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Abstract

The research concentrated on development of NiO-ZnO thick film sensors using standard
screen-printed technique. The all films were prepared on glass substrate and characterized by several
standard tools. The electrical characterizations was done using half bride method and static system. The
structural, morphological and elemental analysis of the prepared thick film sensors were studied by X-ray
diffractometer (XRD), Field Emission Scanning Electron Microscopy (FESEM) and EDAX technique
respectively. The XRD plots was matched perfectly with JCPDS card No. 01-075-0197 and JCPDS
card No. 00-036-1451 for NiO and ZnO respectively. Hexagonal Wurtzite structure of ZnO and
Bunsenite face centred cubic (FCC) crystalline structure of NiO were confirmed from XRD analysis.
FESEM results show that the surface of NiO-ZnO nanoparticles is smooth and uniform. The Brunauer-
Emmett-Teller (BET) was analyzed for surface area and pore diameter parameters of the developed
Silms. Energy dispersive analysis (EDAX) spectra shows presence of excess oxygen and non-stoichiometric
nature of Ni, Zn and O. The developed NiO-ZnO nanocomposites thick films were utilized for
application as a sensor for different pollutant gases like nitrogen dioxide (NO:), ammonia (NH:), ethanol
(C:H;:0H), and carbon dioxide (CO:). The developed sensor shows the maximum sensitivity to nitrogen
dioxide as compared to other tested gases. The sensitivity was found to be 76.18% at 100°C for a
concentration of 500 ppm of nitrogen dioxide. ZnO doped NiO also shows quick response and recovery
time.
Keywords: Nanocomposites, screen-printed technique, additive, nitrogen dioxide, hazardous pollutants.

Introduction

In recent decades, there has been a lot of interest in using detection sensing devices to
improve environmental and safety monitoring of dangerous and combustible gases. Pollution,
population, the development of harmful chemicals, poisonous gases generated by companies
that lead to pollution, and genetic illnesses induced by pollution to the consumption of toxic
substances are only a few of today's environmental challenges. The need of monitoring
numerous dangerous and hazardous pollutants has escalated. This application's development
needs the usage of reliable and low-cost gas sensors [1, 27].

Nanomaterials have gained in popularity in recent years due to the evolution of new
techniques and processes. Using different synthesis techniques nanostructured metal oxides
with different geometrical shapes have been developed [3, 47]. Because of their unique structure
and various properties of nanomaterial have emerged as an advanced class of material science
[5]. Nanocomposites are composites made up of at least two phases, one or both of which are
nanoscale. Metal oxide nanoparticles and nanocomposites based on them are rapidly being used
in a variety of applications. The use of heterojunctions to enhance the electrical, photovoltaic,
optical, and gas sensing capabilities of nanostructured metal oxide composites has been widely
used [67]. Nanotechnology is the framework for advancing our understanding of nanoscale
materials and phenomena. Sensors are gaining a lot of interest since they can gather chemical
information from the environment in real time, and as a result, they will have a growing impact
on daily living [7]. Because nanoparticles increased optical emission and absorption due to
electron movement from one state to another, nanodevice manufacture has considerably aided
nanomaterials and nanotechnology research and development. Optoelectronic nanodevices
benefit from this phenomenon [8, 97.
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Nickel oxide (NiO) films have a wide forbidden band gap [107]. NiO is a semiconductor from the group of transparent
conductive oxides [11, 127. NiO is a reversible magnetic compound [187] with a melting point of around 2000 °C, implying that it
is durable and chemically stable. Solar cells, gas sensors, anti-reflection layers, laser mirrors, monochromatic filters,
optoelectronics, and other applications of NiO are the most popular [12-157.

Zinc oxide (Zn0O) is a transparent conductive oxide that belongs to the family of semiconductor chemical compounds
known as transparent conducting oxides [167. At ambient temperature, it has a wide band gap and an excitonic bonding energy of
60 MeV, making it ideal for sensing and optoelectronic device applications, gas sensors, ultrasonic devices, and other applications
[16-187. When diverse bandgap semiconductor metal oxide nano-materials are combined together to create nanocomposite, the
physico-chemical characteristics are improved [197. Zinc oxide is intrinsically n type and nickel oxide is a p-type semiconductor
with a large direct bandgap of 8.37 eV and 8.6 eV respectively, the NiO-ZnO nanocomposite has gotten a lot of attention. The
optical, electrical, gas sensing and electrochemical stability of ZnO and NiO are well reported [20-227.

