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Power consumption is a significant issue in developing countries, and the refrigerator is
one of the largest consumers of electricity. Nanoparticles functioning as additives to
refrigerants or lubricating oils help reduce compressor work and reduce the power
consumption of refrigerators. In this study, zinc oxide nanoparticles were developed using
Aloe Vera leaves and dispersed in mineral oil to reduce the compressor work and increase
the performance of a domestic vapour compression refrigeration system. After the
successful synthesis of the nanoparticles, spectroscopical investigations using EDS
revealed the nanoparticles to have 73.31% zinc, 20.19% oxygen and 6.40% carbon
indicating a significant phase of zinc oxide. Microstructural studies on the nanoparticles
revealed an average nanoparticle size of 4.68 nm within the nanometric range. The
nanoparticles were dispersed in mineral oil in concentrations of 0.5 g/250 ml, 0.75 g/250
ml, 1 g/250 ml, 1.25 ¢/250 ml and 1.5 9/250 ml of the oil and fed into the compressor to
check the effect of each concentration on the performance of the refrigerator. The control
sample contained pure mineral oil. The system was monitored for 225 minutes per sample,
and coefficient of performance was determined. The results indicate an increase in COP

by 14-15% from 0.4 wt% and 0.6 wt% respectively.

1. INTRODUCTION

Power supply is a major problem in developing countries,
and the refrigerator is one of the largest components that
require adequate power supply for effective and efficient
operations. To increase its performance and reduce the
consumption of electricity, it is therefore, very important to
introduce nanoparticles into the systems. The field of
nanotechnology is a widely spread and researched area, such
that more scientists are delving into finding solutions to
medical research, electronics, physics, and many others with
nanoparticles, nanotubes, and other nano-sized bodies [1].
Nanoparticles functioning as additives to refrigerants or
lubricating oils help reduce compressor work and reduce the
power consumption of refrigerators. A refrigerant is a fluid
substance basically in the liquid or gaseous state, which brings
out the refrigeration effect. Thermodynamically, refrigeration
is a “means of transferring heat from a low-temperature
reservoir to a high-temperature reservoir’. According to
Kumar et al. [2], refrigeration is the process of cooling
products and substances from a higher temperature within an
enclosed space to a low temperature. Thus, in refrigerator
manufacture, the inclusion of a lubricant means formulating
unique blends compatible with the refrigerant, refrigerator,
and the environment [3]. However, as invented by Paul
Anastas, green chemistry involves using safe substances and
eliminating harmful chemicals in synthesising new
compounds, which is a sub-method of the biological synthesis
method. The biological method developed in the last few years
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has received more attention regarding its lower toxicity, safer
and faster preparation in the synthesis of nanoparticles than the
other two methods. In this method, protein or peptides from
algae or microscopic organisms (viruses, bacteria, and fungi)
and different non-harmful plant sources from the environment
are used as reducing agents in the synthesis of mostly metallic
nanoparticles and is found to have a higher success rate in
nanoparticles synthesis [4].

Aloe Vera plant (Aloe Barbadensis Miller), belonging to the
family of Asphodelaceae, is a common shrub that grows
worldwide, especially in Africa. The plant has been
successfully used as a reducing agent for silver, gold and zinc
oxide nanoparticles. The resulting zinc oxide nanoparticles
have been majorly employed in different areas of medicine.
Thus, the specific objectives of this study are: (1) develop and
synthesise nano lubricant using the aloe vera plant; (2)
evaluate the performance of the developed nano lubricant; (3)
carry out performance evaluation in a domestic refrigerator;
and (4) validate results by comparing them to the performance
evaluation of a control (mineral oil) [5]. Aloe vera resembles
a cactus because it is fleshy, has thorns all along periphery of
its leaf tissue, is wax-coated, and holds a huge amount of water.
Aloe vera contains over 75 bioactive components, such asn
minerals, fat-soluble vitamins, phenolic compound, simple
and complex polysaccharides, organic acids, enzymes, in
addition to 99 percent to 99.5 percent water. Aloe vera is a
400-species lily belonging to the Aloe barbadensis group. Aloe
vera is well recognised for its therapeutic capabilities, and it
has traditionally been used to treat inflammation and soreness
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[6]. Zinc oxide is one of the most commonly used metal oxide
nanoparticles and its applications vary from the medical and
scientific word (as in bio-medics) and engineering. The
problem, however, as with other nanoparticles is the synthesis.
The formerly used methods were toxic and the disposal of the
particles was far more harmful. Recently, a group of nano-
scientists created the biological synthesis method using plants,
bacteria and other biological organisms to synthesize ZnO.
Among the plants used is Aloe Barbadensis Miller. However,
the applications of the Aloe juice-capped Zinc oxide has only
been used for the production of biomedical drugs [6] and as
water filters [7].

