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ABSTRACT

Water purification is one of the major natural requirements for humanity. A Solar still is a
one of the low cost methods that produces pure and drinkable water from saline water by
utilizing the solar radiation. For improving the efficiency of solar still numerous methods
are being used in the recent years. Phase Change Material (PCM) is utilized in solar still
which is discovered to be the most ideal alternative to expand the proficiency of solar still
at daytime as well as during the evening. This kind of material has a higher advantage and
attention, so that in this study, we are justifying the properties of PCM thermal energy
during on distillation process and also we mentioned the reason behind why researchers
chose paraffin as a PCM for Thermal Energy System. And also we are including the
progress on improving the thermal conductivity property of PCM materials using
nanoparticles. Nano materials played a very important role on PCM and which is
enhancing the thermal conductivity behavior on thermal energy storage systems. In
addition, the tiny structure will cause nanoparticles to have an enormous surface region
that associates with their physical and chemical properties that respond to the thermal
properties of PCM. Here the thermal conductivity of PCM can be improved by including
exceptionally thermal conductive nanoparticles, for example, carbon nanotubes, graphene
and metal oxide nanoparticles are used in PCM.

Keywords: Thermal energy storage system; phase-change materials; Nano materials, Solar
still, Desalination.

1. INTRODUCTION

Water is the most important ingredient for sustaining life on Universe.71 percent of the
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surface of the planet iswater covered and 96 percent of all salty water on earth is retained by
the oceans and cannot be used directly. Water occurs in rivers, lakes and ponds which are
fresh water resources on the planet and it can be made into use directly. The interest for water
distillation rapidly increasing day by day and this is the best way of purifying drinking water
from source of seawater [1]. Most of the sea water desalination systems are mostly based on
thermal energy storage system and the use of solar energy. Because of its minor profitability,
it was broadly utilized.

Numerous scientists have introduced streamlining or upgrading structures which have been
tried hypothetically and tentatively. Utilization of desalination innovation is expanding to
fulfill this need. Phase change material is the one of the inventions in the Thermal energy
storage system (TES) which has been proven thermal physical properties in the various
climatic conditions.PCM and nanocomposites are the promising materials for the solar
desalination applications [2-4]. Among the different strategies for water desalination, solar
stills have a few focal points including effortlessness, ease, simplicity of support, and low
ecological effect [5]. The Latent heat storage systems are the main property of PCM for use
in heating and cooling of the variety of applications including solar still, heat pump systems
and solar power plant applications. Phase change energy material has a latent heat energy
storage system; the energy is stored by phase change of the storage medium like solid-solid,
liquid-solid or gas-liquid [6]. It has a property of sensible heat that shows the temperature
difference between charge and discharging steps [7]. Dispersing nanoparticles into PCM is a
new kind of technique which improves the thermal properties of PCM. It shows better
performance in the Thermal energy storage systems. Many papers mention that nano phase
change materials could play a vital role in heat storage capacity and thermal conductivity of
solar still applications [8].In this review we discuss the solar still mechanism and techniques
to improve the solar still productivity. In this paper we mentioned the advantages of using
paraffin material as a PCM.

2. EXISTING TECHNIQUES OF SOLAR STILL

The world population and industrialization are hugely increasing day by day so the need for
energy consumption is the matter for future generations. So that to replace the conventional
energy system there is the alternative option for Consuming solar energy systems, it has good
availability and free of cost [9]. Water purification process can be possible by the solar
distillation method. There are many different types of solar systems mostly used based on the
simplicity and efficiency of water production. Mainly solar stills are classified by active type
and passive. These kinds of solar stills are classified upon their properties and functions. The
recent research has found the major affecting factors of solar water productivity, the
inclination angles of slope, depth of the basin, materials and solar radiation are the some of
the reasons [10]. Temperature difference between water in the solar still basin and glass inner
side temperature is the main factor which helps to increase the efficiency of water
production. An active solar system gives higher production than passive type solar stills. To
increase the temperature difference between the glass and basin water the air circulation of
the inside still has slightly increased. It increases the heat transfer of both the medium of
basin and the water cover. The cooling rate of the inner glass surface increases the rate of
condensation. In addition there are many slight modifications which help to enhance their
productions in various meteorological parameters and design such as the use of some
modification in the internal and external sides of the solar water basin. Use of nano phase
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change materials is the better option for the improvement of solar desalination [11].