In the present research work, the authors have focus on the development of NiO-ZnO nanocomposites thick film sensors
on glass substrate by using screen printing technique. This present work focus on the study of electrical structural, and gas
sensing properties of prepared NiO-ZnO thick film sensors.

Materials and Methods

1. Development of NiO-ZnO nanocomposites thick film sensors

In the current research work, commercially available AR grade (99.99 % purity) NiO and ZnO powder was used. For the
preparation of NiO-ZnO nanocomposites thick films, NiO used as a functional material and ZnO as an additive. The ZnO was
added in different weight percent proportions viz. 1 wt. %, 3 wt.%, 5 wt.%, 7 wt.% and 9 wt.% in the functional material NiO. The
all films were prepared on a clean glass substrate. The distilled water and acetone were used to clean glass substrate. The 70 %
inorganic (NiO-ZnO) and 30% organic material (ethyl cellulose and butyl carbitol acetate) composition was used for the
preparation of films. Ethyl cellulose was used as a local binder and butyl carbitol acetate (BCA) was used for formation of
thixotropic paste. The thixotropic paste was used to prepared thick films. By using standard screen printing set up thick films of
NiO-ZnO were prepared. The prepared NiO-ZnO thick films were retained under IR lamp for 80 minutes to remove impurity
residue, and then prepared films were used for further work.

2. Electrical characterization

The half-bridge approach was implemented to determine the DC resistance of the prepared films as a function of temperature. Eqs
1, 2, and 8 were used to determine the resistivity, activation energy, and temperature coefficient of resistance of the prepared thick
films [2, 237.

Rxbxt
p= r— ohm—m (1)
Where,
R= Resistance of the film at room temperature, t = thickness of the film, b = breadth of the film,
~ logR
[ = length of the film. AE = g ko X KT (2)

Where, AE = Activation energy, R = Resistance at room temperature, R, = Resistance at room temperature, K = Boltzmann
constant and T = Absolute temperature.

TCR = Ri [i};j /°K
0 (3)
Where, AR = change in resistance between temperature T, and Ts, AT = temperature difference between T, and T, and R, =
Resistance of the film at room temperature.

3. Structural Characterization The prepared NiO-ZnO nanocomposites thick films were characterised by XRD, FESEM, and
EDAX to study the crystal structure, morphology, and elemental composition respectively. The thickness of the prepared films

was calculated using the weight difference method.

X-Ray Diffraction
Using Rigaku diffractometer (DMAX-500), an X-ray diffractometer with CuKa radiation and wavelength (A) = 0.154059
nm, XRD patterns of developed thick films were observed. The samples were examined between the range of 10° to 80°. The 26
values obtained were compared to data files from the Joint Committee on Powder Diffraction Standards (JCPDS). Origin 9
software was used to calculate the full width of half maxima (FWHM). Debye Scherer's formula, Eq. 4, was used to determine the
crystallite size [27].
D KA
LPCosO

Where, D= Crystallite size, K= Scherrer constant (0.9), f = Full width of half maxima (FWHM), and

A =wavelength of X source.
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FESEM and EDAX
The surface morphology of the developed thick films was characterized using a Field Emission Scanning Electron
Microscope (FESEM) [Model JOEL 6300 LA GERMANY. Energy dispersive X-ray spectrometer (JEOL-2300, Germany) was
used to do analysis the elemental compositions. The specific surface area calculated using FESEM images of developed thick films.
The Eq.5, was used to estimate the specific surface area of thick films using the BET method for spherical particles [1, 237.
6
S, =—
pd

Where Sw - Specific surface area, d - Diameter of the spherical particles, and p — Composite density.

(%)

Gas Sensing Characterization

Sensitivity, selectivity, reusability, response, and recovery time are all important performance characteristics for any gas
sensors.

2.4.1 Sensitivity

A static gas sensing system was used to investigate the gas response of developed NiO-ZnO nanocomposites thick films.
Nitrogen dioxide (NO,), ammonia (NHs), ethanol (C.H;OH), and carbon dioxide (CO,) were used for the study of gas response. To
determine gas response in the form of sensitivity, the electrical resistance of thick films in the air (Ra) and the presence of gas (Rg)
were measured. The gas response or gas sensitivity was calculated by utilizing Eq. 6. ['1, 2]

Sensitivity(%) = % x100
¢ (6)

Where, Ra - Resistance of a thick film in air and Rg - Resistance of thick film presence of gas.

