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A novel CdO-ZnO nanocomposite has been synthedized sol-gel pyrrolysis method based on
polymeric network of polyvinyl alcohol (PVA). Thergpared nanocomposites have been carefully
characterized using scanning electron microscopyRaX dispersive energy analysis, ICP-atomic
emission spectroscopy and X-Ray diffraction. Thaamted results showed that the synthesized
nanocomposite at optimum conditions has exceliaeait nanoclusters created from nanograins. Each
nanograin was made of a CdO core that completelered by ZnO layers. Each synthesized
nanocomposite was used as sensing agent of COltgasms found that synthesized CdO-ZnO
nanocomposite at 2%wt Zn(NJR, 2%wt Cd(NQ),, 9%wt PVA, mixed solvent of 50:50 ethanol-water
at pyrrolysis temperature of 600°C can be used @sg@s sensing agent to exhibit the highest
sensitivity for CO at 135°C. The constructed serssmwed a very low detection limit of 2 ppm with
the dynamic range of 2 to 500 ppm.
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1. INTRODUCTION

ZnO nanoparticles have received great attentioadmexof their unique catalytic, electrical, gas
sensing, optical properties, and a large excitomdbw energy of 60MeV. Their non-toxicity, good
electrical, optical, and piezoelectric behavior atiter advantages such as their low cost and exgns
applications in diverse areas are some of the nsafso this extensive attention. Zinc oxide hasvpro
its diverse usage in different fields of applicatimcluding, solar cells, photocatalysis, ultragiol
lasers, transparent conductive oxides, spintroaied,gas sensors and etc.
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Cadmium oxide (CdO) is a well known Il- VI semicaiotbr with a direct band gap of 2.2 eV
(520 nm) and has developed various applicationk asdts use in solar cells, transparent electrodes
photodiodes, and sensors. There are numerous seporthe synthesis of the nanostructured ZnO
through the usage of different methods including 8ol-Gel [1], self-assembly [2], chemical bath
deposition [3], emulsion route [4], vapor phasesgort [5], reactive sputter [6] and spray-pyrradys
techniques [7].

There are several reported methods for the praparat the CdO nanoparticles, but most of
these methods only describe the thin film formatd€dO [8]. There is fairly few available litera&u
on the synthesis of the particles as a free-stgndawder. Pan et al. reported a formation of sdvera
nanobelts at high temperatures from a number odlnogides; one of them being CdO [9]. Peng et al.
reported the formation of CdO nanowires [10]. Rélgerthe formation of CdO nano-particles using
the thermal treatment of cadmium acetate has bessrided by Ristic et al. [11].

There are numerous reports on the synthesis adusmanocomposites of ZnO with different
compounds such as & [12], SnQ [13] and etc. However, there are no reports orsimthesis of
ZnO-CdO composites or nanocomposites.

Several semiconducting oxides such as SnO2, Znf; land indium tin oxide (ITO) are
employed as gas sensors, by utilizing the chanfyhe electrical conductivity of these material®op
exposing to target gases [14-18]. The utilizatibZm@O in gas sensor applications has a long history
Systems composed mainly of ZnO were studied as clesistive materials to detect gases like H
[19], NH; [20], CH, [21], O [22], seafood smell (TMA (trimethylamine)) [23]thanol [24] and CO
[25]. It has been suggested that thin film of Zn&» gensors exhibit higher sensitivities compared to
other forms of ZnO sensors [26]. Carbon monoxid®) & one of the most dangerous gases in air
pollution and human life. CO is produced by incoet@lcombustion of fuels and commonly found in
the emission of automobile exhausts, the burninglahestic fuels and etc. It is highly toxic and
extremely dangerous because it is colorless andes$o CO sensors are, therefore, required in wario
situations including the detection of smolderingedi Nanostructured zinc oxide with diverse
morphology of nano-wires, nano-rods and nano-belts been extensively studied due to its unique
physical properties such as wide band gap and xgegonic binding energy and electric conducting
properties for applications in short-wavelengthoggectronic devices, solar cells, and sensorsZ2p,
The recent demonstration of gas sensors basedmmn4wrO has further stimulated substantial efforts
to explore ZnO nano-structures for high gas seitsitiHowever, a nano-ZnO sensor prepared by an
arc plasma method did not show an expected higsitsety even when exposed to CO at a
concentration as high as 5000 ppm [27]. Nakamural.€f28] and Choi [25] reported a sensitivity
towards a few hundreds ppm of CO by utilizing CuBRO hetero-contacts, but the grains were not
nano-sized. With regards to the combined propeatiiegnO and CdO, it is expected that the results of
the synthetic CdO-ZnO composite will be interestihgs expected that composite making can affect
on the CO gas sensing ability of ZnO. In this prbjeve have tried to optimize the synthetic
conditions of CdO-ZnO nanocomposite in the lineanatluster formvia the poly vinyl alcohol
(PVA)-based sol-gel process. CO gas sensing piiepat the obtained nanocomposites was studied.
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2. EXPERIMENTAL PART