2.1 Mechanism Of Solar Still

The Solar still is working by the mechanism of evaporation and condensation, the fresh water
is distilled by using a simple heat transfer mechanism. Figure 1 is showing the schematic
diagram of concept and working method of the solar still. Active and passive solar still are
the two types of solar still, both work on evaporation and condensation process. The solar
still is mostly constructed by the basin, slope with glass cover and storage tank. The surface
of the basin is filled with saline water and the solar radiation heats up the saline water to
evaporate. The evaporating water is condensed through glass cover, then finally the flow of
condensed water stored by the distillate collector. Basin temperature and condensation
temperature and solar radiation is the major factor for solar water desalination, there are
different types of approaches that help to increase the productivity of water like using the
active components, external motors, pumps fans and absorption materials [12]. There has
been much research already done in the modifications of solar still by using sponge cubes,
absorption materials, wick, black paints, Fins, Insulations, condenser and evacuation tubes.

dlass cover
/ cordanzed vapar
17 /jq“”':"ﬂ]ﬁl

distilled water

Figure 1. Mechanism of solar still
2.2 Thermal Conductivity And Thermal Energy Storage System

Energy storage plays vital roles in preserving available energy and improving its utilization,
since many energy storage sources are mostly based on Solar Energy. But the Solar energy
available only during the day time, so that researchers focused on the Phase change material
which stores the heat collected during the day time and after using the night time. This kind
of materials is called Latent heat storage material and it has consistent thermal conductivity.
Common Heat storage medium equation of latent storage system (LHS) consist storage
capacity as below equations. [6]

Q I'M[Csp (Tm CTi ) amChm T C1p (Tf CTm)] 1)

Q CM[Csp (Tm LTj ) am Chm CC1p (T CTm )] (2)
Eqg. (3)-(6) states the prediction models of thermo physical properties used in the nano phase
change material studies, including specific heat (Cp), density (p), latent heat of fusion (L),
thermal expansion coefficient (), [8]

387



International Journal of Aquatic Science I ﬂS
ISSN: 2008-8019

Vol 12, Issue 03, 2021

(pCp gt = (L= 4)(pCp )g+ ¢(pCp )t (3)
pat = (1-¢)pq + ¢yt (4)
(pL)at = (1 - ¢)(oL)q ()
(eA)at = (1~ ) (B + d(ph)t (6)

3. PHASE CHANGE MATERIALS

The phase change material is the inevitable medium of enhancement of solar still
applications and especially the organic PCM is the most consumed PCM in the recent
publications [14].PCM provides a better thermal conductivity characteristic where it can
absorb the latent heat and release the heat during the phase change process. The temperature
of these materials remains constant, during the transition of the heating process. Mostly the
Phase change materials for considering the thermal storage applications for their property of
Latent heat and high thermal conductivity. Latent heat storage plays an important role in the
PCM, latent heat is the heat absorbed or released by the thermodynamic system. The latent
heat associated with the changes of phases in the thermodynamic system is called Latent heat
of fusion. PCM is characterized into natural (paraffin, unsaturated fats) and inorganic
(metallic salts) PCM. Because of the best attributes of phase change material, natural paraffin
phase change material is our choice. Natural PCMs are more artificially stable than inorganic
Phase change material which softens consistently without a super cooling. Yet, it gives a
lower thermal conductivity contrasted with inorganic PCM. In this exploration, we will
change the thermal trademark property of the PCM with the assistance of including the
nanoparticles.

The latent heat thermal storage comparatively has better charging and discharging properties
than sensible heat storage systems. It has more energy storage capacity and high heat of
fusion. Organic and inorganic PCMs are the mainly used materials. Paraffin and fatty acids
are well known organic phase change materials and hydrated salts is the main inorganic
PCM. Melting temperature is the major difference in all kinds of Phase change materials
depending o the applications PCM are widely used in the Energy sectors. In refrigerating
applications the melting point should be above 90° C and while in the Air conditioning
applications PCM melting temperature is below 15°C. [15].
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Figure 2 Concept diagram of Nano Enhanced PCM

Natural PCMs are more synthetically stable than inorganic PCMs and they liquefy
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consistently, and super cooling is definitely not a huge issue. In any case, the thermal
conductivity of natural PCM is low. So the suitable nano material will be slightly dispersed
into PCM, this process helps to improve the thermal conductivity of any kind of PCM.

3.1 Use Of Paraffin As A Pcm

Most of the research work was carried out on the improvement of PCM thermal properties
such as paraffin and fatty acids. Paraffins are considering their low thermal conductivity, the
most highly recommended materials for latent heat thermal energy systems compared to
other PCM. For its desirable characteristics such as good heat storage density, melting or
solidification with low sub cooling it was widely used in TES applications [16]. In addition
they are available at a low cost; after a large number of thermal cycles, they are safe and
thermally reliable and paraffin is readily available in a wide range of melting temperatures.
Warzoha and Fleischer et al, proved that paraffin wax nano composites slightly increase the
solar still production by the using the nanoparticles of graphene, carbon nanotubes,
aluminium and titanium dioxide.