Zinc oxide is an inorganic substance that comes in the form
of a white powder that is water insoluble. It is commonly
utilised as an addition in a wide range of materials and
applications. ZnO is a white powder when pure, although it is
found in nature as the rare mineral zincite. Amphoteric oxides,
such as zinc oxide, are a type of oxide. In water, it is practically
insoluble, yet it dissolves with most acids. The features of ZnO
include binding ability, high refractive index, antimicrobial
capabilities, high thermal conductivity, as well as UV
protection. Zinc Oxide is a unique composition with unrivalled
photoelectrochemical attributes. It is known for being a non-
toxic inorganic metal with unmatched electrical and optical
properties, as well as being multidimensional with several
potential uses [8]. ZnO has a wide range of applications in
superconducting materials and electromechanical attributes,
including  piezoelectric ~ devices, biosensor, nature
conservation, photodetectors, pharmaceuticals, and perfumery,
and even fabric treatment technology. However, ZnO
possesses photo electrocatalytic qualities and is used in the
food sector, as well as the agricultural sector, for its antifungal
benefits. By altering the size and shape, all of the qualities and
applications can be altered. Furthermore, due to its antioxidant,
antibacterial, and anti-inflammatory properties, ZnO
Nanoparticles have a wide spectrum of uses in biological and
medical fields, including therapeutic nanomedicine and the
beauty products [9].

2. MATERIALS AND METHODS

Aloe Vera stalks, zinc nitrate Hexahydrate -crystals
[Zn(NO3),.6H>0], distilled water, R-134a refrigerant, mineral
oil as a control are the major materials used in this research.

2.1 Preparation of aloe vera extract

Aloe Vera leaves were sourced from a local market in Ota,
Ogun State, Nigeria. First, the leaves were washed with
distilled water to remove adhering dust and dirt particles.
Afterwards, the skins were scraped off and chopped into fine
pieces. The chopped pieces were then blended in about 100 ml
of deionised water. The resulting solution was cooled to room
temperature before it was filtered. The mixture was then stored
in different bottles at low temperatures in a refrigerator for
preservation [10].

2.2 Green synthesis of zinc oxide

To achieve an environmentally safe method of producing
nano-zinc oxide, aloe vera juice (extract) was employed as the
reducing agent in the biological synthesis as depicted in Figure
1. Approximately 297g of Zn(NO;),.6H.O [zinc nitrate

hexahydrate] crystals were weighed into a beaker followed by
a solution of 500 ml distilled water. The mixture was stirred
until complete dissolution. After that, 350 g of the aloe vera
extract was added into the mixture resulting in an aloe vera
extract-Zn mixture maintained at 0.25M. This was repeated to
gain enough nanofluid so that the resulting nanoparticles
would be adequate for the experiment. The reaction mixture
was then agitated with the aid of a magnetic stirrer for 5 hours
at 150°C. Finally, the miscible liquid obtained was centrifuged
in 10 mL centrifuge tubes at 4000 rpm for 15 mins.
Centrifugation was done to separate the denser liquid or gel
from the diluted solution [11].

