Samarra J. Pure Appl. Sci., 2025; 7 !2 !: 170-184 Mohammed N. et al.

IRRAQI Samarra Journal of Pure and Applied Science SJPAS
Academic Scientific Jounals S

p ISSN: 2663-7405

www.sjpas.com
e ISSN: 2789-6838

Synthesis and characterization of thermochemical spray nickel
oxide- cobalt oxide Nano composite As a COz gas sensor

Mohammed Najeeb. Jasim*, Eid Mohammed Monawer
Department of General sciences, College of Basic Education\Haditha, University of Anbar, Iraq

mmis work is licensed under a Creative Commons Attribution 4.0 International License

https://doi.org/10.54153/sjpas.2025.v7i2.962

Article Information Abstract
Received: 10/07/2024 In this research, cobalt oxide's pure nano thin films of were prepared,
Revised: 17/08/2024 and a mixture of cobalt oxide (Co304) and nickel oxide (NiO) was
Accepted: 15/09/2024 prepared in volumetric proportions of nickel oxide that included
Published: 30/06,/2025 (10,20vol%) by thermal chemlcalospraylng method, deposited qn b:.glses
of glass at a temperature of (250 °C). The results of X-ray examinations
Keywords: — of the prepared membranes showed that they have a polycrystalline
NiO, Co30,4 CO,, thin films, composition, and that the prepared membranes formed a
Gas Sensor. nanocomposite of cobalt and nickel. The formula Debye Scherer was
Corresponding Author used to calculate the crystal size. The nanoscale was decreasing with
increasing(10,20%) the mixing ratio of nickel oxide for membranes
E-mail: deposited on glass bases Dimensions (2x2cm) , decreasing from (19.6
mhamad87 @uoanbar.edu.ig nm) for pure cobalt oxide to (8.45875 nm). Cobalt oxide mixed with
Mobile: 20% nickel. Use an atomic force microscope (AFM) to determine the

grain size, roughness rate, and square root square mean, The images
showed that the surface of the membranes is homogeneous, and that the
average granular size of all membranes is nano-size and its value
changes with the change of mixing ratio, the optical transmittance of the
prepared membranes was calculated, using a spectrophotometer and
the wavelength ranges between, (nm1100-nm3000). It was found that
the increase in the mixing ratio leads to a decrease in the transmittance,
while the optical energy gap also decreased with the increase in the
mixing ratio. The results confirmed that the cobalt oxide membranes
inlaid with nickel oxide have a high degree of sensitivity towards CO;
gas, as the sensitivity values depend on the mixing ratios, base
temperature and gas concentration. It was found that the relative
sensitivity values (S%) for Coz04 - NiO) ,thin films deposited on glass
bases towards (Coz) gas, have a sensitivity value of up to (70.7) at the
highest concentration (242ppm) and at a temperature of (100C°), as
sensitivity increases with increasing gas concentration. The study also
proved that nanothinfilms mixed of Co0304-NiO prepared by thermal
chemical decomposition method give gas sensors with good properties
towards CO2 even at room temperature.
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Introduction:

