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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 #um 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.
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Fig. 1. Schematic representation of experimental apparatus.
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Table 1. The experimental condition for the preparation of SnO;, ultrafine powder.
Partial pressure in evaporation amount residence reaction
carrier gas (Pa) {mmol/min) & H:0/0. time temperature
excess ratio
SnCl, H0 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
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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

500°C, 1hr 291 700°C, 10min 2.35
600°C, 1hr 3.09 700°C, 30min 2.46
700C, 1hr 3.01 700°C, 60min 2.46
700°C, 3hr 2.90 8007, 10min 2.32
700°C, 5hr 2.99 800, 30min 242
8007C, thr 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. Bulk density(g/cm®) of SnO,; gas
sensors using ultrafine particles.

Firing condition {bulk density| Firing condition [bulk density
7007, 10min 3.68 800, 30min 383
700°C, 30min 3.76 800°C, 60min 3.88
700°C, 60min 3.82 850C, 10min 3.85
800°C, 10min 3.80 850C, 30min 3.86

850C, 60min 3.89
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H 4. 850C, 1080 448 Alpo| Pdffaiol THR ZSHFI(IIA &5 =5000ppm)
Table 4. Sensitivity as a function of Pd content for the sample fired at 850°C for 10min
(gas concentration=5000ppm).
Sensortemp. | o0 200C  300C  400C | 100C  200C  300C  400°C
Pd content
C:Hs gas CH, gas
0.01wt. % 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 33 21 0 9 38 25
0.2 wt. % 31 54 37 12 46 62 41
0.5 wt. % 41 58 75 64 49 69 79 45
# 5. 0.5wt.% Pd&I2}& 71Xl 0|3 ®% 71A X 2Xe] AT (7tA S E =5000ppm)
Table 5. The sensitivity(%) of the SnO, gas sensor using ultrafine particles with 0.5wt.
% Pd (gas concentration =5000ppm).
Sensor Firing temp. . . 5 . . . . .
. 100C 200C 300C 400C 100C 200C 300C 400C
condition
C;Hs gas CH, gas
700°C, 10min 0 29 53 41 0 48 46
700°C, 30min 0 24 51 38 0 54 50
700°C, 60min 0 13 49 36 0 12 50 49
800°C, 10min 0 22 52 36 0 4 51 48
800°C, 30min 0 17 50 41 0 16 57 56
800C, 60min 0 11 33 28 0 9 53 57
850°C, 10min 0 23 60 49 0 11 52 50
850°C, 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
700°C, 60min 31 41 64 63 40 57 72 43
800°C, 10min 38 57 70 68 43 67 79 53
800°C, 30min 33 54 69 53 41 66 75 49
800°C, 60min 33 52 69 47 43 61 70 49
850C, 10min 41 58 75 64 49 69 79 45
850C, 30min 39 51 66 50 45 60 67 47
850C, 60min 35 49 63 53 41 57 62 44
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Fig.5. Sensitivity of the SnO, gas sensor using
ultrafine particles to various gases as a
function of firing time at the sensor
temperature of 300°C
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Table 6. The sensitivity of Sb-doped SnO. gas sensor using ultrafine particles

(gas concentration=5000ppm).

Sensortemp. | 0c  200C  300C  400C | 100C  200C  300C 400
Firing condition
C;Hg gas CH, gas
Sb: 4.8% 0 0 7 9 0 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 : 4.8% 0 4 11 8 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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