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Abstract

Characteristics of a Combustible Gas Sensor by Using

the Nano—-Ceramic Materials

Young-Bok Kim

Advisor : Prof. Jin—-Seoung Park
Department of Advanced Parts and
Materials Engineering, Graduate

School of Chosun University

Nano sized SnO, particles were synthesized by a homogeneous precipitation method
using tin chloride(SnCls-5H,0) and wurea(CO(NH,);). The powders were heated at
temperature of 500°C and 600°C for 2 h. The structural properties were characterized
by preforming X-ray Diffraction and scanning electron microscopy. In addition, thermal
behavior was determined with Thermo Grametric Analysis, Finally, we employed
Brunauer-Emmett-Teller technique to obtain specific surface area. The initial resistance
and the H, sensing properties were measured as a function of doping concentrations of
Sb,O3 and Pd. The resistance was decreased with the amount of Sb,Os; while the
sensitivity for H, gas was increased with the amount of Pd. From these results, H> gas

sensing property was optimized at 0.2 ™ol% Sb,O; and 1 wt% added SnO, powders.
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Hazardous gases of gas sensor.

Table I.
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Table II. Key solid-state gas sensor R&D papers in the first two reference.

Year Material Signal Detecting gas Researcher Ref.
1962 ZnO (Thin film) EC. H? Alcohol, etc. Seiyama, et. al. 4
SnO, E.C. Combustible gas Taguchi. 6
1963 SnO,+Pd, Pt, Ag. E.C. Combustible gas Taguchi. 7
1966 ZnO, SnO,, etc. E.C. Reducing gas Seiyama, et. al. 8
Sn0,+AL0, E.C. Combustible gas Taguchi. 9
1967 WO,+Pt EC. H, NH, WH,, H,S Shaver. 10
In,0,+P1 EC. H,, Hydrocarbon Loh. 11
1969 SnO,+Si0, EC. Combustible gas Taguchi. 12
1971 ZnO+P1+Ga,0, EC. CH, NH; Bott, et. al. 13
1972 SnO,+Pd E.C. Propane Seiyama, et. al. 14
1975 La, Sr,CoO,, eic. E.C. Aicohol Sakurat, ef. al. 15
V,0+Ag (Thin film) EC. NO, Sakai, et. al 16
Zn0+Ga,0,+Pd, Pt. E.C. H,, CO, Hydrocarbon Ichinose, et. al. 17
TiO, EC. O, Tien, et. al. 18
CoO EC. 0O, Logothetis, et. al. 19
Pd MOS FET T.V. H, Lundstrom. 20
1976 Pd/CdS R. H Steele, et. al. 21
1977 SnO,+Pd+ThO, EC. CO Nitta, et. al. 22
1978 y-Fe,0, EC. Propanc Matsuoka, et. al. 23
Co,0, EC. CO Stetter. 24
Ag,0 S.P.  Mercaptan Tsubomura, et. al. 25
Pd/TiO, R. H, Tsubomura, et. al. 26
Metal-phthalocyanine EC. NO, Sadaoka, et. al. 27
Anthracene E.C. Amine, Carboxylic acid Suzuki, et. al. 28
1979  ZnO (Thin film) E.C. Alcohol Heiland, et. al. 29
1980 SnO,-Ultra fine particle E.C. Combustible gas Abe, et. al. 30
1981  a-Fe,0, E.C. CH,H,, et. Nakatani, et. al. 31
Zn0+V,0,+Mo0, E.C. Freon Shiratori, et. al. 32
1982  ZnO (Single crystal) EC. CO Jones, et. al. 33
SnO, (Thin film) E.C. Combustible gas Chang. 4
SnO, (Thin film) E.C. Combustible gas Sotomura, ¢t al. 35

E.C.: Eleciric conductivity. T.V.: Threshhold voliage. R.: Recuification. S.P.: Surface potential.
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Table III. Classification of ceramic gas sensors.
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3 4 A 4 Ag20 7+ ek
4% 54
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3.1 Ht= A2} 7}2 Al A (Semiconductor Type Gas Sensor)
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Catalyst/Al,0O,

