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Abstract

Dip-coating is a very interesting method of depositing thin-films of several materials such as
oxides. Thin oxide (SnQ,) thin films have been deposited on a substrate by dip-coating technique
using SnCl,:2H,0 and NH,F solution. The deposited films have been studied to evaluate their use as
LPG gas sensors. The best performance has been found by varying some parameters, such as film
thickness and substrate type(glass/alumina substrate). Electrical resistivity measurements show a
sharp decrease when the film are exposed to LPG. The electrical response of SnQO, thin films are

studied at various temperatures.
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Type [Classiﬁcation lPhenomena IMaterials IGases
Surface SnO, , ZnO LPG, CO
Conductivity  [y-Fe,0,, V,0, plcohol
Semiconductor
[Bulk
Ti0,,CoO,Mg0-CoO 0,
Conductivity
d-gate FET, Ag,0,
Gas adsorption Surface potential [Surface potential H,, CO
d-TiO,
i1-xFe,+z, ZnO,
[Humidity Conductivity [H,0
gCr0,, AI20,
!Polyimjde UM quartz
Other [Piezoelectric H,S, NH,
oscillator
Catalytic [Flamable
combustion heat [Pt wire, Pt, Pd+ALO,
combustion PEEE]
clectrolytic CO, NO
{Potentisotatic oas electrode
current NO,, S,
Gas reaction
nobie cathode (Pt, Au)
Galvanic cell cell current
& base anode (Pb)
2
[Pylene + silicone
Others Fluorescence
membrane
Selective 7r0,-Ca0, ThO,-Y20,
Solid electrolyte [EMP 02
membrane ijCiz, PbBr,, K250,
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¥4 ey NEPTRL 1 RABU | R AR Response
NATOY LPG nawey | (KE2) | (kD) | (xQQ) AR/
(sec)
1 LPG 1.68% 300 425 4.58 0.33 0.077
2 LPG 332% 300 4.03 5.36 1.33 0.330
3 LPG 4.90% 300 3.80 5.75 1.95 0.513
4 LPG 6.42% 300 4.17 591 1.74 0.417
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NATDY LPG nacoy | (kQ) | (K2) | (kQ) | Aws Rivi
(sec)
1 LPG 1.68% 500 0.86 0.80 0.06 0.069
2 LPG 3.32% 500 0.73 0.93 0.20 0.273
3 LPG - 4.90% 500 0.77 1.07 0.30 0.389
4 LPG 6.42% 500 0.82 1.18 0.36 0.439
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I nal Rk, R AR Response
ATV LPG namey | (x| (XE2) | (k) AR/ Rz,
(sec)
1 LPG 1.68% 300 0.91 1.10 0.19 0.208
2 LPG 332% 300 1.01 1.25 0.24 0.237
3 LPG 4.90% 400 1.10 1.32 0.22 0.200
4 LPG 6.42% 400 1.09 1.32 0.23 O.ill
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%24 e IETRN A | Ry, R, AR Response
nAnol LPG madey [ (xQ) | (KQ) | (xQ) | Aws Rig
(sec)
1 LPG 1.68% 300 111.92 59.85 52.07 0.465
2 LPG 3.32% 300 120.70 36.79 8391 0.695
3 LPG 4.99% 300 111.36 29.54 81.82 0.734
4 LPG | 6.42% 300 | 107.61 | 2416 83.45 0.775
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¥24fi e ETRLY nm | Ry R AR Response
NATBY LPG nadey | (g0, | (k€2) (k) AR/ Rz,
(sec)
1 LPG 1.68% 300 35.88 ‘ 28.20 - 7.68 0.214
2 LPG 332% 300 41.85 22.26 19.59 0.468
3 LPG 4.90% 300 4238 17.58 24.80 0.585
4 LPG 6.42% 300 47.68 14.08 33.6 0.704
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JUN4.20 nsmuarmaransqu 15 33 Nguvqil 400 DarusaFU

297 iy L oM | R R, AR Response
NATEY LPG naey | (k) | (K) | (kQ) AR/R; ..
(sec)
1 LPG 1.68% 120 5.23 1.83 3.40 0.65
2 LPG 332% 120 4.87 1.48 3.39 0.69
3 LPG 4.90% 120 5.03 1.33 3.70 0.73
4 LPG 6.42% 120 5.01 1.16 3.85 0.76
5 LPG 6.42% 120 5.38 1.18 420 0.78
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MINN4.7 UAANANITASNAABUTNI0 A5 R = 3.87 K2 71 300 osrusaitoa

a4l iy Ysina oM | Ry R, AR Response
nAeY LPG naaey (k) | (KQ) | (kQ) | Aw R,
(sec)
LPG 1.68% 120 3.93 3.54 0.39 0.100
LPG 332% 120 4.34 3.30 1.31 0.301
LPG 4.90% 120 4.58 3.09 1.49 0.325
LPG 6.42% 120 4.85 2.80 2.05 0.422
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qUN4.22 nyuarmanamsgu 15 A9 Aigangil 300 erusATY