Nanomaterials are of particular importance due to their unique range of properties,
including magnetic, insulating, thermal, optical, and catalytic characteristics. There is an
increasing trend towards developing composite materials that incorporate multiple
nanomaterials to enhance overall properties. This trend is driven by the observation that
nanomaterials often exhibit unexpected traits, opening up new opportunities for applications
in various fields, including nanomedicine [1,2]. Transition metal oxides, such as nickel oxide,
iron oxide, and cobalt oxide nanoparticles, are notable for their excellent durability and
electrochemical stability. Among these oxides, nickel oxide (NiO) and cobalt oxide (Co304)
have garnered significant attention due to their applications in various technological fields
when reduced to nanoscale systems [4-7]. Co0304 and NiO are widely studied transition metal
oxides with desirable properties. Their nanostructured forms often exhibit unique
characteristics compared to their bulk counterparts, primarily due to surface effects and
particle size. Both Co304 and NiO are p-type semiconductors with band gaps in the range of
3.4-4 eV [9]. These oxides are low-cost, stable, and environmentally friendly [10-14].
However, their low conductivity is a limitation. Nevertheless, their electrochemical properties
can be improved by combining these metal oxides, as mixed metal oxides exhibit enhanced
oxidation and reduction behaviors compared to their individual counterparts [16-18]. These
oxides have significant potential in fields such as magnetic devices, battery cathodes, and gas
sensors [19]. Magnetic nanomaterials are used in sensors, MRI, data storage, and medical
applications [20]. Semiconductor oxides have been extensively studied for gas sensing
applications due to their sensitivity to many toxic and polluting gases. The conductivity of
these oxides changes significantly upon exposure to gases. Efforts have been made to enhance
the performance of gas sensors by improving sensitivity, extending sensor life, reducing
response and recovery times, and lowering operating temperatures [21]. Additionally,
research has focused on using mixtures of metal oxides to improve sensitivity and selectivity.
The interaction processes between gases and semiconductor metal oxides involve two types:
interaction with the oxide surface and interaction within the oxide, which alters the sensor's
electrical resistance [22]. Semiconductor gas sensors, including those based on SnO», In;03,
Zn0, W03, and TiOy, offer advantages such as small size, high sensitivity, and low cost. Their
performance is influenced by grain boundary effects, driving research towards nanometer-
sized materials [23,24]. Carbon dioxide (COz) is a gas with notable effects on human health,
with concentrations ranging from 350 to 800 ppm in natural conditions. In poorly ventilated
indoor environments, COz levels can exceed 1000 ppm, leading to health issues such as
fatigue, headaches, and respiratory problems. Therefore, detecting CO2 concentrations is vital
for maintaining healthy environments. Various gas sensing technologies, including optical,
semiconductor, and electrochemical methods, have been developed to detect CO2. However,
these sensors often suffer from high power consumption, high operating temperatures, and
long detection times [25]. To address these issues, researchers have explored the sensitivity
of different materials to CO2. For example, Ogura studied CO; sensors based on polymeric
compounds such as Emerald base poly aniline (EB-PAn) and polycarbonate (PVA), achieving a
sensitivity of 25% with optimized ratios [26]. Alwan also studied the response of gold films on
porous silicon to CO, reporting a maximum sensitivity of 72% [27]. This research aims to
develop highly sensitive CO2 sensors using nanofilms.
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Experimental details

Cobalt oxide and nickel oxide films (C0304:NiO) are deposited in proportions (Ni010, 90
C0304,) on glass substrates using CSP technology at (300 °C). Two different solutions were
prepared with a concentration of (0.1M) using cobalt chloride prepared by SCHUCHARRAD
with purity of 99.9%, and a molecular weight of (273.93Mw=). (2.73g) was dissolved in
(100ml) of distilled water and nickel chloride using aqueous nickel chloride (NiCl2.6H20)
processed with purity of 99.9%, and its molecular weight (Mw=237.69), mol/L). (.372 g) was
dissolved in (100ml) of distilled water and then the solution is mixed with a magnetic stirrer
for an hour at a temperature of 40 °C, Thus, we get a solution of cobalt chloride and nickel,
which is a clear transparent solution, and left for 24 hours, to ensure that there is no sediment
or stuck, and to be sure of the homogeneity of the solution Watch it with your eyes, there are
no plankton or impurities after spraying. The formation of the NiO membrane on the hot base
is represented by the following equations. [28,29]

3COC12.2H20+2H20 > C0304+4H2Cl +Clz ..... (1)

i)

3NiCl;.2H20+H:0 |> 4\Ni0+2H3Cl +2Clz ...(2)