Figure 1. Schematics of Catalytic Combustible Type.
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Depletion region

adsorbed
oxygen

Conduction band electron

Potential :
barrier In air Barrier
Potential barrier
‘//n\\\ In reducing gas

1) O, + 2e =» 20 or O2 : Resistance increased

<

Figure 2. A m@jeRHf(reduciogyts) +120riesdtoR@lecH]O 4cQeductiiesisdance @raivased

boundary.
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Table IV. Physical changes of porous SnO: with temperatulre.27

)

T/C Physical change
150 Desorption of O
160 Qo = O trancsformation
227 Dry slope change
280 Water loss begins, minimum in
air resistivity ; low temperature
limit of peak in apparent gas
response
350 - 400 Maximum in apparent gas
response
400 Desorption of water from OH
450 High-temperature limit in
apparent
gas response ; water loss
complete ; maximum in air
resistivity
520 Desorption of O or 0>
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E

(Energy of system)

Figure

3.

(a)

.

T ﬁd HPhys d
AHChem

Lenmard-Jones Model of physisorption and chemisorption ; (a)

phygisorption of a molecule, (b) chemisorption, in which energy at
d=co  corresponds to dissociation energy of the molecules,

enough energy has been introduced to dissociate the molecule.
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4.2.2 3}3t& & (Chemisorption)

(Dissociation)® T A9 A3k 23S JAdste 45 23t} Figure 3914 (b)
7} &8tE S Ueha 9o, FAES uAEHd de "oz dx Ao x
g A= Qldte] =& positive Al A AElel vt ey SRR 7E 1A LA O

st A gk stetAdgto]l Mty F2FY duyAe EysFe ATEY 4
negative AEj7} €t} 38H& 2 <A (Heat of chemisorption) AHumems= W7 3FsHE9] A

’d € (Heat of formation)?} H|538tH 7Ha AL Z3ebr]|e ok
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4.2.3 The Lennard-Jones Model

Lennard-Jones Model2> 3}3t&2te] &gl |2 ( EA)E s 7hehek mdojt)
Figure 32 (a)9] E&2 FAlAl zero energy s 713 A7y A FEHOR A
+alE AF, stehg o]l dojitr] Aol ExE #lg]Al7]17] 918 total energys ¥ F
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%he fraction of AEA le surface covered
dt % }
o] ¥}
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(Desorption) JEA + AHepem © 213N,

= Kadsexp( ) - Kdes exp - (7)
AH&?‘“ . the heat of ﬁlﬁilisorption . ( A EA + A H: e )

dt o (for steady é’a%) KT

:d_9 exp( ) 7FE%. ()

dt
=, 257F AsstH v wA4sHAl A o] WA A o A = g 2 s
23 e z@ﬂ el g'ﬁK gh sitest A w7 oA Ak 28T §3

K

A wtoltt, 1A BHe| ESE - setg e EAEY coveraged =% 9 EA
et &3t A9 2349 25 coverage o o]FE3t 53

dHChem% 7]’ %7]’%]—01] Lq'a} Z:]!——/J\—é‘]’j—’— AEA

s

7b kel wek SR A



Hehen 7} g] we} 7HAstE AS WO heterogeneityol] o8] WAl s =d, AS LA
FWo FFstE A= sitesol FF3H7] 98 M E JHams 2LE Sha, 343
2ol IgEd web o e JHupems EL8E 7] Wiolth. et JHepem

b SASE fAsHA fv 250F SUFSkel wheb Fold ARbel A FEHE FF

G /Y. 5, d /dt = a 2 FFo] AT w, 2(6) 22 E LEy = kTln a/kes

¢

o Hd FFE ThalA DS Tha ol3tollA = 31852 @3 &o] FAG R
2 B 7} A O3, Thax Ol A E AEA + AHemem (activation energy)@ <13} &2t
o] F7let2 2 3 ¥ &2 (Equilibrium Adsorption)©] 4| % 7] wji-o]t}.
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Figure 4. Typical adsorption isobar. max
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SnO; ¥ Yo T3H AxrE 0y, O, 079 3714 olLd ez EF2Eh n-type