Final product of biosynthesized zinc oxide after sonication

Nanoparticles after calcination of gel

Figure 1. Biosysnthes of ZnO from Aloe vera juice

The reaction equations:

Zn(N0O3),.6H,0 + H,0 - Zn(NO3), + 7H,0 (1)

Then,

Zn(NO3), + 7H,0 + Aloe vera juice ?)
— Aloe capped Zinc solution

Aloe capped Zinc solution — ——
— Conc.ALE 3)
— ZnO0 gelatinous precipitate
Centrifuging

2.3 Preparation of zinc oxide nanoparticles

With deionized water of 500 ml by volume, aloe vera gel
broth extracted at a concentration of 95% were synthesized.
Following that, about 297 g of hydrated zinc nitrate was mixed
in the aloe extract solution for 120 minutes with steady
magnetic stirring and then allowed to settle for 12 hours and
suspension (gelatinous precipitate obtained from centrifuging
was stored in a cool, dry place) and was also thermally treated
(calcined) for 2 hours, at 750°C in a muffle furnace. For the
preparation of the nanoparticles, ceramic crucibles were
sanitised to prevent contamination. Then, the gelatinous
precipitate was scraped out using spatulas from the centrifuge
tubes into the crucibles. There was further heat-treatment to
allow for homogeneity of the nanoparticles and to remove any
foreign materials (impurities) that may be present after
calcination, and this was done at 200°C for 24 hours and was
monitored [12].

ALE — ZnO gelatinous ppt.+ 0, — ——
i C02 + HZO(g) + ALE
— Zn0 nanoparticles
Combustion

4)



2.4 Preparation of nanolubricant fluid

Colloidal preparations of nanoparticles in the base fluid are
known as nanofluids. The size of these nanoparticles ranges
from 1 to 100 nanometers. The form of nanoparticle employed
has a big impact on the base fluid's desired characteristics.
ZnO nanoparticles were employed as an addition in the
mineral oil-based lubricant. The nanofluid is more than a
liquid-solid blend of mineral oil and zinc oxide. It must be
stable, long-lasting suspension with little agglomeration. This
allows for long-term use in the compressor. The degree of
diffusion and permanence of nanoparticles within the base
fluid is one of the most influential factors on the properties of
nanofluids. When nanoparticle distribution in the base fluid is
inefficient, agglomeration and precipitation of nanoparticles
can occur, causing macroparticles to form, which can impair
the frictional surface and block the lubricant vents. In this
study, five samples of the nanolubricant were prepared by
ultrasonic agitation. 0.5 g, 0.75 g, 1.0 g, 1.25 gand 1.5 g (0.2,
0.3, 0.4, 0.5 and 0.6 wt%) of the ZnO nanoparticles were each
dissolved in 250 ml of mineral oil before ultrasonic agitation
for 3h per sample.

2.5 Experimental application of nanolubricant in domestic
refrigerator

The refrigerator was setup with thermocouples and pressure
gauges. The setup is shown in Figure 2. Then the compressor
was charged with the R134a refrigerant and one concentration
of the nanolubricant sample per time. The refrigerator was
monitored for 225 minutes per sample and parameters noted
were the cabinet temperature, suction temperature and
pressure and discharge temperature and pressure. These were
used to determine the pull-down time, variation in compressor
discharge temperature, net refrigerating effect and coefficient
of performance [13].

Net refrigerating effect (NRE) = h, — hy in kig 5)
Cooling capacity = m (hy — h3) (6)
Coefficient of Performance =M @)
m (hy — hy)
but =C,T

» Coefficient of Perf Eol = T

- Coefficient of Performance = A ®)
where, m=mass flow rate of refrigerant, h,, T,=superheated
vapour enthalpy and temperature in J/kg and °C respectively;
hi, Ti=saturated vapour enthalpy and temperature in J/kg
and °C respectively; hs=saturated liquid enthalpy in J/kg;
Cp=specific heat capacity of refrigerant at constant pressure in
kcal/kg°C;  Parameters were gotten using R134a
thermodynamic tables.

Figure 2. Refrigerator setup

2.6 Characterisation of ale/ zinc oxide nanoparticles

JSM-7600F Schottky Field Emission Scanning Electron
Microscope (SEM) was used to determine the developed
nanoparticles' surface topography and structural analysis.
Furthermore, Electro-Dispersive X-ray Spectroscopy (EDS)
was carried out to indicate the composition of the synthesised
ZnO nanoparticles and aloe vera in determining the suitability
for this investigation.

