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ABSTRACT

ypothesis: Solid/liquid phase change materials (PCMs) are among the
materials used to store thermal energy. By nanoencapsulating these materials,

the problem of leakage during melting can be solved and the thermal efficiency
of the system can be increased. In previous studies, researchers have used complex
and expensive methods to prepare nanocapsules of PCM. In this work, in order to
simplify and reduce the time and costs of the synthesis process, the difference in the
solubility parameter of the core and shell materials at different temperatures and the
sequence in phase separation have been used for the synthesis of PCM nanocapsules.
Methods: In order to make the desired PCM nanocapsule, the difference in solubility
parameters of polyethylene glycol, polystyrene and toluene at temperatures of 5, 25
and 80°C has been used. In fact, this difference in the solubility parameter creates a
homogeneous solution of these three substances at a temperature of 80 °C. By decreasing

the temperature to 25°C, primary cores are formed and solid polyethylene glycol
nanoparticles are completely separated. Further, by decreasing the temperature to 5°C,

nanocapsoule, polystyrene is separated from the solution and completely covers the nanoparticles of

phase change materials, polyethylene glycol. In this way, using the sedimentation with temperature gradient

method, polyethylene glycol nanoparticles were first synthesized, and polyethylene
glycol nanoparticles were coated with polystyrene deposition. Also, to increase the
thermal energy storage, thermal conductivity of the shell and the thermal efficiency of the PCM system,
carbon nanoparticles have been used in polystyrene shells.

) Findings: Examining and evaluating the morphology of the synthesis PCM system
temperature gradient method in this work confirmed the creation of a polyethylene glycol/polystyrene core/shell
nanocapsule. The thermal energy absorption efficiency of the heat transfer fluid
prepared from these nanoparticles at the applied temperature of 55 °C is about 17%
more than that of water.
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Table 1. Advantages and disadvantages of different encapsulation methods [24].

Method Advantages Disadvantage(s)
High temperature range
Versatile
Low encapsulation efficiency
Large-scale production
Physical Spray drying Presence of uncoated particles
Easily controlled and scaled-up
Agglomeration of particles
Low cost
Limitation in achieving a very small particle size
Low-cost process
Easy to scale-up
Versatil
Solvent
) Controllable to produce homogeneous Lab-scale production
evaporation and
morphology High wall permeability
Interfacial
o Degradability Difficulty in control
polymerization
Mechanical resistance
Protective atmosphere is not required
Chemical Low cost
Uniform coating Uniform size in only oiled systems
Emulsion
o Low cost Limited for liquid PCMs
polymerization
Fast production Multiphases of solution.
Nano/micro-scale production
In-situ
Uniform morphology and coating High cost and skill
polymerization
Good chemical and thermal stability
Controllable
Suspension High-cost equipment
Low cost
polymerization Not all monomers are water soluble
Heat can be controlled during reaction
. Uniform morphology Agglomeration of particles
Physical Coacervation
Low temperature range Difficulty in control
and method
Chemical Efficient control of particle size Limited to scale up
emica
Sol-gel method Shell with high thermal conductivity Used only for inorganic shell
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Fig.1. PCM encapsulation methods [17].
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Fig. 6. FE-SEM images for (a) PEG nanoparticles and (b) polyethylene glycol nanocapsules with polystyrene shell and activated

carbon, (¢) examining the size distribution of nanocapsules using DLS diagram, and (d) Size distribution of activated carbon particles.
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Table 2. Solubility parameter of materials at different

temperatures [31].

Solubility parameter Temperatures (°)
A2 ey 25 80 5
Toluene 18.30 20.30 17.20
PS 17.90 18-19 12.10
PEG 2000 9.5-10 | 19.4+0.4 9.00
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Fig. 7. Mechanism of core/shell structure formation in process of sedimentation with temperature gradient.
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Table 4. The results of the DSC test

DSC  ga 31 =Y Jsar

Melting Crystallization Super
Sample Tmp T. T, AH m,normal @ T, T, AH, AH, el cooling
0 | CO | CO | /) (Vg O | O | O | (/) (/) (°C)
PEG2000 66.93 | 58.40 | 76/24 | 181.14 181.14 34.67 | 41.1 | 27.75 | 159.56 159.6 31.93
PEG-PS-AC | 59.63 | 48.11 | 68.06 | 72.40 150.52 28.08 | 33.09 | 19.55 | 58.82 122.28 31.55
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Fig. 9. The result of temperature-time history obtained from

distilled water and distilled water containing nanocapsules.
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