AHalE wrE A= o 38k E (stoichiometry)©] &% (Surface conductance)o] =

gdFS mx=d, AT F(Oxygen vacancy)> A AHdonor)EX ZFgsle] FHel A
NNAEES Fola ¥hH S&% AL o] 22 JAlE (acceptor) A ZHE38le] ARE &
ol
=]

ZH(capture)dt”7] wirol IELEE FAAIZIth ARG #ofste oy 7HA] AbAa
%S Table Vo] YeERASITE FHo) &2l 449 coverage: YA 7] w9l

2 WA= 203 A3

FAEE Aol9 Holt EHW

1o,
2
ol
i
=]
ki
O
=
jab)
=
0
(¢)
ja
D
=}
w
=
‘3

ﬂl

tjo

st} g0l Al Oggs 9F Op 7F2=9] Hol= g (Exothermic reaction) ol = &

Tt v =g A oy, Opas 58S S 25 499 =2 AAES 219

A Al A QL Lo m dEA Ak 2=7F Aol Wb Opas & WHEACl F&

O = Hol7} Az}, ey o] gk Hdojol] ofsja whmAle] &Ao] AA A=A

E otk ol Weisz limitationo. 2 Q18] fwe] F&at= 09 F=7F 10%/em’
O

o2 Ags 7] ot T3 O 2H-H O 29 Hol&Hk Eih vjg A

et

Ir

o
=]

iy

O
rE
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4.4 Energy Band Model(Depletion layer &43)*

A A 2 n-type WEAIS] EWel ALzt FAsha Abao] FEA wE
$-4 <l potential barrier?} negatively charge-upe] WAsta E¥W A A Ul
o= oz s 4E donor ionsl 2 A3 F7F @3} =(space charge layer)o] &4
Aot F8% T dasS A& T S(depletion layer)ol 2kl st o] HA A F
< 9] potential zFe]= <13 1 7]7o] A3}t band bending®] doidt}. o]wj o] band
TxE Fig. 59 YR AT

of
P
)
ot

FSol A2 Azl uE potentiale] W3lE XM, Poisson ¥ 2ol o],

= mmmmmmem— e 9)
vl Do, - N
dz? €€,
& . the potential in the depletion layer
N; : the density of ions in the depletion layer
. the dielectric constant
. permittivity of free space
et the potential in the bulk of the semiconductor
o] ¥ /9,(9)%8031—1‘%3}51, X > X, o]¥W ¥FE=A+= uncharged AEj7F F 22 X=Xyl
A dV /dx = 0 BAIEAS Aotk F77F XoQ! A Ae T (Depletion layer)ell A €]
AAe]l = Nixo(per unit area)zt 3HH Nix, = Ng (10) 7} ¥ a1, 2](9)S thA] & &3}
kil

’

***************** (10)
N; = the density of charged surface states
o Ha, w3 X=0 YM Spreta%ti)ﬂ Zkel Schottky barrier V=
V=

2€e€,

fffffffffffffffff (11)
N 2

qiv; T, -24 -



o] Bt} qHe duUAEAR o]lFst=t ZLstk o|yx 9 (Energy barrier) qVsE

2111l o

EO
ol

)] ]‘U\i,

Vs =qN, /2ee, N

7} "k 4(10)S Maxwell-Boltzmann approximations ©] &3] ZHo] el Az =
(Electron density)Z & x4,
. A 2 = oW 2 (13)
P
_ ( O, l
o 7%1% = eDggzljsEty of 2degiank. 2he surface