2.1. Materials

All materials were in analytical grade and purclkdaBem Merck, Fluka and or Loba Chimie
(India) companies. Double-distilled water was uisedll experiments.

2.2. Instrumentals

The morphology and particles diameters of CdO-Za@ocomposite samples were studied by
a Philips scanning electron microscopy (XL30 modBwder samples were analyzed by an XRD
instrument from Philips Co. (X Per) using the Cu)(kKadiation and graphite monochrometer. Energy-
dispersive X-ray analyses (EDX) were performed hilips 30 XL. X-ray diffraction (XRD) studies
were performed by a Decker D8 instrument. An ICP-ggectrometer (Varian Vista Pro, CCD
Simultaneous, Springvale, Australia) was usedtierdetermination of the zinc and cadmium content
of the nanocomposite samples. Gas sensing teste wperformed in an isolated box
(50cmx40cmx70cm).

2.3. Procedure

2.3.1. Synthesis

In this work, 88 g of a mixed ethanol-water (50:%@jvent was used to dissolve 2 g zinc
nitrate, 2 g cadmium nitrate, and 8 g PVA. The omigtwas heated to 80°C to form a homogeneous sol
solution. The obtained sol was slowly heated tgevate the solvent and form a hard homogenous
gel. The pyrrolysis of the final gel was performadtemperature of 600°C for 8 hours. During the
pyrrolysis process, the PVA polymeric network whsvy burnt through the outer surface; zinc and
cadmium nitrate salts were simultaneously calcohatend converted into the CdO-CdO
nanocomposite. The obtained samples were crushedepare a fine powder. The morphology and
particles sizes of the samples were analyzed byStael, TEM, XRD and EDX. The amount of
Zn(NG;)2, Cd(NG),, PVA, the composition of the mixed solvent, and plyrrolysis temperature were
optimized by the "one at a time method". Respoifgeesand dynamic range were used as the main
optimizing parameters. The zinc and cadmium costehthe samples were analyzed by the ICP-AES.

2.3.2. Sensor construction and test

In this study, high resistance polyacrilamide stdies (4 cm x 4 cm x 0.2 cm), prepared with
copper interdigitated electrodes were used asrsggvice. Fig. 1 shows the sensor configuration.
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Substrate

Copper electrodes

Figure 1. Scheme of used sensor device

The mixture of 1 g nanocomposite in 10 ml acetomes stirred and dispersed by ultrasonic
method to give a translucent solution. The homogenmixture as sensing layer was then screen-
printed onto its surface and dried at 120°C foe¢hinours using an oven. Silver paste was usea to fi
two contact wires. The thickness of the nanocontpdin was measured to be 100n. For sensor
test, the sensor chip (Fig. 1) was inserted in¢oishlated box which filled by Ngas. The temperature
of sensor chip was adjusted in 135 °C and a constdtage of 60 V was applied by a power supply
instrument into the two output wires of sensor ckipally, different amounts of CO gas were injecte
into the box. Internal atmosphere of the box wasutated by a small fan to make a homogenous gas.
After stabilizing, the current of sensor circuitsvdetermined by a high sensitive galvanometer. The
determined current was related to the electricgistence of the sensor. The sensor resistance was
related to the CO concentration in the box.

