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Application of Nanomaterial TiO, for the Gaseous
HCHO Sensing
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Ren-Jang Wu, Hsiao-Fang Lai, Chung-Yun Cheng

RAF R AR B H A K =R TiO, » Aw/TiO, A& Pd/TiO, R AIA# - S£A A X K44t (X-ray diffraction,
XRD) A ¥ i& X & T # M 4% (transmission electron microscope, TEM) 4& 25 4F 3 e M #H AT 2 ZHF R » WA
T AR AR 0 SR SRR R AN BE RURE GBI 2 o B SRR B A B RIS IR (sensor response) ~ K& B R
(response time) ~ =48 BF B (recovery time) $2F & M]3 (repeatability test) © #F & ¥ A I A e Au ¥ Pd 7
TiO, & @ T A TiO, Z BAMEIR4 =45 » E KR BB R W40 o RAFRITH T 7 & RAl 2 R &
# A% (sensing reaction mechanism) * #1% K R AR #F 52 b B4 A1 F7 A E M S 0 A S B AUL T B RUBE R
A AL AT o

In this study, homemade nano-titania TiO,, Au/TiO, and Pd/TiO, were prepared as sensing materials, and
using X-ray diffraction (X-ray diffraction, XRD) and transmission electron microscopy (transmission electron
microscope, TEM) instrument to characterize the materials. The purpose is to understand its microstructure and
sensing properties of HCHO gas. Research items are including sensor response, response time, recovery time and
repeatability test. We found that the addition of Au and Pd on TiO, can promote the sensor response of TiO, about
three times, and reduce the response time and recovery time. A sensing mechanism was proposed in this study. It
can be expected in the future academic innovation and practicality developed the new materials with high sensitivity
of formaldehyde gas sensing technology.
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W AR - WP D R R e R - E
IR 50— 100 ppm [ I ] DUCE 800§ A3
fifizkfE ~ fifige ~ SCREWE - MR - 98 - LB
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(PM,5)
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B JER A 6 s B LI AL-ZnO #4%E » #F 0.8 ppm
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IR R R IRR B A 8 IR R - AR 8RR OA
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— 5% Pd/TIO,
—— 3% Pd/TiO,
—— 1% Pd/TiO,
—_ —_— TiO,
3 PdO(101)
8 .
z |
(2]
N )
(a) TiO, & Au/TiO, = XRD
10 20 30 40 50 60 70 80 [ v (b) TiO, & Pd/TiO, %
(b) 20 (degrees) XRD [ -
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(b)
3. (a) TiO,  (b) 1% AW/TiO, * (c) 1% Pd/TiO, % TEM &3 -

450
4001  InAir
——
350 - //w g
& 300
s
< 250
G
» 200 A s Rair
(%] =
& 1504 RhcHo
100 Tao Troo
4. 501 ’/ In HCHO
10 ppm FEE R £ 1% AWTIO, ##t 0 . : . : .
o N , 0 200 400 600 800 1000 1200
Z RG] FELE B ] G4k o Time (s)

PR RE - BIRFRERER - E9 X EE]
2R EHETRE - PR FESBRAEER — At
SKIE - 2RIEE (Au) ~ R (Ag) ~ 1 (Pt) ~ #E(Pd)
BB — S LEkET ¥ 10 ppm FEE KBS RCHIE
Bi o W1FR 3 A » 2% 3 BUR TiO, MEHZ BRHIERSE
B 6.1 » SJERFR K [BIE I 73 B Ry 164 #) K 275
b o IRINE = E 5L 1% B9 Au > Ag » Pt & Pd J&k
HIESREEREIN » Hrp DL Au K Pd #8535
F520.7 52 20.6 ~ Au Jz Pd $EFFIEGHIG R 3 5 -
DEEEE (Au) BHR _E/bekF - B2
HERFEILLEI T SHMERI R R T2 B
B3 B1E 0.5% ~ 1% » 3% AWTIO, » {EHMEAAER
BT LA 10 ppm BYFREECERIG - FHIE S(a) HA]
DUE B EGEEHGR AR AR 2 BT - BlE A EE R
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fE 1% B 2R PR P RS - FHIER RIS A0 > Bt TiO, BRI
G Ry — n BIEERE SR ARG ES - B 5(a) thEH
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% 3. 1Bl RRI A HH 4 # 10 ppm T B RUBY 2 R GAI 41 o

JBHI(E [ R ] 5] {8 R
JER A % (Sensor | (response time, | (recovery time,

response, S) T90) (s) Tr90) (s)
TiO, 6.1 164 275
1% Auw/TiO, 20.7 66 250
1% Ag/TiO, 15.3 124 168
1% Pt/TiO, 13.5 288 234
1% Pd/TiO, 21.9 88 167




~ " N .

Resistance (MQ)

TS

" N

3.0% Au/TiO,

1.0% Au/TiO,

0.5% Au/TiO,

TiO,

0 500 1000 1500
(a) Time (s)

2000 2500

YUY
U
VAR UnVnd

Resistance (a.u.)

