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ABSTRACT

Zinc oxide nanowires impregnated with platinum and gold nanoparticle
were used for ethanol sensor. Zinc oxide nanowires were prepared by thermal
oxidation reaction. Firstly, zinc oxide powder was pressed into cylindrical tube
and then sintered at 600°C for 12 hr at normal atmosphere. After that these
tubes were dipped in chloroplatinic acid (H,PtCl;*(H,0),) or in gold nanopar-
ticle solution for 1 hr and sintered again at 400°C for 6 hr. The samples were
tested toward ethanol vapor at concentration of 100 ppm and at working tem-
perature of 180-300°C. The enhancement of sensitivity and recovery time were
observed for ethanol sensor based on zinc oxide nanowire impregnated with
platinum, but no enhancement was observed for zinc oxide nanowire impreg-
nated with gold nanoparticle.
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INTRODUCTION

Zinc oxide is wide band gap metal oxide semiconductor with energy gap of
3.37 eV at room temperature (Zhang et al., 2005). Zinc oxide is widely used for
various applications such as pyroelectric devices, transistors, piezoelectric devices,
mechanical devices and surface acoustic wave devices. For gas sensor applica-
tions, zinc oxide is an interesting material which is sensitive to toxic and combus-
tible gases and also can be prepared in various forms such as whisker, tetrapod,
nanowire, nanobelt (Ting et al., 2007). ZnO nanostructures have caught attention
due to their increasing surface-to-volume ratio which could be resulted in enhance-
ment of sensing properties (Ramgir et al., 2006). In this paper, ethanol sensors
based on zinc oxide nanowires impregnated with platinum and gold nanoparticle
were fabricated and their ethanol sensing properties were investigated.
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MATERIALS AND METHODS

Zinc powder was grounded and pressed into cylindrical tube, then, the tubes
were sintered at 600°C for 12 hr at normal atmosphere to produced zinc oxide
nanowires. After sintering process, the samples were dipped in gold nanoparticle
solution or chloroplatinic acid (H,PtCl;*(H,0),) for 1 hr and sintered again at
400°C for 6 hr. After that, the samples were tested toward ethanol vapor at con-
centration of 100 ppm and at temperature of 180-300°C. The surface morphology
was characterized by using Field Emission Scanning Electron Microscope (FE-
SEM).

RESULTS AND DISCUSSION

The FE-SEM images of zinc cylindrical tube before sintering and after
sintering process at 600°C for 12 hr at normal atmosphere were shown in Figure
1 (a) and (b), respectively. The wire-like nanostructures with diameter of about
100 nm and length of about 10 um were observed after sintering process. Figure
2 showed the surface morphologies of zinc oxide cylindrical tube, (a) impregnated
with gold nanoparticle solution and (b) chloroplatinic acid after sintering at 400°C
for 6 hr. It can be seen that ZnO nanowires impregnated with gold nanoparticle
and platinum exhibited slightly larger size than that of without impregnation.
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Figure 1. FE-SEM images of (a) zinc tube before sintering and (b) zinc oxide tube
after sintering.

Figure 2. FE-SEM images of (a) zinc oxide nanowires impregnated with gold
nano-particle and (b) zinc oxide nanowires impregnated with plati-
num.
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The response and recovery characteristics of (a) zinc oxide sensors (b) zinc
oxide nanowires impregnated with gold nanoparticle sensors and (c) zinc oxide
nanowires impregnated with platinum sensors under an ethanol vapor at concen-
tration of 100 ppm at various operating temperatures were shown in Figure 3.
Clearly, the characteristics depended on the operating temperatures. It is worth to
note that the resistance in air decreases as increasing operating temperature which
is a common semiconductor property of zinc oxide.
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Figure 3. Response and recovery characteristics of (a) zinc oxide sensors (b) zinc
oxide nanowires impregnated with gold nanoparticle sensors and (c)
zinc oxide nanowires impregnated with platinum sensors under an
ethanol vapor at concentration of 100 ppm at various operating tem-
peratures.
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The sensitivity obtained from response and recovery curves as a function
of operating temperatures was plotted in Figure 4. The highest sensitivity was
observed for sensors based on zinc oxide nanowire impregnated with platinum at
200°C and had close value to that of zinc oxide nanowire at optimum operating
temperature. For sensors based on zinc oxide nanowire impregnated with gold
nanoparticles, the sensors exhibit the lowest sensitivity at optimum temperature.
This indicated the enhancement of sensitivity when impregnated zinc oxide
nanowire with platinum.

Moreover, the recovery time as a function of operating temperatures was
plotted in Figure 5. Clearly, the recovery time of sensors based on zinc oxide
nanowire impregnated with platinum exhibited significant shorter recovery time
than the rest at entire operating temperature. This suggested that impregnated
platinum to zinc oxide nanowire sensors could enhance the recovery time. The
enhancement of sensitivity and recovery time for sensors impregnated with plati-
num is due to platinum acts as catalyst in ethanol adsorption and desorption reac-
tion and thus, increases sensitivity and reduces recovery time.
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Figure 4. Sensitivity as a function of operating temperatures for zinc oxide nano-

wires, zinc oxide nanowires impregnated with gold nanoparticle and
zinc oxide nanowires impregnated with platinum.



2 CMU. J.Nat.Sci. Special Issue on Nanotechnology (2008) Vol. 7(1)

5000
ZnO + Au
4000 4  ZnO
2 3000 -
g -
> 2000
o
(5]
e
1000 4 ZnO + Pt
0 \

200 220 240 260 280 300

temperature (°c)

Figure 5. Recovery time as a function of operating temperature for zinc oxide
nanowires, zinc oxide nanowires impregnated with gold nanoparticle
and zinc oxide nanowires impregnated with platinum.

CONCLUSION

In conclusion, ethanol sensors based on zinc oxide nanowires, zinc oxide
nanowires impregnated with gold nanoparticle, and zinc oxide nanowires impreg-
nated with platinum were fabricated. The slightly enhancement of sensitivity and
the significance enhancement of recovery time were observed for ethanol sensor
based on zinc oxide nanowires impregnated with platinum, tested under ethanol
concentration of 100 ppm. However, no enhancement was observed for sensors
based on zinc oxide nanowire impregnated with gold nanoparticle. Thus, platinum
impregnation is one of the techniques that could be used for enhancement the
ethanol sensing properties of zinc oxide nanowire sensors.
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