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Figure 3. Stability of ZnO and CuO in acetone.

Figure 4. Current behaviour during electrophoretic deposition.

Figure 5. XRD pattern of (a) ZnO (b) ZnO-CuO deposited at 750 V.

charges in the suspension. Consequently, the resistivity
of the suspension increases which is manifested by the
apparent decrease in the deposition current. This observation
is consistent to some reported studies that a high ionic
concentration will cause instability of the suspension
thereby inhibiting the movement of ceramic particles**.The
stability of the suspension in EPD dictates the success and
quality of the material formation in the substrate. Qualitative
investigation of the deposits implies that the suspension
current is proportional to the deposition yield. High current
resulted to high deposition yield. Thicker deposit of around
0.2mm was obtained at 750V compared to the 0.1 mm
thickness obtained at 500 V. Furthermore, in the presence
of CuO, the particles in the suspension tend to settle faster
compared to that of pure ZnO. This is also evidence that
the addition of CuO caused instability of the suspension.

3.3. Structure and morphology

XRD pattern shown in Figure 5a illustrates the 11
characteristic peaks of ZnO. The peaks at 20 values of 31.76,
34.42,36.26,47.54,56.60, 62.86, 66.36, 67.94, 69.08, 72.54,
and 76.98 which correspond to the crystal plane of 110, 002,
101,102, 110, 103, 200, 112, 201, 004, and 202 respectively,
are in good agreement with current observations. The
diffraction peaks agree with the JCPDS card No 36-1451
which correspond to the hexagonal wurtzite structure of
ZnO. Figure 5b on the other hand shows the combined peaks
of ZnO and CuO after deposition. This result indicates that
Zn0O-CuO composite was formed in the process.

Figure 7 depicts the particle size measured using ImageJ®
software and the average particle size was calculated using
Microcal Origin®. Based on particle size, deposits obtained
from pure ZnO exhibit a more homogenous surface structure
as observed in Figures 6a and 6¢c. The mode of particle
size of pure ZnO deposits obtained at 500V and 750V is
201-250nm. The addition of CuO in the suspension resulted
to a more variable and larger particle size as illustrated in
Figures 6b and 6d. The mode of the distribution obtained
from 500V and 750V of ZnO-CuO deposits is 201-300nm.

Table 1 shows the calculated average particle size in each
deposition parameter. The average particle size deposited
at 500V for ZnO and ZnO-CuO were 241nm and 260nm,
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Figure 6. Micrographs of (a) ZnO at 500V, (b) ZnO-CuO at 500V, (c) ZnO at 750V, (d) ZnO-CuO at 750V.
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Figure 7. Histogram of particle size of the deposits.

respectively. Whereas ZnO and ZnO-CuO deposited at 500V and 750V exhibit a higher sensitivity than with the
750V have particle size of 195nm and 276nm, respectively.  presence of CuO. At 500V deposition potential, the addition
ZnO deposit obtained at 750V display the smallest average ~ of CuO resulted to a decrease in sensitivity from 27.65%-
particle diameter. Largest particle size was observed at ~ 12.02%. The same result was observed at 750V where the

ZnO-CuO deposits obtained at 750V. sensitivity decreases from 43.73%-32.20%. As observed
L in the SEM images (Figure 6), pure ZnO deposits have
3.4. Gas sensitivity more open structure and smaller particle sizes compared

Figure 8 and Table 2 depict the sensitivity of the material ~ to the ZnO-CuO deposits. Varying the deposition potential
deposited at different parameters when exposed to same  influence the surface structure of the material formed
amount of NH,. Apparently, pure ZnO deposits obtained at ~ on the substrate. As cited by various literatures'*'’, the
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Table 1. Average particle sizes at different deposition parameters.

Deposition Parameter Average Particle Size

(1m)
500V ZnO 0.2413 £ 0.0541
500V ZnO-CuO 0.2603 + 0.0962
750V ZnO 0.1954 £ 0.0519
750VZnO-CuO 0.2762 + 0.0690
050 -
0.45 - }
0.40 -
2 035 -
2
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Figure 8. Average NH, sensitivity of the ZnO and Zno-CuO
deposits.

Table 2. Normalized sensitivity (xuncertainty) of materials at
different deposition potential.

Deposition Average Normalized Percent
Potential Sensitivity Sensitivity
500V ZnO 0.2765 = 0.0387 ~27.65%
500V ZnO-CuO 0.1202 £ 0.0390 ~12.02%
750V ZnO 0.4373 £ 0.0316 ~43.73%
750VZnO-CuO 0.3220 = 0.0579 ~32.20%

gas sensitivity of the material is highly dependent on the
structure, particle size and the surface area. The more open
the structure and the smaller the particles are, the larger
the surface area will be available for gas molecules to react
with to significantly change the bulk charge concentration.
Since NH, is a reducing gas, it is expected that when gas
molecules penetrate an n-type material such as ZnO, they
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attach themselves to the vacant lattice holes which in effect
increases the conductivity of the material®®. This widely
accepted theory in gas sensing mechanism is validated in
this experiment. The measured voltage across the bridge
decreases when the material is exposed to NH,. This implies
that in the presence of NH,, the conductivity of the material
increases. The sensitivity of ZnO to NH, can be attributed to
the change in bulk carrier concentration of ZnO due to the
interaction of gas molecules and surface structure.

The addition of CuO in the deposition resulted to a
decrease in sensitivity. The most sensitive deposit was
obtained at 750V of pure ZnO which has the most open
structure, homogenous particle sizes and a thicker deposit.
The deposit obtained at 750V of ZnO-CuO composite
shows a compacted smooth morphology of CuO which
reduces the sensitivity of the material. The smooth deposit
possibly inhibits the penetration of gas molecules to the bulk
assembly of the material. Consequently, minimal charge
carriers are added to the bulk concentration. In effect, the
expected increase in sensitivity in the presence of CuO was
not attained.

4. Conclusion

The study is successful in fabricating nanostructured
NH, sensitive ZnO and ZnO-CuO deposits via EPD.
Deposition potential and the addition of CuO influence the
resulting morphological properties of the deposits, thereby
affecting its sensing property. SEM results show that the
particles of pure ZnO deposited at S00V and 750 V are
much smaller compared to the particles of the deposited
ZnO-CuO composite. In addition, the surface structure of
the deposited pure ZnO is more open and exposed than the
surface structure of the ZnO-CuO deposit which could be
the main reason of the higher sensitivity to NH, of the latter
compared to the former in the two voltages considered.
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