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ABSTRACT

Through the testing and research on gas sensitive effect of ZnSnO;, which is a
kind of perovskite-type metal oxide semiconductors, it is found that gas sensors made
from these ZnSnO; powders show a high sensitivity to ethanol gas. Gas sensitive
material based ZnSnQ; is viewed as the primary subject investigated in this paper. The
experimental investigation with nano-sized powder preparation, gas sensitive
properties and doping vario-property of ZnSnO; has been carried out, and the
gas-sensitive mechanics of ZnSnQ; have been studied simply.

The nano-sized powder of ZnSnO; was prepared by the new technology. Gas
sensitive characteristics have been investigated mainly by means of HW-30A gas
sensitivity detector. The precursors ZnSn(OH), was prepared by reactant ion exchange.
Sensors that is manufactured from powders, prepared by the technology heat treated at
500°C for 24h having excellent sensitivity(8=17.593 at the C;HsOH concentration of
1000 ppm) and selectivity to ethanol. Powders prepared by different preparation
technology have been analyzed, through X-ray diffraction. The results showed: the
ZnSnO; powders prepared by new technology was pure. Energy spectrum analysis
indicated that there have been impurity elements in the precursors powder. TEM
analysis indicated that the powders by the new technology have been achieved the
nanometer.

ZnSn0O; powders were doped with noble metals, TiO; or La;O;. The resuits
showed: sensitivity of gas sensors to ethanol can be enhanced prominently by TiO; or
La,0; addition. The sensors with TiO; or La,(Q; addition still has a strong selectivity to
ethanol when other gases exist at the same time, as well as excellent stability. The
response time and the recovery time of ZnSnO; with La,O; addition are 9s and 10s;
The response time and the recovery time of ZnSnO; with TiO; addition are 7s and 12s.
SEM analysis about sensitive layer indicated that pore and micro crack size
distribution and grain size have all significant influences on gas-sensitive
characteristic.

The ZnSnO; is usually used to be the ethanol gas sensor. As our research, the gas
sensor made up of ZnSnO; and PdCl; addition have a high sensitivity to H; and the
optimum addition amount of PdCl; is 5wt%.We have an experiment for the gas

sensitive properties, the sensitivity value of the sensor can reach to 50.785(1500ppm),
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selectivity to hydrogen and excellent interference rejection to LPG Ammonia,
Acetylene and Methanol. The highest sensitivity to hydrogen of gas sensor can be
reached at working temperature 280°C. Moreover, the response and recovery time is
excellent, The ZnSnQ; gas sensor with PdCl, addition could be the new hydrogen gas
SENsor.

ZnSnO; has been recognized to be a N-type surface-control type semiconductor
and complex oxide gas material. There being two distinct gases in environment, on the
basis of the differentiation coverage of variant gases the phenomenon of prionty
adsorption come into being, so it appears selectivity to gas. Two mechanisms have

been proposed for the catalyst in pas sensor.

Keywords: ZnSnO,, preparation techniques, addition, gas sensitive properties,

gas sensitive mechanism
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Fig.1.1 The structure of gas sensor
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HARHERES, MR 2.93x10"mol s em?,

KABR-BIREHEERT BT ES, REMNHBERMAGEY
FUREREERK, Sk, BTRATERREEMOFR, HHESTHE
PAREKI K, AERBREUESYH, WRBREHE—, HREEHLEY,
[RIRY Bk PSR BAR . (BRI FHEFAES TR AR, SHbesd %5t
R HFTLEEZ, WHEREEELL.,
@ HUILBE

. # (microemulsion) 2 H A E M HBEHEBEAR . fhERE. &F
A, SAULBAM AR HERADEERE 0.01~0.1pm Z ). B FRILE
BHRAEREAR, F—ERGTREATEEEE MR, A EHRD
BEEFAS, ZRMUTEVARG—LHmaast. aaaitt, Kb Xk
HERMRNE. TEXEMBEREFSEEHABRILENRE". BT
R IX SR 8 B R BUE B & B OB L BURL A U IF . RS U R RE
mEtEE. TRERTESESZRA.

ARTHIEZENHZRSIRERE TS, MAREPHREYEUSE
R BURASRS, Eik, FEASTHRERSHBRMKD, BE. EHUED
WE, FB, HIEH RN T RN RSSO, FHEAREESKK
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1 LR RRE

TR AT, MARESENPRATBEARENERNILRER. BHT
WRABRREFEEN, REBE, KBD, BIE, FUNBRD. hgggH
MBI RFEHERA T X —H1E, RNERR, MAREHEHSRTETSELY
HERLITEE TR E .

® K#E

KAERIEERBBE (100~300C). BET, FEHNFIILEWEKE
KBTI RSSO R . RENREARKEEEGT,
WEttit: mBRBETREREEER, EERK, HENERH, 195 K#&
£UTF, REERGRIMERK, AHEARBMSR. Fiws AT RK L
EREEEFERT BN, SRS KT £WNE%RE (ASnO;,
A=Sr. Ba. Ca) FIE5ERE: (BaZrO;).
© Hib&mFiE

M.Meunier Z5V2 B bk ST (PLD )Y & 4 T B R EL AL R B L ith
BItRATELE La;AStMnOy(LSM), B HEHITTR &M B BIRENREN TE
g, ANEZERTHERHFNEFREE,

Shao PR M —FPAEM A ERRIGE, FRAAEER. K. ¢RE%HE
AE SRR ERAHEE La, . Sr,BO;5(B=Co. Fe. Mn, x=0.0. 0.1, 0.2), i
T LR A AT RE R A R R B R TE, @mBEMFEIRRE
BEER, TIAUNRERMLERR. BEFVMLLRTRALSY 8~30mY/g,
HEFREKEERENE, FEESTRERERMEE.

=S GG F R LR T, 7E PRk L& BB 2R i
B La;sMnOsss. i ERBFEMRR, APLBEEHE, HTETHT B
R % 5 T4 R BB K
125 ABO B B E SR MERBSYENHES

K TREMEFEER, AMARSESEHMEAE. REEREYHE
. EYEIHEEEER RS ARED, R, BB, EEHEY
MRS EBEAARSE. SBEOGHSEANERBIEERMERRK. Kt
FIERBEREL M EENRREN M. TEEELHEHOSEHEESEFE.

1) EREEANE: FHRFEOBEEMNHIEN ABO,BIRKFBERES
PSSR NBEEER LE, /OB UBREFANRE BEEELEER,
miEslk, #F. ZETEREE, JEK BREFEANELEE, #EAELY
AY. G FHRA Fe s BB AR T A

2) BR-REEREEE. MEDRMEERTESERORE, BE™
S B R BR AL . Lu xuchen!™ V5 AR HL 0 S AR £ 1 B LU SO A2 1) R RE A 1R

]



BRI EARI

BREFHORERNTREBENE. HEERLNEENHALRARLAFTRE
ik G e d

- R b & AR AT, SLATIR AT RO & 5 PRV - A ) & ¥ K e
BT B & R, FAR. OB, BRRNETEERRRE
ERERBEN ALO: SRR L. #bEE, BRUAK, b3k, BER. &
FRESE S RARHRE. EUH, FERNZ B —EhET RS
BB, HARESLSICHETFHELE. #1877 LaFe0; SBR. K
HEEPFIRBIRRMESE T CaLla.FeO; #EHE,

3) FEPENTELRER) RSB, X FREAHERE, HRENLRARIE
WA, THEEF—SEATRABEEROBR RN, TE5EENH
SER AR, RRERENERFMEAR. Hong Zheng*1% A HfFMENTEH
AEIRE Mg B3¢ SITIiO; S EBEBRB RN T REFHERM G R RIMETT
A, BEHER, BERE.

4) B iESI%ME: Bl Chin ZAHIEH LagsSte2CoixNixOss. FHEKT A
FET, PR BHRAEADESRE, TR, RESSREGHGKRTHE
LagsS102C01xNi,Os5. BB EHIMRBRE, IF, RIEELE ALOs KA EIEARE
. Batitig A 25CKAH, BESFARAERELEY 2:1 fRAEE,
E—ERARHAET, £RBRMTEHNFME. Zh R8RSR FEML,
FRHHEE, SESEAnREER.

1.3 BERENEMERAE

EER, HHOSEHHERSEEAFTTRANERE, HANESERER
BEHS S, DRESHARN. RBERERENRERE. URRBEHEN
FIEHARUB R RE, ANBELTESE. K2UNEEHE. SRTFHURSE
4 ABO; B—AEEMNTAIEE B, HHERIEHEEFERAZKIE.
EBERABEANN XSG, B ZnSn0; HEE HE S EWWAERXWETHRE
FBANEFLBRAES, XEEARERALDREHANS.

Ff— A FE £ ZoSnOy S BIEHBK Y, HLAAEUTHELEH-

1) Bk SRR R — gk, TR AR N S K.

2) WHMSERARHOREE, RSN i EEN S ERE.

3 KPLAEREHF, FHEFEERMHRLTEL.

4) fERFmK,

5) AR, ERSEPHE.

6) RERMWNEHE. ERNSAREREN S 2B XNMEEES, RefE

12



1 SEftERad

TSR ER SN, AREMEERNE.
D) NERESHER, EREEF.