Er : Fermi energy

=
i)

k : Boltamann constant

T : absolute temperature
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(a)

S

(b)

Figure 5. Sketch showing the variation of EF-Eoz- with qVs (a) qVs =0(flat band

case, [0z 1=0) (b) equilibrium adsorption.
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A 5 &A. Sn0,9 71&E E A6

SnOze] S ZA L 2719 tin LA} 4 ] AadAE FAEH A= tetragonaly
O 2 rutileEE 7HA 3 vt AR AT a=b=4737A, c=3.185A |1 o] WL
tin ion(Sn*)e]l 0.71A, A2 o] &(0)x 140A°|th H|FS 6915, ZAES 199680

FHAY A7HAEAS 7HAA AT Sl FA] g NS E o AR A - 4
gl e} BkE3tr] o H A Al At RE mobA FA(V)F o= Ha, dzelet &gotd F
At o2 Hn vgoy gy rpdetol e WA gou, daEE dHs|=
2 Abgteta Hy 9171014 7FEstAY Zna HCIZ A st {4 A2 5 vk
SnOy= A M= Mol ¥2(34 ~ 37eV) ng W=AZA, AFgAY FHAd 5
S ZA AEZEYH Y S&F St pAARA WY A9 FEAdS g HEs)

UEtu, 3 HA7b=(Pd, P =3 oz FHAAS] 24 glo] AVIHdEES 10 ~1004)

—_—

>

EWA, ARAY WE, EAFE 5o o8 AAE JFL v

22h) 3 Taguchi(AZ A axp)ol] 9

o
wn
=
&
i
b
=
ofo
o
o
rir
N
-~
[>
Y
R
rir
wn
@
<
o
3
o
of
=
El

I % PdE SHEAR H7ME &27F EE 7 ol22 SnO,
Al AA el ZHo] AL FojHu A 7FA~EE Hy, CO, HeS, NOy, "W, Z=23 5

o) %4 el Hx, AAE AAA, W Fu 5 @ GO B AT o)
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9l A7}~ (reforming

=%
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A2 d 2384

SnO; Yi=ads Axstr] 98l Figure 69 YERd A 2ol FHF 500 miel
SnCly'5H20 0.4 mol%S wREAIA A3 Sn(OH),&HLS Ax3U. E 2 SFHT
500 mlel Urea(CO(NH2)2) 0.8 mol%S Ho] ¢x3d] &A1zl § Sn(OH)«& A3 1
AlZE Bk Etstdth AlxE FE&AS IES 71 80TolA 4 AlRE 7hEste] HA
Azt FAAEe] R dsto]l 2 (Cl)eoles AAR 7 & A stdon, AHE &
Hol A AgNOsz& N3t 272 REgo] YEtUA] &5 w7bA] Fito] AlHsdth. Al -4
FAES 120CelA 48 A Axdte] AZE Sn(OH).o] A4 +2S Az

500C, 600CelA z+zF 2 AIZF DA g éte] SnO, Ui E2S Az 5 77 o

7)
2 (TGA:thermogravimetirc analysis), BETZ o] &35l 943 EX 9 nxHA EAS
4

AR L, X-d4 3 A (XRD, Rigaku D-Max A, CuK =1.5405 A) % FAMd
A& v 4 (FE-SEM, Hitachi, S-4800)& ©l&3to], &2 ZAAY = Ay xz=E o

5= a
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[Electrode Preparation] [ Powder Preparation |
SnCl5H,0(0.4mol/L) + Urea(CO(NH),)
Solution(0.8mol/L)
[Substrate] AL O, substrate(96%,
SmmX5mm) Shaking water bath 80°C for 4h and
Precipitation
[Electrode] Dry 120°C for 48 hrs after CI
Au paste, screen printing washing
Nano powder after Firing 500C,
600C/2h
[Electrode] 650 C/1hour Analysis
(TGA, XRD, BET, FE-SEM)

Addition of catalyst(Pd, Sh,0,)

