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The ever-increasing water stress and availability of fresh drinking water are becoming a major challenge in rural and urban
communities. The current high-end and large-scale technologies are becoming way more expensive and not friendly to the
environment. In this regard, solar still is becoming a prominent and promising future technology due to its environment-
friendly nature, less maintenance and operational costs, and simple design. The technological challenge regarding solar still is
its low distillate yield. In this study, an attempt has been made to investigate the effect of tin oxide (SnO,) on the absorption
surface of solar still towards improvement in sunlight absorption, which would lead to high distillate production rates. Various
concentrations of SnO, i.e., 0.5wt%, 1wt%, 3 wt%, 5wt%, 7 wt%, 10 wt%, 15wt%, and 20 wt%, have been mixed in black and
applied on the absorber plate to further optimize the suitable concentration. The experiments have been performed in both
indoor (simulated) and outdoor conditions. An increase in surface temperature of absorber plate has been observed with
increasing concentration of SnO, under both the indoor and outdoor conditions, which is due to high solar spectrum
absorption properties of SnO, in the ultraviolet (UV) and near to far-infrared (IR) regions. The highest surface temperature of
101.61°C has been observed for specimens containing 15wt% SnO, in black paint under indoor conditions at 1000W/m?
irradiation levels, which is 53.67% higher compared to bare aluminum plate and 16.91% higher compared to only black paint
coated aluminum plate. On the other hand, the maximum temperature of 74.96°C has been recorded for the identical
specimens containing 15wt% SnO, under uncontrolled outdoor conditions. The recorded temperature is 47.96% higher than
the bare aluminum plate and 14.88% higher than the black paint-coated aluminum plate. The difference of maximum
temperatures under indoor and outdoor conditions is due to uncontrolled outdoor conditions and convective losses.

1. Introduction water is also increasing. Even though the earth is 70% cov-
ered with water, 97% is saline water. Only 3% is remaining
Fresh drinking water is an essential need for human survival,  as freshwater, and out of this, 2% is inaccessible because of

and it plays a vital role in environmental sustainability. Due  frozen icy masses [1]. Therefore, solar energy is a practical
to the increase in population, the demand for fresh drinking  and feasible approach for properly utilizing seawater and
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producing freshwater out of it. Solar energy is becoming a
key future energy source for various applications [2]. Solar
desalination has been observed as the most feasible and
cost-effective technique to produce fresh water at a lower
cost than the other possible seawater desalination processes
[3]. More precisely, the solar desalination method employ-
ing solar stills is the most viable method to supply fresh
water in arid and remote areas [4]. The experimental study
investigated the performance of an installed solar condensa-
tion device on the course of the antiseptic ultraviolet waste-
water, which has wholly been evaluated in practical terms for
the thermal output, conduction output, and production out-
put of freshwater. The findings show the relative error rates
of around 7.2% and 4.9% for day and night thermal outputs.
In addition, relative mistakes in the driving efficiency were
around 7% and 5.6% for day and night. On average, the ther-
mal energy storage substratum’s relative cumulative inaccu-
racy was around 3.5 percent daily in one month. Hence,
laboratory and experimental data support the view that solar
desalination systems work very well [5].

Solar still is a sealed box-like structure with a transparent
glass top cover and structural decoration. The water inside
the box is to be heated by direct sunlight. A transparent glass
top cover that permits the infiltration of solar radiation and
excites the evaporation. The water vapors in contact with the
backside of the top glass cover become liquid and collected
for various applications. Although the technique is straight-
forward and lucrative, it suffers low productivity per active
square area. This is primarily because of the temperature
variance between the cover and water in the basin which is
responsible for heat transfer from transparent cover and
the water in the basin. This heat transported causes a rise
in the temperature of the cover [6]. Therefore, various
authors have investigated the possible ways for increasing
the productivity of solar stills. Experimentally, the perfor-
mance of the solar desalination pond is examined for the
generation of freshwater. The result shows that the sunlight
intensity is the most crucial in the solar water desalination
unit since the amount of freshwater generated is related to
the solar’s radiation intensity. In addition, the efficiency of
the device is determined by elements such as environmental
temperature, wind speed, and saltwater temperature. Exper-
imental results also show that the salinity content of the
wastewater heat storage area in the solar pond may be
improved. The data collected demonstrate that a dense area
can create saline content that contributes to increased tem-
perature. Results show that salinity increases improve the
condensation rate. Therefore, the brackish water might be
increased in this situation. The mathematical conclusions
also coincide exceptionally well with the empirical facts [7].