R AREAY ZnSnO; AT EH & TE A GIFH S FEHIT THR.
BT —RIIMEGIRHNIR . WELSE ZoSn0; BEMNILITIEERT T 8,
SINTEARRG I HNEERASHTE, $1&8ETH%K ZnSn0; Mk, @
XRD 47 & @ A EFT @ R DA 5 E 8 ZnSn0, 4. BB A La,0; B,
1500ppm ZEERT R B ERE P 35.639, L4y ZnSnOs R BERE T —, #
HizBHMREEEELRy. MR EmRNAGREENRLE . Ik,
BY T RESHEIHERIMLEREREER, BT Fermi STILER. X&)
WL FER ZnSn0; SBMEREHFEHERL, WTEGHALUBNBEIE
BT F—E X,

AR R RASTETIHM RO RAOBLREM L, BT EniEgmnsg
HH&EHT ZoSn0s K, Xl &HRRBITBRAAOSEIR, HKFLKHE
FIMESR M ZnSnOy SBE KSR . RBFNHIARENT:

1.3.1 &% ZnSnO, kM%) &

KHABFERIRESEENET ZoSn0y Bk, MHHIEE 4T T LR
R, HFEERMGER-BKILITEESEH ZoSn0; ¥R 85 Bk AT T .
1.3.2 4 ZnSnO, M F S ER

X H) & HE) ZnSnOs MR B F M REBRBHT T AEAR. RASHR: &
C:HsOH. Hy« LPG. NHi. CH;OH ARSHA FAEERHIT TERBHLE: &
RNERER C:HsOH SR T #AT T R MIR; Xt F A Rtk it 17 T 247
B THRBOBN-RERE, HARERRAKATAREEET TR,
1.3.3 ZnSnO; MR FITRE B AZFES LN ERR TR

TR R AR DEFB LA ZoSn0; MABITBRLR., BRYEET
FISCIR AR B ZnSnOy B K BRI ALEF I LayOs F1 TiO;, AR ALKEBLIE
HHREBRIIFN ZnSn0; BARBITTH ALK, HWATRBEAE
BBHT T AHMR.

1.3.4 ZnSnO; M K52 PdCL 4| ER S M X BHHR

EERPRIAZaSnO; B A BEPICLMEARRAL THEHREENRITS
IR R, DL SR TF T XF ZnSnO; M KB PCL & S Bt R B M EH
BERIBEA . FFAT PACL BABIMEB R REUENEW, HET PICL LB
AR, HERFTFRE—MULHNANFHERERE.

1.3.5 ZnSnO; SEHERBRMTEREHAR
X4 ZnSnO; MBA La05. TIO: WIS MR ERBEZB S A THRETHER

13



FRAFMALFL 83

BT T LRI 3B A PACL BRI ZnSn0; SBIERBEERXRATHEE
THEREHRIT T LREA.
13.6 RIES R

FIFH XRD HEEEMHIEMN ZoSnOs M AME K FEMEMA S HEITT 2
7. J TEM %} ZnSnO; B R B ZHT 24738 DSC-TG M B T EHRICB L 55
BRI AR AT S IEMEE . FIA SEM %4 ZnSnOs (£/B L H % . BASHG
I ZoSnO; S EAE B R BB ERITRELRNE.
1.3.7 SHHIERE

FERMTARMLREM b, ¥ ZoSnO; KIGENE. RKNMEEINBINEY
BTHEEEHTARRISE, HESEHEEHE. SBERBNBRREE
RBiERTHRIESEA.

14



2 BT ERRRES EE% ZnSn0; RS EEREAA

2 BFERKERESEHE InSn0; RESHMREAR

21 FE

ZnSnO; B A —HH RSB, K& FEAMEASBHEESTAIMCER
EOEO, T H & HERG &I RP AR T EN ZaSn0; BIBBEEREX, B
VURFIRHIETE TR ZaSnO, SEHHEERRA. TH, ERT, Zn0-Sn0, &
ESENYERPERAHAEEAES. 20Sn0; M ZnSn0y. BT ZnySnO, WIS K HEAE
BRE, RABERIIFIFTN. Zn,Sn04 RERE T B4, FLAESE ZnSn0;
WEEPIHELERE, PEEEAE % ZnSn0, f SnO;.

fEAXH, fE% A N2Sn0303H,0 F1 ZnSQ47TH,0 B F Bk, HI& Y145 H8T
A ZaSn(OH)s, RBBAEHI S ZoSn0; K, ETHI EHEHOIRER
ZnSn(OH)s, BT LA % tH i ZnSnO; AR &, [P REREITF. S5 CERIEM ZnO
0 SnO, BIAH R R, B TTESI& ZoSn0; HitL, T ERNGEEE/NT
B R SRME, HH% ZoSn0; SEERBLALIT T TEM. ATS5HFHNETE
BITRTH, SERERA THESE ZnSn0; LB # A E AR S H 5 T
Txtk.

22 LI
2.2.1 B4 ZnSnO, ¥MHERH &

®21 LRALORRRE

Table. 2.1 Reagent chemicals and detection devices

£ SFR B FER
BE%WH Na;$n053 H;0 S EEERTHLERAS
LA SnCly5H0 sk LR AR AR
BRRAE ZnSO4TH,0 S LR R A
LA AgNO; SHTA ERMNFAET
H(EARE) Pt AL EHALLTHRAR
FAcH La,0; SHH ERNFAT
g PdCY, ke ERNEREHETS
K CH,042H,0 aiiE2) et 207 v e FS U
2k NH;yH;0 S RiLE) HE BRI ER M

P& 'K

15



ERAFT LR

B KB R bR R B 2 7
QuanX—§ & Tt AEIE X XEFEELAA
NETZSCHSTA449C #4317 {% EEMNBA T
DMAX—1200 B X HHERTHN BxEN
EHBTFEHE HZCHHATE
KYKY - 1000 B 3 i 6% PR R E OB

O BFFHEEBIELEDE (low temperature ion exchange, Bi#R L i£): 4 3IAcE—
B EHT T4 Na;Sn03+3H,0 fl ZnSO,+7H;0 RIKIFH, BEEETH M,
PR EERENRE. RERFBHNRERAERESL 15h, AZEFKRE
ik shiE, REEETFRET 100CTF T4 24 HAREHE0E. HaTHRAESH
EEHENTERS, —85HE 700°CHELE 24 if. BAEE, 1§ ZaSn0; B K, 8
KL (7000); H—#HFE S00CHEE 24 /M. RAOFRE, 8 ZnSnO; HiK, iBh
L (500C).
@ Em-JKILITIEE (coprecipitation of oxalic acid and ammonia, f&%5 C ¥%): 4
FECH — 2 BRI MTAE ZnSOp7H,O 1 SnClyeSH,0, BEFHITH IR E, A
ER, o, ZEMASKER PH=7. HEBL 15h, AEETKREHE
i, REEEETERMAT 100CT TR 24 MB R RE. HEIREE 600C
#Beke 30 /Y. T, 18 ZnSnOs ¥ K.
222 SHERBTHNOEE

RIELRERMNLR G AREEABEEETH, T TEEREEENT
HRLRAHEIM RS, FEVRRER, STHEAR. M, HAENE
REREEEER ST, BRI ERBENERF.
R EmT:

) BAKE: F5HIEER ZnSnO; M ARIE BB HAER, BN

HiRE;

2) &% ENFHTIALCELZETK, WEERRANS:

3) REWSE: BETHETS. SRR Au iR, I PoSlgid,

4) MHRE: EHEFHBERMERNEZEROBRERETNEE |,

5 BF: BRESEHMEHNEERATEAPETTE

6) Fedh: WMTREHITHBABRIF, 7E 400°CHREE 2 Mt HIRBETFE

N G
T) IoinigL: FERELFEANMKL,
8) i LET LATIR Pt BIRAMML T &5 HEEEM M RRE L

16



2 BEfERTRKES & ZoSn0; RIETBIERR

FREM L.
9) ik H EPIRE, BmARRERRK;
10) k. BEmHAR, THEREEML,
11) AT

v | e | S w]

R || 0 AuBERG | Pr SIRAEG '

(¢ 2l—fn ellomel—Tu &

21 LI ZHES
Fig 2.1 Flow chart of elements fabricated

LW EEN ABO, M EMERBE THESH, THTHSHALY,
B 2.2 iR,

100 B 35 B TR
BEEHEGDIE

1 " -_‘ r. ._

L AT .
T/ ¥ Ininek f{ .
A~ # Pk - _

r=

SHEREE,
wEl

B 2.2 AT TER

Fig.2.2 Schematic representation of a thick-film sensor element

£ LRGP, RINUBEEELHED, ERBRAGEMNAL, EARHR
BRIER TR, Pimit L& ERmRTIHN. SHRMERAEME . X#E
IR EET, MEREMALYE, MALTEREMHHEEEM, BRTH
RS mAMEEZ RALER. JFH, SHRRRA, BETHRESEM

PIRIERIRE W
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ERAFMLELRT

223 FAE

BTIR AR 7 B i QuanX—Hf TR E SURIT H47; BAM XRD 94 R
£ DIMAX-1200 & X ST ET8H{C E#TH, HELREAHH: Cu . K. FEH
.28, B 3omA. RREE 2°/min; BARMNBEE. KRR ICENERFHREY