Make a paste

[Thick film] Screen printing, Annealing — [Pt wire bonding]

(600°C/1hour)

Figure 6. Experimental procedufes [ ¢astiperient) Oz [nanopowders.
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2. AAe Az =3

2 A9 Ht=A| A= 3x3 mm AlOs; 7] #&$oll 238 Z & Ef(screen printer)E ©]
&3kl Aus s 650C, 1 AIZE dAlgste] d=S FASAY AA=EdS Axd
SnOz¢l PACLE @4tel o] Pde] 3ol 0.5 1 wt2%, Sh:0s2 0.25, 0.5, 1 mol% L
2]3 ShyOsS 025 mol%= 14 Pde %< 05 1 wte= ZZF WAl 7| H7}ste
Fr7lvpl ] oF §HA o] =

mlm

Azstdrt. 1 Foll Au A9l °F 20 ime] FAZE
Ak 5 600C, 1 AR dAgste] AHS Axstdek Pd7F A7k AHe B¢ 4
stol & AAsAL Pde EAE7] f1dte] FAE7IAA dAstAn. 7k A 5
A SFAHLS AAE A7IRe AT oto] FFEe e E FA3ta, MFC(mass
flow controller-MR500)%= ™ 7] % elFEl Hz 1000 ppm7HA 71 A& =43t S
& 5]
SEATH Hooll tHdh == 7] SolM e A A& a3 Ra)? SH7FE AL (Reas) &
ZHE (Rar Rgas)/Reas= FEE AT

& TS Multimeter (HP-34401A)% Al=3}o] AFEH A&

N
X

rr

AzEE o g
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Figure 72 w43 AH 93] A= SnO; Yz £l TGA FX49 H3E el
o} SnO; B2 A9t 400C7AHAE &5 Ao wat wE S22 27 gayy,
o] F o 600C7IA = Sukd FA s Holw, 600C ol Fol= TF Wyt A9 firh

o= el 600T/HA T FHol FHE I T, T4 w2 JT nE A

Figure 8¢ o el 93] Az @ SnO, A Ho] 23 500, 600TC A &=
9% Bde XRD HEE woF: A 120TAA 48 A7 B AzW A7 A A
o] B (As-Dry)dl = 45 AAs 7 Ao v 3= broad AT SnO-Z2
%4 F29 Rutile 72| Tetragonal 4 =gt x5t gk A4 % F7pol
Wt AgAgel G

)

Figure 9% #9%9 dAg %o o v Fx WHIE BT Ut} 120THA A=
Al AQE 410 nm 9919 22 v A AR Ee] A 2% FUhehe wet 15~25 nm
2 PA S olFAer, 1P 7UF JE REE A4S F Atk E3 BETE ]
g3 M EWA A vwd RS W A% ® A Ao B2e 2081 mYg A%

]9 Y& v Aol vElgtom 500, 600Ce A% JA7F A8kl Zh7; 3558, 24.07

mY/g WEW Aol 44dhga, FE-SEM ol v st vl #& w A== 3 ook,
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Figure 7. TGA curve of SnO2 gel powders.
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Figure 8. X-ray diffraction patterns of SnOa ﬁ}gtgowders : As—dry, 500C, and
6007C.
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Figure 9. FE-SEM image
(b) 500°C/2h and

ires;  (a)As—dry,

_35_



2. 471 A== 2 A W3

AukA o 2 SnO.,= H| 38 U2 A (SnO )02 3138 G2 nZRE 2] Zold 9
] dA H A4 FF(Oxygen vacancy)’} donor 95 A Ho =4 200T o] s}l
e 2% S71e g dxAdo] F7FshA duk 3 200~400C F+3Fe A &= SnO, 4t

g Fo 54 A xWY A4 FAoR Jd9 HA EPN 2k St we

HMEA Alguy s AR ol FE FUF EA HO AEEZE fgAstAY ®E7)
ZHA Hoh 400C o)A & Eo A= X A(intrinsic) A XA W3S UeluEs Aoz o
A AtF?. Figure 10 500, 600°Col A 2 A7 g & Hwro] dew WaleS e