¥4t e s M St R, AR Response
nAaeu LPG naaey | (x(y | (KQ) (k) AR/Rs
(sec)
1 LPG 1.68% 120 15.20 4.28 10.92 0.718
2 LPG 3.32% 120 11.62 3.14 8.48 0.730
3 LPG 4,.90% 120 11.51 2.68 8.83 0.767
4 LPG 6.42% 120 10.06 2.40 7.66 0.761
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31M4.23 niMuaRINaNIsU20 AT Ngunall 300 BRI U

247 i Ui oM Rs R, AR Response
NANY LPG namey | (xQ) | (X)) | (kQ) R/Rs,
(sec)
1 LPG 1.68% 120 0.68 . 0.44 0.24 0.353
2 LPG 3.32% 120 0.55 0.36 0.19 0.345
3 LPG 4.90% 120 047 0.31 0.16 0.340
4 LPG 6.42% 120 0.43 0.30 0.13 0.302
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nATOY LPG natey k2
(k€2) | (K&) | (k) | AR/Ry,.
(sec)
1 LPG 1.68% 120 3.37 1.50 1.87 0.55
2 LPG 332% 120 3.37 1.20 2.17 0.64
3 LPG 4.90% 120 3.70 1.08 2.62 0.71
4 LPG 6.42% 120 3.77 0.92 2.85 0.75
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JUN4.25 nsmuamanIsquIs A Aguuail 400 esrusaiFue

%14} ey YSua na Riz, R, AR Response
NATOU LPG neaoy | (k) | (k) (x2) AR/ R
(sec)
1 LPG 1.68% 120 5.85 2.15 3.70 0.63
2 LPG 3.32% 120 5.56 1.60 3.96 0.71
3 LPG 4.90% 120 5.62 1.30 432 0.77
4 LPG 6.42% 120 5.53 1.20 433 0.78
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j1ii4.26 nsuaaInansYu20 AT Aguingil 400 esrusaidon

MT1IN4.12 LARIRANITAISNATOUU20 ASE R = 0.26 KE # 400 sarmuvaiFoa

[l :‘ o
¥ Rt YSunu " Riq, R, AR Response
AT LPG namey | k)
(kQ) | (K32) | (kQ) | AR/Ryy,,
{sec)
1 LPG 1.68% 120 0.28 0.12 0.16 0.57
2 LPG 332% 120 0.21 0.10 0.11 0.52
3 LPG 4.90% 120 0.20 0.11 0.09 - 0.45
4 LPG 6.42% 120 0.17 0.11 0.06 0.35
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29 - ETTTY nan sp R, AR Response
NABY LPG ey | (xkQ) | (KQ2) | (kQ) AR/Rgz
(sec)
1 LPG 1.68% 300 440 3.80 0.60 0.136
2 LPG 3.32% 300 432 3.68 0.64 0.148
3 LPG 4.90% 300 443 3.31 1.12 0.252
4 LPG 6.42% 300 4.55 3.22 1.33 0.292
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F2af ey ERTRLN m Ri., R, AR Response
naey LPG naaey | (k) | (KQ) (kQ) AR/R; ;.
(sec)
1 LPG 1.68% 120 6.20 1.50 470 0.75
2 LPG 3.32% 120 4.54 1.24 3.30 0.73
3 LPG 4.90% 120 4.20 1.04 3.16 0.75
4 LPG 6.42% 120 4.12 0.95 3.17 0.77
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M31N4.15 LAAIHANITNINATBUYU1S ATS R = 6.34 KO 7 250 Barisaidon

g4l iy NERTRLY nn | Rg R, AR Response
NAAOY LPG naaey | (k) | (KE) | (kQ) AR/ R ;.
(sec) '
1 LPG 1.68% 300 8.61 8.22 0.39 0.045
2 LPG 3.32% 300 s.56 7.64 0.92 0.107
3 LPG 4.90% 300 9.34 6.00 3.34 0.357
4 LPG 6.42% 300 9.53 5.53 4.00 0.419
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Il e L 00| Ry R, AR Response
NAABD LPG naaey | (xQ) | (KQ) (x2) AR/Rg;,
(sec)
1 LPG 1.68% 300 2475 17.00 775 0.313
2 LPG 332% 300 2503 | 1240 12.63 0.504
3 LPG 4.90% 300 24.73 10.20 14.53 0.587
4 LPG 6.42% 300 24.75 8.87 15.88 0.641
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31431 psmueaInansgu 15 a59 TMUNH,F 4.5% figungll 400 serusaibon