AR EM

m |- T

= FH

LEYREF. 2 BEMM. 3 HEE. 1. MUK TRELARF, 5
mARR TARATE. 6 . TUSHR. S MLEARLAEY
EW. 9 wAHRLUABTEE. 10 RHFX. ILEREF X, 12
b ®d ]

K 2.3 ST RRX

Fig.2.3 The testing instrument of gas sensor elements

TEEH EEMA, ABEBRBORARNREREROHAENE. LRE
HW-30A SR SBOTH IR RZE 230 BB FERAE) LT,

ZRARABREENRE, BANKEHRE LA 2.4, BETETHMH
R Vi, BRI Ve, B RSBOTHF BB B AEE R, ERBE Vo K
A BITHRRE, T MAEETERATEAEY, FBAEYTHREF
Ao BULHRIRBE S=RJ/R,, HF: R, Ry BN THES P MBI 14
ealio LAY
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2 BT ERIGRELEH & ZnSn0; RILTEM AR

M 2.4 BT a e

Fig.2.4 Schematic circuit diagram of gas sensor element

Ay, SERENHEDTHE:
273+ T,

V=
273+ T,

HE)F, vANESESHERmD, VARSENERm), CHFFIHRE
(ppm), TCAZER ('C) , TpARSHERERE(C). HERMAER, EAREEERN
A (RRESH) B, BROSERETHQ2)HE:

_ (273+TB)xVxCx10'° X m
T (2734 7T,)x22.4xdxp

R (22) P, mARTE(@), dHBEERE(gem’), pHBAARE, HREAHR
FHT, Imol BB T LB 22 4T RIS, XK, BN E A B 1k
BEFE, BT ULEECA N SRR (ppm).

VxCx108 2.1)

(2.2)

2.3 ZERMTHE

2.3.1 BERMESH
S RIRE LRSI BA A = Fh 7 S & B R AT T X & AT5 oA R
HRWT:
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ERRFHE#MRX

60 80
B 25 L (700C) LE, &R 6 Sl &# ZnSn0, H A H XRD
Fig.2.5 XRD pattern of ZnSnO; powders prepared by L (700C) technology, heat treated for 6 hours

»

u 4 w AlS i A v - =

Lol e g b ha mow

2% k1] i b} 60 70 80 !}
*ZnSn(OH); +-ZnSnQ; W-Zn:800, ®-ZnQ A-SnQ,

B 2.6 RELREKHFFABYH XRD A
Fig.2.6 XRD patterns of powders on different experimental condition
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2 B ERREREENE InSn0; RSB A

ME (a) BATATLLEH L 81 & HIRTIK A A 4% 1) ZnSn(OH)s, XEEF K

R R4 NaxSnO; t7] LA Nag[Sn(OH)sh %o, ZEHHE ™ LA[Sn(OH)s)> B FAF7E,
FEAKBWP NaSnOs 2KBER o-BRER, FHEEMME. Zo"HETH
Na;SnO; 18] Na*, A£RATR K ZnSn(OH)s,» RIEAXMTF:

Na,8n03+3H,0=2Na"+[Sn(OH)s|* (2.3)

[Sn(OH)s]* +Zn**= ZnSn(OH)s) (2.4)
FTEAX A ZnSn(OH)s A B A ZE AR AR R EAMRE, BEBEREKDT,
R ZnSn0s. FTULME IR EAHT ML, CESIENHED, 88D
B SnO; M1 ZnO. 1 L (S00C) % & M AR AWM ZnSn0s, FTHIERRE
%, HAMKBRAN. L (700C) EFHEMEIR Zn,Sn0, M Sn0O,, XA HE
REAAESRT ZnSn0; RIFIE HH U A Zn,Sn0;, 1 B HAEE R AT K &
53 ZnSnO; 6] ZnySnOy HEM— M EEHRE, HELRF, # L ENHEHAE
500°CHREE 6 /M, 700CBEEARA TR FIRER [B], RIAERH &L, hIEHmE 2.5
Bizc. BrUligibabE et Bl h 24 B, HHALTEL.

¥

It I

T T T T —
7. 68Ke¥ 10, 3Ke¥ 12. 8KeV 15. 36EcY 17-92KeV 20, 4’;86\‘ 23. 04keY 28, IGKG‘V 30. 'TZICV

A 2.7 B m s E
Fig.2.7 The energy spectrum pattern of powders

AT HE—PRR AR R AT R, X L kst E R KEEAT T 68185047,
ZRWE 2.7 . NEFEMNATLLEL, H Sn. Zn HFTHE. BT H. OTE
RETRERRWAMITE, TR ICARER H#T IR, BREMEEI Na, S &
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HRAEBEF AR

BRI, FLHTS N A4S ZoSn(OH)s B K .
232 L sEHI&NATERAR DSC-TG S ER

i I g
)esk:“ll. ¢ peak:727.5 +00

100 .

Lo.sa

\ﬁr

Lo
954

--0.50

/1
Nasg Change:-20.30% | b-1.50

851 F-2.00
F-2.50
]
04 __5'_ -3.00
poak:276.7°C L 3 50
100 200 300 00 500 800 700 800 %00 1000
Tesparature/>c
pse K"m peak:409. 3°C
" 0. 64
0. 624
0. 69
0. 53
m
0. 58
1
0. 644
350 00 450 T 500 560
Temperature/°;
B 2.8 DSC-TG 4t ih

Fig.2.8 The curve of DSC-TG analyze

ATEFMTHE L EREMGEEE, BAOK 100CTF TS 536057 35 4k
177 DSC-TG A4 MTORH £ % ZnSnO; BB 1ERRE. ME 2.8 $H) DSC-TG
BHERAATTLIE H: 7 81.3°Clf, ATERVRRE S IF 45 1 2 IR B 7K B 7 A IR AR
TEMEE LR A—DEPRMGE, 7 276.7°CH, HSIFHRBELRK, A% L
RRAA—BRHIR A, Si BRI KIEEMRERS. 100C~400C
Wt B hE R, wREHITEA ZnSn(OH)s KB H#3IEMN. 7E 409.3°CH,

2



2 BT EBCRREESE ZoSn0, B ESHPEaEaTe

TR EAE K ZnSn0s, REMHFER K.
ZnSn(OH)s*nH,0—ZnSn(OH)s+ nH,O1 (2.5)
ZnSn(OH)s—ZnSn0s+3H,01 (2.6)
EREIMREAEES, Fa—HELTRERS, SLEE 2030%. 4093CHE
EMFI R B GR TFEBRRE I 727.5CH BB — A g, X 2 i5F ZnSnO;
FFEE M ZnaSn0, %, HFAIMKE A4 ZnSn(OH)s, HTLAFE ZnSn(OH)genH,0
Bi %4 5KE, HEEMEND ZnSn0s. 43HIE 500°CH 700°C A H AR ZnSnO; #1
B, REWREBHBEERER.
233 AREIFIEHENRBENEM
L (700C), L (500C) 1 CEHIE HE ZnSn0; By K #1 & KR RS
B, EAFRNZERET (200ppm ) 1500ppm), i #3177 REUE
W, ABFRITLED. @ L (5000) $i1&EMBRES LEEFRENHRHE,
T B SB7EHI & ZoSnO, B R EIBH C LA, HEIBIERBHT.

20 r 17. 593
18 + —o—L(700)

16 —&—1.(500)
> 14
12
10

Sensitivit
oo

L 4

2 ¢- ¢
200 400 600 800 1000 1500

Ethanol concentration (ppm)

2.9 ARF & T EHE K ZnSn0 By KX 2B BRENIRBEXRE
Fig.2.9 The relationshiop between sensitivity and concentration of ethanol vapor in
ZnSnO; on different experimental condition

234 MATEREMMNSIIEEEARE

InSnO; SEERBE T L ERRARSE DT EM R - MELYRMREE
. EREBARETLE. FUTHERERSBIEREN—EENHRISF,
BREELTHREREMANEZ—. 25EHE 1500ppm K C;H;O0H. Hi. LPG,
NH;. CH;O0H 1R 4%, TREE M 150°CH] 400°CXF L (500C) 161 &) ZnSnO,
SEERBETIATFEEEASFEERNIR. AEPTUEHSEERS
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ERRFI R

%t C;H:OH F TR BUE T LRt iRy, £TERE X 250C, L

20 —e—CEthanol
18 —8—Hydrogen
16 —i—LPG
14 —»—Ammonia
L)
ho g —»%—MWethanol
7 12
S 10
o 8. 897
d:g 8
6
4
2
0 -l L i J—

150 200 250 300 350 400
Operating temperature /TC

B 2.10 SEEERN TERENRBENXR
Fig.2.10 Graph of a relation of sensitivity-operating temperature

REREN 17.593. 54, ZoSnO; 3 HEME —EREE, MHLESEMNREEY
HF 3. ERETFERBT, BHE ZoSn0; REM O HEAS MM o BE
MERFREAUEERN, FUMBEENRBERE, W THRRE, BHTF
BETFHREMEK, REEHA, L ZoSn0, MBI REES THRES, &
THHZEREAREE. EBHAREHTAEREA ZnSn0; /A HBEHR
M RALIT T T &5t
23.5 BEFEFIRE IR E

