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Abstract: The manufacturing of copper oxide (CuO) nanoparticles has been accomplished utilizing
a green technique that relies on biologically reliable mechanisms. Aqueous solutions of copper
nitrate and Ixora Coccinea leaf extract are used in an environmentally safe process for creating CuO
nanoparticles. The characterization of the synthesized CuO nanoparticles involves the utilization
of techniques such as X-ray diffractometry (XRD), scanning electron microscopy (SEM), Fourier-
transform infrared spectroscopy (FTIR), and thermogravimetricanalysis (TGA). CuO nanoparticles
are confirmed by XRD and FTIR peak results. When the particles are measured, they range between
93.75 nm and 98.16 nm, respectively. The produced CuO nanoparticles are used to prepare the
nanofluid. While conventional water exhibits a 3 ◦C temperature difference, nanofluid achieves a
considerable temperature differenceof 7 ◦C. As a result, it is clear that the nanofluid performs better
at dispersing heat into the environment. The experiment’s overall findings support the possibility
of ecologically friendly, green-synthesized CuO nanoparticle-induced nanofluid as an effective
heattransfer fluid that can be applied to heattransfer systems.

Keywords: green synthesis; nanoparticles; characterization; nanofluid; heat transfer

1. Introduction

Heat transfer is required in many applications wherever energy needs to be transferred
to enhance the efficiency of the working system. The active fluid acts as a charge carrier
that carries the heat from the hot section into the cold chamber. Liquid-based heat transfer
systems assist combustion engines, solar collectors, power generation systems, electronics,
refrigeration, air conditioning, energy storage applications, etc. [1–3]. The heat transfer
capacity depends on the fluid’s heat capacity at the working temperature. When heat
capacity is limited, effective heat conduction needs to be improved. In such cases, adding
nanomaterials plays a considerable role in enhancing heat transfer efficiency [4]. The part of
the additive here is to increase the working fluid’s heat capacity, thereby increasing the heat
transfer. The nanomaterial possesses unique properties with a wide range of applications
and has more significant advantage thana larger surface area-to-mass ratio.

A nanofluid uses nanomaterials at a lower weight percentage with a fine dispersion
and lower sedimentation velocity, resulting in increased heat transfer efficiency [5,6]. Many
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researchers reported increases in thermo-physical properties when using nanofluids as a
working fluid for heat transfer systems [7–10]. To improve the dispersion of nanoparticles
in nanofluids, instead of using a single fluid system, mixing multiple functional fluids of
adesired quantity is preferred. Nanofluids with a wide variety of nanomaterials including
organic nanomaterials, such as graphene, and carbon nanotubes from transition metal
oxides like zinc oxides, copper oxides, titanium oxides, ferrous oxide, alumina, and silica
metalloid [11–22]. Copper oxide nanoparticles are synthesized using methods such as
co-precipitation, solvothermal/hydrothermal synthesis, sonochemical synthesis, sol–gel
process, vapor deposition, and thermal deposition [23,24]. These synthesizing techniques,
however, create toxic by-products which are harmful to the environment. Environmen-
tally sustainable nanoparticle synthesis is vital to enhance the sustainability of all living
organisms. Therefore, researchers focus on developing a system capable of preparing
high-quality, more sustainable and environmentally friendly nanomaterials.

The synthesis of metal oxide nanoparticles requires the reactive agents to promote
the oxidization kinetics by offering the hydrates and capping agents to regulate and
promote uniform nanoparticle formation [25]. pH reagents reduce the activation energy
barrier towards promoting the chemical reaction. Biological green synthesis is one of the
sustainable synthesis routes to produce nanoparticles with a higher quality and lower or
nullified environmental impact compared tothe existing chemical synthesis techniques
discussed earlier. The quality and quantity of nanoparticles produced through green
synthesis depend on four key factors: the concentration of precursors, the concentration of
the biological extract, the pH of the system, and the temperature of calcination/annealing
for the synthesized nanoparticles [26].