Selectivity

A sensor in a mixed gas atmosphere should only respond to one type of gas. The selectivity of'a gas sensor towards a given
gas is determined by the ratio of'its reaction to that of another dominating interfering gas in the atmosphere. The selectivity of the
developed NiO-ZnO nanocomposites thick films for a particular gas over others was determined using Eq.7 [237.

S
Selectivity% = —22— X100
targetgas

Where, Sg.s = sensitivity of interfering gas at an optimum operating temperature and
Starget gas = sensitivity of the target gas at the same temperature.

Reusability

Reusability is one of the most important indicators of sensor performance, along with stable baseline, regular response time, and
recovery time, and it decides if the sensor can be operated in the real world rather than in the lab. The thick film sensor was tested
five times with a 20-day gap between each cycle. The major goal of the reusability study was to see if the results of a NO, gas
sensor could be reproducible. The reusability of the developed thick film sensor was investigated in the experiment [237.

Response and recovery time

When a sensor is exposed to a target gas, the response time is defined as the time it takes for it to attain 90% of its complete
response, such as resistance. The time it takes for a sensor to return to 90% of its original baseline signal after the target gas has
been removed is known as recovery time [2, 237.

Results and Discussion

Electrical Properties

1. Resistivity

The resistivity of the metal oxide semiconductor films is influenced by a number of factors including defects in crystal lattice,
charge gradient surface defects and physical nonidealities, mainly roughness of the film and thickness of the films [24, 257. The
resistance of NiO-ZnO thick films were calculated by using half bridge method. Figure 1 reveals that the plot of resistance verses
temperature of NiO-ZnO nanocomposites thick films. The resistance of NiO-ZnO films decreases as temperature increases,
revealing that the films are semiconducting nature [1, 237. The resistivity of NiO-ZnO thick films at 1 wt. %, 3 wt. %, and 5 wt. %
were calculated 6283.38 Q-m, 4773.09 Q-m and 3823.94 Q-m, respectively. It has been found that, the resistivity of NiO-ZnO
thick films decreased as wt % additive (ZnO) increased. The resistivity of thick films decreases because of sufficient amount of NiO
is present in compositional material. The ZnO particles are agglomerated around the NiO particles which would be forms the
hetro p-n junction. The agglomeration of particle rise as wt % additive increases [26, 277].
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Fig. 1 Resistance verses temperature of NiO-ZnO nanocomposite thick films

2. Activation energy

The energy gap between Fermi level and bottom of the conduction band is equal to the electrical activation energy. As a result, the
activation energy can be employed to determine Fermi level position [28, 297. Using an Arrhenius plot for low and high
temperature regions, the activation energy of the developed NiO-ZnO thick films was determined. The variation of log R versus
the reciprocal of temperature (1/7T) in NiO-ZnO thick films is depicted in Figure 2. The calculated activation at low and high
temperature region tabulated in tablel. The thickness of the films also decreases as the wt. % additive increases. The decrease in
thickness of the prepared films causes the activation energy to increase, indicating that the semiconducting property is improving

[277.
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Fig. 2 Arrhenius plot of NiO-ZnO thick films

3. Temperature coefficient of resistance

The TCR of NiO-ZnO thick films was found to be -0.00611/° C, -0.00737 /° C, and -0.00641/° C at 1 wt. %, 3 and wt. %, 5 wt. %
respectively. The negative sign indicates that the NiO-ZnO thick films have semiconducting properties [237. Table 1 summarizes
the electrical results of the NiO-ZnO thick films.

Table 1 Summary of electrical outcomes of NiO-ZnO nanocomposite thick films

. . R Activation Energy (eV)
Additive Thickness Resistivity TCR AtLow T At Hish
ow Tem i
wt%. (wm) (Q.m) (/°C) P &
x10* Temp x10*
1% ZnO 68 6283.38 -0.00611 0.9772 5.2069
3% ZnO 66 4773.09 -0.00737 0.78438 2.8943
5% ZnO 65 3823.94 -0.00641 1.8766 8.3239

Structural properties
1. X-Ray Diffraction

Figure 8 shows the XRD pattern of NiO-ZnO thick films. The crystal structure of ZnO has found to be hexagonal Wurtzite
structure while Bunsenite face centred cubic (FCC) crystalline structure for NiO. NiO patterns were observed, peaks were found at
the diffraction angles: 20 = 37.28°, 43.38°, and 62.94° corresponding to the Miller indices (111), (200), and (220), respectively. It is
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seen that this sample possess preferred orientation along (200) plane. These lines are in a very good matching with those of JCPDS
File no. 01-075-0197.