W Aotk 7] 7l A7k do] 43ke] 50T Ak vHA vEhwtey dAFH A
T2 ARt EAE X Skl w2 dak AFo= <Qdl Ml A (potential
barrier)?l 44l WA o] FHAdtar o]z <Qlate] 500ToA DA gk AR 600C ol A
AA P g Lo A7 A7) v
Figure 112 Pd, ShyO:E SnOsell H7Fste] 250TCo A A=3 A H3lolt},  SnO,
o 05 1 wt%e| PdE H7}std Pd¥ S7t= 27] Aol F7kth Pde= He 7149l
AE A FEE A AHEE AsE FujAelt. 22y Pde W] $9 AAAE A
stAl FAeke 54 wiiEol SnOxEwel AbAadatEe] Sl Ha o2 <Qlaf &
" A AEol SnO: We] AAE Efists ol F7hste] dAIAS SnO, $-9e
= a9dox AL3A "ok SnO.9 0.25 0.5, 1 mol%e Sh.Os
5 #H7Fe A9, 0.25 mol%2] ShoOs> A #AA7F AT 057 1 mol%e] ShyOs
bl ME A 2t @awst vmEith F ShOs &% H7ER Sn''e] $1A e SpYF A

@ mgRel ek A% Bk F7kstel Aol AARUTY. AHF olge] Pyt

=

et

Ni

AR G= HJY, A 24 T2 EASH Hol WrH 54 Vo=t 4=

AbmE T B3R 300, 350Col A= 250TColM el S A SA4S SA A

po
o
fr

t
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Temperature(’C)

0450400 350 300 250 200 150 100
T T T T T 7 T T T T T
- ——500°C/2h
-1 - - - 600°C/2h
=)
<
g
b1
(P}
=
S
(P]
=
=]
=
(=)
&)
6 o . :
Tk -

Figure 10. Conductance

1
1.4

. 1.6 1.8 2. 2.2 24 2.6
variation of the thick film specimens by heat treatment.
1000/T(K)
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Pd rate(wt%)

0 0.2 0.4 0.6 0.8 1
105 3 b [ ! ' T T T T T T T
10°L ‘ .
3 -
) [ @
51&;
59 [
§ 102 = "
2 |
& 10'E
100 ;_ ..‘ ............... l’ Ceeufl] seccccccsccrersssssacsasccasttsssocciiocs ]
10" L

1 N 1 N 1 N 1 N 1 N 1
0.0 0.2 04 0.6 0.8 1.0
Figure 11. Variation of electrical resisﬁ:‘s&l:mz(@3 rate(fin6l®%)s a function of the

amount of Pd and Sb.Os. The date were measured at 250C.
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3. H; ZA &4

Figure 12 H> 1000 ppmell thsle] =53 SnO»¢} Pd 05, 1 wt%ES 3 7Fsk S5t
Al e Ak mE #AE WHItE Yetlu. s 7] FolA e AlM A7
Rans 7o 2 st 7F2 EA st Al A3k (Rion) 8l Bl & (Rair~Rio0)/Rgas = Al 2FS)
R =53 Sn0.0 B¢ HAE2Evt SETE AR S7heke] 3B0CoAA HE
Holi 400ColA = #ad , Pd7b H7bel Al el A9 250T oA
<] &S e 9l Yamazoe®, Lee™
Pd7} SnOz0 FH7bE o] 420 o

)
5o
FA e gEs ks A A4 Sl Pd7l SnO, WS Atk FEFe) w

2

A

=3 glo

tlo
o
1~ﬂ 9
DA

N
=
=

w7b =ka, 1 o FELENE 7

T

2

Lo

rok
o
1
f
ol
ox
>
1 Py
O
o
f
o
L"L
2
i)
—
0.
)

