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Abstract

Metallic tin powder with diameter less than 50 nm was synthesized by inert gas condensation

method and subsequently oxidized to tin oxide (SnO,) along the two heat-treatment routes. The SnO, powder of
single phase with a tetragonal structure was obtained by the heat-treatment route with intermediate annealing step-
wise oxidation, whereas the SnO, powder with mixture of orthorhombic and tetragonal phases was obtained by
the heat-treatment route without intermediate annealing (direct oxidation). SnO, gas sensors fabricated from the
nano-phase SnO, powders were investigated by structural observations as well as measurement of electrical
resistance. The SnO, gas sensors fabricated from the mixed-phase powder exhibited much lower sensitivity
against H; gas than those fabricated from the powder of tetragonal phase. Reduced sensitivity of gas sensors with
the new orthorhombic phase was attributed to detrimental effects of phase boundaries between orthorhombic and
tetragonal phases and many twin boundaries on the charge mobility.

LM B

Sn0, BUE B ks me Sla skae) 7
22 % 7k AMEA SEET glen HIZel v
=4 Sn0, #3e A8l mhE w|ERA] Ul
AX AAEAS] v|efdel wbdo] 7= ¢t D
274 100 nm °l8}e] =715 ZH= At Sn0, ¥
To oz ¥ sl ez gEe A
=X FAWOD $n0, EUL AEshe e A
Sn0, L 4= 9)ow, o] Wpge s MEH Sn0, ¥
e %‘215}24 ek Adel AHEA (tetragonal) AR+
2 2 Ao oA A0 m oE Alze
2 IGCH(inert gas condensation)” EX RGTO
¥ (theotaxial growth and thermal oxidation)® £-<
2 e 55 Sn BHE AlZ3 F AEA Sno,

98

S P Aol

SnO, B4E AMEERd AFet 3 7l
AR EA | ks v|AE AAEEE U8 T A
7)ol wh wlERH] W3D 2k lx} afelel] ¥
AEE Eneck)?l B4 =719 A W 71F
=9 ukeAle] T3 54 oA W=zl w3}
g 5 AT A o= 2RO 58
5 4 o AMERE A7es Alds e
71818l BEAell 2 2JEZIet, o] 7L 7k Al
off AMEEE Sn0, o] AWA ARTFEE e
gololA] AATFE] ofFfe] wiAE7] wEeldt.
et B AAES A ATl IGOHE o8 Al
Z9 Y= 5% Sn FES ABERPTIE B 2 94
2] ubgel wle} Sn0,2 AATFF7} ‘j;_‘—a}x],_ AL
Bog vh gle? IGCH2E A28 v 34 Sn

A




Wi} Sn0, 7hAIA el A AMAR EA el v AR T20) 3% 99

o] AbspHeE|A] 225°CelA] 20 A7k 59 F3F @
A2t ¢ 700°C o]AFe] dxz] LxolAM gkl
A ARFRE zl= §n0, o] dejziont
7+ 9AE 3R glol 34 Sn B A IRt
AT A AR A EEAdd ARE
(orthorhombicyde] E31E SnO, ¥%o| ozl
8 Sangaletti 522 RGTOH L2 A|2" v
% Sn YRS AbEA s B)F &) ApEAY
I R Ao R FAE e Sno, BES
Alzsiget. oljgt AP 118 719t ZA oA
AR deiA k! mlEb v F< sn B
oo] Al F]lel| AAEE A2E AP A
7k AR, Tk A=A, v " 3 EAI7 59
7k AR Aol v oJeE Al A uk
ZAA R2AA ATl wig E]Ef de] ' A
o|e}.

E d7elM IGCH SR v F4 Sn BEE
AT F F 7] 98 AERA o8 £ A
A ARF2E 72 v F4 Sn0, HUs) R
o] A& AR THE v SnOo, IS A Z3)
Aot ZF 302 slg RS A)2sl] ulHlT
Z, ARFZ, A7 BA o $4vkRd] g sis
AR BAE &Asled AEA g ARl 7
2AIA] BAol mX|e oJekE s

2. dEy

L3

IGCHE o83t vx F4 Sn ¥22 Az
F A 10 o] ARRE FIAIA I Sne R
HE FEHeE AR Eiglen, o] Pg B o
7o 271 EEE AR 1GOH 217 A
Zof| A5k A A2 A ol oL gl
o} 7819 gbdgt sno, kS 97) S8 2| Raks
1°C/min®] $&&=2 d)7] FollM 900°C7H4] =3
AREIAIZ] A3} Snel § =]8lel 225°Cel|A] 2047k
A8 Foll 900°C7HA] AMSIA 7= T 1Al AbskA]
2] Wheo] AL 47ke] Ak E] WS &
FiellMe A AR SRR AR 2
2 oggsldch. =3 A E &EF 350, 500,
700, 900°C 74| HAEE WHSAIA F454F Snel Ak
A Folel HAEE 0] AATE g A
W3E A0