The spray nozzle is (25 cm) away from the substrates at a spray rate (2 ml/min). The
composition of thin films (C0304) is described by the equation [28, 29], various techniques
were used for examination. The structural properties of the membranes were examined using
(XRD-6000 X-ray(Cu Ka radiation, A=0.154 nm) in 20 range from 20° to 70) with an X-ray
source using Cu K radiation with a wavelength of (1.54056), within the range (20-80°). AFM
modelling was used to characterize the surface formation of Thin films(SPM-AA3000). The
Optical properties were determined by using UV-VIS OPTIMA SP-3000 Wavelength
Range1100-190

Results and Discussion
XRD Analysis

figure (1) at the bottom shows XRD patterns of cobalt oxide thin films The results of X-
ray diffraction examination of Co304 films deposited on glass bases at a temperature of (250
°C) showed that they are polycrystalline with peaks (400), (220), (111), (311), (422), (440),
(220) as shown in Figure (3-1-a), and the preferred direction (220) at (.543226=) which has a
hexagonal structure and this corresponds to the card (1049-047 JCPDS), and agrees with what
The researcher (M. S. Jamal) and his group found [30]. The crystal volume was calculated
using the equation of (Sheerer) [31] as in the following equation:

KA
= srcoss(3)

Whereas:

D : grain size (nm), : 6 diffraction angle, : K constant value (0.9).
: A\The wavelength of the X-rays used is equal to 4A (1.5°).

: Bdisplay value at the middle of the highest value (FWHM).
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figure (1-3 -b) shows the increase in the intensity of the peaks of CoO and the decrease of
other peaks, and that the average crystal size has decreased to (15.879 nm). Figure (c-1-3)
shows at a mixing ratio (20% of NiO -80% Co0304), the decrease in the peak strength of the
NiO compound, which means a decrease in crystallization due to mixing with Co304, and the
presence of seven peaks (113), (440), (422), (111), (311), (220), (101) and the preferred
direction (022) at (20=32.4109), which has a cubic structure and this corresponds to the card
(01-080-1532) and agrees with the researcher 32](X. W. Wang)] and that its average crystal
size is (8.45875 nm).
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Fig. 3-1 shows the X-ray diffraction of Co304 (Co304-NiO0) films deposited on glass

Table (3-1) shows the values of diffraction angles for intensity, d hkl and grain size of
(Co304-NiO) films deposited on glass
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2theta dhkl

dhkl

FWH

0

Sample . . G.S
Phase  Hkl \p 0y Exp.(A) std.(A) M (nm)
Co304 111 19'00 46670 4.6448 229 505
Co304 220 31'27 28580 28183 .46 495
36.57
Co304 311 6 2.4370 24567 0.295 11.32
45.50
A Co304 400 5 20210 19933 0295 .,
56.44 0.295
Co304 422 8 1.6501 10301 4.92
C0304 440 26.19 14118 .00 0344 , 0
75.30
Co0 220 6 12609 12532 9390 403
Co304 .. 19.00 44109 , o 0147 .,
Grin 1;1.06 2.8792 ,gcg0 0393 4,
36.67
Co304 311 3 24505 24370 93% g10
40.90
Co0 p— 2.3501 ., 0246 oo
43.60
NiO 012 2 20758 , ggq 0196 -4,
B 44.47
Ni 111 1 2.0210 20372 0246 .o
55.27 42.660
Co304 422 8 1.6501 0 0.787 ¢ 21
57.10
Co0 200 & 16129 | o .. 0246 o
58.98
Co304 511 8 15658 , gggy 0196 4 g
Co304 440 9495 14358 | 1,50 0147 1543
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67.97 1.3790 0.196

Co0 311 9 1.3700 17.43
Co304 533 37'02 12752 4 2328 0147 g9 13
Co304 220 31635 38783 28580 0196 753
Co304 311 26'62 24537 54370 %147 3061
Ni 111 §4'63 20302 5 4340 0147 4535
C0304 422 36'46 16298 ;6501 029° 402
: C0304 %557 29'24 %5597 15557 0492 595
C0304 440 24'81 ;'4384 14290 %147 495
Co304 440 36'21 L4114 4 4290 0246 (56
NiO 113 ;5'35 12603 4 5595 0301 g3