N

d

FAE o9} e A= Pde A9 230C F-ZollA AR A 2A G (sticking
coefficient) 7} 12 7FA17] wjitol v’ ol Hy7bse] Al w7 Fol wel FEen
250CelA HoZ A7 H 2tz 9] szt & o] Foj A A=ddids 7HA sk
=7F EobdE Pd 919lA Hy w29 sfi2l7h d&stAl o] Foj x| x| Jteto] FH=rt &
AetAl Holxtkar AlsE
Figure 132 &% Sn0:¢} ShOsE H7Fsk Al 4 % Wsld t& vks 4
3l EAS YeEa k. 53 SnO.x= Fig. 13(a)2] 350ToA e Fxo weE 2t
T Wt wlg gEshy, 250C 549 A9 540l €538t Figure 13(b)+
SnO20l 0.25 mol%e] Sh:035 H7Fste]l 250TColA ASE FA4A7F~] ¥hg 9 35
Edoz 50CAME X Wdte] we 7% W3}

a3y Fig. 13(c),(dell YErH A7 Sb0se] =S 0.5 mol%, 1.0 mol%= S 7FA]
71 kol mE &= Wst FaFo] FASHA stolxln. AAH o ® 250T e =747

# ShiOs H7E= @A A ot

K

F3sta, 8% SYE Fasih

¢
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Resistance(kohm)

Resistance(kohm)

Figure

10*

E - = - pure -250°C
C (a) pure -350°C
10° &
:Air
102 P - - Air Air
10"
100 I I I I . I I
0 10 20 30 40 50 60
Time(min)
10*
0.5mol% Sb,0,
(©) ;
250°C
10°}F
10°F
Air Air
10" 1500 1400 500 "% S0 g0 S0 1
1 1 1 " 1 " 1 " 1
0 10 20 30 40 50 60
Time(min)

13. Resistance variation as a function

concentration of Ho.
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10
(b) 0.25mol% sz()3
250°C
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£
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=
g 10°k
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(d) R 23
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54 2
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& [air
10 100
500 Air :
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of the amount of Sb:Os; and the



Figure 14+ Pd 7t mME Sn0:9 7= Wg 2 35448 250TCA Al A5 3
< ZAIS Aoltk Pd 05 mol%Y 1.0 mol% EF 5
o}t Aa gho] =43 SnO, Fhol Bsle] 713kl
Figure 15% 0.25 mol% SbyOs¢] #H71¥ SnO.0l Pde] #H7beFo] tf& AlH] G209

gk vhg R 3E SEAolth SnO:20 0.25 mol2% Sh0st PdE 3l H7hgk 45, §F

o
4»
B~
o
N
A
ox.
o
i
iu)
=
R

< R 35 54c] Fig. 159 23420 SnO0l Pd = M7k 499 22 53 2
HE AU, 7] A g E3 Fig. 14. 271 5% SnOy HS A&k A 9-¢} H

s=3t e AdzkS e TE 0.25 mol% Shi0se] H7tE SnO.o Pd7F H71E ol
el ke 3 EEAM Mo TR GXEHH, SnO.¢ Pd we Hrletd x7] A

ol oF 100 v} A= 7Y Aol Sbh.0s H7k= °F 10 #f g r=w

2
k1
d
=h
of\
N
=
ofs
o
s
2
2
o,

ol £ SARS dehdva & 5 9l& Aotk Figure 13, 14, 15 o YeEhAE

7] A%, A= a8 35 AIZFS Table Vel A st
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Resistance(kohm)

0.5wt% Pd

o

10 20 30 40 50 60

Time(min)

Resistance(kohm)

10t 2 (b) Air 1.0wt% Pd
10° |
10°
10"
L 1 1 1 1 1 1
0 10 20 30 40 50 60

Time(min)

Figure 14. Resistance variation as a function of addition amount of Pd and the

Resistance(kohm)

Figure

concentration of Hz at 250C.