3. RESULTS AND DISCUSSIONS
3.1 Coefficient of performance

The coefficient of performance is a major measure of
determining the performance of the refrigerator. A higher COP
means less power consumption, greater efficiency.
Mathematically, it is expressed as shown in Eq. (9) [14-16].

h;-hy
hy-h,

COP= )

Table 1 shows the obtained variation in coefficient of
performance for all the samples and the control over time.

Table 1. Variation in coefficient of performance (COP)

Coefficient of Performance (COP)

CONTROL S1 S2 S3 S4 S5 Time (min)
10.404 11.967 12.588 11.181 19.6 13.752 15
8.192 9.548 5.917 7.486 13.85 11.464 30
6.624 8.718 5.96 6.102 11.362 10.455 45
6.457 7.592 5.142 5.82 9.135 9.457 60

6.19 7.768 5 5.426 7.398 7.118 75
5.461 6.552 4.465 5.078 6.477 7.116 90
5.142 6.324 4.026 5.08 6.158 7.024 105
5.369 5.77 4.026 4.938 6.318 6.786 120
5.61 5.643 4.141 4.938 5.877 6.414 135
5.467 5.541 4.17 4.938 5731 6.184 150
5.122 4.972 4.141 5.08 5.495 5.782 165
4.825 4.932 3.997 4.938 5.436 5.659 180
4.627 4.738 4.105 4.899 5.436 5.54 195
4.575 4.844 4.2 4.899 5.436 5.54 210
4.724 4.598 3.973 4.899 5.43 5.369 225
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Evaluating the Figure 3, Sample 5 (0.6 wt%) indicates a
13.66% - 71.84% increase while Sample 3 (0.4 wt%) indicates
a 14.9% -71.5% increase in COP as compared to the values of
the control. Samples 1, 2 and 4 indicate lower COP values than
that of the control sample.

Coefficient of Performance

20 A

s1
m 52
‘ 3
& 54
& 55

CONTROL

100 150 200 250

Time (min)

Figure 3. Variation of COP
3.2 Scanning electron microscope (SEM)

The particles were characterised with field emission
scanning electron microscope, and analysis indicated a mean
average particle area of 13.94 nm?, the minimum value being
1.003 nm?and the maximum value being 282.66 nm? while the
mean of the nanoparticle length is 4.86 nm with a range of 1.26
nm to 36.69 nm. The micrographs shown in Figure 4 were
taken at a magnification of 16000, 20000, and 18000 with
working distances of 12 mm, 15 mm, and 18 mm respectively,
and with an acceleration voltage of 20 kV resulting to 20pm,
501m and 100pm respectively as shown in Figure 4 (a, b, c).
The micrographs also indicated clusters of near-spherical
particles, which are normal compared to other research works.

Figure 4. SEM micrographs of developed nanolubricant
powder (a) 20pm (b) 50pm (c) 100pm

3.3 Electro-dispersive X-ray spectroscopy (EDS)

EDS was carried out to determine the compositional
analysis of the aloe vera and the resulting nanoparticles. The
EDS micrograph in Figure 5 shows that ZnO nanoparticles
contain 73.31% Zinc, 20.29% Oxygen and 6.40% Carbon
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concentrations. Thus, the primary phase being ZnO which
indicate that the nanoparticles are indeed ZnO nanoparticles.

Element Wt (%)
520
35.30

Aleo Vera

6.20
S 2.86
K 217
37.10
3.60
125
5.10

Elements Wt (%
(o] 20.29
C 6.40
Zn  73.31

Zn-NPS

8
Energy KeV

10 12 14 16

Figure 5. EDS micrograph for (a) aloe vera (b) developed
nanoparticles

4. CONCLUSIONS

This research successfully utilised the aloe vera plant (Aloe
Barbadensis Miller) as a reducing agent to synthesise ZnO
nanoparticles from zinc nitrate hexahydrate crystals and used
in a compressor lubricating oil to investigate its effect on the
refrigeration performance. The results show an increase in
COP of almost 15% in the 0.4 wt% concentrations of the
nanoparticle and almost 14% in the 0.6 wt% concentration
sample, indicating the best effect on the refrigeration, as
compared to the control sample after 225 minutes of operation.
Therefore, green synthesis in refrigeration shows a very
promising application in developing cost-effective and safe
nanoparticles for refrigeration from the obtained results.
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