Atomic Force Microscopic (AFM)

Atomic force microscopy (AFM) is used to study surface roughness and to know the
granular size, and it is one of the microscopes with high analytical ability, as it gives an image
of the surface whose magnification capacity exceeds 1000 times the optical diffraction
microscopes. Figure (3-2) shows the atomic force microscope images of cobalt oxide
membranes (Co304) mixed with nickel oxide (NiO) deposited on bases of glass, and shows
the topography of the surface with high homogeneity and uniform granular distribution.
Figure (2-3-a) shows the images of cobalt oxide in a pure way. While Figure (3-2-b) shows the
images of cobalt oxide mixed with nickel oxide by (90% Co0304-10%NiO). Figure (3-2-c)
shows the images of cobalt oxide mixed with nickel oxide by (80% C0304-20% NiO). We
notice from Figure (3-2-b) and Figure (3-2-c) that the greater the mixing ratio of nickel oxide,
the greater the granular size and the reason is due to the granular size of cobalt oxide, which
is larger than nickel oxide.
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Fig (a-2-3) shows AFM images of cobalt oxide

Fig. (3-2-b) Pictures (AFM) (90% Co304 -10% NiO)
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Fig. (3-2-c) shows the AFM images of cobalt oxide with nickel oxide in a ratio of (80% C030; -
20% NiO)

Optical measurement results
Optical permeability of membranes

Permeability is the ratio between the intensity of the transmitted ray (I_T) and the intensity of
the incident ray (I_°). It is denoted by the symbol T, which is a unit-free quantity and the
permeability depends on the membrane thickness, the percentage of distortion and the
temperature of the base[32]. Permeability can be calculated through the following equation:

_Ir
T= 10""'(4)

T is the transmittance, I is the subtle light (or reading) that is experienced through matter, I
is the light (or reading) light on the material.

Measurements of permeability within the range (nm1080-nm180) were studied for each of
the cobalt oxide and nickel oxide membranes prepared and deposited on glass in different
proportions of the mixture (Co304-NiO) where the permeability of (Co304) membranes is
high as its permeability reached 93% and this shows the curve a)) and when we started
mixing by (Co304) 90% with NiO) (by 10%, which was its purity (87%) and this is shown by
the indicator (b) and when we mixed with 20% of nickel oxide and 80% of cobalt oxide, the
permeability was ( 66%) This is shown by the indicator (C), which causes an increase in the
sedimentation time that leads to an increase in thickness. This increase in thickness causes
surface roughness and increased scattering, which leads to a decrease in wavelength
permeability when mixing. Where Figure (3-3) shows the permeability curves as the
wavelength function, as we notice from the figure that the permeability of the membranes is
large and then begins to decrease when the mixing ratios increase.
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Fig. (3-3) shows the permeability of (CO304-NiO) films deposited on glass

Table (3-2) shows the permeability ratios of (C0O304-NiO) membranes deposited on glass

NO T%

A CoO PURE 93%
B Co090%- Ni010% 87%
C Co080%- Ni020% 66%

Optical energy gap. Optical Energy Gap

The gap of the optical energy is of great significance in determining the capability of
employing thin films in sensors application, because it exhibits a bright idea of optical
absorption. This is due to the transparent property of membrane to radiation, whose energy is
less than the energy gap (Eg>hv) and absorbent the radiation, whose energy is greater than it
(Eg<hv). The energy gap has been calculated in the permissible electronic transitions of CoO
and NiO membranes, where we note from Figure (3-4) that the energy gap and the decrease in
the gap that was deposited on Glass, as the optical energy gap of cobalt oxide was high and
when mixing by 10% of nickel oxide, the energy gap decreased from 3.66 to 3.41 and
continues to decrease with the increase in the mixing ratio to reach a mixing ratio of 20% to
3.3, and this means that the optical energy gap is large in the pure state and then begins to
decrease when mixing and continues to decrease with the increase in the mixing ratio.
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Fig. (3-4) shows the energy gap of CO304-NiO films deposited on glass

