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Sensing Characteristics of Sn0O, Gas Sensor Using Ultrafine Particles (II)
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ABSTRACT

A pellet type gas sensor using the SnQ. ultrafine powders showed a variation of electrical
resistance by ambient gases. Tin oxide ultrafine powders with the size of about 0.08 xm in
diameter were prepared by gas phase chemical reaction. The cold-pressed sensor elements
were fired in air at 700~850°C for 10~60 minutes before use. The results can be interpreted

in terms of sinterability of the SnO; powders and open porosity of the gas sensor element.

LM B g "erh k. gubzql shAAAd A
AFe B dx 2 e, AHFYH, &
nd P92 SnOx A&7l ol 71 Te vea o d

e, 2vf @ HriAl 3, binderd FF7,
£59 AL vXE d¥E] FFHE o
F3 9lch AgE BT Azye] wet 1
e 2 JE7F G2 ole uiet Azd 7}
249 7t& FAEAe] €dA Rolng
HEYNE 2L Azygd odd ¥ &

-

2 AALAZ 7 ol Mg o v
A3 st2AdMeE FE 2 P ] &
43, wtay, Fugo g e 4 UL, oy
& Felel axE Audsy] AAAe AFA

gt pEel Az R A FARHE A7

*dgdig e F453%

—295 —



24 e gAxAY FAEH (1)

Y=o] BR2REH A2F 249 Jkx A
E4¢ 478 487 Utk dREy st
A LAY ARe vy BZojn xujg B
22 Az 2 stE BAEA AP
ATE A&Fd BFsh 20y £LE AHS
3 798 AW BY, OgawaSse CVvDHo
29 Advanig2 sputtering'i 222 & Pink

T BT % FAdog? vty Axg A
zaglon, APHFTLY F4Y R A4UF
o2 d& % l% EE2E Sn027E A 23}
o 7k FRAEHE ARSI 28U olE
9 dTe BF 2A4LE F2 ZHLEE
TR

2 d7dMEe 271¥ Sn0; £EEFH &
AE[E ASAA pelletd 712 FA2AE
Mzsly 2 7tx ARAEHE ZA stnA &
o A7l Z2u|g E2old YA YA o]
01umelste] £EE AT o] 27
|37l Sw w g o] F7hsta bulkel A

1. N2 reservoir

4. H20 evaporator

7. Band heater
10. Controlier

% 1. AEER e

Fig. 1. Schematic representation of experimental apparatus.
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Table 1. The experimental condition for the preparation of SnQ, ultrafine powder.
Partial pressure in evaporation amount residence reaction
carrier gas (Pa) (mmol/min) & H;0/0, time temperature
excess ratio
SnCl, H,0 ratio SbCls SnCl, H.0 ratio
2200 1400 1.57 0.0 0.5 5.3 5.30 1.11sec 1073K
455 2829 0.16  32.45—
81.20
Fa4 XA R AL Sn0, VY BTE SnCl(g) + 2HO(g)
sty Wy me Y=g SEM, = SnO(s) + 4HCl(g) A1)
TEME & o] &3l ZA3x) 25bCls(g) + 5H:0(g)
20y ET5 47 A AAY AH=E = Shs(s) + 10HCI(g) -(2)
Fig. 1] Yetlidctk ZX& A 98 93t 2ShCl(g) + 3H0{g)
29 FIH, 3T g AR we = SbOSs) + 6HCg) + 2Ck(g) -3)
5, 4894 iR E bE Ao @ F 71%4%F dA7E AAdHe AeE ruw?
WRolA ZuWE whe gask WER ue log Kp(:88&)7k 2~3 ol de =ddME
g guixlo] Egtelm wiggich U= (1)8] WkS-ol M= 1000K o] 4te] whg-2-woj A
Zaeco WstE Zoly] 98l AR 2 X zolgat Pgol Thed Rog, )9 W
A NERESE FEORE Y e ME 400K M H-E, (3)9] wFE-2 900K ]
Ao BeckmannlZAlZ stk T3 AR 9] &xdA ZulgArl A4 sted Ao
719 %% & 9] Ase band- et Eg whggg ol RxIuE
type heater® H.&3lgth wewe AR AAste (A S FIAIL YEZE 9
ool # (WA 30mm, Zo] 720mm)e, & A3t7) A5t Psneli& $FAY PinE 38
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Fig. 3. Transmission electron micrograph of

ultrafine SnO, powder.
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Table 2. Open porosity per unit surface area.