0.25mol% Sb, O3 / 0.5wt% Pd

Resistance(kohm)

(b)

Air

0.25mol% SbyO03 / 1.0wt% Pd

Air

Air

15.0 The 1gespaose, secovey asofuncagon of congeniraigon b Ango amagnt @ 6o

Pd with 0.25 Mof%%1.0, doped SnO. at 250°C.
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Table V. The initial resistance, sensitivity, and recovery time against H: as a

function of amount of Pd and Sh:Os doped SnO.,

Sensing Materials 27119 F= 3B A7}
(k) (Rair—R1000)/R1oo

200C 117.2 3.0 -

pure SnOz 350C 74 11.1 54s
0.25mot%Shz03 135 5.2 545
0.5 mol% Shy03 8.2 4.1 -
1.0 mol% ShoOs 6.7 4.6 -
05 wt% Pd 3135 35 48s
1.0 wt% Pd 7724 60 52.5s
0.25mol% Sh.03/ 0.5wt% Pd 1075 28 45s
025mol% Sbh0s/ 1.0wt% Pd 138.5 46 48s
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A44d 32 E

SnO; Y2 SnCly-5H:09F urea(CO(NHg)p) &8-S 258t ddddHo = A
Z35tal, Pd 2 ShO3s #7bste] HRAEAS Alx, Au d=90 Q13 & dA-gs
o AlES AxsHAT

SnO; Ui 29 XRDIHL Rutile 725 71#+= Tetragonal 42 Braggs|d F
Heol dAsta o, dAe 2% Frel wel Aol & HAT HFAS 9

v H

>

A7) 15725 nmE wl§- Al g FFo g AEjelrh. A AAEARZ 0.25
mol% She035 #H7FstAl =W Heoll wigt %7] Ade] A3kl 05 1 mol% 7t
Al 0.25 mol%o°ll Hlal A& A A AA FUTE SnO0 PdE 1 wtk H7F g
ANALE 05 wt% H7ber AlHET Hpol dig 3h4] §A4¢] o 383tk webA] SnO.
o 0.25 mol% ShOs¢} 1 wt% PdE #H7lstH 27| A 8S #lojstal Heoll Wit A&

FEAE 4 T

_45_



Aoy ZtE AN Az

=

=

A 4% Bed A
A &

A1 A,

K ﬁw o) Aoy xow Mu 0oy
A= N - XK E O OB oI
- ® o S S ~
Hom do = = B o mn @
i - X g
o = % 2 T owow y
e 3 N L - < = vl w
o T I - il
g TR gD PR L
—_— = B
o X o= 4T o fast e
T W@ 5 o o ®X
-~ o M T X o <
-
st Tammead
T %o Frxm s TN & K
Fom 9 A R N
T oz e i i
p— 7 0
B D = M = T hmm R
o - m IR = o
X o 1) CUNR IS ~ = )
\w ﬂo G —_ \A‘# ET LE — OLO
{5 = R FEC RS <
~ »@ O © ! = X
N LIL L ‘;rl Lf p— N LiL _—
o — 7o o Mw_l N ! ,.M =
o T o ST o - =
T o= M NS TR
T T N w2 TR
NOm L R T
poE N e L
—_ — c X 0 O
X o7 7 < w X i ‘q_oi jo o T _&ﬁ
4 =~ o 4 B o 4 ﬁ do T
x T = B o X o ook %R X
R ,ﬁ N = ol S VI U e
GG o & Ao m
I 0B  REXF® @
~ R C m W
e k)
TR Lr2iR Al o op
B R do X M o o ol
NroAr & < R - S R

o)t

1

O]
“

Al el o

Eal

17]_

_46_

ALAZR 2ASE mmeF ©]



A2 Ad A3 09

Figure 162 $2H8 4E A4 =AM T22 e Aol G2uli} 7o

|

2 A" sy celld 271 04 mn x 1.1 mE AASAY. 715 & wHell Pt-dAl
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