Table (3-3) shows the energy gap values of CO304-NiO membranes deposited on glass

sample Energy gap(EV)
A CoO PURE 3.66
B Co090%- Ni010% 3.41
C Co080%- Ni020% 3.33

CO; Gas Measurement of gas COz sensor

The sensitivity of metal oxides to gases depends on several factors, including temperature,
type of material, crystal structure, grain size, surface topography, porosity and others, while
temperature has a major role in the process of interaction of the gas with the surface of the
sensor, as it occurs in a dynamic process dependent on temperature.

The air oxygen molecule can bind at the sites of the voids on the metal oxide surface, thus
taking electrons from the surface of the oxide and turning into a negative ion, that results in
an increase in the resistance of the surface, and the process of oxygen interaction with oxide
can be represented by the following equations:[24]

02(gas) ———> 02(ads)...ecrvcereerne(5)
Oz2+ter 5 0z2(ads)...ccccovvrrrnnne (6)

Oz(ads)+e- e 2:0(ads)...cosurersrnnnns(7)
0 (ads) + e ———— 0?(ads).....cerernene(8)

When CO; gas is introduced on the metal oxide surface, there will be a reaction between
the gas molecules and the adsorbed oxygen, as well as with the surface granules, and in this
process CO2 gas takes electrons from the oxide surface, thus increasing the resistance of the
surface and the process continues until the saturation process occurs, and then the surface
resistance stabilizes, from which the response time can be calculated and then the gas is
discharged and the resistance begins to decrease until it reaches a value close to the starting
point, as the time taken to be the recovery time is calculated.

The calculation of the relative sensitivity (S%) was based on the following equation:
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Rg —Ra  100%...(9)
Rg

S% =

Figure (5-3) illustrates the change of relative sensitivity with the reaction time of CO2 gas

in different concentrations with the surface of the prepared membranes deposited on glass

bases, from which response time (TRES), the highest sensitivity, and recovery time (trec) of
different membranes can be calculated, at different temperatures.

Figure (3-5) clarifies that the sensitivity increases with the increase in the concentration
of the gas when entering the CO2 gas to reach the highest value and then stabilize and in the
case of discharge of the gas, the sensitivity decreases to reach a value close to the starting
point and not return to the starting point, due to the lack of extortion of all gas molecules.
Table (3-4) shows the relative sensitivity values (S%) and the recovery time, and the response
time of (CO304-NiO) films deposited on glass bases towards (COz) gas, it was found that the
highest sensitivity value (70.7) at the concentration of (ppm242) and at a temperature of
(100Ce)

95

~
a1

sensitivity%
al
(&)

35 Concet. Sensitivity(%) Res.T  Rec.T
62 ppm- RT 25.3 142 187
15 150ppm-RT 40.1 142 182
P 242ppm-RT 52.1 9 13.2
0 10 _ 242ppm-500C 45.3 15.1 6.4
2421’%‘2' 100 70.7 178 106
Fig. (5-3) shows the change of

sensitivity over time in the presence of CO: gas for the film (C0O304-NiO) deposited on the bases of
the glass for different concentrations of the ga

Table (3-4) shows the values of sensitivity, response time and retrieval time

Conclusions:

The results of this study demonstrate that nickel-cobalt mixed oxide nanoparticles can be
easily prepared using the thermal chemical spraying technique. XRD analysis revealed that
the crystal size of the nanoparticles decreases with an increasing proportion of nickel oxide
(NiO) in the thin films. Optical property studies showed that the band gap decreases with an
increase in nickel oxide content. Atomic force microscopy (AFM) indicated an average particle
size of 93.5 nanometers, and surface roughness was found to increase with the mixing ratio,
ranging from 14.2 nanometers. This increase in surface roughness enhances gas-surface
interactions, leading to improved sensitivity to CO2 gas and better sensor performance.
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