1% ZnO
3500 3% ZnoO
B 5% ZnO
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. 2500 -
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= ]
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Fig.3 XRD pattern of NiO-ZnO thick films

ZnO patterns appeared at 20 =34.48°, 36.28°, and 62.90° corresponding, respectively, (002), (101), and (103) orientations
of hexagonal wurtzite structure with a preferential orientation along (002) peak according to the standard patterns (JCPDS File
no. 00-036-1451) card [287. As per structural analysis the crystallite size was calculated using Debye—Scherrer formula. The
crystallite size (D) of NiO-ZnO thick films was found to be 11.71 nm, 10.20 nm and 9.85 nm for 1 wt. %, 3 wt. %, and 5 wt. %
respectively. It has been observed that additive in wt % increases, the crystallite size of the films decreases. There is a reduction in
the crystallite size from 11.71 to 9.35 nm. This behaviour can be ascribed to the changes in surface to volume ratios and surface
areas of developed films. The decease crystallite size indicate more surface area, which is very helpful to gas sensing mechanism
[29, 807. The XRD results suggest that the NiO-ZnO nanocomposite is composed of crystalline NiO and ZnO nanostructures.
Diverse structural parameters such as crystallite size, FWHM, dislocation density, and micro strain of NiO-ZnO thick films has
been calculated. Table 2 illustrated the outcomes of structural parameters from XRD. From table 2, this is confirmed that the
compatibility between the changes in micro strain and the dislocation density according to changes in the additive in wt %.

Table 2 Structural parameters from XRD of NiO-ZnO thick films

o(D Crvstallit Dislocation Micro
.. 20(Degr rystallite . .
Additive wt%. (Deg FWHM R ¥ density strain
ee) size (nm) _2 o
(nm™*°) € (%)
1% ZnO 48.37 0.76278 11.71 7.292 X 1015 0.0031
3% 7ZnO 42.91 0.38439 10.20 1.857X 101? 0.00156
5% ZnO 43.45 0.95628 9.85 11.43%X 101° 0.00388

2. Field Emission Scanning Electron Microscopy

The FESEM tool was used to examine the morphology of developed NiO-ZnO nanocomposites thick films. Figure 4(a-c) depicts
the surface morphology of films. Figure 4(a-c) depicted NiO-ZnO nanoparticles with a near round form. The round form
nanoparticles are distributed randomly and amalgamated with ZnO. The penetration of ZnO into the NiO nanoparticle network
was recently proved for similar NiO—ZnO nano heterojunctions [31, 827.

Fig. (a) 1% ZnO Fig. (b) 3% ZnO Fig. () 5% ZnO

Fig.4 (a-c) FESEM micrographs of NiO-ZnO thick films

The surface of NiO-ZnO nanoparticles is smooth and homogeneous, with a small size distribution, as seen in FESEM
images of NiO-ZnO thick films. FESEM micrographs also revealed an extremely porous structure. The growth of a very porous
structure may occur as a result of additive effects. Some particles appear to be spherical in shape, and they are strongly
agglomerated in figure 4(c).
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The specific surface area of developed NiO-ZnO thick films was calculated by using Brunauer-Emmett-Teller (BET)
method and image J software. The specific surface area of the NiO-ZnO thick films reveals in table 3. From table 3, it is clear that

wt% of additive (ZnO) increases the specific surface area also increases, this result enhance the gas sensing properties of developed
films.

Table 3 Outcomes form FESEM

Additive wt%. Particle size (nm) Specific surface area (m2/g)
1% ZnO 245 3.49360%
3% ZnO 146 5.881277
5% ZnO 103 8.363277

3. Energy dispersive analysis

Figure 5(a-c) shows the EDAX spectra of NiO-ZnO thick films. From Figure 5, it is clear that the film only contained
Zn, Cu, and O according to the EDAX outcomes. Energy dispersive analysis (EDAX) spectra shows the film has oxygen excess
and also shows that the presence of Ni, Zn and O are non-stoichiometry. It has been observed that the weight percentage of Zn is
increased with increase additive in the NiO. The elemental composition of NiO-ZnO thick film were obtained from EDAX, clearly
indicated the existence of nickel, zinc and oxygen with different atomic percentages with concentration of additive. From, EDAX
plots, it confirmed that the atomic ratio of Ni/Zn in the resultant NiO-ZnO nanoparticles is well consistent with the composition.