.0% Pd/TiO,

5% Pd/TiO,

.0% Pd/TiO,

5% Pd/TiO,

5.
(a) TiO, 1 [l & & Au/TiO, X A

0 1000 2000 3000

(b) Time (s)
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IR TiO, B - BEIEHRIZ BREE B EN
TR R e e s O RSy AT (T = Vs =
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AT R SR A R A B -

DlEe R (Pd) BHR S sk » BEEfE
HERFE LB T $SHERI R R T2 B
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R R T L 10 ppm HYFREEEEIE - HilE
5(b) F el AEEIRGEEHGR HARE R R 2T - 54
BLRGHIES Ry — n B EAS RASRCHIES - FHFR 4 FTEE

4000 H 4k 0 (b) R F 4% Pd/TIO, X Al
@ .

HBB TR ER » ERFEBHELLEIT - DL 1% Pd/
TiO, A iiriEGHIEHSE - TEFEEREE 10 ppm 1Y
AT - BCHIEHRATE 21.9 © T90 5 88 # » Tro0
Ry 167 ¥ » [ FER [ R [BHE R 53 B AREL TiO, F
o BGRIESRIIR BREE B Pd ERYIGINTTEY -
BHEEZH Pd [ PAO FEk B — S LSRRI
BB - BEZECE T IRERIMFLRR » R T R] o bt
MERAGRIRENE -

@ 6 B [ENRE R RO E B - 6
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* 4.

TR & B RmEH 10 ppm FEE A5

Z BRI

o | RRIEHE (Sensor| OB i
JER T4t TR, O (response time, (recovery time,
’ T90) (s) Tr90) (s)
0.5% Au/TiO, 5.9 60 134
1.0% Au/TiO, 20.6 66 250
2.0% Au/TiO, 7.8 118 298
3.0% Au/TiO, 5.4 102 156
0.5% Pd/TiO, 20.5 60 130
1.0% Pd/TiO, 21.9 88 167
1.5% Pd/TiO, 17.4 70 152
2.0% Pd/TiO, 17.0 94 132
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R ERET - a0 (2) B 3) X BFETIRET
R - BORIAPR R EA A
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A PR SR B 1 B A TR - SR TR |

Tt SRR ECHIA R R R AR T I - ERETERER A EE
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Oy + ™ 7 Oyq) (H
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HCHO 4 + 20" (u45)

COyats) + HyOppgs) + 26 + * Q)
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IR - BREI R EEREAE = » EIEIEHSE AR ]
%i%ﬂﬁ‘*ﬁkﬁ‘“ o HERE R ERERE
BB AR BER - DL AWTIO, MRHEGHIZS -

)
L 3
80 |- e
P .
* .
70 | P
Q60 s
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3 50| o7
® S * 1% Au/TiO
5 40| o ?
c e !
B 30| Lol 7oz
-
20 Pt
6. 5976
10 F .
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. . O | 1 | 1 1 | 1
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k=Xl Concentration (ppm)
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HCHO 46,

COyads) * H2Oaqs) + 26~
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B RS AE - AROR SR E BRsaE D .

m - i

Zk &ALk TiO, » Aw/TiO, K2 Pd/TiO,
ERE - 0 AR A B S SR R ORI 98 AT 10
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[ FERS i R (BRI RT3 B Ry 164 s Bl 275 s o AN
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reaction mechanism) * (G f#ERE Au &z Pd B AR
RAREA -

ZERK
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& 7.
B AR R R B AR T
o

EAETEMTAL REERE 101 45 11 A 23 HfTEPREEE
RAEFREZLFHE 1010106229 HESETE -

2.S. Lin, D. Li, J. Wu, and X. Li, Sensors and Actuators B
Chemical, 156, 505 (2011).

3. H. Xie, C. Sheng, X. Chen, X. Wang, and J. Zhou, Sensors and
Actuators B Chemical, 168, 34 (2011).

4.]. Peng and S. Wang, Journal of Physical Chemistry C, 111,
9897 (2007).

5. 1. C. Hurtado, G. G. Mandayo, and E. Castano, Thin Solid Films,
548, 665 (2013).

6.N. J. Choi, H. K. Lee, S. E. Moon, and W. S. Yang, Sensors and
Actuators B Chemical, 175, 132 (2012).

7.K. Xu, D. Zeng, S. Tian, S. Zhang, and C. Xie, Sensors and
Actuators B Chemical, 190, 585 (2014).

8.Y. M. Zhang, Y. T. Lin, J. L. Chen, J. Zhang, Z. Q. Zhu, and Q. J.
Liu, Sensors and Actuators B Chemical, 190, 171 (2014).

9. L. Zeng, W. Song, M. Li, D. Zeng, and C. Xie, Applied Catalysis
B: Environmental, 147, 490 (2014).

10.J. Xu, X. Ji, and X. Lou, Sensors and Actuators B Chemical,
120, 694 (2007).

11.J. Fang, S. W. Cao, and Z. Wang, International Journal of
Hydrogen energy, 37, 17853 (2012).

12.S. Morrison, Sensors and Actuators B Chemical, 12, 425 (1987).

13.P. Hu, N. Han, D. W. Zhang, J. C. Ho, and Y. F. Chan, Sens.
Actuators B Chemical, 169, 74 (2012).

RV EERBBLFEERE(ER
T HEBRERERALERAEE -

Ren-Jang Wu received his Ph.D. in
chemistry from National Tsing Hua
University. He is currently a professor
in Department of Applied Chemistry at Providence

University.

FHEFARN 198 HA 103.3 71



HATRERBFTLREEA(ER
T+ HEAERE W LR RAE
T A2 -

Chung-Yun Cheng received his M.S.

M AR EREERA{LER
f o
Hsiao-Fang Lai received her Ph.D.

in applied chemistry at Providence

in applied chemistry from Providence

University.
University. He is currently an engineer in Leatec Fine

Ceramics Co., LTD.

72 FHEFTEN 198 A 103.3