Moreover, the depth of basin water is one of the essential
parameters in the evaporation rate and overall performance
of solar still. An experimental study examined the effect of
basin water depth on the performance of a single slope
(SS) basin type solar still. In this study, the effect of saline
water depth varying from 2 to 10cm and salinity of water,
which was 3000, 50000, 10000, 150000, and 20000 ppm on
yield, was carried out. The research resulted that the thermal
efficiency drops with an increase in depth and salinity of
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basin water. The maximum efficiency was attained at a min-
imum water depth of 02 cm in the basin and produced the
maximum distilled water [8]. Another researcher conducted
an experiment on the performance of single slope (SS) solar
still and double slope (DS) solar still by changing the depth
of basin water at 1, 2.5, 5, and 7.5 cm. From the experimental
results, it has been concluded that a decrease in water depth
resulted in an increase in yield. The performance of DS solar
still outweighed the SS solar still for the similar water depth
[9]. Another experiment was conducted between the single
basin double slope (SBDS) solar still and double basin dou-
ble slope (DBDS) solar still using different depths vary from
1 to 5cm. It was observed that DBDS insulated still made
17.38% higher yield than SBDS insulated still at 1 cm depth
of basin water. The results prove that DBDS solar still gave
a higher performance than the SBDS solar still, and the
depth of basin water has a considerable effect on the produc-
tion rate of solar still [10]. The study has experimentally
analyzed the effect of water depth in comparing the perfor-
mance of pyramid solar still (PSS) and the single slope solar
still [11]. The results concluded that reducing depth gives
higher productivity, and PSS performs higher than SS solar
because of its greater condensation area.

Another experiment has investigated an integrated solar
pond with a forced circulation crystallizer (FCC). Several
parameters have been observed, such as temperature gradi-
ent, evaporation rate, and density in a solar pond. The
results show that the density of wastewater is decreased as
the depth of wastewater increases because of salt diffusion.
This demonstrates that height affects thermophysical prop-
erties. Hence, the highest thermal capacity is observed in
the lowest layer. Moreover, a salt gradient is noticed because
the brine is immobile in the pond, and the top layer gradu-
ally contains less salt than the lowest layer. As a result, the
lowest layer’s heat capacity increases during the procedure.
A density differential prevents free convection in the layers.
As a result, solar energy reaching the lowest layer is
absorbed, resulting in a temperature differential in the layers.
In the lowest layer, the rate of absorbed insolation is high.

The efficiency of thermal solar desalination methods
such as distillers is enhanced by nanofluid [12]. Nanotech-
nology is possible to improve medium and process perfor-
mance, reduce device sizes, and improve mechanical
requirements. Because of their enhanced thermophysical
characteristics, nanofluids are widely utilized in heat transfer
media and energy systems. There are various forms of nano-
structures relevant to the production of nanofluids as solid
phases for dispersion in pure fluids. The use of these sorts
of nanoparticles leads to a dramatic increase in thermal con-
ductivity by metals’ high efficient thermal conductivity [13].
The experimental study employed three nanoparticles in a
heat pipe: Ag, CuO, and Al,O, [14]. The results show that
Ag nanoparticles had the most beneficial impact, implying
the most significant reduction in temperature differential
between the heat source and sink of the examined heat pipe.
Another experimental study has employed Ag nanoparticles
in heat pipes with mesh screens [15]. The results show that
nanoparticle contributes to reducing thermal resistance
and improves the system’s thermal performance. Moreover,
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nanofluids can be used in a geothermal system for increasing
the acquisition of thermal energy from reservoirs, which
means an increase in the efficiency of the systems [16].