EZEiRA 25C, HWREN 76% %M T, dH L (500C) #i&m<8E
BBRHT T WN-KENR, mESHEPENZESE 1000ppm, SEHTER
MRBE—R, BHMRERE 2.11. NEBFTLUEY.: JH8ERSEHOE
SikJE, THEERE, AHEEREYNTELRIEERERS, EBFSE
HifR B AR, SERERERTIIFERS. XM R RE, 550
A 8s F19s,



2 BTERRRLEEERE ZoSn0; RESBHHEAR

5 b . B
o ethanol . Temperature:25C
4 '\.P"_"'"""‘""‘*""""“_“ Humidity:76 %
% i ¢ Concentration:1000ppm

> i : Heat voltage:4.4V
33 : z
g .
= ‘ :
S 2 ! ‘ ;

1 l ! l k\ﬁ"\—a\i-r—\——\,—

0 LYtaresses Lot o004y | IPERTENTEI FERET OO | RN NEEN lI ||||||||| M |

0 30 60 90 120 150 1808
T/S

B 2,11 SREERTRE s

Fig.2.11 Voltage response curve of gas sensor

PR ZnSnO, T PE R R REAHSHIRSBoLH, $1& 7408
HRZAR ZnSn0; MREk, HRAHK L, &, SNEEEHELZNTE
o, EHREPFAETN, ERXMHERT, 7 ZoSn0; BHEIESFHHHY
R ERES, XEHERE LHET, REBKBRRIIBENS5SH. LR
SFUYRANFEARGRTR, FHEER, BTARMEEHBLKE, Ei,
ZoSnO; REERBEZTTUPHREN, KXTLERLSERMEASY, LRETUL

Or. OR 0", WRABHBHRE. XA N B L IHKE, BRBETHEL,
R BRI, AL R Z B R B AR, B R RIR A R 4
RN, RMEBRAET, SHIULB2MIE, BT UEESHEERR N,

236 KHTIERRENH

EXFEMFAT, SEERSHRBEIEREEER—NEEMESH.
FHR ZnSnO; SBERBRTRKMBEN T, £28KEY 600ppm B, 7t
BS L (5000) #ATT 720 pEEEMLR, hBTM: 7720 Mefch, HRHR
MR, REER —EMRE, XTEEBT ZnSn0, KA EIHIMMT
HRET, TRRKREE —EREHKK, SHEARERAREFEHE FEE,
BREMEREDN. XTRYPLAERERTEH — SRR ST,
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BRIFER #4050

26. 037

Lo2]
T
O

Sensitivity
(5]

3 I i i L I i i S i J

12 24 48 72 96 120 240 360 480 600 720

Time (hours)

B 2.12 REENLERHZENXR
Fig.2.12 The relationship between sensitivity and operating period

2.3.7 SEM & #

FF SEM %} L (500C) HIBURZEHAT T MBS, MEPRITATUMERE
1000 5 F, ERBFENHREL, HRELL WAL 3000 & T FuaT L
B E ENREFR R85, Lghbgnansmit.

s "1-."“:;_ i) e X 1000 ’A;R - J:,,xuum
| ._._.'1 FiLel¥L & [
R A s Y WAL B

- ¥ h‘h‘-

B 213 ZnSnO, ¥1559 SEM E
Fig.2.13 The SEM photograph of ZnSn0O; powders
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2 ETERGRESESE ZoSn0, REARMSHMA

£ 8000 fE TA B AUB A, H—EWHERAR. A FRARTA/h, |
RARREA AR BRI, 550, TTYTHILGEHMBREBER
FRERIRM, $&EERENTIHIIRBUE,
23.8 TEM 447

L (5000) M & LA ZnSnO; WA B F K ZE S, BESEUS M TEM
AT, BLTFRESRME 2.14 BiR:

— ]

1Hhrm

JiMnm

B 214 L (500C) #:H|% 87 ZnSnO; BIR ) TEM B A
Fig.2.14 TEM photographs of ZnSn0; powders by L (500C) method

L (500C) &HI& [ ZnSnO; BAREEI TH4KE, BTRERA, FHARR
Ry HEE, ARREBA™E.

24 KEHiE

MABFEREEAMNBRNEERETHER THZBAEREBRBEN
MR ZnSn0; SEEEE. FIA X HETHAEgE LR s
fTor#r. b, FIE DSC-TG XML bIE MR AT RBRE, 8%
RMISSERABIT T KB, BEMANTBEUTER:

(1) FiEwl& HEAAKY ZoSn0; MK, bk 5 B R R A4 LTI
SR, TERS, fEOREER N 500°C, SEM PTHEHER, H1&HHK
ZnSnO; FiFE A5 . FIF TEM WEHR G, &3 T K%,

(2) L (500C) H:H|# K ZoSnO; UH{EHEE, EITIFRAEN 250CH,
%t 1000ppm () Z S BM R BUEiA 17.593, HXf Hyv LPG. CoHyw CH;0H F#t
BEN B3R, WN-PKE IR 22510 8s 0 9s. A3§ ZnSnO; TR R R A G B IF T
BE, ARSI LAENEREREITT 7.
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3 B2 ZnSnO; KB TR

3 382k ZnSnO; SEUS R

3.1 5l&

HEAMIERKFHESOANFROBEER I8FFR. FELENE
W, WAREHE, TESMEEUEN R AR RENRAHRREETE
mER, ZBAERER. £BPHERSBZ—, AMNBEREZESHAELU
WOBERE, BERIHRARE. Eit, ZESEMEARAMANES, H
BHERAS Y, HEIHFAREZMNE SnO2. ZnO. Fe,0s REH MK InO; E S 4R
EAMH R ZnSnO; RHF R SEMDEZEME, fEh—H o RS BELY
EZEMEL ZnSn0; REH K, REERAMAKER A, ZoSn0; fEAEH
MHERREFER, BERNEBFHESMERE, BREXENAS, M
WAFE—LEE, WRTEM, FRER, FANSIARRRILERESS, &7
H—PrEmESEtR EEEREMEPBLAERREAT, FHONFERER.
BLEEELYE. RERESAERRTNARKEZ, #E&BESEMHG
ERBRAFNAERMER, —RESASE, —REnEEs™. BEARRT
JLHERERUENEER, MERATHEGEN ZnSn0; M KT T BRHF N HH#T
TRBIMATR.

R B 2E S A0 A 8 XY B R — EK LU IE VA S & K] ZnSnOs By RIFATIB I L,
MRERER: SHEeERAMLYMLL, BAFALY TiO; H Lay0;5, BRE R 5wit%
FIfEt# ZoSnO; BB HMERE, BAER ZoSnO, ERBHNRBENZEHNA R
ERE, THERESEREEK. BT LEBMAR, RINERT TiO,. La0y M5
R AT ZoSn0; AT T Bk, I H A SEM ME T AR B AR Bk
BHIREER, FHXLMEHITTHE.

3.2 X
3.2.1 SHERRTEEE

HZ 4 ZoSnO; AR I BFRIEK, 2 BIBEAEF e, BIRSTE K Py
FAREREUEFELFLE). AgNOs. PdCl. TiO,. La0s (A4 435
A ZoSnOy AP, HAEIE, MAKER, FEFEHNE, BREIF
B HRAMALMBEST AL, FHE24 N0, H4EE 2 e, TBAESEER
B,
3.2.2 THFRAERMK

BABTHRANMRE P, THNSSENAEEAENRATEH
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ERRFW L F1IEI

HW-30A MA#BRMN LR FEFIARRIEZ, SmiAE+F s AENE
K. ZnSnO; B n MEBAMMET iR, HRBE S TH RaiRew KRR, H
B Rair M Ry ABIRFESPHHRAERFHMSAFERHEME. MA SEM
(KYKY 1000B) R (& E 53T aR ML,

33 &R5ihE

3.3.1 FEBHRMFI RSk R BUE 8 %00

Sensitivity

20 [ —e—Fthanol
18 | —#—LPG

16  —a—Hydrogen
14 F ——Ammonia

12 F
10 |

4 . . N —a
25 ;-——-—;; e ————
0 ? I . ]

200 600 1000 1500
Concentration (ppm)

B 3.1 4 ZoSnOy XA RS KK R B

Fig.3.1 The relationship between pure ZnSnO; sensitivity and concentration of different gas

WA 200ppm 600ppm 1000ppm 1500ppm
C,H;OH 2.546 6.301 14.645 17.593
LPG 1411 1.645 1.376 1.424

H, 2.49 3.016 3.327 3.601
NH, 1.145 1211 1.698 1.806
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3 B InSn0;, THAFMIA

[
=

W W
o,

[
[T = 1

[y}

Sensitivity
[y~]

B 3.2 B A Swi%La;0; ) ZnSn0; X A B 4 44 R 8

—a—LPG

—e—Ethanol

—a—Hydrogen

—3— Ammonia

—&
600 1000
Concentration (ppm)

1500

Fig.3.2 The sensitivity of additive 5wi% La;0; in ZnSnQ; to various kinds of gases

AR 200ppm 600ppm 1000ppm 1500ppm
C;H;0H 2.087 9.962 18.973 37.342
LPG 0.962 1.062 1.059 1.01
H; 1.298 4.108 8.194 10.408
NH; 1.250 2.779 2.653 2.980
B —e—Ethanol
30 } —®—LPG
—a—Hydrogen
» 25 —»—Ammonia
= 20
=
g 15
(7]
10
5

