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Abstract

ZnO nanoplates with average size of 200x400%40 nm and « -Fe20s nanorods with an average diameter
and a length of 50 nm and several »m have been prepared through hydrothermal treatment method. Both
materials were mixed in weight ratios (ZnO /a-Fe203) of 1/9, 2/8, 3/7, 1/1, 7/3, 8/2 and 9/1 to produce
nanocomposite materials. Ethanol vapor properties of films derived from obtained materials, pristine
nanoplates ZnO and pristine nanorods « -Fe203 were investigated at temperatures in the range of 300-400
°C and ethanol vapor concentrations in the range of 125-1500 ppm. The result shows that the material of
80 wt.% ZnO/ 20 wt.% a-Fe203 exhibits the highest response to ethanol vapor at 400 °C. The
improvement in the ethanol vapor sensing characteristics of this material compared with pristine
nanoplates ZnO and pristine nanorods « -Fe203 is attributed to the formation of heterojunctions in materials

and their porous structure.
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1. Introduction

ZnO is a traditional n-type semiconductor due to
the existence of oxygen vacancies with wide, direct
bandgap (3.37 eV, at 300K) and a large free exciton
binding energy (60 meV). Its nanostructures have
attracted intense research interest due to their
morphologies and potential optical and -electrical
applications, such as field emitter [1], ultraviolet laser
[2], biosensor [3], gas sensor [4-7] and UV devices [8-
9].

Hematite (a-Fe2Os), an n-type semiconductor
with a bandgap of 2.1 eV, is particularly attractive for
gas-sensing applications due to its high chemical
stability, low manufacturing cost, low toxicity and the
most stable iron oxide under ambient environment. It
is widely used in gas sensors, catalysts, high-density
magnetic recording media, clinical therapy and
diagnosis [10-14]. To date, a variety of a-Fe,O3
nanostructured materials in various geometrical
morphologies have been successfully prepared, such
as urchinlike [15], quasicubic [16], belts [17], tubes
[18], nanorings [19], rods [20], hollow spheres [21],
nano-rhombohedra [22].

Hetero-nanostructures consisting of two or more
metal oxides have attracted increasing attention due to
the possibilities of integrating the physical and
chemical properties of these oxides. In the past year,
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coupled metal oxides were formed by ZnO and other
metal oxides such as CuO, WOs3 for selective H»S
detection [23], H» gas sensing [24] and for
photocatalytic degradation [25]. However, the
composition of ZnO nanoplates and a-Fe;O3 nanorods
for ethanol vapor sensing is rare. In this contribution,
we prepared single crystalline ZnO nanoplates and o-
Fe;O; nanorods to produce ZnO/a- Fe.O3
nanocomposite materials by wet chemical method.
The structures and their ethanol sensing properties of
the composites also were studied.

2. Experimental

ZnO nanoplates and o-Fe;O; nanorods were
prepared by a wet chemical method according to Refs.
[26] and [20]. The ZnO/o-Fe;O3 nanocomposite
materials have been carried out by a simple mixing of
the both components with different weight ratios.
These obtained materials are presented in table 1.

Table 1. Prepared nanocomposite materials.

Sample name Zn0O (wt %) a-Fe-Os (wt %)
M1 10% 90%
M2 20% 80%
M3 30% 70%
M4 50% 50%
M5 70% 30%
M6 80% 20%
M7 90% 10%
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Crystal  structure identification of ZnO
nanoplates and o-Fe;O3; nanorods were obtained using
X’pert Pro (PANalytical) MPD and Burker-AXS
(Siemens) D5005, respectively, with a CuKo. radiation
(A = 1.54065 A) at a scanning rate of 0.03°/2s in the
20 range from 10° to 70°. The morphologies of
nanopowder ZnO, a-Fe;03 and composite of 30 wt.%
7Zn0/30 wt.% a-Fe,O3; (M3) were identified by a
scanning electron microscope SEM (HITACHI
S4800) using an electron beam energy of 10 kV.

3. Results and disscution

3.1. Material characteristics and morphologies

Characteristics of obtained pristine ZnO
nanoplates and a-Fe;O3 were indicated elsewhere [26-
27]. We observed that ZnO nanoplates have average
size 200x400x40 nm. The peaks from XRD pattern
can be indexed to the hexagonal wurtzite of ZnO with
the lattice constant of @ = b = 0.3249 nm and ¢ =
0.5206 nm (JCPDS 36-1451). No detectable peak of
impurities and other phases was observed, indicating
the formation of single-phase. The diameter of
obtained a-Fe;Os; nanorods was 50 nm. a-Fe;O3 has
rhombohedral structure (JCPDS 33-0664) with lattice
constant of a = b =0.5038 nm, c=1,3722nm, 2 =¢ =
90°, 4 = 120°.

Fig.1a shows a SEM image of a nanocomposite
of 70 wt.% ZnO /30 wt.% a-Fe;O3 (M5). The energy
dispersive x-ray spectroscopy analysis (EDX) of M5
material is shown in Fig. 1b, which demonstrated that
both elements Zn and Fe have been presented in
material. There is no impurity element. The
composition obtained from the EDX spectra is
roughly consistent with the desired weight ratio of
ZnO and o-Fe>0s.