Similarly, Ag/water nanofluid has been applied in a flat
plate collector [17]. The results show an increment of liquid
output’s temperature when the concentration of nanofluid
increases, which contributes to enhancing in heat transfer.
Another study applied multiwalled carbon nanotubes
(MWCNT) in the PVT system and investigated the system’s
efficiency [18]. The results have proved that nanofluid led to
an increase in thermal efficiency with a deviation of only
0.49%, based on numerical and experimental results, respec-
tively. The study investigated the effect of applying graphene
oxide nanofluid on the thermal performance of pulsating
heat pipes [19]. The obtained results showed that adding
graphene oxide nanosheets to the base fluid can reduce the
thermal resistance of PHP by more than 40% with a concen-
tration of 0.25g/L. In addition, an increase in concentration
reduces the thermal efficiency of PHP, which is explained
by an increase in the dynamic viscosity of the working fluid.
For estimating the thermal conductivity of Ag/water, the
group method of data handling (GMDH) and artificial neu-
ral networks (ANN) are used [20]. The model’s input data
were the size of nanomaterials, their concentration, and the
temperature of nanofluids. According to the computed cor-
relation coefficients, the GMDH model is more accurate
than the correlation. Correlation coefficients were 0.9482
and 0.986 for the correlation and GMDH models, respec-
tively. The most significant relative errors for the described
methods were around 19% and 11%, respectively. Therefore,
both techniques are acceptable for estimating the thermal
conductivity of the nanofluid based on the values deter-
mined for these two statistical criteria.

Nanotechnology is incredibly crucial for the enhance-
ment of heat transfer rate. For most solar thermal applica-
tions (e.g., solar still, solar pond, and solar water heaters),
the heat exchange between sunray and fluid is vital to use
heat transfer fluid (HTF) as a heat storage medium. How-
ever, the conventional system, which uses passive convection
and conduction, results in a lot of energy use. Moreover,
PCM’s lower thermal conductivity conveys the increase of
heat transfer time for the storage materials, causing the poor
TES system performance. To increase the rate of heat trans-
fer, utilizing nanotechnology in PCM has been performed by
several experimental and numerical studies for upgrading
the PCM, which leads to enhancing PCM’s capability and
eliminating the main drawback of PCM [21]. In addition,
the use of nanofluids further increases the rate of heat dissi-
pation from the cell in the case of active cooling. Hence, it
contributes to increasing the efficiency of the system [22].

One of the main parts that contribute a lot to solar still
production efficiency is the base plate, which acts as a solar
radiation absorber and provides vital water energy. Mainly,
aluminum or copper plates coated with black paints have
been used for maximum radiation absorption. In a recent
study, TiO2 nanoparticles have been mixed with black paint
and coated on the absorbed plate to increase the radiation
absorption. A 1.5°C increase in water temperature has been
reported for TiO, modified black paint compared to bare

black paint. This increase in temperature leads to a 6.1%
increase in solar still distillate yield [8]. In another study,
ZnO Nano particulates have been investigated as reinforce-
ment to the absorber plate. The absorber temperature of
70°C has been reported when coated with nanotubular-
shaped ZnO particles/black paint compared to the 60-65°C
temperature of the reference sample [9]. The comparison
of solar still with ZnO nanoplates and typical solar basin
showed a rise of 20% in evaporation rates [G].

Similarly, an experimental study has investigated the effi-
ciency of traditional solar still and solar still with ZnO nano-
plates. Results have proved that solar efficiency still with
ZnO nano-plates has increased 17% higher than typical solar
still, representing 7.78 kWh energy saving [23]. Further-
more, various other nanomaterials such as carbon nanotubes
and graphene have been employed to achieve maximum
temperature [24]. Similarly, CuO with various concentra-
tions from 10 to 40% range has also been considered a nano-
material and added to the black paint of the solar still to
augment the performance of solar still. Results proved that
applying CuO nanoparticles increased the distillate by 16
and 25% compared to the traditional solar still at a concen-
tration of 10 and 40%, respectively [25]. Another experimen-
tal study investigated the fumed SiO2 nanoparticle in black
paint at a wide-ranging concentration from 10 to 40%
coated on the absorber plate of stepped type solar still for
augmenting the freshwater yield. As a result, the average
temperature of water and absorber has been increased by
10.2 and 12.3%, respectively, by adding the optimum concen-
tration of nanoparticles (20%) with black paint. Results also
concluded that the total production from the solar is enhanced
by 27.2,34.2, 18.3, and 18.4% for 10, 20, 30, and 40% concen-
trations of concentration, respectively, compared to that of
ordinary black paint [26]. Similarly, one of the researcher
groups designed and made up two similar solar stills with dif-
ferent paints, i.e., black and white. Results obtained with white
paint solar still had a 6.8% upsurge in the solar still efficiency
compared to the ordinary black paint [27].