B 3.3 B 5wit%TiO;: 1 ZnSnO; W ARSI R %A

[ q r
0
600 1000
Concentration (ppm)

Fig.3.3 The sensitivity of additive 5wt% TiO; in ZnSnQ; to various kinds of gases
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HERE 200ppm 600ppm 1000ppm 1500ppm
C,H;0H 2.762 8.426 20.183 31.012
LPG 1.008 0.923 0.914 1.090
H; 1.009 2.853 3211 3.853
NH; 1.375 1.885 1.641 1.830
25 1 —e—Ethanol
—e—LPG
20 —a— Hydrogen
—»— Apmonia
by
o 156
k=
= 10
@
v

& 3.4 B Swi%Pt ] ZnSnO; 3 AR R B

=

—

|

600

1000

Concentration (ppm)

1500

Fig.3.4 The sensitivity of additive 5wt% Pt in ZnSnO; to various kinds of gases

SERE 200ppm 600ppm 1000ppm 1500ppm
C,H;OH 2.207 7.627 16.022 22915
LPG 1.018 0.985 1.047 0.938

H; 2.806 4.524 7.736 11.137
NH; 1.100 1.119 1.123 1.055
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3 B ZnSn0, SBEHETIR

Sensitivity

07 —e—Ethanol
60 | —®—LPG
—a&—Hydrogen
50 —¥— Ammonia
40
30
20
10
0
200 600 1000
Concentration (ppm)

B 3.5 B Swi%AgNO; # ZnSnO, M AR SRR HF

Fig.3.5 The sensitivity of additive 5wt% in ZnSnO; AgNO; to various kinds of gases

ARE 200ppm 600ppm 1000ppm 1500ppm
C,H,OH 2.167 6.412 15.337 19.102
LPG 1.105 1.456 1.443 1.579
H; 4318 14.958 41.709 62.775
NH; 0.998 1.002 1.026 0.998
60 r —e—Ethanol
| —e—LpG
50
—&—Hydrogen
> 40 —%— Ammonia
z
% 30
w
5
vi 20
10
] ——t’____;
200 600 1000 1500

Concentration (ppm)

3.6 B Swt%PdCl, B ZnSnO; X R [F S k] R R

Fig.3.6 The sensitivity of additive 5wt% PdCl; in ZnSnO; to various kinds of pases
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ERKFR IR

AR AT 200ppm 600ppm 1000pptn 1500ppm
C;H;,0H 2.806 8.239 16.11 23.369
LPG 1.918 2577 2426 1.059

H, 383 10.962 34371 50.785
NH, 1.816 2.309 4,527 5.548

FEJLERSFER T BARRMRENA (TN LRTIN, ESLE
SEA ZnSnO; FAEM 5%) HI1&M ZnSnO; SHEBRBEABMSRE T
CHsOH. LPG. H,. NH; MIRBE, AT HE, 4 ZoSnO, & M HMEHE D
BREAEA. BZIERRNTUN LEMEPEERHUTER:

(1) 7E ZnSnO; MA F I Laz0s5+ TiO, R &K Pe(H EKIEME UL E T
{FF7E), AgNOs, PACL (Aaid) HitB AREENRBSBERENT
MR EE. HPEZBESHEN 1500ppm MEG T La,0; B ERAX ZBHAR
BE, 54 ZnSn0: HIERN A BAREMY, HRARERSTHEES. T 1
ABEEERABENRS InSn0; SEEEBNZENREE. BARLSRERY
MNEASHARENZEHNRAFNENBRAZEHE. BEBA Lay0s M TiO, #i
%/ ZnSnO; ABE RN LB RANSEIERE, FrLlB A Lay0; 1 TiO, #
&M ZnSnOs S UL R B % Z MBS MG — B AR,

(D AELRPRIREE AgNO; 0 PACT MBATT LB E 1R #H ZnSn0; K
HEREWNEASUREE, FHIRESSSA 1500ppm T, BA Swi%AgNO; 1
ZnSnO; BTN LA T R BUE R ZnSnO; §7 17 15 B A 5wi%PdCl B ZnSnO;,
SRS KR BUE R ZoSn0; 1 15 8. FiLIX 4 BB ZnSn0; §14&
B e AR R — PR,

3.32 #A La,0s, TiO 8 ZnSnO; SEERBH BN TERE

IFREAGREBBEGEN-DERER, BRER, EERRIAEREEE
BABRHRHEZ . NEESER, FSEMBEERK, FHREENRE,
MAHTEEERRASARMFTFNGEET R, SEegRE; T/HRED
i, REAESKK, FRTKRPNRENE. 254, FERETABREOGRER
BEZ® RIAFERZAEAMER. BEGENAS, LSEMBN TN
K, FORABRSESER, RBEREN, RFRRAIEM, BRHE
ZHAK, BEREHSEHX, XTHRECIEFER, BRENXTEHA. B2
BEREMAR, RERMNBBRSENAENEEBRHE, F%HARRA



3 Bk ZnSnO, SEATHENI T

B AE M, ELFERERNBEMIHENRAFEFTFRARR, TERAR

25 7 —s—5wi%La203
—a—5wt%Ti02

— o
[} <
T T

[
(=]
T

Sensitivity

on

0 ] i 1 A 1 —
160 200 240 280 320 360 400

Operation temperature/C

A 3.7 # A Lay0; # TiO: ) ZnSnO, A B R BN B ix TIERA
Fig.3.7 The optimum working temperature of additive La;0; or TiO, in ZnSnO;

B ERNE IR SRR R HTILEBERRFE R, FRERS BN RERHENR
NAE, BER—FRBERRGTERET, REMEETRR, #8280
BB AR. SBEERSNERETHERE T ELRIL. B 3.7 REZBKRE
3 1000ppm F, #E0 LayO3 F1 TiO, 9 ZnSnO, = B M 8 T MR IR BRI R B 2 Jal
HESE

R 3.1 2 ZoSnO; MBS ARMAIRIE BB RE THRE
Table.3.1 The optimum working temperature of both and ZnSnQ; with additives and

Pure ZnSnOs(1000ppm)

L% Bk TR RPE
4 ZnSn0; 250°C 14.645
B A La,0, 200°C 18.973
B A TiO, 360°C 20,183

BRPEERMNTE: BA La0; J§ ZnSn0; SPEEB BN I IEEREH TR
%, HEETHEBEN200C. MBATO. 5, RIEAEEKIEEmEE, X
FEREFEHE—PHAZY. EREFEEET, 58BN Ti0, H) ZnSnO; SHEAEHRM
t, BA LayOs 3 ZnSnO; R RIEH R TIRALHEM, R XEEERS nsn0;
BIERBRN B RBE .

35



BRAFF R

Voltage /V

Voltage /V

3.3.3 BNRMFI A S G5 228 i AT M R -k & i ]

] ;
| z

4 § ethanol
3t i
2
1} '
i air ;
1

0 30 60 a0

T/8

Temperature:13C
Humidity:70%
Concentration:1500ppm
Heat voltage:4.0V

B 3.8 BA swi% Lay 03 § ZoSnO; S E B A B Rl
Fig.3.8 Typical voltage response of additive 5wt% PdCl; in ZnSnO;

51 : ethanol : Temperature:18°C
: A }  Humidity:70%
¢ : §  Concentration:1500ppm
] : . Heat voltage:5.3V
e ;
2 } :
L § |
air i !
TR N TN NI FSE TSN AN NSNSV PRSI NITRT] ETNENE NSNS FRTRUV U I

0 30 60 50
T/S

120 150 180 8

3.9 B 5wi% TiO, 9 ZnSnO, S A H 2R A8 [k th 4k
Fig.3.9 Typical voltage response of additive 5wt% TiO; in ZnSnO;

7E C;HsOH SRR E 4 1500ppm B &4 T, S B ML S 4P EUE RIE—IX,
X La,03 M TiO; S INFIE S BUE R R T8 3.8 71 3.0 KR A A
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3 B ZnSnO; SEFHHETR

Voltage /V

Voltage / V

MBFEMNTURHUTER: (1) YZEHASHEN, BEREED, mak
R RR, XM KMRETEHF TR AR, LB b AR
BE. STASAEHFSN, REREMAD, SAKRFEEHBEEREE. (2) BA
La, 05 7 ZnSnO; 5§ 14 3 2% B W SY B 8] ik 9s, $% 8B [8]3% 10s; B A TiO, ) ZnSnO;
SR SR A IR T (R 7s, TR EESRNIE 125, R LFRAIMRERT,

Temperature: 18°C
b B .
o ; hydroge : Humidity:70%
' L : Concentration:1500ppm
¢ I3 : Heat voltage:4.7V
2} g
1 air

+
0 I_I_AJIlllllllll]l!‘!lI[lllllll_l_Lllllllll]lilllllllll}Jlllllltl'

0 30 60 20 120 150 180 8
T/S

B 3,10 B Swi% AgNO; [ ZnSnO, S BiE R RN s E b4k
Fig.3.10 Typical voltage response of additive 5wt% AgNO; in ZnSnO;

