OPEN 8ACCESS

I nter national Journal of Innovative Technology and Exploring Engineering (1JITEE)
ISSN: 2278-3075 (Online), Volume-9 | ssue-2, December 2019

Development of binary eutectic organic phase
change materialsfor solar thermal energy storage

systems
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Abstract: Solar thermal energy storage unit anchored fatty
acids as Phase Change Materials (PCMs) having narrow range of
transition temperature and high latent heat of fusion. In this
paper, a new novel eutectic PCM was developed by using a fatty
acid (acetamide) and non-paraffin organic PCM (acetanilide) for
a sharp melting point and high latent heat of fusion. The
optimized eutectic PCM may be used for middle temperature
range solar thermal energy storage systems. The binary mixture of
acetamide and acetanilide at various compositions by mass ratio
(Wt%) was prepared and optimized experimentally for lowest value
of melting point at a eutectic mixture composition of 60 wt% of
acetamide and 40 wt% of acetanilide. Eutectic PCM was analyzed
by Differential Scanning Calorimetry (DSC) and Field-Emission
Scanning Electron Microscopy (FE-SEM). DSC results revealed
that optimized eutectic PCM has a sharp melting point of 65.37°C
and high latent heat of fusion of 224.67 kJ/kg. Accelerated
thermal cycle testing of optimized eutectic PCM was performed
for 100 melting and freezing cycles and change in melting
temperature and latent heat of fusion was acceptable.

Keywords : DSC, Eutectic, Latent heat thermal energy storage,
Solar thermal energy.

. INTRODUCTION

Solar thermal energy storage became important due to
the gap between demand and supply of solar energy. Out of
the various possihilities, Latent Heat Thermal Energy Storage
(LHTES) is attractive due to its unique property of accepting
and releasing energy at a constant temperature called as
melting temperature. In recent decades design and
development of Thermal Energy Storage (TES) materials
with appropriate thermal properties and their utilization in
various renewable energy systems has drawn great attention
across the world [1-3]. PCMs can be broadly grouped into
two categories: organic compounds and salt-hydrates based
products. Organic compounds have congruent melting, high
latent heat of fusion, self nucleation, non-toxic,
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recyclable nature, and no super cooling hence they are
suitable for any application [4].

Organic PCMs which can be employed in low temperature
applications are essentialy fatty acids, which fulfill the most
of the requirements. Among organic PCMs, fatty acid base
PCMs possess better properties like low super cooling, high
latent heat, non-toxic, good compatibility with container
material, less volume change, better thermal conductivity,
good thermal and chemical stability after repeated cycles
[5-7], because of the protected carboxyl group [8]. Eutectic
based on the fatty acids is of considerable interest due to its
attractive properties[9]. Eutectic mixtures based on fatty acid
were developed by Fauzi et a. [10] by using sodium stearate
(SS), pamitic acid (PA) and myristic acid (MA). Optimized
eutectic PCM MA/PA/SS and MA/PA PCMs were tested for
200, 500, 1000 and 1500 accelerated melting/freezing
thermo-cycles. MA/PA/SS eutectic PCM has shown better
thermal stability than MA/PA eutectic PCM over accelerated
thermal cycle testing. In the literature Sharma et a. [11]
accomplished accel erated thermal cycletest to understand the
thermal stability of acetamide and concluded that acetamide
was found to be thermally stable after 300 cycles. Buddhi et
a. studied [12] the thermophysical properties of paraffin wax,
stearic acid and acetamide over 1500 accelerated
melting-freezing thermal cycles. The results showed that
acetamide has good thermal stability and minor variation in
melting temperature and latent heat over 1500 cycles.
El-Sebaii et al. [13- 14] performed 1000 thermal cycletesting
of acetanilide and investigated its compatibility with
container material. It was reported that acetanilide showed
good thermal stability and good compatibility with aluminum
container. The selection criterion for any phase change
material is mainly based on the latent heat of fusion and
melting/freezing point. For a particular application, a tailor
made PCM having suitable melting temperature is
necessitated. In our study acetamide and acetanilide were
taken as the component materials for the development of the
novel eutectic PCM composition because they have sharp
melting point, high thermal and chemical stability, high latent
heat of fusion, low cast, non-toxic and availablein large. The
optimized PCM was studied for thermal stability over
accelerated melting and freezing cycles. Thermo-physical
properties and surface morphology of optimized eutectic
PCM were studied by DSC and FE-SEM. The thermo
physical properties of independent acetamide and acetanilide
areshowninthe Tablel.
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II. EXPERIMENTAL METHOD

A. Preparation of binary eutectic mixture
Table- I: Thermo-physical properties of component PCM

Property Acetamide Acetanilide
Melting Temperature, °C 82 1189
Latent Heat of Fusion, kJ/kd 263 222
Specific heat, kJ/kg°C 194 2

Table- I1: Eutectic binary mixture of PCM S at various
massratios of acetamide and acetanilide.