T T T v
0 2 ) 6 2 4
ull Scale 5125 cts Cursor: 0.000 ull Scale 5814 cts Cursor. 0.000

0 2 4 6
ull Scale 6053 cts Cursor: 0.000

Fig. (a) 1% ZnO Fig. (b) 3% ZnO Fig. (c) 5% ZnO

Fig. 5 (a-c) EDAX spectra of NiO-ZnO thick films

The mass percent and atomic weight percent of Zn, Ni, and O are nearly identical. From the EDAX spectra, it is found
that atomic weight percentages of Ni, Zn, and O are nonstoichiometric. The atomic and weight percentages of analysis of film
elements are tabulated in Table 3.

Table 3 Elemental composition of NiO-ZnO thick films

Additive wt%. Element Weight % Atomic %
Ni 58.25 28.42
1% ZnO Zn 2.34 1.08
O 39.41 70.56
Ni 55.51 27.19
3% ZnO Zn 5.28 2.32
O 39.21 70.49
Ni 5291 25.59
5% ZnO Zn 6.82 2.96
O 40.27 71.45

Gas sensing study

The gas sensing performance of the developed NiO-ZnO nanocomposite thick films was investigated with the static gas
sensing system. The entire developed thick film sensors viz. 1 wt. %, ZnO, 3 wt. % ZnO and 5 wt.% ZnO were investigated for
several gas sensing parameters such as sensitivity, selectivity, reusability, response and recovery time as well as sensing
mechanism of the gas sensors for the tested gases etc. The NiO-ZnO thick films has been used as a sensing element. At different
working temperatures, the resistance of film was measured in the surrounding condition as well as targeted gaseous atmosphere
with various ppm gas quantities.
1. Sensitivity
The effect of ZnO additive on NiO sensors was examined in this study at various concentrations of gas and operating temperature.
Figure 6(a-c) shows the gas sensitivity of all concentrations (1 to 5 wt. %) of developed NiO-ZnO nanocomposite thick films.
Figure 6 (a-c) illustrates the sensing response for various gases such as nitrogen dioxide, ammonia, ethanol, and carbon dioxide for
ZnO doped NiO at fixed concentrations of 500 ppm. It is clear from all figures the maximum gas response was obtained for NO,
gas at 100 °C among the other tested gases at a 5 wt. % NiO-ZnO thick film sensor. The effective specific surface area, optimum
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porosity, and efficient ZnO additive over NiO lattice domain enhanced the various gas sensing and surface properties of the
developed thick film sensor, resulting in the highest sensitivity for a 5 wt. % NiO-ZnO sensor. Sensitivity of the developed NiO-
ZnO nanocomposite thick films was determined by using Eq. 6.

50 @ -M . 70 804 (o)
E —e—Ethanol 9 (b) -NiO-ZnO ¢
+N°1
—¥—co, 0. 70
40
60 -
50 -
~ 301 - = 50
g £ a0 g
: : 2
2 204 £ 304 £
g 2 £ 30
[ @ @
7] [7] @
104 £ 20
10 B
04
T r T T T T T T T d 0 —r T r 1+ T T 1 0 — T 77T
50 100 150 200 250 5o 100 150 5 200 250 50 100 150 200 250
o Temperature (C
Temperature (°C) P (© Temperature ("C)

Fig. 6. (a) Sensitivity of 1 wt. %, ZnO-doped NiO for tested gases, (b) 3 wt. %, ZnO-doped NiO for tested gases, (c) 5 wt.
%, ZnO-doped NiO for tested gases.

2. Selectivity

A successful gas sensor must be able to distinguish between different target gases. To determine the selectivity of a sensor for a
certain target gas, an optimum working temperature was determined. Eq. 7 was used to determine the selectivity of developed
NiO-ZnO nanocomposite thick films. The selectivity of the thick films for selected gases is shown in Figure 7.

Selectivity (%)

NO2 CcO2 C2H50H NH3
Selected gas

Fig. 7 Selectivity of developed NiO-ZnO nanocomposite thick films for selected gases at 150°C.

