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ABSTRACT

By using the Sol-Gel process, NiO nanoparticles were created, and they were then annealed at various
temperatures. The powders were examined using TGA, scanning electron microscopy, and x-ray
diffraction. By using x-ray diffraction to characterise the structure of the films, it was confirmed that
they were polycrystalline and had a cubic structure. The results of the SEM study of the films allowed
researchers to draw the conclusion that the manufactured films are uniform, rough, include big crystals,

and exhibit particle agglomeration. The sample's thermal stability was investigated using TGA analysis,
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1. Introduction

In comparison to their bulk counterparts, metal oxide
nanomaterials exhibit much greater chemical, mechanical,
electrical, thermal, magnetic, catalytic, and optical capabilities,
and they have attracted a wide range of applications [1, 2].
Because of their high surface area to volume ratio, quick
diffusivities, peculiar adsorptive qualities, and surface
imperfections, nanosized crystalline metal oxides have
attracted more attention in recent years than larger crystalline
metal oxides [3]. Oxygen belongs to Block P, Period 2,
whereas nickel belongs to Block D, Period 4.

The application of nickel oxide in many different fields,
including electrochromic films [4-6], fuel cell electrodes [7]
and gas sensors [8-10], battery cathodes [11-15], pn
heterojunctions  [16-18], magnetic materials [19-20],
photovoltaic devices [21-22], electrochemical supercapacitors
[23-24], smart windows [23], and dye-sensitized
photocathodes [24], has attracted a lot of attention.

For the majority of these applications, tiny particles with a
narrow size distribution are necessary. NiO nanoparticles are
anticipated to have much more enhanced properties and even
more alluring applications than bulk-sized NiO particles thanks
to the volume effect, quantum size effect, and surface effect.
Depending on the particle size, shape, and synthesis method,
NiO nanostructures, for instance, can exhibit super-
paramagnetic, super-anti-ferromagnetic, or ferromagnetic order
magnetic properties, but bulk NiO is an anti-ferromagnetic
insulator with a Neel temperature (Ty) of 523 K.

The solution phase chemistry approach is used to prepare
nickel, and in theory this should offer a variety of
straightforward ways to regulate the desired crystalline phase,
particle size, and morphology. The development of nickel
oxide nanoparticle production techniques that allow for precise
control over the final products' crystal structure and particle
size is crucial.

which revealed that NiO nanoparticles formed between 130 and 720°C.

The Sol Gel process was used to create the Nickel Oxide
nanoparticles, which were then annealed at two distinct
temperatures, 500°C and 700°C. Using the use of XRD, SEM,
and TGA-DTA, the impact of annealing on produced Nickel
Oxide nanoparticles has been thoroughly examined and
described.

2. Materials and methods
One of the easiest, safest for the environment, and least

expensive methods for making pure transition metal oxides at
low temperatures with a high specific surface area is sol gel
preparation. Also, this approach may be advantageous because
to its straightforward operation, high product yield, minimal
energy usage, and lack of specialised equipment.

The four key steps in the Sol-Gel process for making
materials are: (i) generating the solution (sol), (ii) shaping and
gelling it, (iii) drying, and (iv) conglomeration. Figure 1 shows
a schematic illustration of the Sol-Gel process.

Step 1: In 25ml of ethanol and isopropyl alcohol, dissolve
0.1M of nickel acetate.

Step 2: Stirring the precursor solution until a clear solution
forms.

Step 3: To achieve a pH of 9, sodium oxide was then gradually
added.

Step 4: The sol is created and the magnetic stirrer's temperature
is raised above 70°C.

Step 5: The green colour gel was generated after two hours,
and it was washed with ethanol three to five times to get
rid of byproducts and unreacted substances.

Step 6: The Gel is then heated to 100°C for 24 hours in a hot
air oven.

Step 7: A muffle furnace is used to anneal the dry powder at
various annealing temperatures (500°C and 700°C).
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Step 8: During the annealing procedure, the green NiO
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Figure 1: Sol-gel technique for the production of nanomaterials is shown schematically. NiO
nanoparticles are created using the Sol-Gel technique.

(a) (b)
Figure 2: (a) Before annealing NiO Nanoparticles; (b): After
annealing NiO Nanoparticles.