Temperature:13°C
Humidity:70%
Concentration:1500ppm
Heaf voltage:4,.7V

hydrogen

mmmddm e .-
v b

o
D L Y

1,9,,5

air b air

1
METEUEEIEE SADENErEEl FESEENEENE ENNINE N RS RNyl TR s awwy

0 30 60 90 120 150 180 8
T/S
B 3.11 B A 5wi% PACL, i) ZnSnO, SB& B B H 1 IR th
Fig.3.11 Typical voltage response of additive 5wt% PdCl, in ZnSnO;
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7E Ho SAAWRBE A 1500ppm BIRH T, SERBI X BE I BE K, A
AgNO; Fl PACL, I S BUE SR T8 & 3.10 70 3,11 M ERISEFEE.
ME G RINTUBHUTEiL: DEAENTHN, SERERED, WERLN
PR, IR ARy B R LA F) T I AR BR AR, A0S B SEBR AR B A
LITASEHSHE, BA 5wi% AgNO; B ZnSnO; S BRI MR RE HERE,
EK B Rk B ERAE, WEHAREN EAMERMEEHRE. TBA Swi%
PACL, ) ZaSnO; UHfL BB B E ML EIT SRS, BEERERERE,
EXRPERMBRIBA Swi%AgNO; i1 ZnSn0; SHA BB AN R BER
5, EEMNSBHREMEENRE, TESFHANERK, LAKMETRK, X
ET—EFELB A PACL Y ZnSnO; §l & A BEHBE A LR R R AA.
3.3.4 SEM &

LT 2 52 A La,0; F TiO, # ZnSnO;s 7€ 1000 15, 3000 %, 8000 1% 75 SEM
WA, MR EERATTEH T 4R,

zuﬂn‘“ o
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3 7% ZnSnO; SHEFFHH R

B 3.12 # A La,0; # TiO, 1 ZnSnO, #1 SEM BB H
Fig.3.12 SEM photograph of additive La;0s, TiO, in ZnSnO;

(1) B A Lay0; # TiO, #] ZnSnO; MR ARLL B4 /b, T B &b ek

(2) X}EE 1000 £%. 3000 f&5 8000 {5 # SEM B A Lay0; f ZnSn0; H
B TiO, 8 ZnSnO; BB ERESILAM I RUBE . XL BEHRAFEPL
B AT 3SR PR B .

(3) A TiO: 19 ZnSn0; K35 A La,0; B9 ZnSn0; R A —4k, HEKH
BMZHBA Lay0s ) ZnSn0; B E L, 7E 8000 &/ SEM BT, TA1eTLL
HWREFIB A La,0s B9 ZoSn0; KR M L5 HAHXT FLEHAL XA I FREMHE
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- HA-

M 3.13 A% &K ZnSnO; 1 SEM i
Fig.3.13 SEM photograph of additive noble metals in ZnSnOy4

Bl ESHIEBAREER ZoSn0; 7E 1000 £5F1 8000 159 SEM B, BATA(
B T4

(1) BAKRERE PHEKERSUE FRERIEE), AgNO;, PACL RISHKE
Rt &R/, T LB X /MDA .

2) HHEMMEEEMBETHERELS, TRBARSRE P(HEIKER
JEULE FRAGFE)NEERE 55 A AgNO,, PAC); #] ZnSnO; B E ML & I3
#, M SBOLSRR R SRR,

(3) 7E 1000 f& % SEM TME S|, REERE KA, REAHN, Xk
oM T AHURMER. SREBARSEML, B PdCL #1 ZnSn0; MSALY
MEHNNL, XEH5 05T MR RRIEECRMOER, NEm
ERNSAEHREE.



3 55 ZInSnO; S HEAS MR

3.3.5 # La,05, TiO, B9 ZnSnO, SHEBRBRH TERAEN ZER K
BRIEN

FEEB D RITEBA LayO; 1 TiO, B ZnSn0s S A BB AMIMER R EA
W& 1000ppm H ZEEA R F. WE 3.14 B, 7 12h 3 720h XN AR, &
IR, BA LayOy 5 TiO; 5 ZnSnO; B S5 BB 72h Z FI% 2.8
REUEHER RN LBERBKEE, B 205, SEHBRNZHYRBEL
FRIFIEE. WICEIE: 5N pd MERESR, RMEL-ERK NS Pd
HFEHHSM, AR RBERAET, B, BA Lay0s # TiO, 5 ZnSn0;,
BRI e TR RS B R U B3k — 2B 4R B BT B L O O 76 R T B A A TR C,HOH B,
La,O; 1 TiO, 7E ZnSnO; REMEH A HETHE MM . XH WS et &<k
FRBMRBE., NERALUES, BA LayO; M TiO, i ZnSnO; M H: s
M AT ER RS,

25 e Swt%La203

-8 Gwt%Ti02

2 r

Sensitivity
sk
N

10 +

5 ! L Il I A L L

12 24 48 72 96 120 240 360 480 600 720
Time (hours)

B 3.14 TAHERE SR BT 2 B HIXFE B Lay0, F TiO, 19 ZnSn0;)
Fig.3.14 The relationship between sensitivity and operating period (additive La,03, TiO; in ZnSnOs)

34 XEHR

AT PUA T AKERIE B FRAFLE). AgNO;. PACly. TiO; fl La,05 (35
AT X ZnSnO; #EAT T B R, RIVBLFHEEARFREE MRS ZoSn0,
MHOWPIRBAE. #HA SEM MERBREERDLSRRTTRE, itHP—
LS BRHTEBENME. HALERT.:

(D EREBEMMLL, La0; REBERE ZnSn0; BB Z B RHE,
54 ZnSnO; I &S BE R BMIL, HAMFRSTHEE. Tio, BB AW
BEAREFNRE ZnSnO; SEARBN LBHREE. HEHRET AHBN
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ZEMGEEE. BARSERIIN ZnSnO; 5 80HER N Z KR BUE KRR
ARBHAE.

(2) BA Lay0s /5 ZoSnO; AR B TIEREFFRK, HEBETHER
X 200C. MBATO G, XKIHEETAEENRE. ER%EET, 58
A TiO; i) ZnSnO; S F L 2R, B A Lay0; 1) ZnSnO; L R R TIEREFEIR,
FlE X 66 B R A ZnSnO; SEUE R RN Z B REUE.

(3)$ A La,0; 1 TiO, B ZoSnO; SRR R F RIFAEEHENTERE .
BN La0; 1 ZnSnO; I 1532 MW RERT (R]1X 9s, KBRS EK 10s: BA TiO,
K ZnSnO; S BUfE R B 0w SL B [R)iK 7s, K BT A)IE 1250

(4) HEE AgNO; F1 PACL B AT LLEE#R G ZnSnO; SBEREHNEAR
RIR B, A RERSTSFN 1500ppm T, BA AgNO; ) ZaSnO; S ik 2
SHEARMRBERA ZnSn0; B 17 . B A PdCL ] ZnSnO; SEUEREBHESR
B R BUE B4 ZnSn0; 1 15 5. 7EXM KA EshER R R, BRRB
A AgNO; B ZnSnOs S BB R M T AR PR, HEERBHAHER
Mge i E, o EEFRERE, TRALMEA K AUET -EXEZUBA PAC),
#) ZnSnO; #l &M EREBREA LR R R IHA.
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4  ZnSnO; B PACL, #|& S e B B 71

4 ZnSnO; 322k PACL H| & S HE BB R

41 317

ERAERBRERRAR T DY ERR Z A, MEIMAR B R
HERR UV RENABEARAMHRTE, SHRAEE, SHER, Rk
EAASNERERENTREENSY. SRR ETHARLRBREART
FRHRESERAAPEL R R-AESEMNTL, FHEREMNSIEE
BATIAERY. BRTOIABZEMHE EE6E Sn0, M ZnO. ERFAMHAT R
5 & B LI B0y CrnOs. Y0 ZHMFIR AT BLER ZnO 1 SnO,
SEERENEA[SHREE.

BRY EESENY ZnSn0; EEAFZHHREME, AR EEEARN
TENBRIZHHNA, CLHEETHARE. RERHHRERE. B
Bk K% R KT HX Z B B g ARIEP, ZnSn0, B 20515 < B k387
H, BRI R FOCIREE D>, KREAX ZnSn0; HIT T —RIIB LR, £
KRERT RN ZoSnO; A B I PICLFIZE AR AR BN EASEERAHRH
FERESIE, mM-RIEEE, BEtBF, HHESASRNSEs.

XHERART REABREMMEBRRNER, RABIE swi AREFESBEE,
TEHB IR TH ZnSnO; M B R H EREMNRBE. A3 T LR
BER, HEFREAALHNER AR RS,

42 3§
4.2.1 PACl, BB A FN1E B ER AY Il &

ME—EEH ZnSn0; K, W—EBEMKRFHE 1wt%. Swit. 10wt%H]
PACL ¥I5RE, MA—EBFHEN (ERHBZA M EK, RBEEEY 5~
10 738, BHANRBDSRENRNEET L, 7 70000k 2 Mit, TIE4s
HEAREESHEAEHR.