3. Reusability

One of the most essential characteristics for determining the long-term stability of sensors is reusability. Due to the frequent
employment of metal oxide semiconductors base sensors, metal oxide semiconductors with drawbacks connected to sensor activity
may be lessened or declined. As a result, the sensitivity of sensors has decreased [1, 237. As a result, we examined the sensitivity of
a 5 wt% doped NiO sensor by performing four gas sensing cycles/run over a period of 40 days with constant settings to ensure its
stability. On developed NiO-ZnO nanocomposite sensors, we performed four cycles at 500 ppm of NO, gas. The graph for the
developed sensor sensitivity reusability test is illustrated in Fig. 8. After a few days of consistent gas concentration, the gas
reaction for all films was marginally reduced. All of the sensors showed very minor variation in sensitivity across four consecutive
cycles with a 10-day interval, indicating that the sensors are stable over lengthy periods of time and repeated gas exposure.
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Fig. 8 Reproducibility results for NO.sensing at 500 ppm to 5 wt. % ZnO-doped NiO films

4. Response and recovery time

One of the crucial characteristics is response and recovery time for gas sensors. A typical sensor reaction time is the time it takes
for a sensor to attain 90% of its peak incidence in conductance or decrease in resistance after being exposed to the target gas. A
sensor's recovery time is the time it takes for it to restore to 90% of its initial resistance when the gas supply is cut off. The
response and recovery for 5 wt. % ZnO-doped NiO films were recorded and shown in Fig. 8. The quick response time for NO, was
07 seconds, and the recovery time was 13 seconds. The fast response and recovery of sensors is attributable to the sensor's
good morphology, which allows for quick and easy gas passage to grain boundaries, allowing for quick oxidation and response.

100 -
80 OFF
-— -
60 —
=
= 40 -
B
= -
2
20 -
0 - (@]
b L] hd L} hd | | hd L} hd | | hd L] b L] ol L}
0 10 20 30 40 50 60 70
Time (Sec)

Fig. 8 Response and recovery time of NiO-ZnO thick film for NO. gas

5. NO: gas sensing mechanism for NiO-ZnO nanocomposite thick film

NiO is a p-type metal oxide semiconductor material (MOS). The bulk of charge carriers in p-type semiconductors are positive
holes. When the surface of a p-type semiconductor encounters with a reducing gas, resistance rises, implying that resistivity rises
because the targeted gas introduces negative charge into the material, lowering the concentration of holes. Because targeted gas
interacts with the surface, it increases the concentration of positive holes [1-47. Due to electrostatic contact generated between
oppositely charged species, the adsorption of oxygen anions produces a hole accumulation layer near the surface of MOS in the
case of gas sensing mechanism of p-type semiconductor. The surface of the sensing material influences the gas sensing operation.
Near the temperature of 100 C, electrons from the valence band of ZnO modified NiO are accelerated from the valence band to the
conduction band and are available to interact with adsorbed O, species to form reduced O, species. Because the amount of
adsorbed oxygen on the surface of the sensing material is proportional to its specific surface area, surface area plays a significant
role in the sensing mechanism. Adsorption of large amounts of oxygen species required a wide surface area. In a gaseous
environment, a broad charged depletion region occurs across the grain boundaries of ZnO and NiO, resulting in p-n
heterojunctions [1, 23, 327. The electron correlated with this charged species was evacuated from the conduction band of the bulk
material, increasing the resistance of film. As a result, a possible barrier appears at the border, prompting a gas response.

Conclusion
The nanocomposites NiO-ZnO thick films with the different weight proportions have been prepared by very

conventional, eco-friendly and cost effective screen printing technique. The thick films shows maximum sensitivity to NO, gas at
low temperature is a prominent property of the developed films. The resistivity and film thickness of NiO-ZnO thick film decreases
as additive wt % (ZnO) increase. The TCR found to be negative to all prepared NiO-ZnO thick films shows semiconducting nature
of prepared films. XRD results confirmed the formation of NiO-ZnO nanocomposites. The XRD plots matched perfectly with
JCPDS card No. 01-075-0197 and JCPDS card No. 00-0386-1451 for NiO and ZnO respectively. XRD confirms the ZnO has
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hexagonal Wurtzite structure and NiO has Bunsenite face centred cubic (FCC) crystalline structure. FESEM micrographs of NiO-
ZnO thick films clearly shows presence of NiO-ZnO nanoparticles on surface. The specific surface area of films was increases with
increase wt % ZnO additive in NiO. Energy dispersive analysis (EDAX) spectra shows the film has excess oxygen and also shows
that Ni, Zn and O are present in non-stoichiometry ratio. Developed films shows good response and recovery time.
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