Moreover, some authors suggested mixing various nano-
particles, i.e., CuO, AlL,O,, TiO,, and Si, directly with water
for the easiness of the process [28-30]. In one study, exper-
imental comparisons were investigated between the solid
nanoparticles of CuO and Al,O; nanofluid and concluded
that the nanoparticles enhanced the freshwater production
by around 125.0% and 133.64%, respectively [31]. Neverthe-
less, this approach (nanofluids) may contaminate the water
due to its direct contact with water. Various other
approaches for improved distillate yield include using wick
materials such as cotton, wool, nylon, wood pulp paper,
styrene sponge, and coral fleece. In addition, the shape mod-
ification of absorbed plate to improve contact surface area
has been employed with promising results. Recently, our
research group showed improved surface temperature using
zinc microparticles in black paint [32].

Various modification performed in the solar still that are
provided in the literature review. It is found that the
efficiency can be augmented by various techniques, such as
utilizing fins, PCM, heater, and mixed nanoparticles with
saline water. However, it can be deduced that there are
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Hand mixing SnO, nano-particles

Ultrasensitive weigh balance with isopropyl alcohol

10 samples of absorber plate coated

with SnO,/black paint Painted to absorber plate

minimal studies carried out in solar still using nanoparticles
in black paint. Herein, for the first time, this study presented
a systematic investigation of the effect of and tin oxide par-
ticles/black paint composite as a highly effective absorber
coating material. In this regard, we conducted a detailed
indoor and outdoor investigation of variations in tempera-
tures of the absorber plate concerning the size and concentra-
tion of SnO, nanosized particles. As a result, a detailed and
systematic investigation has been performed to understand
the effect of the concentration and size of SnO, nanoparti-
cles. Furthermore, the experimental investigations under
simulated indoor and outdoor conditions revealed indepth
effects of the concentration and size of SnO, nanoparticles.

2. Experimental

2.1. Material. Nanoparticles of tin oxide (SnO,) were
purchased from Sigma-Aldrich, and isopropyl alcohol
(CH,CHOHCH,) which is reagent grade was procured from
Sigma-Aldrich. Black 0099] paint was purchased from
Korea Chemical Co., Ltd, Malaysia.

2.2. Fabrication Method. Figure 1 shows the schematic
process diagram of specimen preparation. Black paint was
considered base fluid to paint onto absorber plate and
SnO, nanoparticles in the various fractions 0.5, 1, 3, 5, 7,
10, 15, and 20 wt% as nanofiller. In brief, the SnO, nanopar-
ticles were added to 5 mL of isopropyl alcohol, sonicated for
1 hour and half, and stirred over 1 hour to achieve proper
inflation without incorporation. The as-readied suspension
was blended in with 10mL dark paint and hand-mixed
tenderly. The prepared mixtures, i.e, black paint/SnO, nano-
particles have been painted to aluminum sheets using the
paint brush and dried at room temperature last 24 hours.
Figure 1 illustrates the sample preparation method.

Sonication process

- - >
|- >

%ﬂ)
—|- >

Mixing with black paint Magnetic stirrer

—
)%
M4

o -
) |

N—

e '

F1GURE 1: The process of impregnating SnO2 nanoparticles in absorber plates coated with black paint.