422 LRI
BRBUTABRARRRS, FrE RS8R EE HW-30A ER R Ll
GR R . TSI C:HsOH SZ AT, &RMREFSIABUES. HANES
By 50%~T0%, WKL H 18°C U RAAERTAH B o @ g3 i
BRI ERN. B BN R BUE S WA RurReatano KET, HH Rar F Ropanol
SRRFESPNAEM U R ASFES R
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43 LEERIITIL
4.3.1 PACL, R R A B S HIERBREENF W

]
(=]
1

—e—Ethancl
18 7 _a1pG
16 [ —a—Hydrogen
» 14 [ —%—Ammonia
=)
|
10 f
w
3°
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‘e . . e
2 *__7 H
0 1 1 L I —_
200 400 600 800 1000 1500
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B 4.1 4h ZnSnO: M AR AR R BE
Fig.4.1 The relationship between pure ZnSnQ; sensitivity and concentration of different gas

ST 4.1 FIE 4.2 A LAF HB A 5wt% PACL, £ ZnSnOs X Hy (7R S E 14
K&%, 7 1500ppm KA T, 4l ZnSnOs X Hy REBEHEIR S 15 5. XTHE
EEN: €BEMAY ZnSn0; SHELFLTESHH™?), HEREREFER
FIRB IR 0, O, OV E AR R, SXLRMENEHAEATTFLTS)
Ve, omEEEREE. EREAH FTIES FELEROEMN, S5
FHEERBRERMERMNERK, TERKENTERTRREB®REREA N

——1%PdC12
50 | —8—5%PdC12 50. 785

—— 10%PdC12

— |

200 600 800 1000 1500
Concentration{ppm)

42 AR HRET, PACL ARES K REENZN
Fig.4.2 The relationship between added PdCl, and concentration
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4 ZnSnO, B3¢ PACL, #1 & S A HE R HR

HAPHBALAL B RO, M7 AR SERROERTIEN. R

R FE
H; 20 —0+H;0+2¢ (4.1

BARERBLEY PdCL S, Pd 3t Hy HAEHFHENER, RREREFER"
R, FRAEESEMERE LBL O, REEdntk, BRELEE, A8
iR . NE 4.2 FET40: B Swit PACL 1§ ZnSnO; ¥ H, ¥R BUEEIRE &
HE. XTTHEEEA PACL, BRI DOwt)EERFWHE; PdCL BAL LR
(10wt%), {E3B7# ZnSnO; KIFREI K, @A H fEEMRNELAHE.
BEIEB AR LM PACL, (Swt%e) X Hy IR BERE. BAR WS % TiaEH
MR EBAERRHEARD,
4.3.2 % Swit% PACL S TE R EMTE

60 r
~—~Ethanol
50 | —=—LPG
—i—Hydrogen
40 - ——Ammonia
—%—Acetylene

- —e—¥Yethanol

Sensitivity
(%]
=

20

—n

200 600 1000 1500
Concentration (ppm)

4.3 B 5wt i) PACL, 8 ZnSnO;y M AR AR H) R FUE
Fig.4.3 The sensitivity of ZnSnQj; additive with 5wt% PdCl, to various kinds of gases

ME 43 FROITLIE B Swieft] PACL 05 Bhkixt Hy BRI R
FE#RIRE, 7€ 1500ppm A LUER] 50.785, Xf LPG. HX. M PEHARBUER
K, MZEHNRBEH L., XERAZTRHHUTRATE: KEMNEERLE
FERREE R B S0, WHEAE ZnSnO; MRAHKBSR, Sio, BAERK,
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Fig.4.4 SEM showing surface microstructure of ZnSnQ, additive with Swit%
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Fig.4.6 Optimal working temperature of ZnSnQO; additive with Swt% PdCl,
46



4  ZnSnQ; B4y PACL, I8 B e 284 BT AL

ITHERERERBZNAP A N EERF, EEENMREET, REEL
tegmm™, BB T B2 Swit PACh BT #I a0 ZnSnO; # BA87E WA S kiR
&4 1000ppm BB TEEE . MAHRXE 160°CE 360°CHRATA LIMEEF],
THERFER 280CH, SEARBNRBETHRERRKE. THEEENMFER
SEERBLRLEXE, SEERRLERENE—PRREER AL P8,
434 BEHME &I E R

5
: :  Temperature:18C
4 : ¢ Humidity:70%
; : Concentration:1000ppm
> i hydrogen . Heat voltage:4.7V
s 3} Y ¥
= 2
P
1 P
Y .
3 air i : ar
[T T T I T W N FTR TR TR SR EEETE RV STENTENEEE INT R RS I
0 30 60 90 120 150 180 5
T/S

B 4.7 B Swi%i PACL, ] ZnSnO, i Ik ghsk
Fig4.7 Typical voltage response of ZnSnQ; additive with Swt% PdCl,
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Fig.4.8 The relationship between sensitivity and operating period
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Fig.5.1 Double layer of n-type semiconductor and energy band
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WRERHHSRE, HhARENKRKESR B LR IOKRATETSHE
., AHERTFEEATURTA:
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Fig5.2 Energy band of bottleneck and its equivalent circuit
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Fig.5.3 Ideal perovskite structure illustrated for ABO;
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Na—F 2B EERZ ERE
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XHAERMBITEREABLEXER,

BT npoPy, BUZBE T RER, TEAABRTFRESH (NpNL. ERRE
®T, RAAHEE Q= (Np-Nu) de, H d ARAHERER, ZHLT 2
T Poisson J#2 (5.10) $HEREEE . =06, BREie, aEH07

____eNg
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P, AR A:

kp(l-8)=k'6 (5.15)
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5 HAFILYEFE InSnO; R B TENEWR

#: k,=k/k' W EATER:

_ k,p
¢ “Trip (5.16)
FL q RASEGERNp TR, q, RFTH BT A7 B 8 G i f e
AR, WM. 8=q/q,, NG 15ZBEAH.
_kig.p
~rip (5.17
RGN AR Z RBHFRLTE.
AP qu— BB FHIRBE AR E;
— LR E,
P—RMRESFREDTHSE;
k—BAB B RE K,
MAEERSEFTFRMBMIE, HLF
_ KAPA
“T14K,P,+K,P,
_ K, P,
P14+ K,P +K,P,
AR—MRGEMEEESH TR MR BRTETED . 2 KaPa<<KpPs F,
A FH:

(5.18)

- KAPA ]
*T1+K,P,
—_ KBPB
* T 14K,P, |

! (5.19)

X% 2 KePp<<1,TIFF

K,
Ky
8, =1

U

6, =

Ny~

J (5.20)

Bl 26k B AREESINET, SAAME SR 0. 5 PARLELL, 5 PaiitL,
MAABHNEREET 1. REKREDREGHTHRTHRHASE A U] H)
B ABSEBMRE: RRATRRIASE B, BT AT E R4
BESSEREERLX.

LFFRIN AT ERNN, F54 B RORNEFL A SERMEESR,
WLASUKBEREBET 0. F£RMEFBELSEB WRHET, 0s —H2WN, R
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B RNEESERRTSF A ARMER, SSMIEE ZoSn0; KA R EX
FERSE.
5.3.3 ZnSnO; BYS BUF %

LE MR N ZoSn0; LiHATRE, SAHE. REWMEAREESHSEKRE
Z [BIFEE T RIZh AT

O:() €S 0,(WER <= 0,(LFRHK)

\ O (WERH) S O (RHEET)
O (RIBEAT)
UE S ZoSn0; SEMHE LS, TTRRRAETIIRMN:
C,H,0H +30, - €O, T +3H,0 (5.21)
C,H,OH +607 - 2C0, T +3H,0+ 6V (5.22)
C,H,OH +60" (ad) - 2CO, T +3H,0 +12¢ (5.23)

A O RREMEAET, 0% (ad) RRHE.

*ERRM A, FIRSRRETFHEHRERE. XERN—FEMETH
HHramiy, #FREIEE, S-HAXAMETEART, ERE\HEFT
R FIHR, SnY BEME, MEHEEER . IMNIBRARKKRRUT:

Sn**—0% —Sn*"—>8n*"*— V¥ —sn*+1/20, } (5.24)

sn*—Vvor —Snt'—>Sn*—vy—8n** (5.25)
HZEREHEN, XaRETHHRE RN

6Vo +3045(g) = 60 (5.26)

1/205(g)+2e = O*(ad) (5.27)

RN FEBZRTEMEKE, BYRENE, HHARTR.