3. Results and discussion
3.1 Structural analysis

Figure 3 displays the X-Ray Diffraction pattern of Nickel
Oxide nanoparticles, which was obtained with A = 1.54A and a
theta range of 20-90 degrees. The sample has good crystallinity
as evidenced by the predominate peaks, which are located in
the (200), (111), and (220) planes. The technique yields NiO
nanoparticles with an average grain size of 14.08 nm. The
cubic structure of the nickel oxide sample, with a = 4174, is
consistent with JCPDS file 47-1049 [25]. The XRD pattern of
NiO nanoparticles annealed at 700°C is shown in Figure 4. The
main peaks are located in the plane at high intensities (200),
(111), and (220). The particle's average grain size is
determined to be 15.86 nm. The NiO nanoparticles that were
annealed at 700°C have somewhat bigger grains than those that
were annealed at 500°C. This indicates that grain size grows
larger as temperature rises. This behaviour was anticipated
since heating promotes particle diffusion and agglomeration
[26-28].
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Figure 3: XRD Pattern of NiO nanoparticles annealed at 500°C.
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Figure 4: XRD Pattern of NiO nanoparticles annealed at 700°C.
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Because the crystallite size will be huge at higher
temperatures, the diffraction peaks will become more strong.
The thermally enhanced crystallite formation is responsible for
this [29]. The XRD characteristics of NiO nanoparticles
annealed at two different temperatures are provided in Table 1.
The cubic structure of the NiO nanoparticles with lattice
parameters of a =b=c= 4.17A is evident from the table.

Table 1: XRD parameters of NiO nanoparticles.

Sample hkl 2 Theta | Theta Grain Lattice
plane | (degree) | (degree) | size constant
(nm) (a=b=
9]
NiO 111 37.24 18.82 13.22 4.177
nanoparticles | 200 | 43.29 21.64 13.88 4.176
annealed at 220 62.90 31.45 15.15 4.175
500°C 311 | 7543 | 3771 1538 | 4.173
222 79.42 39.71 15.99 4.176
NiO 111 37.40 18.70 14.92 4.160
nanoparticles | 200 43.44 21.72 15.59 4.162
annealed at 220 63.03 31.51 17.06 4.167
700°C 311 75.58 37.79 17.96 4.169
222 79.57 39.78 19.41 4.169

3.2 Surface morphological analysis

SEM was used to examine the surface morphological
characteristics of produced nanoparticles. Figure 5 displays the
SEM picture of NiO nanoparticles at 10,000, 20,000, and
55,000 times their original size. On the SEM image are the
instrument characteristics, accelerating voltage, spot size,
magnification, and working distances. Some particles appear to
be spherical in shape. We can see that the particles are
essentially a cluster of nanoparticles and are heavily
agglomerated. Because NiO nanoparticles have a propensity to
aggregate due to their high surface energy and high surface
tension of the ultrafine nanoparticles, the observation of some
bigger nanoparticles may be explained by this [30].
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Figure 5: SEM images of NiO nanopartices annealed at 500°C.
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Figure 6: SEM images of NiO nanoparticles annealed at 700°C.

Figure 6 displays SEM micrographs that were magnified
between 7,500 and 30,000 times and annealed at 700°C. The
particles include some sphere-shaped ones. Agglomerated
particles are made up of evenly spaced out particles that are
joined together. The size of the aggregates grows as the
annealing temperature rises from 500 to 700°C; this
agglomeration causes the crystallite size of the particles to
grow [31].

3.3 Thermal analysis

Many substances are unstable and break down into
different substances when heated. Thermo gravimetric analysis
is used to characterise the prepared sample in order to
determine its thermal stability. The TGA curve of synthetic
NiO that was annealed at 700°C and varied in temperature
from 40 to 730°C is shown in Figure 7(a). There are two stages
to the weight loss: (i) dehydration-related weight loss of 0.5%
between 80 and 90 degrees [32], (ii) 100—120°C, with a weight
loss of 0.3% as a result of water evaporation.

Around 89°C, a clear endothermic peak can be seen in the
DTA curve. This could be explained by the precursor's thermal
dehydration and the evaporation of physically adsorbate
contaminants. The NiO crystal phase is anticipated to emerge
when the hydroxyl group from Ni(OH), is eliminated (Figure
7(b)).
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Figure 7(a): TGA curve of NiO nanoparticles annealed at 700°C.
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Figure 7(b): DTA curve of NiO nanoparticles annealed at 700°C.

4. Conclusions

The Sol Gel process was used to create the Nickel Oxide
nanoparticles, which were then annealed at two distinct
temperatures, 500°C and 700°C. The grain size of the samples
grows with increasing annealing temperature, according to
XRD measurements. According to SEM findings, the particles
are essentially a cluster of nanoparticles and are heavily
agglomerated. The sample's thermal stability was investigated
using TGA analysis, which revealed that NiO nanoparticles

formed between 130 and 720°C. Lithium ion microbatteries
and ceramic structures can both be made using the prepared
nickel oxide.
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