T A Ui " R, R, AR Response
NATOU LPG ey | (k) | (KQ) | (kQ) AR/ Ry,
(sec)
1 LPG 1.68% 300 15.62 8.82 6.80 0435
2 LPG 332% 300 16.45 6.34 10.1t 0.614
3 LPG 4.90% 300 17.20 544 11.76 0.683
4 LPG 6.42% 300 17.77 4.92 12.85 0.723
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Ffi A ETLY a it R, AR Response
NANOU LPG naweu | (xkQ) | (K2 | (xQ) AR/Rsp,
(sec)
1 LPG 1.68% 300 2.30 1.96 0.34 0.147
2 LPG 332% 300 2.67 1.86 0.81 0.303
3 LPG 4.90% 300 2.93 1.80 1.13 0.385
4 LPG | 6.42% 300 3.06 1.70 1.36 0.444
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3UN4.33 nsmuamanansgu 20 53 1A NH,F 4.5% fiquingi 400 esrusaidon

¥afi M NERTRL na | Rg o R, AR Response
natey LPG nadey | (xQy | (K | (xkQ) | Aw/ R,
(sec)
1 LPG 1.68% 120 1.75 0.50 1.25 0.71
2 LPG 332% 120 1.44 0.42 1.02 0.71
3 LPG 4,90% 120 1.40 0.40 1.00 0.71
4 LPG 6.42% 120 1.40 0.35 1.05 0.75
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29} e P na Ry R, AR Response
naoY LPG namey | (xQy | (KD) | (xQ) | Aw Rip
(sec)
1 LPG 1.68% 300 5.70 2.70 3.00 0.526
2 LPG 332% 300 448 2.06 2.42 0.540
3 LPG 4.90% 300 422 1.76 2.46 0.582
4 LPG 6.42% 300 4.10 1.56 2.54 0.619
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94 Mo ERTRTY nm | Rz o R, AR Response
NATBL LPG maaey | (xQ) | (KQ) | (kQ) | Aws R,
(sec)
1 LPG 1.68% 200 22.26 9.67 12.59 0.565
2 LPG 3.32% 200 20.00 7.40 12.60 0.630
3 LPG 4.90% 200 18.97 6.43 12.54 0.661
4 LPG 6.42% 200 19.01 5.68 13.30 0.699
5 LPG 1.68% 200 18.97 5.75 13.22 0.696
6 LPG 332% 200 18.97 6.45 12.52 0.659
7 LPG 4.90% 200 19.12 7.66 11.46 0.599
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nAzeY LPG ey | (k) | (k) | (xkQ) AR/R; .
(sec)
1 LPG 1.68% 200 42.36 31.71 10.65 0.251
2 LPG 132% 200 50.90 23.47 27.43 0.538
3 LPG 4.90% 200 54.08 18.18 35.90 0.663
4 LPG 6.42% 200 50.10 15.16 3494 0.697
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i} i TERTRLN nm | Rg R, AR Response
naaey LPG nawey | (k) | (k) (kQ) AR/ R
(sec)
1 LPG 1.68% 120 9.00 8.46 0.54 0.06
2 LPG 3.32% 120 9.00 8.70 0.30 0.03
3 LPG 4.90% 120 8.90 8.62 0.28 0.03
4 LPG 6.42% 120 8.95 8.59 0.36 0.04
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g1lii4.38 nsMuaasnanisqu 15 aFs TMINELF 10% figungii 300 ssruvadoa

%29 AL NEPTRLY nm s R, AR Response
naaey LPG namey | (xQ) | (KQ) | (xQ) | A Rip,
(sec)
1 LPG 1.68% 120 3.02 2.20 0.82 0.27
2 LPG 3.32% 120 3.14 270 0.44 0.14
3 LPG 4.90% 120 3.21 2.61 0.60 0.18
4 LPG 6.42% 120 3.27 2.51 0.76 023
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