Various methods ofgreen synthesis of copper oxide nanoparticles havebeen discussed
for decades. These methods utilize organisms (bacteria, yeast, and fungi) and plant extract.
Biosynthesis based on several bacteria leads to toxicity and difficulty in incubation and
isolation, leading to lower utilization of such living organisms for synthesis [27]. Plant
extract, on the other hand, is a potential candidate for green synthesis due to its cost-
effectiveness, excellent stability, and safe operation and handling. Plant extracts consist of
biomolecules that play dual roles as both reducing and stabilizing agents during the process
of copper nanoparticle synthesis [28]. Aqueous extract from Panicum sumatrense grains
was used in experimental work on the fabrication of copper oxide (CuO) nanoparticles by
Velsankar et al. [29]. Diethyl phthalate (99.18%) was identified by gas chromatography-
mass spectrometry as the main active phytocompound in the grains extract. The surface
Plasmon resonance band of CuO nanoparticles was detected in the UV-visible spectrum
at 305 nm. Ahigh degree of crystallinity was revealed inthe X-ray diffraction pattern,
and the nanoparticles’ mean crystallite size was 25 nm. In order to create copper oxide
nanoparticles, Zahrah Alhalili [30] used Eucalyptus Globous leaf extract. The scanning
electron microscopy (SEM) and dynamic light scattering (DLS) analyses reveal that the
spherical copper oxide nanoparticles, synthesized using a green method, exhibit an average
particle size of 88 nm and a zeta potential of −16.9 mV.

Iftikhar Hussain Shah [31] examines the anti-pathogenic properties of copper oxide
nanoparticles (CuO NPs) via Calotropis procera-mediated production. To confirm the bio-
fabrication of CuO nanoparticles mediated by Calotropis procera, diverse microscopic and
spectroscopic characterization methods were employed. These included X-ray diffraction
(XRD), Fourier-transform infrared spectroscopy (FTIR), UV-visible spectrophotometry (UV),
SEM and transmission electron microscopy (TEM). According to the XRD measurements,
the particles exhibited high crystallinity and spanned a size range of 40 to 100 nm. CuO
NPs were produced by Selvam Sathiyavimal et al. [32] using a green chemistry approach
and Abutilon indicum leaf extract. The CuO nanoparticles produced through biogenic
means were subjected to analysis using a field emission scanning electron microscope, UV,
FTIR, XRD, and energy-dispersive X-ray spectroscopy (EDAX). By employing the agar well
diffusion technique, the CuO NPs were synthesized which exhibited antibacterial effective-
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ness against a range of human pathogenic organisms, encompassing both Gram-negative
and Gram-positive bacteria.

Ixora coccinea Linn. (Rubiaceae), commonly known as jungle geranium and red Ixora,
is an evergreen shrub found all over India. Owing to its medicinal properties, the flowers,
leaves, roots, and stem are used to treat various ailments in the Indian traditional system of
medicine, the Ayurveda. Phytochemical studies indicate that the plant contains phytochemi-
cals such as lupeol, ursolic acid, oleanolic acid, sitosterol, rutin, lecocyanadin, anthocyanins,
proanthocyanidins, glycosides of kaempferol, and quercetin. Pharmacological studies
suggest that the plant hasantioxidative, antibacterial, gastroprotective, hepatoprotective,
antidiarrheal, antinociceptive, antimutagenic, antineoplastic, and chemopreventive effects.
The Ixora coccinea leaves were considered because of their availability and environmen-
tally friendly nature, which reduces the reliance on traditional chemical methods that can
be harmful to the environment due to the use of toxic chemicals and by-products. The
Ixora coccinea leaf extract can play the role of both a reducing and a stabilizing agent,
which makes the process economical. The Ixora coccinea leaf extract was also found to be
non-toxic. The pH of the leaf extract was around 6 to 6.5, and it was adjusted to 10 using
0.1 M NaOH.

Synthesis of gold nanoparticles in aqueous medium using flower extracts of Ixora
coccinea as the reducing and stabilizing agent has been reported by [33]. Only a few reports
were available on the utilization of Ixora coccinea leaf extract as a reducing and stabilizing
agent in the synthesis of metal nanoparticles.

Detailed literature research was carried out on the environmentally friendly man-
ufacturing of CuO nanoparticles for various uses. Creating CuO-based nanofluids for
thermal heat transfer applications is still feasible using green synthesis techniques. CuO
NPs are produced in this work using the plant leaves of Ixora coccinea, copper nitrate
and sodium hydroxide solutions. The CuO NPs are characterized and a nanofluid is also
created. Changes in heat transfer are seen when CuO NP-based nanofluids are employed.