Properties of paraffin
Phase Solid
Color White
Melting point Temperature 42-72 oC
Boiling point Temperature 4350 -C
Ignition Temperature 4300 C
Density 0.9 g/cm3

Table 1 Properties of paraffin

3.2 Applications Of Nano Enhanced Pcm

In nano composite PCM thermal conductivity was found to be increased with dispersing
nano materials into Phase change materials. Various nanoparticles already mentioned in the
figure which help to enhance the properties of TES. Valan arasu et al., studied melting
efficiency of paraffin wax filled with aluminum nanoparticles. They showed that heat
transfer effect in the surface medium has increased and also examined the melting
performance of paraffin with Al203 nanoparticles. Min Li et al, conducted the experiment
and resulted in the higher thermal conductivity of PCM by using nano graphite paraffin
composites. J.Wang et al, [5] prepared nanocomposites phase change materials by different
copper nanoparticles and carbon nanotubes and experimentally mentioned that Nano PCM
composites showed superior thermo physical properties than without Nano PCM.In the
earlier, a lot of researches on nano particle mixed organic materials were conducted instead
of inorganic nanoparticles.
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Figure 3 Excellent Characteristics of Nano PCM

4. PREPARATION OF NANO PCM

Water deepness’s is inversely proportional to the still output. There are many researches
already states that the large surface area of the solar still basin is leads to the high efficient
water production. This kind of approach helps to improve the rate of evaporation and
decrease the volume ratio of surface of the basin. Using the Phase change materials also
slightly increase the production by their unique properties.PCM has a very high absorption
phenomenon by comparing other energy storing materials. Kinga Pielichowska et al
mentioned that the Thermal storage of the solar still production is comparatively increased by
the using of Phase change materials [13].

Parain Nanoparticles
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Figure 4 Steps of preparing Nano PCM

Figure.4 is showing the preparation technique of Nano PCM. Paraffin and nanoparticles are
stirred around two hours until the segregation of both materials. The prepared material is
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used in the solar still applications. Mohammed Raza et al prepared the Graphene
oxide/paraffin composites and produced the largest amount of fresh water at the day time.
The results indicate that the thermal energy storage of PCM increased the distilled water
productivity of the solar still. Most recently Omar Bait [20] et al, in their experimental work
graphene and metal oxide nanoparticles was dispersed and they studied the changes in the
thermal properties. Many experiments prove that the adding of nanoparticles into PCM helps
to improve the thermal conductivity, latent heat capacity and phase change temperature[21-
23]. Paraffin consists of low thermal conductivity, so the nanomaterials like graphene, ZnO,
CuO, MgO and nanocomposites combined with the Paraffin and gives the high thermal
conductive behavior to the paraffin Material.

5. CONCLUSION

The thermal conductivity has played a major role in the thermal property of the PCM,;
paraffin has a comparatively low thermal conductivity then other PCM. The dispersion of the
nano composite materials increased the thermal conductivity. The amount of adding
nanoparticles determines the efficiency of the fresh water production. The productivity and
efficiency of the water desalination is strongly based on the climate conditions, solar
radiation and the types of phase change materials. The study also provides properties of
paraffin and explains the comparison with nano enhanced phase materials. The Nano PCM
was in a stable state in the process of heat transition; there is no chemical reaction between
the paraffin and nanoparticles.

6. REFERENCES

[1]. Mohammad Reza Safaei, Hamid Reza Goshayeshi, and Issa Chaer, “Solar Still
Efficiency Enhancement by Using Graphene Oxide/Paraffin Nano-PCM”, Energies
2019, 12, 2002.

[2]. A.E. Kabeel , S.A. El-Agouz, “Review of researches and developments on solar stills”,
Desalination, 2011,276 1-12.

[3]. A. Elgafy, K. Lafdi, “Effect of carbon nanofiber additives on thermal behavior of phase
change materials”, Carbon 2015,43 (15) 3067-3074.

[4]. Kin Yuen Leong, Mohd Rosdzimin Abdul Rahman, Balamurugan A. Gurunathan,
“Nano-enhanced phase change materials: A review of thermo-physical properties,
applications and challenges”, Journal of energy storage 2019, 21-18-31.