2.3. Experimental Setup. Indoor setup has been carried out at
solar thermal laboratory, UMPEDAC, University of Malaya.
There are many components and instruments used in this
experiment to fulfill the required indoor conditions. For pro-
viding required irradiations, a solar simulator comprising
120 halogen bulbs (Brand: OSRAM) with power, voltage,
and current capacity of 90W, 12V, and 7.5 A, respectively,
is used. The solar simulator is controlled by three variable
control AC-power-supply transformers which can simulate
the solar radiations from 100 W/m* to 1200 W/m®. Further,
few other standard measuring instruments are used to
record the data. Some essential instrumentation and sensors
used are pyranometer (Brand: LI-COR, LI200R)), data
logger (Brand: Data taker (DT80)), and thermocouples (K-
type). The measuring and accuracy range of all the instru-
ments and sensors is given in Table 1.

For the indoor experiment procedure, the samples of size
6" x 6" were placed on a cardboard in the solar simulator.
The eight (08) samples with different concentrations of sili-
con (Si) nanoparticle-coated plates, one (01) black paint
coated plate, and one (01) bare aluminum plate were placed
in two rows with a displacement of 3 inches apart on the
cardboard. The K-type thermocouple was placed on each
plate and the pyranometer in the center to record the change
in temperature and varying radiations. Experiments were
conducted in indoor working conditions with varying radia-
tions from 100 W/m” to 1000 W/m? using a solar simulator.
It was observed that it took about 30 minutes in each irradi-
ation level of an experiment to reach the stable conditions,
and then the solar simulator was switched off for about 15
minutes to record the decreasing temperature of all plates.
The schematic and actual arrangement of the indoor exper-
iment is depicted in Figures 2(a) and 2(b), respectively.

The outdoor experimental setup has been installed on
Level 3 (Solar Garden) of Higher Institution Centre of Excel-
lence, UM Power Energy Dedicated Advanced Centre
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TaBLE 1: Measuring ranges and accuracy.

Instrument Range Accuracy Instrument

Pyranometer (model: LI-COR, LI200R) 0 to 2000 W/m? +5% Pyranometer (model: LI-COR, LI200R)
Data logger (model: data taker DT80) -270 to 1372°C 2% Data logger (model: data taker DT80)
Thermocouple (K-type) -200 to 1000°C +1.5°C Thermocouple (K-type)

Solar Simulator ‘

v

LED /

‘ K-type thermocouple ‘

—— Input

SnO2 Samples

Output

DT-80 data logger

b 4

()

FIGURE 2: (a) Schematic of Indoor experimental setup and (b) actual Indoor experimental setup.

(UMPEDAC), Kuala Lumpur, Malaysia. Experiments were
carried out from 8.00 am to 05:00 pm. Same standard devices
and instruments were used to record the data, and the measur-
ing and accuracy range of all the instruments and sensors is

already given in Table 1. Sensors were placed to the systems
at the necessary locations for recording the data. In addition,
other meteorological data such as wind speed were measured
using the weather station installed at Solar Garden.
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Pyranometer ‘ K-type thermocouple‘

’ Pynanometer |

—— Input
Output

’ Computer |

F1GUure 3: Outdoor experimental setup.

The same arrangement of samples, i.e., silicon-coated
nanoparticles, the plate coated with black paint, and the alu-
minum plate attached, were attached to a wooden sheet of a
thickness of 1" was mounted at an optimum inclined angle
of 15 degrees. The layout of the outdoor experiment, includ-
ing the position and connectivity of all instruments and
components, is systematically represented in Figure 3. The
optimum angle was calculated using Cooper’s equation (1)
to intercept the maximum radiations throughout the day.
Note that the experiment has been performed for seven days
from 8:00am to 5:00pm, and only the best data with
maximum sun hours has been presented here.

8 =23.45 sin [0.9863 (284 + ,)], (1)

where § is the inclination angle, and n, is the day of
the year.

2.4. Characterization. The morphological and compositional
analyses were conducted by using scanning electron micros-
copy (SEM) (Tescon Mira) in secondary electron mode and
X-ray diffraction (XRD), respectively. Further, the Uv-vis
spectroscopy has been used to identify the absorption in
the electromagnetic spectrum.