AR R e SnO,] AR AANEFARA
#u]7 (FESEM: Hitachi S-4200)& 3] 3sl9d
I AATFEE XA A7) (Seifert 3003)2} Fapd
Zk81n] 7 JEOL 2010, 200KV)S o]&3le] HA31%
o FAAERE RS A% A8 ok sk
o] 93l T2 ZE= flo) olekelM 259 &
AL Bk 8-S Hojrme |23} AbsleAY
2 35d FUF o] BYE o8dl Axd $
Axe] v EHAL A4F2H(BET: quanta chrome
autosorb-1) 2.2 FAs}c}h. Lo A4 Y= F
AR A A3 5P (linear intercept
method)22 EAJ3l9l 0w wal AALFAYoZ F
g BIEPAH R e o] gAfe] Felel= v}
Aslol] A=) AAFAPH R Yl o] EF
Aoz AR BEe d=E AP e A
TEEHE e UeE BAE Foo} gt 19
v 2 deMs i A Sn06] 2= A
ol7} A Y= (1.6%) AWA Sn0, HE
(6.994 g/em)E A3},

Are] AAEAE SA7] Hled dFat 7]
= Yol AAElE SnO, HTE AT Qs
£ty AAME A2l F438 MY Z27)E 5
X5mm? o|5e™ FAE o 60umch o2 =
7oA AbERAE]El SnO,245E] A=kl b A=
7] F, 550°CHM 1 AlzE B9t AAsle] A z3slg]
o}, olgfdt Az A AN FHH AM 7
AEARE Bdd Aot 7t AAEAL o4
7128 500~4000 ppm7HA] H13RA] 7] FRF Al A
el FAE FIld olFFoH RAEES)E
S =100 - (Ryir-Rga)/Rep ¥ A 2248 A=At

3. &3 9 0F

O3 1 28 aAS AAAE e R 225,
350, 500, 700, 900°Col|A] 77t Abzlxiz]gt kel
XA3H =3l 27|80 FEAF Sno| HAA T
25 7k3 9w} 225°CHllM 21A Alslxeld e
AA] FEAL9] Snelgloat x|l wls) w9
7=z} 7b Zhaslednt. 350°CelAM 2A AbEkA]E
d B2 354 st 02l ERAE 2T AU
o} ojw] SnO, BH-e dubx o2 vehl= At
A A2 APEARARS BAlel 23ska glon

Vol. 8. No. 2. 2001



100 obl% - AT - WET - 37

L) Ll . Sn
A Sn0,-orthorhombic
B SnO -tetragonal

p— 1
~ -
c ©
3

. an A Ha
o A
£ @
z A A
= (e
c = [ ]
[}
"E 'y an (s
£ B A a4 Af\\R g

Fig. 1. X-ray patterns of (a) as-synthesized powder and
directly oxidized powders treated at various tempera-
tures: (b) 225°C, (c) 350°C, (d) 500°C, (e) 700°C, (f)
900°C.
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Fig. 2. X-ray patterns of (a) as-synthesized powder and
powders treated in step-wise oxidation at various temper-
atures: (b) 225°C, (¢) 350°C, (d) 500°C, (e) 700°C, (P
900°C.
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Fig. 3. SEM micrographs of the gas sensors fabricated from the directly oxidized powders(a, b) and the powders oxidized

in step-wise treatment(c, d) at 700°C and 900°C.
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Fig, 4. Variations of the sensitivity of the gas sensors fab-
ricated from the powders treated by direct and step-wise
oxidation at 700°C and 900°C.
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Table 1. The average diameters and the specific surface areas of the powders synthesized by direct oxidation and step-wise
oxiclation and the specific surface areas of the thick film sensors fabricated from the respective powders

Direct oxidation

Step-wise oxidation

Annealing Temperature (°C) 700 900 700 900
Diameter (nm) by TEM ) 56 63 44 57

Powder Diameter (nm) by BET 51.6 53.9 37.6 50.8

Specific surface area (mZ/g) 16.51 1591 22.94 16.97

Sensor Specific surface area (mz/g) 15.3 15.13 20.5 16.15
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Fig. 5. HRTEM images of (a) the directly oxidized SnO,
powder at 700°C and (b) the SnO, powder treated by
step-wise oxidation at 900°C.
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