2. Materials and Methods
2.1. Chemicals and Reagents

In this study, the copper precursor and extra-pure copper nitrate hexahydrate
(Cu(NO3)2.6H2O) were acquired from United Solutions in Madurai, India. The experi-
mental setup involved stirring the mixture while gradually introducing 25 mL of NaOH
using a syringe. The solvent used was green water, and all glassware was meticulously
cleaned and dried with distilled water prior to the experiments.

2.2. Preparation of CuO Nanoparticles

In the context of this study, the synthesis of CuO nanoparticles was carried out utilizing
an environmentally friendly synthesis approach. Around 500 g of fresh leaves of Ixora
coccinea were harvested and thoroughly washed with regular water. The leaf extract
was prepared by grinding the leaves in a mortar and then in a mixer while gradually
adding distilled water (approximately 75 mL) to assist the process of grinding. Theleaf
extract mixture was allowed to ferment in a covered beaker wrapped in aluminium foil
for about 24 h, resulting in aspergillus-infused fermented leaf extract. About 300 mL of
distilled water was added to the aspergillus-infused fermented leaf extract and mixed well
to obtain the leaf mixture solution, which served as the green water for CuO synthesis. The
filtration process was carried out using Whatman No.1 filter paper in three 100 mL beakers
sequentially to obtain 250 mL of green water after filtering the entire 300 mL leaf extract
solution. Subsequently, the green water was mixed with 10 g of copper nitrate twice to
facilitate the production of copper oxide.

Upon adding copper nitrate to the green water, the mixture was kept on the magnetic
stirrer for two hours at 330 rpm, until it transformed from brown waterinto a vivid green
shade. While the solution wasbeing stirred, a gradual introduction of 25 mL of 0.1 M NaOH
wascarried out using a syringe. The addition of NaOH maintains the pH and controls the
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nucleation and growth of nanoparticles. The overall colour of the solution transitionedfrom
green to blue, and the solution was subjected to magnetic agitation for a period of 24 h
eventually resulting in the visible formation of nanoparticle clusters akin to powder. These
particles progressively settled at the bottom of the beaker after the agitation. The liquid
fraction of the solution wasthen carefully extracted using a syringe, leaving behind the
settled particles within the beaker. The remaining composite was exposed to air and allowed
to naturally desiccate throughout the night, facilitating the evaporation of a significant
portion of the liquid component. Following this, the composite was subjected to a two hour
thermal treatment at 80 ◦C to further eliminate residual liquid. Subsequently, the resultant
mixture wasloaded into crucibles, initiating the annealing process.

The ultimate extraction of the refined CuO nanoparticles involved subjecting the
composite to an annealing procedure within a chamber heated to 400 ◦C. Subsequent to the
annealing process, the particles werecarefully retrieved from the chamber and the container.
The CuO nanoparticles were produced through the green synthesis method employing
Ixora coccinea. A yield of 3.678 g of CuO nanoparticles was achieved. A schematic depiction
of the CuO nanoparticles’ green synthesis utilizing Ixora coccinea leaves is presented in
Figure 1. The particles underwent characterization through XRD, SEM, and EDAX.
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2.3. Characterization Studies

For this study, XRD analysis was carried out using a D8 Advance Bruker diffractometer.
The diffraction data were gathered within a range of 20◦ to 80◦ at a scanning rate of 2◦/min.
The resulting diffractogram was processed using the X’pert High Score Plus software
version 2.1.0. The FTIR measurements were conducted on KBr pellets utilizing a Perkin
Elmer Frontier MIR/FIR spectrophotometer, USA. A SEM from ZEISS, (Atlanta, GA, USA)
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was employed for sample analysis. Additionally, thermogravimetric analysis (TGA) was
carried out using a PerkinElmer STA 6000 thermal analyzer, USA, subjecting the samples
to a temperature range of 25◦C to 750◦C.