3. RESULTS AND DISCUSSION

3.1. Synthetic optimization

In the proposed method, the gel network rigiditytcols the morphology and particle size of
the synthesized sample to make a uniform nanostecttCdO-ZnO composite. In the gel structure,
cadmium and zinc salts were homogeneously dispemsezhg polymeric network. Because of gel
network rigidity, the dispersed ions in the gelwmtk can not alter their positions. Therefore, dgri
the pyrrolysis of the gel's outer layers, the zamd cadmium ions of the burnt layers combine with
each other to create the double salts of CajNénd Zn(NQ). which also react to yield CdO-ZnO
nanocomposite. The chemical equation is as follows:

Heat

Cd(NO;),.Zn(NO,), ® CdOZnO+ 4NO,
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In this method, the amount of Zn(N)@ Cd(NGs),, PVA, the mixed solvent composition, and
the pyrrolysis temperature have an affect on thmpasition, morphology, and particle size of the
sample. The degree of these effects was optimigettidb "one at a time" method. In the first step of
the optimization process of synthetic conditioh®, pyrrolysis temperature was varied from 400°C to
850°C. The synthesized samples were studied b$EdM and EDX instruments. The results showed
that the use of a pyrrolysis temperature whictowedr than 550°C not only has no considerable effect
on the composition, morphology, or particle sizet élso caused a longer pyrrolysis time (more than
12 h). On the other hand, the use of a temperdtigieer than 600°C caused the formation of
agglomerated structures and bigger particles. Téis to the selection of a 600°C pyrrolysis
temperature as an optimum temperature for futwdiess. For additional confirming, each sample was
used as CO gas sensing agent. The obtained refukensor studies showed that the sample
synthesized at 600°C pyrrolysis temperature hag withamic range and high response slope. Table 1
shows the synthetic conditions and EDX resultofdimization set.

Table 1. Experimental conditions of the synthesized samatesEDX results of each sample

Experiment Yowt Ethanol:water ~ EDAX results (%wt)
No. Zn(NOs3),  Cd(NOs3), PVA (V:v) Cdo Zn0O
1 0.5 0.5 9 50:50 0.93 99.07
2 1 1 9 50:50 0.74 99.26
3 2 2 9 50:50 0.62 99.38
4 4 4 9 50:50 1.42 98.58
5 6 6 9 50:50 73.86 26.14
6 1 2 9 50:50 0.62 99.38
7 2 1 9 50:50 0.86 99.14
8 2 3 9 50:50 1.01 98.99
9 3 2 9 50:50 1.25 98.75
10 2 2 0 50:50 49.50 50.50
11 2 2 1 50:50 2.05 97.95
12 2 2 3 50:50 1.62 98.38
13 2 2 5 50:50 2.21 97.79
14 2 2 7 50:50 0.95 91.05
15 2 2 9 50:50 2.5 97.5
16 2 2 11 50:50 5.2 94.8
17 2 2 13 50:50 8.5 91.5
18 2 2 9 100:0 1.0 99.0
19 2 2 9 75:25 24 97.6
20 2 2 9 50:50 0.62 99.38
21 2 2 9 25:75 15.91 84.09
22 2 2 9 0:100 43.89 56.11
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Experiments 1 to 9 were used to optimize the wepgintentages of cadmium and zinc nitrates
in the initial sol. Experiments 10 to 17 were afsetoptimization of the PVA amount. The last sét o
experiments, i.e. 18 to 22, was performed to ogtntiine mixed solvent composition. Each synthesized
sample was studied by SEM and EDX. The experimaqgtimization set was performed to obtain a
uniform nanostructure for the CdO-ZnO nanocomposited also high response slope and wide
dynamic range for the constructed sensors. Theimalstaesults showed that by varying each of the
parameters mentioned in Table 1, the morphologytiga size, components of the synthesized
samples and sensor abilities changed. The optimemdittons for synthesis of a uniform
nanostructured CdO-ZnO composite with high respsispe and wide dynamic range for its sensor
includes 2 %wt Zn(Ng)2, 2 %wt Cd(NQ)2, 9 %wt PVA, and a mixed solvent of 50:50 ethanatev.
Figure 2 shows the EDX analysis and SEM imagefi@fsample which synthesized in the optimum
conditions in two magnifications of 15000 (Fig. 2n)d 30000 (Fig. 2c). As it is seen in Fig. 2, the
optimum sample has a perfect uniform nanostrudgtueelinear cluster shape. Each linear nanocluster
has been formed from several uniform sphericaihgréseeds) with 70 to 90 nm in diameter.
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Figure 2. EDX analysis and SEM images of the synthesizedp&anm the optimum conditions
including 2 %wt Zn(NO3)2, 2 %wt Cd(NO3)2, 9 %wt PVhixed solvent of 50:50 ethanol-water and
pyrrolysis temperature of 600°C; EDX analysis @M image in magnifications of 15000 X (b) and
in magnification of 30000 X (c)