U B e e ]
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Fig. 1. SEM image (a) and EDX spectrum (b) of
nanocomposite 70 %wt. ZnO/ 30 % o-Fe,O3 (M5).
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3.2.  Ethanol vapor sensing properties

These nanocomposite materials were coated onto
Pt-interdigitated electrodes with gap of fingers 20 um
by spin-coating method to produce sensor samples.
Afterward the all sensor samples were dried in air at
80 °C for 24h and heated at 600 °C for 2h to evaporate
the organic species and to stabilize the materials
structure. The sensor sample response is defined as a
ratio, Rair/Ress, Where Ry is the resistances of sensor
samples in dry air and Ry is the resistances in
different concentration of ethanol vapor. The response
of these sensor samples to ethanol vapor was
measured in static gas sensing system at temperatures
in the range of 300-400 °C and ethanol vapor
concentration levels of 125-1500 ppm.

Fig. 2 shows the response-recovery of the M6
sensor sample. We noted that the reference voltage
increases with ethanol vapor concentration. It depicts
that the material shows an n-type semiconductor

property.
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Fig. 2. Transient response of M6 sensor sample to
ethanol vapor with concentration levels of 125-1500
ppm at 400 °C.
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Fig. 3. The dependence of M6 sensor sample
sensitivity to ethanol vapor on temperature.
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Figure 3 shows the response of the M6 sensor
sample as a function of temperature. As can be seen
that its response reaches the largest value at 400 °C in
the studied temperature range. Therefore, 400 °C was
chosen as the testing temperature to investigate a
dependence of the response to ethanol vapor
concentration of other ZnO/a-Fe,O3 samples.

Figure 4 shows the responses of corresponding
ZnO/a-Fe,03, pristine a-Fe;O3 and pristine ZnO
sensor samples when exposed to 1500 ppm ethanol
vapor at 400 °C. At this temperature, the M6 sensor
sample shows the highest response in comparing with
other sensor samples including pristine a-Fe,O3 and
pristine ZnO. Its response is 151 for 1500 ppm ethanol
vapor. The result also indicated the sensitivity of the
pristine ZnO materials to the ethanol vapor was
improved by simple mixing ZnO with a-Fe,Os in
appropriate weight ratio and the best performance can
be achieved with a composite of 80 wt.% ZnO/ /20
wt.% a-Fe>0s.

Mé6

1400 °c, 1500 ppm

M5 a-FepO3

M2 M7
M3

M4 Zn0O

M1

Fig. 4. The sensitivity of sensor samples to 1500 ppm
ethanol vapor at 400 °C.
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Fig. 5. Response time for 125 ppm and recovery time

for 1500 ppm ethanol vapor at 400 °C of sensor
samples.

In this case, the conduction and valence band of
two oxides are discontinuous at the junction of two
oxides due to their bandgap difference. It forms an
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additional potential barrier at the boundary between
ZnO nanoplate and a-Fe,O3 nanorod which could
influence on the response of the sensor sample.

When the ZnO/ a-Fe,O3 surfaces were exposed
to ethanol vapor, the ethanol molecules diffuse
through the metal oxide layer and the ZnO/ a-Fe;O3
interface, then penetrate in to the film. The ethanol
molecules react with negatively charged oxygen ions
located at ZnO/ a-Fe,Oj3 interface by reactions [28]:

ey

The time taken for the sensor sample to attain 90
% of maximum change in resistance on exposure to
gas is the response time and the time taken by the
sensor sample to get back 90% of the original
resistance is the recovery time. Fig. 5 shows the
response and recovery time of all sensor samples.
They were calculated for 125 ppm and 1500 ppm
ethanol vapor at 400 °C, respectively. It indicated that
the response time of M6 sensor sample (8s) was little
greater than one of sensor sample M2 (2s) but
significantly smaller than one of other sensor samples
and pristine ZnO (32s). Similarly, for 1500 ppm
ethanol vapor the recovery time of M6 sensor sample
(~28s) were significantly smaller than one of M1, M2,
M4, M7 and pristine ZnO (~35s) sensor samples.
Thus, in comparison with pristine ZnO nanoplates and
a-Fe>O3 nanorods the appropriate composition of ZnO
and a-Fe>O3 as M6 sensor sample not only enhances
sensitivity but also reduces response/ response time.

C,H,0H+60" — 2CO, +3H,0+6¢"

4. Conclusion

In summary, we have presented a hydrothermal
method for the synthesis of pristine ZnO nanoplates,
a-Fe;O3 nanorods and their composites. The
nanocomposite of 80 wt% ZnO /20 wt% a-Fe,O3
showed remarkably improved sensing properties for
ethanol vapor compared to the pristine ZnO
nanoplates, a-Fe,O3 nanorods and other composites at
400 °C. Its response to the 1500 ppm ethanol vapor is
about 151. These results also show that the
nanocomposite of 80 wt.% ZnO /20 wt.% a-Fe;O3
may be a promising material to fabricate ethanol
Sensor.
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