3. Result and Discussion

Figure 4 shows the scanning electron micrographs (SEM)
along with X-ray diffraction (XRD) and UV-visible spectros-
copy to understand surface morphology, composition, and
light absorption characteristics of as received Zn particles.
The particle size mentioned by the suppliers is in the range
of 18-20 nm, and the shape is almost spherical. Figure 4(b)
shows the XRD pattern of the as-received SnO2 particles
with miller indices. The diffraction is in agreement with
JCPDS number 41-1445 for confirmation [11]. Figure 4(c)
shows the UV-vis spectra of as received particles. First, a
sharp absorption in the UV region has been identified,
followed by a reduction in absorption. The second absorp-
tion has been identified in the near-infrared region with an
onset starting after 1000 nm of the solar spectrum. This high
absorption in UV and near-infrared region indicates high
sunlight absorption properties which helped improve the
surface temperature of the absorber plate.

3.1. Global Irradiation and Wind Pattern. Figure 5 shows the
variation of ambient temperatures, relative humidity, wind
speed and direction, precipitation, and cloud cover across
the year from December 2019 to 2020. It can be seen that
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FIGURE 4: (a) SEM, (b) XRD, and (c) Uv-vis spectra of as received nanopowder.

the profile is almost consistent within an average of 25°C
throughout the year. However, maximum and minimum
temperature of 34°C and 23°C is also seen in March [33].

3.2. Indoor Testing. The variation in temperature operated in
this present investigation is depended on the solar irradiance
level and effect of different concentrations of SnO, particles.
Figure 4 shows the result of an indoor experiment under
irradiation of 200, 400, 800, and 1000 W/m?*. Moreover, the
summary of indoor experimental tests at 1000 W/m? irradi-
ation level has been presented in Table 2.

An increase in surface temperature has been observed
with an increment in nanoparticles concentration, as shown
in Figure 6(A1). The highest temperature has been exhibited
by specimens containing 15wt% SnO, nanoparticles. Fur-
ther increase in concentration did not increase the surface
temperature. The rate of temperature drop has also been
measured and presented in Figure 6(B1). A slow rate of tem-
perature loss has been observed in the case of specimens

containing 3wt% SnO, followed by 5wt% and 7wt%. In
contrast, the specimen showing the highest increase in tem-
perature (i.e., 15wt% SnO,) tends to drop temperature faster
when cooled down. The same trend has been observed for all
the irradiation levels.

A maximum rise in temperature of 101.81°C has been
measured for specimens containing 15wt% SnO, at
1000 W/m? irradiation level (Figure 6(D1)), which is much
higher compared to the bare aluminum plate, i.e., 66.25°C
and only black paint coated aluminum plate, i.e., 87.08°C.
Furthermore, the energy dissipation trend is also the same
as measured at the 200 W/m’ irradiation level. Further
increase in concentration leads to a reduction in tempera-
ture, which can be explained based on the increased thermal
conductivity of the specimen. At much higher concentra-
tions, the temperature loss/heat dissipation rate is much
higher, as shown in Figure 6(d2), which caused increased
energy dissipation due to convection. The optimum concen-
tration representing a high rise in temperature and optimum
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FIGURE 5: One-year weather data of Kuala Lumpur [33].

TaBLE 2: Maximum temperature attained at 1000 W/m?2 radiation

level.

Sr. no.  Matrix material SnO,wt% Temperature “C
1 Aluminum sheet 66.25
2 Black paint 0 87.08
3 Black paint 0.5 89.69
4 Black paint 1 91.88
5 Black paint 3 94.78
6 Black paint 5 96.85
7 Black paint 7 96.87
8 Black paint 10 96.92
9 Black paint 15 101.81
10 Black paint 20 96.95

convective energy dissipation was observed to be 15wt%
SnO, in black paint for indoor tests.

3.3. Outdoor Testing. The outdoor experiments have been
conducted using same equipment and sensors as men-
tioned in the experimental section at solar garden level

3, UMPEDAC, Wisma R&D, Kuala Lumpur. The tests
have been conducted from 08:00am to 05:00pm for
whole week, and the result of highest sunshine day has
been presented here along with the solar irradiation and
wind speed of that particular day.