2.4. Preparation of CuO Nanofluids

In this experiment, one gram of CuO nanoparticles was initially mixed with one litreof
regular water to form the nanofluid. The magnetic stirring and ultrasonication helped to
disperse the nanoparticles and prevent settling or aggregation. The magnetic stirring was
performed at 300 rpm for two hours and the sonication at 1 MHz (approx.) for 30 min.
The higher frequency was selected as it would be more effective for smaller nanoparticles.
Finally, a total volume of 2 L of nanofluid was prepared and used for further testing
and analysis.

2.5. Measurement of Heat Transfer

In the research setup, the first step involves placing a 1 L beaker filled with ordinary
water onto the heating unit. Subsequently, an alcohol thermometer is introduced into
the beaker to monitor the temperature of the heated fluid. The thermometer is securely
mounted on the heating device platform. To gauge the input and output temperatures
of the working fluid, two additional 5 L beakers are prepared and placed alongside the
heating setup. Copper pipes are submerged in the hot water beaker, and these pipes are
used to connect the two 5 L beakers. The connections are established using hose, pipe joints,
and hose clamps. At one end of the copper pipe, a fish tank engine is attached, which will
be submerged in one of the 5 L beakers while the other end remains open to the second 5 L
beaker. This setup facilitates the circulation and transfer of the working fluid between the
three beakers for the experimental investigation.

This experimental configuration is employed to quantify the temperature difference
resulting from heat transfer interactions between the heated fluid and the working fluid
at ±0.5 ◦C error. Initially, ordinary water is heated and maintained at 70 ◦C within a 1 L
beaker, serving as the hot fluid. Subsequently, a volume of 2 L of the designated working
fluid is introduced into a separate 5 L beaker, maintained at room temperature (33 ◦C).
These beakers are interconnected using copper tubes, hose pipes, and couplings, facilitating
the circulation of the working fluid through the system upon submerging the motor. The
activation of the motor initiates the flow of the working fluid through the copper pipe
arrangement submerged in the heated fluid beaker, enabling heat absorption. An additional
5 L beaker is designated for receiving the discharged working fluid. Employing alcohol
thermometers immersed at both the intake (prior to interaction with the hot fluid) and the
outlet (after heat exchange) of the working fluid enables temperature measurements. The
resulting temperature values are documented, enabling the determination of temperature
discrepancies and the inference of heat transfer occurrences.

3. Results and Discussion
3.1. XRD Analysis

Amorphous formations typically indicate the secondary phase of thermosetting. As a
result, as the reinforcement phase is combined with the sample, its structure is changed. In
earlier work, the crystallinity index of samples was investigated using amorphous peak
subtraction, peak height, and deconvolution techniques. The biosynthesized CuO NPs are
seen in the diffractogram below. The diffraction peaks observed at positions 2 = 33.423,
35.365, 38.341, and 49.652 were attributed to the Miller indices (hkl) representing the
diffraction planes (110), (002), (111), and (202), respectively. Figure 2 illustrates this pattern
as a hexagonal quartzite structure with pure CuO. The absence of further peaks validates
the sample’s high degree of purity.
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3.2. FTIR Analysis

The FTIR spectrum obtained from the CuO samples calcinated at 750 ◦C using a
Shimadzu spectrometer, Japan, revealed distinct absorption bands. In Figure 3, a broad
absorption band at 3368 cm−1 was attributed to the O-H stretching vibration of adsorbed
water. The bands observed at 2917 cm−1 and 2274 cm−1 were linked to the stretching
of C-H molecules. The presence of the carboxyl group was indicated by the band at
1625 cm−1, which corresponds to C=O stretching. Additionally, the symmetrical and
asymmetrical vibrations in the -OOH group were represented by the bands at 1395 cm−1

and 1407 cm−1, respectively. The band at 862 cm−1 likely originated from C-O stretching,
while the aromatic rings and their functional groups were associated with the bands at
1126 cm−1 and 1033 cm−1.
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The stabilization of CuO nanoparticle crystallization was attributed to the presence
of the carboxyl group in the protein. Moreover, the distinct band at 530 cm−1 provided
confirmation of the creation of CuO particles, as it corresponded to the Cu-O stretching
mode. Flavonoids and polyphenols may be prevented from clumping together by forging
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a solid link with copper (Cu) during the complication process. The findings of this study
agree with those of earlier ones.