The EDX analysis results shows that in the majgreements mentioned in Table 1(eg: the
optimum synthesis; Fig. 2a), the CdO content in sbheface layers of the nanocomposites was
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insignificant. It should be mentioned that the ED»€thod only nalyzes the surface of particles,
therefore, in each nanocomposite bead (grainseéti nanoclustes); CdO forms the core and is then
covered by ZnO. Some of these samples were analygeXRD which results confirmed the EDX
analysis results. If this hypothesis is correct, maly will the bulk analysis of sample using a ICP
Atomic emission spectroscopy (ICP-AES) show that amount of Cd in the nanocomposite is not
negligible but also, the weight ratio of Cd/Zn wabdde the same with that of what was in the initial
sol. In order to investigate the hypothesis, soamepes that had shown insignificant amounts of CdO
in the EDX analysis were analyzed by the ICP-AEBe TCP-AES results showed that the cadmium
and zinc contents of the samples were the santeeasrtitial concentrations in the sol. The hypaiise

of ZnO covering the CdO seed was therefore confitrRéggure 3 shows the suggested structure for the
CdO-ZnO nanocomposite.

Zn0

Figure 3. Scheme of the suggested structure for the CdO+Zam@composite

3.2. Optimization of CO gas sensing

After optimization of synthetic conditions of th@dO-ZnO nanocomposite to obtain high
response slope, wide dynamic range and uniform hadogy, sensing conditions were exactly
investigated. For this propose thickness of scpgeried layer, sintering temperature, sensing
temperature and operating voltage was optimizethéyone at a time method".

Table 2 summarizes the experimental data for opétiun set. Based on the Table 2, sensor
performance is improved when screen-printed layiekihess is increased from 10 to 100 his result
is due to complete substrate covering. At highiektiess, film resistance will be increased.

About the effect of sintering temperature, conmettietween nanocomposite particles is not
complete at lower temperatures so that the serishbiyas low. Sensor performance is decreased at
temperatures higher than 120°C. The result carlbged to decrease porosity of the film.
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Table 2. Experimental data for optimizing of CO sensing

Table 2 shows that 135 °C is the optimum valuesfarsing temperature. Sensor sensitivity is
strongly depended on temperature, because CO didsddesorption kinetics is increased by the
temperature. At higher temperature than 135°C, @6omption is decreased. Operating voltage is
related to sensor sensitivity. Increasing of therapng voltage causes to increase circuit curfeme.
circuit current directly relates the slope of semesponse. At this type sensor, high slope makesri
detection limit.

In summary, for CO sensing, film thickness 100 sintering temperature 120°C, sensing
temperature 135°C and operating voltage 50 V atienopn values to obtain low detection limit, wide
dynamic range and high response slope.
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3.3. Sensor specifications

Figure 4 shows the effect of CO concentrationtengensor response. As it can be seen from
Fig. 4, the constructed sensor has a wide dynaamiger (2-500 ppm), low detection limit (2 ppm) and
high sensitivity (0.1 Ohm.ppt).

Figure 4. Response curve of the proposed sensor for differcentration of CO with inserted linear
calibration curve

Figure 5 shows the response time curve for theqmegh sensor. As it is obvious in Fig. 5, at
major concentrations, response time is lower thars.5The obtained result shows sensor ability to
detect CO gas at flow systems.

Figure 5. Sensor response time for the different CO conagatrs



Int. J. Electrochem. Sci., Vol. 5, 2010 72€

Selectivity is an important parameter in all gassgsg systems. Sensor selectivity was studied
for some gas molecules of air. Figure 6 shows ffeeteof some interfering gas molecules on the CO
sensor response. As it can be seen from Fig. 6ptbposed sensor is a selective sensor in dry
atmosphere. Humidity has considerable interferemcéhe CO sensor, so that, the sensor can be used
as humidity sensing device at clean air (without@@O with low concentration).

Figure 6. Effect of some interfering gases on the CO sensor

Comparing of the proposed sensor as CO gas setisincg with the previously reports shows
that the proposed sensor has higher efficiency 193,23, 25, 28]. The obtained results showed that
making composite causes much improvement in sgmsdormance in comparing with doping and
other modifications.

4. CONCLUSIONS

PVA-based sol-gel pyrrolysis method can be used aseful method to synthesize the CdO-
ZnO nanocomposite. This method synthesizes themopti nanoclusters formed from the linear
connections of a great number of spherical nanngrénanoseeds) with each nanograin’s diameter
varying from 70 to 90 nm. The optimized nanoconiteosxhibits good ability to detect CO gas.
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