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Abstract

In this study, copper oxide (CuO) nanoparticles were produced using the precipitation thermal oxidation method. Two parameters
were studied: heating time and sintering temperature. To investigate the surface structure and crystallinity of the samples, field
emission scanning electron microscopy (FESEM) and x-ray diffraction (XRD) were used. The effect of heating time on the
production of nanoparticles was investigated. Heating time of 1 hour, 3 hours and 5 hours were conducted. The amount of CuO
formed was affected by heating times, with the formation of nanoparticles seen after 3 hours of heating. The CuO nanoparticles
produced uniformly as the heating time increased. During the nanoparticles production, the heating temperature remained constant
at 110 °C throughout the heating time. Furthermore, CuO nanoparticles are produced at different sintering temperatures of 300 °C
and 400 °C in order to study the influence of temperature on the size of the nanoparticles. At 300 °C of sintering temperature, the
formation of CuO nanoparticles was formed with more uniform structure. According to the findings of this study, both parameters

have an impact on the production of CuO nanoparticles.
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1. Introduction

The great interest in nanomaterials has prompted
the study and investigation for various nanostructures
especially nanoparticles. Nanoparticles have applications in
diverse fields including catalysis, energy conversion,
storage, environmental and sensing devices which depends
on the control of its size and shape of the materials [1].
Metal oxide nanoparticles often demonstrate their specific
properties opposed to their corresponding bulk materials
which give rise to distinctive quantum properties. Copper
oxide (CuO) have drawn attention due to their unique
chemical and physical properties finding applications in
many areas including catalysis [2], energy conversion and
storage [3], antimicrobial agents [4], optoelectronic devices
[5], and sensors [6]. Notably, copper oxides comprise of two
stable forms, CuO and Cu,O which is a direct bandgap
semiconductor with the bandgap values in the range 1.3—
1.7 eV and 2.0-2.5 eV, respectively [7].

To date various methods have been developed to
synthesize CuO nanoparticles such as sol-gel method [8],
hydrothermal method [9], co-precipitation method [10] and
microwave assisted methods [11]. The synthesize method
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mentioned above indeed are easy and reliable, however this
method typically encounters potential problems such as the
growth proceeds at high temperature and requires costly
experimental setups [12]. Therefore, the suitable and facile
fabrication of copper oxide nanoparticles approach is
through precipitation thermal oxidation method which is
simple reaction process with affordable reaction parameters.

2. Materials and methods
2.1. Synthesis of CuO nanoparticles

The method to synthesize CuO nanoparticles was
inspired by Jiang et al. (2018), using simple precipitation
thermal oxidation. Briefly, 2.0 g of cupric acetate, 5 mL of
water, and 45 mL of ethylene glycol transferred into the
conical flask. The mixture was heated and stirred for 5 hours
at 110 °C. The formed precipitates then were filtered and
heated for 2 hours at 80 °C. Subsequently, the precipitate
was thermally treated for 1 hours at temperature 300 °C.

2.2. Characterization

The crystallinity and phase transition were
identified by an x-ray diffractometer (XRD) under powder
scanning mode with the X-ray source of Cu-K, radiation
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that emitted a wavelength of 0.154 nm. The morphology of
CuO nanoparticles were observed using field emission
scanning electron microscope (FESEM).

3. Results and discussion
3.1. Structural Properties

The structural properties and  crystallinity
identification of CuO nanoparticles were observed by XRD
patterns as in Fig. 1 for different heating time of 1 hour, 3
hours and 5 hours. Diffraction sharp peaks at 260 values of
32.78°, 35.86°, 39.21°, 49.26°, 54.01°, 61.83°, 66.58°,
68.39°, 72.86° and 75.51° were assigned to (1 1 0), (0 0 2),
(111),202),(020),(-113),(-311),(220),311)
and (—2 2 2) which correspond to the monoclinic structure
of CuO [13]. With the broadening of diffraction peaks, the
crystallite size of the sample can be approximately
calculated using Debye-Scherrer’s equation [14]. The
average crystallite size was about 16.74 nm. The peaks
broadening inferring such that smaller particle size formed
with increasing heating time from 1 hour to 5 hours,
demonstrating an increment in the average crystallite size
and hence crystallinity of the CuO nanoparticles [15].
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Fig. 1 XRD pattern of CuO heated at different heating time
at 1 hour, 3 hours and 5 hours, respectively