3.3. Morphological Studies

Scanning electron micrographs were used to analyse the form and nature of the
aggregation of the CuO NPs produced during the biosynthetic process. The morphology of
the CuO NPs made from solid CuO and their agglomerated shape is shown in Figure 4.
It has been proposed that the combustion processes that take place during the synthesis
process may be a possible explanation for the agglomerated appearance of the chemicals.
CuO NPs were produced utilizing the green technique, and the SEM results were compared
to those from earlier investigations. The biosynthesized CuO nanoparticles were subjected
to an EDAX examination to ascertain their composition and purity. Figure 5 displays the
copper oxide EDAX spectrum and summarises its physical characteristics. The results
revealed that the percentage of copper is 70.03 and that of oxygen is 11.36 in the synthesized
particles. When the particles were measured, it was discovered that they ranged between
93.75 nm and 98.16 nm.
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3.4. Thermal Studies

The Differential Thermal Analysis (DTA)/TGA graph presented in Figure 6a,b shows
the initial state of the CuO NPs prior to undergoing calcination. The temperature range
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for the calcination process was set between 25 ◦C and 750 ◦C, utilizing a heating rate of
10 ◦C/min in a nitrogen atmosphere.
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The TGA analysis conducted on the CuO revealed distinctive steps of mass loss. The
initial mass loss step, accounting for 1.39% of the total mass, was observed before reaching
187.5 ◦C. This preliminary loss in mass can be attributed to the process of dehydration
that occurs during this phase. The second mass loss happeneddue to the elimination of
chemisorbed hydroxyl groups during the heating process between 187.5 ◦C and 350 ◦C.
The oxidation of leftover organic components at temperatures between 350 ◦C and 512 ◦C
was the third and last phase in the process (0.4%). No further mass was lost after 512.5 ◦C
until 750 ◦C.

3.5. Heat Transfer Studies

Using the heat transfer device depicted in Figure 7, the ability of the produced NP-
based nanofluid to transfer heat is evaluated. The experiment was conducted using (i) hot
water as the hot fluid and regular water as the working fluid; and (ii) hot water as the
hot fluid and a nanofluid as theworking fluid. Following the experimental study, it is
understood that a 3 ◦C temperature difference can be deduced when using ordinary water
as the working fluid. A 7 ◦C difference is found while a nanofluid is employed as the
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working fluid. Therefore, it makes sense that the nanofluid performs better at dispersing
heat to the environment and conducting it. Compared to ordinary water, it is employed in
heat transfer applications, and it is claimed that the nanofluid has the desirable thermal
characteristics needed to function well as a heat exchanger. The experimental findings are
shown in Table 1.
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Table 1. Experimental results.

Working Fluid Inlet
Temperature (◦C)

Outlet
Temperature (◦C)

Hot Fluid
Temperature (◦C)

Temperature
Difference (◦C)

Normal Water 33 36 70 3

Nanofluid 33 40 70 7

4. Conclusions

This study examines how well CuO nanoparticles made via green synthesis transfer
heat and considers how they may be utilized to increase thermal conductivity. Below are
some key findings from this experimental effort.

• The effective implementation of plant extracts as both reducing and stabilizing agents
in the production of CuO NPs provides compelling evidence for the success of green
synthesis methodologies. This approach aligns with sustainability guidelines and
decreases the harmful environmental effects of nanoparticle production.

• XRD, SEM, and EDAX analyses validated the findings that the generated CuO NPs
showed the desired structural and morphological features. When the particles were
measured, it was discovered that they ranged between 93.75 nm and 98.16 nm.

• The fluids that had been infused with nanoparticles demonstrated good stability and
dispersion, demonstrating that the CuO nanoparticles had been effectively absorbed
and suspended within the base fluids. This property makes it possible to consistently
and effectively improve heat transfer, which is essential for real-world applications.

• It is understood that a 3◦C temperature difference can be deduced when using ordinary
water as the working fluid. A 7 ◦C difference is found while nanofluid is employed as
the working fluid.

• The increase in thermal conductivity with the rise in nanoparticle concentration implies
that it is possible to finely tune heat transfer performance by adjusting the loading
of nanoparticles.

The experiment’s overall findings support the possibility of ecologically friendly,
green-synthesized CuO nanoparticle-induced nanofluid as an effective heat-transfer fluid
that can be applied to heat-transfer systems.
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