ZENSTHEERERENZE STEAME, REOEtE, RNEEL
BER, ERMRMEES; X TH &K ZoSn0; th FIB R NIY, REEHE,
PR TR EILRE, A—HH, KENEERME, FREMNSISERSHRE N
R, BikS5H U6 A E 7 B R 4 B B )

B KB LRBARH ARG A LAE & ZnSn0s ¥ ZH R H BRFHEHFH.
THEBBEEMNEMREETHAE, B 5.9 % 300C TRIAMRERE RE/ZMN
*FEM. BE 59 AR: (1) MEHESE, BYFIRRTHENER, REF
WK (2) MRETHBHERNEL, &A. . RFEREERD, SHRTHE
MRBENA 7 (IET 8 $=321), LA AEBEZE ZnSnO, RE M RMHIE 5H 5
FPEXCEARFREBARARR, ATREMEAFHORENERAFARK
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5 BHE Y-S H Znsn0; BB TR BIIR

fiEtE, EANSERERRE LARN, E25RMRMKE, HTRETHR
HeZEFMAELLEL, X MR IERAE ZnSn0; REA T RER LT R BKE
TIHEAT SRR R, ST B R geAE T R AR £, B LURA B,

400ppm

C—C-C—C

300

10 —

[y

2 3
B FPRETFH

Bs50 MELABENRR
Fig.5.9 The relation of sensitivity and alcohols

b: ) ¢
OH !
l b ¢c—c—Cc-on
& ¢—C-cC
c
e C“C—?“C

|
4 G~T—ou
OH

C

LIERBA—EEE (300C) TIMER, BASHEPHERENTTRANF
BRR, O ) FIEWRK, ATLLGRMTE ZnSn0y LKL IR M ARE KA.
EHREXERTHRKKEHTEMAOWRET, —RESRE LAHEHEL
B2 —RE5aBk EERERTRYEERE, 5—HERES p K EMARTE
FERH, BARRE ZnSnO; REMWALREREITE, HMRMES e EHEH
FRE, RKGESE:
C,HOH ) + Oy = CH,CHO ) + H,0,, (5.28)
CH,CHO,,,, - CH,CHO,,,, +e (5.29)
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FERNERFTEMHMEFEBRTHR, RAERT, NmsIRTHE
BHhn, LHT R E KU,
5.3.4 FRMFIMIERIIE

EHE=EBEGLRT, BRIVEH: BN La0s, TiO, MEEE, HaTLlR
5 ZnSnO; B BREBN ZBEREE. FNHERE ApNO: N PICLATLIEERE
ZnSnOy K B R BMESMREE: ARMFENHEELE ZaSn0; S E £
F—#S AR RETERE. BTHENFX ZnSnO; MAHEREEBIIELERE
7, BEGELRARARRENE, REEEHEANE. SIREFRnmekE
FAYLE, R T HEHNBER, RHRVEMRKERINE.

BAHLE 1% gpill-over mechanism): —FLERN. FETERREGXREZ
INFIERL, B SFERKAFENER, “BEHIAEEERENERETES
BAEAEHRMAE. FINTRBRERBARES, JFEMNEN L HEREE
B—EER, BN A AR IR LA T m SR A R TS, SRR
AR E AR AR, HEERAN—RFRFIR. HFEXBFRAHR
B ERASURE R E. FAEMB AR . 8 RS X R R
HEABD, REEERH—CBEN, £ERMEERENRBHE, WH
LEEAHEREREREEH, MERBENRNENSEEL(ut—ofHIE,
XEEERTE—FEX AL REERME, fHx o RBRnFgAsR
MBHAEEET .

&)
|

z TP A, é{&ﬂﬂ PO i R s Vs, S
K510 @A Ms511 BXKeeHng

Fig .5.10 Spill-over mechanism Fig .5.11 Fermi energy control mechanism

R RIHLE 2% ( Fermi energy control mechanism): ZSRFRIMEE
TR FFSROH. 8%, KR aimmmhRik GERemns
R 7R 5.4eV F 4.8eV). FEFMWAEFTYAEME, AARKEEHATH
ERMTRABANACBRAGHHER. BNEHERASLOBERIERE
RIEE, MRRMVORELE D, TWASMSS, WS FRARZER
EREHUGREAESR. MH, RmassdRdmmsaumikck. Bit,
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5 SAENYEF K ZnSn0, £ R B TRIETA

FMYIERBMAFE, BXBBAR R FREHER.

el ARTESRRARSSESREADERAYRNMNERM L. &
HERESAFENERT, HHEAThLRBEEESEERNEREMSE
M. B, FRAXRELFMAESBEMYES LR Zm RN
#.

54 INGS

ZHF ZnSn0; £ N RREEMEEHHEALNERE. T HSRT %1,
FEFERBHETN, ILEATNMFEZWHESHRT S HNE. K FHaN1
AT EEREBRANMELE T BH™ MMM RBISHHET.

ZnSnO; REALKIR ERF, RIEFREM S0, HE TS FIRIRK R,
SHRARMOSEFERNE, E5EB HRMERL A SERMEER, B4
[ ANEAEET 0. ERMBEFLET S B ORME, 0p—EHLEM, R
BRRMERGRARTSE A FRIEE, 5N OBE ZnSn0 REREXH
HIR k.

FIFIRAIRFNERERET T ZnSn0y, 5A5KAEEHEAS ERGEEL
HIBLE]. ZoSnO; Z1RE & THRMT RSN, dTRMAE ZaSn0; REH O
HERESMBEEN o K FHNERTFREAUT RN, BRMERE. FXL
BEREFHEEYE.

X T MR AR RPLE R RSN, XML EREE
ARE5ERENYREANRNEAERE, EETRESAFEMBRT, @y
Stk EAEELHEERMEREMHIETHR.
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6 WXEEHLR

6 EXEFELL

6.1 EELit

FRILMHIE ZnSnQ; B3 K TF s, It ZnSnO; MR BASI S MBR . SEHER
BHITT RENLRAAMER M. FEBHTLUTER:

(1) AETERRBREEFE N THEMSKE ZnSn0; B K. sikE%
GIHTTREMALL: RNYRE FZAEEER, FilE 2696879 4 s m
ZnSn(OH)s; #ALIRRREBFERFHKS 500C, BETERAHBLED.

(2) L (500C) &% W ZoSn0; B LS, £ LEEEHR 250C, X
1000ppm (W ZEESBMREAEIL 17.593, Bt Haw LPG. C;H,. CH;OH F#ike
NEGE. MNSRERE, S5% 8s Mos, BESMHBLERE,

(3) RS BEY PUAEKBREUEFHEAIELE). AgNO;, PdCL I
TiOzv La;0; (BASMTEL) Ft ZnSnO; My AT T BILR AT T K HMR.
ZREH: TELRSNFR 1500ppm 15 G T La,0, REEE R E X Z M REUE,
R InSnO; HIEMSBAERZIH I RBENREE, B 37.342. TIO:HBA
WEEB R N BERIRE ZoSnO; KPERBNZENREE. H4E AgNO;
PACL f#B AT UL B ER 5 ZnSnOs KRB A SHIRBE, HHUEELSK
A 1500ppm T, B AgNO; iy ZnSnO; AR B/M AN RBEHERE ZnSn0;
/5 17 f& . 35X PACL, i) ZnSnO; S GE 385 A<M REE £ 4L ZnSnO, 1 15 5.

(4) BN LayO; K& # ZnSnO; BEHALH B LA ZnSnO, BB 1 B T
BEERER, RBETERREN 20C. TBATO, G, XIEEEHKEE
AR H . BN LayOs () ZnSnO, 1 B4 B 85 W N2 i (634 9s, K EAFR)IA 10s; 3
A TiO, B ZnSnO; #i 5 B R MW N fa)E 7s, PRERHENA 125, 72 LBRHIN
RER., EEBRNITEZEREN TEREERE.

(5) HTHBA AgNO; ] ZnSnO; SEE BRI AR RMEEHHE.
BrEAxt 1B A PACL, #9 ZoSnOs I &M A B L RRIIT TR . LREM: HEEX
ARMRBER BT HESME R KR ERH PIC, MEEBARN Swt%. BA
5wt%PdCl, #18& B ZoSnO, SE KB TEEE 280CH, M AN RBEHL
AFRK. SEERBSMNRES 8s, WEMRE Y s G, FREMHTIHE
ReEtEtit—LmAL .

(6) ZnSnO; & N RIEE S RIB BN N L S EHSBME .. LEFHUEE
RS, RFHTE ZnSnOy RIFE K O EA 5 MELE o B LME R FHITE TR R M
AR, BT LB BUF R

67



ERKFEW L8

6.2 X RIBIFZ 4k

(1) BE T EHTEBETEHNET ZoSn0; MK, SHHEEHHITT EE
RSB,

(2) ERiiR s b, HATHEEBI ZnSnO; BKET B, HNBH
BB R T T S B AR

(3) Xt ZnSnO; B 5K B F% PdCL, #1%& M S H R B THIEERITT REN
KRR
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FREHEBEARRATERESMUREARBLEFAED TEMMN. &
ZEMMREFETEFERAE, NZITEREEORD. FHE0ER, iEX
LMBFEENFEE BOERRINRSBRZHRIER: EEED, XEIWRFFR,
LS B RO PE RS IR IR R I T R AR S R AR A Kl AL ) 5 2
ERTHEFEHATREAMRONFR. AERLR, ERPTEHXEZI:
EHEBERTREEARNBHEHNE! FEAUFHTAERZEIRDBERBENH
.

S R EHE LR P OMNGRAEN,. BXEZN, KHZIMHEER
ZIMELBBRATERNEAEDNES. Bl BB WRAET., Lt EN,
EEEMAMR X TH T EEREENEHEMELLE LRESMEE.

FEREAIREIFENRERIE, T e e B0 L7 s R Sope b
WS EMA T TRBREY: RBHKEEHRDMAEEFARILERATRT R
FLRTHE, METRAOTHR, FRAEBENERER! ERRTEREE!

B = —EHAAT R 00 0 5 5 R SR T 3B 0 LL R R 7
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B TE&EMA, BADFAMAERBL, RS XF. £, 2.
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