The XRD patterns of CuO nanoparticles at
different sintering temperatures from 300 °C to 400 °C are
shown in Fig. 2. The diffraction peaks for different sintering
temperature were indexed to (1 10),(002),(111),(202),
(020),and (—1 1 3) which consistent to monoclinic phase
of CuO. From the plot, it is observed that increased in peak
intensity with respect to the sintering temperature. This
indicates that with higher peak intensity, degree of
crystallinity is increased. With the increase of sintering
temperature, peak narrowing is observed due to the removal
of grain boundaries, thus improved its crystallinity [16].
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Fig. 2 XRD pattern of CuO sintered 1 hour at different
temperature for 300 °C and 400 °C, respectively

3.2. Morphological properties
3.2.1 The effect of heating time

The morphology of CuO nanostructures was
investigated at different heating time using FESEM
micrograph as seen in Fig. 3. Formation of precipitate was
observed post 1 hour of heating. The nanoparticles have
started to form though its structural is not evenly distributed
which is possibly due to the short nucleation time. As the
heating time increase to 3 hours, a distinct formation of CuO
nanoparticles with a relatively uniform structure was
discovered with diameter 60.79 nm and 62.55 nm at two
different spots as indicate in Fig. 3(b). As the nucleation
time for formation of nanoparticle is longer, its structure is
perceived with a well distribution size of the nanoparticle
with a small agglomeration of particle. The CuO
nanoparticles synthesized for heating time of 3 hours appear
much less densely clustered [17]. Regardless, after heating
at 5 hours, the structure of the nanoparticles is unsustainable
which do not correspond with the literature where the
formation of the nanoparticles should be uniformly formed
at 5 hours of heating time [18]. At 5 hours not only were
there extensive agglomeration to larger particle but there
was also coalescence of the nanoparticles which could be
observed. The agglomerated nanoparticles were attached
with each other randomly, forming compact CuO
nanostructure. Therefore, the longer heating time enhanced
agglomeration of nanoparticles.

3.2.2 The effect of sintering temperature

The morphology of CuO nanoparticles at different
sintering temperature of 300 °C and 400 °C is displayed in
FESEM micrograph in Fig. 4. At 300 °C, CuO nanoparticle
structure was constructed uniformly. The structures reveal
an increase in particles size initially with increase in
sintering temperature. However, upon sintering at 400 °C,
formation of nanoparticle is indistinguishable which can be
observed in Fig. 4(b) as it demonstrates a compact
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aggregation structure. CuO nanoparticles were agglomerated
due to supersaturation condition. The tendency to
agglomerate is due to the rising nucleation and growth rates
resulting from a higher thermal energy with the increased of
sintering temperature from 300 °C to 400 °C. The crystallite
size tends to grow more rapidly when heated up to higher
temperatures. A significant narrow size distribution of the
nanoparticles leads to higher surface area. Increase of
temperature not only accelerates nucleation rate but also
enhances particle growth. From the micrographs clearly
showed that the particles were roughly agglomerated with
homogeneous morphologies due to oxidation of metal
nanoparticles [19].

Fig. 3. The micrograph of CuO NPs obtained by FESEM at
different heating time (a) 1 hour, (b) 3 hour and (c) 5 hours
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Fig. 4. The micrograph of CuO NPs obtained by FESEM at
different sintering temperature (a) 300 °C (b) 400 °C

4. Conclusions

In this study, CuO nanoparticles were formed using
a precipitation thermal oxidation method, with the heating
time and sintering temperature being changed to see how
they affected the nanoparticles production. The
nanoparticles were successfully synthesized using different
heating times of 1 hour, 3 hours and 5 hours. Apart from the
size of the nanoparticles, the quantity of CuO was affected
by varied heating times. In addition, changing in sintering
temperature have affected the structure and size of the
nanoparticles, as well as their properties. CuO sintered at
300 °C shows the best nanoparticles structure compare to
400 °C. It was discovered that the shape of CuO
nanoparticles  differed depending on the sintering
temperature. At 400 °C, the size distribution of the
nanoparticles was not uniform in size that led to
agglomeration. This is because sintering temperature has
affected the growth of the nanostructure where the sintering
temperature can control the growth of CuO nanoparticles.
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