Fine particles Ultra-fine particles
Firing condition % open porosity Firing condition % open porosity

500C, 1lhr 291 700°C, 10min 2.35
600C, lhr 3.09 700°C, 30min 2.46
700°C, 1lhr 3.01 700°C, 60min 2.46
700C, 3hr 2.90 800°C, 10min 2.32
700°C, S5hr 2.99 800°C, 30min 242
8007C, 1lhr 3.20 800°C, 60min 2.37

850°C, 10min 2.32

850°C, 60min 2.38
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Fig. 4. Scanning electron micrographs of gas sensing devices using ultrafine particles. (x6500)
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Table 3. Buk density(g/cm®) of SnO, gas

Firing condition [bulk density| Firing condition [bulk density
700C, 10min 3.68 800°C, 30min 383
700°C, 30min 3.76 800°C, 60min 388
700C, 60min 3.82 850°C, 10min 385
800°C, 10min 3.80 850°C, 30min 3.86

850°C, 60min 3.89
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Table 4. Sensitivity as a function of Pd content for the sample fired at 850°C for 10min
(gas concentration=5000ppm).
Sensor temp. . . . . N . . .
100C 200C 300C 400C 100C 200C 300TC 400C
Pd content
CiHs gas CH, gas
0.0lwt. % 0 0 20 14 0 0 29 32
0.2 wt. % 0 5 35 23 0 0 47 43
0.5 wt. % 0 23 60 49 0 11 68 65
H. gas C.H, gas
0.01wt. % 0 0 33 21 0 9 38 25
0.2 wt. % 31 54 37 12 46 62 41
0.5 wt. % 4] 58 75 64 49 69 79 45
B 5. 05wt.% PA&I2t@ 71X X0|3 29 7t X £X2 2x (7tA 55 =5000ppm)
Table 5. The sensitivity(%) of the SnO: gas sensor using ultrafine particles with 0.5wt.
% Pd (gas concentration=5000ppm}).
Sensor Firing temp. . . . . . . . .
. 100C 200C 300C 400T 100C 200C 300C 400C
condition
C;H, gas CH, gas
700°C, 10min 0 29 53 41 0 3 48 46
700°C, 30min 0 24 51 38 0 7 54 50
700C, 60min 0 13 49 36 0 12 50 49
800C, 10min 0 22 52 36 0 4 51 48
800°C, 30min 0 17 50 41 0 16 57 56
800°C, 60min 0 11 33 28 0 9 53 57
850°C, 10min 0 23 60 49 0 11 52 50
850C, 30min 0 18 40 35 0 9 50 48
850C, 60min 0 9 28 26 0 10 49 48
H; gas C.H. gas
700C, 10min 35 53 69 65 37 60 73 48
700°C, 30min 32 44 65 60 39 61 76 51
700C, 60min 31 41 64 63 40 57 72 43
800°C, 10min 38 57 70 68 43 67 79 53
800C, 30min 33 54 69 53 41 66 75 49
800C, 60min 33 52 69 47 43 61 70 49
850°C, 10min 41 58 75 64 49 69 79 45
850°C, 30min 39 51 66 50 45 60 67 47
850C, 60min 35 49 63 53 41 57 62 44
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Table 6. The sensitivity of Sb-doped SnO, gas sensor using ultrafine particles

(gas concentration=5000ppm).

Sensor temp. . . . . . . . .
. o 100C 200C 300C 400C 100C 200C 300C 400°C
Firing condition
C;Hs gas CH, gas
Sh:4.8% 0 0 7 9 0 6 10
Sb:9.6% 0 3 12 10 0 0 10 13
Sb :14.3% 0 0 10 9 0 9 10
H: gas C:H, gas
Sb:48% 0 4 11 2 6 14 10
Sb:9.6% 0 4 15 5 12 21 15
Sb : 14.3% 0 4 9 3 9 17 13
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