[5]. J. Wang, H. Xie, Z. Xin, “Thermal properties of paraffin based composites containing
multi-walled carbon nanotubes”, Thermochim. Acta 2009, 488 (1-2) 39-42.

[6]. Faegh, M.; Shafii, M.B,” Experimental investigation of a solar still equipped with
external heat storage system using phase change materials and heat pipes”. Desalination
2017, 409, 128-135.

[7]. Min Li, A nano graphite/paraffin phase change material with high thermal conductivity,
Applied Energy 106 (2013) 25-30.

[8]. Teng Xiong, Long Zheng, Kwok Wei Shah,” Nano-enhanced phase change materials
(NePCMs): A review of numerical Simulations, Applied Thermal Engineering 2020,
(178), 115492

[9]. Pandey, A.; Hossain, M.; Tyagi, V.; Rahim, N.A.; Jeyraj, A.; Selvaraj, L.; Sari, A.
“Novel approaches and recent developments on potential applications of phase change
materials in solar energy”. Renew. Sustain. Energy Rev. 2018, 82, 281-323.

391


https://www.sciencedirect.com/science/journal/13594311

International Journal of Aquatic Science I ﬂS
ISSN: 2008-8019

Vol 12, Issue 03, 2021

[10]. Sharma, A.; Tyagi, V.V.; Chen, C.R.; Buddhi, D. “Review on thermal energy storage
with phase change materials and applications.” Renew. Sustain. Energy Rev. 2009, 13,
318-345.

[11]. Safari, A.; Saidur, R.; Sulaiman, F.; Xu, Y.; Dong, J,”A review on super cooling of
Phase Change Materials in thermal energy storage systems”. Renew. Sustain. Energy
Rev. 2017, 70, 905-9109.

[12]. Saw C. Lin, Hussain H. Al-Kayiem,”Evaluation of copper nanoparticles — Paraffin wax
compositions for solar thermal energy storage”, Solar Energy 132(2016)267-278.

[13]. Ebadi, S.; Tasnim, S.H.; Aliabadi, A.A.; Mahmud, S,”Melting of nano-PCM inside a
cylindrical thermal energy storage system: Numerical study with experimental
verification”, Energy Convers. Manag. 2018, 166, 241-259.

[14]. Kinga Pielichowska , Krzysztof Pielichowski, ‘“Phase change materials for thermal
energy storage Progress in Materials Science 2014,65, 67-123.

[15]. D. Dsilva Winfred Rufuss, L. Suganthi, S. Iniyan, P.A. Davies, “Effects of nanoparticle-
enhanced phase change material (NPCM) on solar still productivity”, Journal of Cleaner
Production 2018,04.201

[16]. Safwat et al, “Parameters affecting solar still productivity” Energy Conversion and
Management 2000;41 (16):1797-8009.

[17]. Ahmet AA, Adnan A,”’High-chain fatty acid esters of 1-hexadecanol for low
temperature thermal energy storage with phase change material” Solar Energy Mater
Solar Cells 2012; 96:93-100.

[18]. A. Fallahi, G. Guldentops, M. Tao, S. Granados- Focil, S.V. Dessel, “Review on solid
phase change materials for thermal energy storage: Molecular structure and thermal
properties, Appl. Therm. Eng. 2017 (127) 1427— 1441.

[19]. Adil A. M. Omara, Abuelnuor A. A. Abuelnuor, Hussein A. Mohammed, Mehdi
Khiadani, “Phase change materials (PCMs) for improving solar still productivity: a
review”,Journal of Thermal Analysis and Calorimetry 2019, 10.1007/s10973-019-
08645-3.

[20]. Xiong, Long Zheng, Kwok Wei Shah, “Nano-enhanced phase change materials
(NePCMs): A review of numerical simulations Teng”, Applied thermal Engineering,
2020,(178)115492.

[21]. KR Anupriya, T Sasilatha —“Ship Intrusion Detection System - A Review of the State of
the Art” International Conference on Soft Computing Systems, 2018.

[22]. Omar Bait, Mohamed Si—Ameur, “Enhanced heat and mass transfer in solar stills using
Nano fluids: A review”, Solar Energy 2018, (170) 694-722.

[23]. R Mahalakshmi, T Sasilatha-“ A power efficient carry save adder and modified carry
save adder using CMOS technology” - 2013 IEEE International Conference on
Computational.2013

[24]. R. Karthickmanoj, J. Padmapriya, T. Sasilatha, A novel pixel replacement-based
segmentation and double feature extraction techniques for efficient classification of
plant leaf diseases materials proceedings. https://doi.org/10.1016/j.matpr.2021.04.416

392



