec, Ef M Ev AIREZEREH, i, FORREHRAMMGH . TEHy (@)= Evac 5
Ef 22, ZnO [MZheR % 5.2 eV, 1 SnO, (T ECN 4.9 eV, BUNIREGERER S SORAES, R
ZnO I FKAERALT SnO, T KAES, T2 SnO, IR ZnO, K22 HLF 1) SnO, — Ml A HiT 4%
RZ, #BEHTH Zn0 —Ma~ERTREZE, EEEMRG —MPKRHK10]. BlETRRRAGIREE
T L TIR LRGN, AR IRESAE PR I T 2, IR T 2TEFE B i TR R RN,
FrimnSs 2w BN, B, ZnO/SnO, HEMRMEZ S B HEHAZ R, A8 2 H AR IR A R
W ISR 2 5 R A A SR SR RN, B E BT, AR TR R FEGEREAR N, LA h,

L FELBE 2 PR [11].
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Figure 5. Schematic diagram of the energy band after the formation of n-n type heterojunction between ZnO and SnO,
5.Zn0 #1 SnO, 2R n-n BI R REEEHIEETH R~ =R

6. &iE

i L YT 22 BOR KBRS JE i % T ZnOISnO, B 4R 4k, W J iR IR 55 2 A% R A L ) A
ZnO/SnO, FE T AAL KT, ZnOISnO, as X PRI AT D05 IO B ERE o 3K JA A HURR (1 — 4ERRR
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