Figure 7 shows the temperature profile of the specimens
along with the solar irradiation level and wind speed. The
summary of the maximum achieved temperature for each
specimen has been presented in Table 3. The highest surface
temperature of 74.96°C has been recorded for specimens
containing 15wt% SnO, nanoparticles, which is much
higher than bare aluminum plate and only black paint
coated aluminum plate, i.e., 50.800C 65.25°C, respectively.
The second-highest temperature of 74.31°C has been
recorded for the specimens containing 3 wt% SnO, nanopar-
ticles, which is almost equal to that of specimen containing
15wt% SnO,. This is due to low convective energy dissipa-
tion, and the results are in high agreement with indoor
results for optimum rate of temperature loss. However, the
temperature is reduced for the specimen containing 20 wt%
SnO, because the further increase in concentration increased
thermal conduction which in turn caused excessive heat
losses due to convection.



International Journal of Photoenergy

Temperature (°C)

Temperature (°C)

Temperature (°C)

The effect of SnO, particles at 200 W/m? solar irradiation

50 o
g
2
<
g
%
5
40 -/ =
0 5 10 15 20 25 30
Time (mins)
(@
The effect of SnO, particles at 400 W/m? solar irradiation
70 -
o
60 - T
-
2
<
)
o
40 T T T T T T
0 5 10 15 20 25 30
Time (mins)
(b)
The effect of SnO, particles at 800 W/m? solar irradiation
90
80 —
°
70 A P
=
7 £
60 - @
=%
5
50 =
40 T T T T T T
0 5 10 15 20 25 30

Time (mins)

(0

The degradation rate of SnO,-nanoparticles at 200 W/m?
60

50

40 A

Time (mins)

The degradation rate of SnO,-nanoparticles at 400 W/m?

Time (mins)

The degradation rate of SnO,-nanoparticles at 800 W/m?

Time (mins)

FiGgure 6: Continued.



10

The effect of SnO, particles at 1000 W/m? solar irradiation

100 -

Temperature (°C)

Temperature (°C)

Time (mins)

0.5% of SnO

— 1% of SnO
—— 3% of SnO

5% of SnO
7% of SnO

(d)

International Journal of Photoenergy

The degradation rate of SnO,-nanoparticles at 1000 W/m?

0 5 10 15 20 25 30
Time (mins)
10% of SnO
15% of SnO
20% of SnO
0% of SnO

Aluminum plate
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TaBLE 3: Summary of outdoor experimental results.

Sr. no. Matri.x SnO,wt% Max. temperature (°C)
material
! Aluminum 50.80
sheet
2 Black paint 0 65.25
3 Black paint 0.5 69.55
4 Black paint 1 71.33
5 Black paint 3 74.31
6 Black paint 5 73.00
7 Black paint 7 71.85
8 Black paint 10 71.85
9 Black paint 15 74.96
10 Black paint 20 72.62

4. Conclusion

The technology of solar still is improving at an incredible
pace to avoid future scarcity of fresh drinking water. In this
study, SnO, nanoparticles have been investigated in an
attempt to increase the sunlight absorption of the solar still
absorber plate. Various concentrations of silicon particles
have been mixed with black paint and applied to the
absorber plate. SEM and XRD have been employed to exam-
ine surface morphology and composition, respectively. Uv-
vis spectroscopy has been conducted to study the optical
absorption properties of silicon. Indoor and outdoor tests
have been conducted using improvised apparatus. With the
introduction of Si particles in black paint, the temperature
rise has been observed, which can be associated with the
ability of silicon to absorb sunlight in Uv and the visible
range of the solar spectrum. The highest temperature of
101.81°C has been recorded for samples containing 15 wt%
SnO2 in indoor conditions at 1000w/m? irradiation levels.
The same samples with 15wt% and 3 wt% SnO2 performed
the best in outdoor conditions, achieving 74.96°C and
74.31°C temperature, respectively. Further increment in
concentration did not effectively improve the absorption
characteristics due to the high convective energy loss rate
caused by an excessive increase in thermal conductivity.
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