Sample no. Massratio (wt%)
Acetamide Acetanilide
1 45 55
2 50 50
3 55 45
4 60 40
5 65 35
6 70 30

In our experimentation, eutectic mixture of acetamide
(Merck, 99.0%) and acetanilide (Merck, 99.0%) was
prepared in various compositions by wt%, under normal
atmospheric conditions by melting-mixing method. The
melting point and freezing points at every composition is
noted for the analysis. The composition of acetamide was
varied from 45 wt% to 70 wt% in the binary eutectic mixture
of acetanilide and acetamide with different compositions as
shownin Tablell.

B. Accelerated thermal cycle test

The applicability of any PCM in a specific solar TES system
depends on performance of PCM during charging and
discharging cycles. The thermal energy release and absorb by
aTESsystem, must be at same temperature during each cycle.
For long and continuous use of system consistency in melting
temperature and latent heat is required over maximum
possible number of accelerated therma cycles. Hence
accelerated thermal cycle testing is essential regquirement
before applying any PCM in a suitable specific application
because durability of TES system depends upon the thermal
stability of PCM over accel erated thermo-cycles.

To investigate the thermal stability of optimized eutectic
composition of acetamide and acetanilide, accelerated
thermal cycle test was performed. First eutectic PCM was
heated till melting completely and then cooled down till it
solidifies completely and the optimized eutectic PCM has
made to gone through 100 such heating/cooling cycles.

1. CHARACTERIZATION TECHNIQUES

A. DSC analysis

The DSC [Mettler Toledo] analysis was used to measure
the thermal characteristics of the eutectic mixture containing
varied composition of acetamide and acetanilide in order to
obtain optimized composition. For DSC anaysis samples
(3.9-6 mg) were weighed in a sealed aluminium pan and an
empty pan was used for reference. DSC analysis was
performed from 25-100° C with a heating rate of 10° C per
minute. The melting point of the various eutectic mixtures
was calculated. Cycled and non-cycled optimized eutectic
PCM was analyzed by DSC and thermophysical properties
before and after cycle testing were reported and analyzed.
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B. FE-SEM analysis

The surface morphology of optimized acetamide/acetanilide
eutectic PCM was analyzed by using FE-SEM [Supra 55 Zeiss]
characterization technique.

IV. RESULT AND DISCUSSION

A. Investigation of eutectic point

Eutectics having various wt% of acetamide and acetanilide were
prepared and their melting and freezing cycles are analyzed. A
known composition of acetamide and acetanilide by wt% was
considered and its therma performance was studied. It was
observed that the peak melting temperature of the binary eutectic
mixture varies with the wt% of the independent component.
Variation of peak melting temperature for various prepared
eutectic mixture samplesareasshownin Fig. 1. Asthe amount of
the acetanilide decreases and the amount of acetamide increases
in the eutectic mixture, the melting temperature range decreases
and a sharp lowest melting point 65.37 °C was observed for
sample 4 at acomposition of 60 wt% of acetamide and 40 wt% of
acetanilide, after this melting point increases. It is depicted from
the results that 60/40 is optimized mass ratio for
acetamide/acetanilide eutectic PCM. It is observed that the
melting point of the eutectic mixture islessthan the melting point
of the independent components of the eutectic mixture.

B. DSC analysis

Out of the different compositions of acetamide and acetanilide,
eutectic mixture having composition of 60 wt% of acetamide and
40 wt% of acetanilide has a melting point of 65.37° C was
optimized and its DSC curve is shown in Fig. 2. The optimized
eutectic temperature was found to be suitable for middle
temperature range solar thermal storage applications. The latent
heat of fusion of optimized eutectic wasfound to be 224.67 kJ/kg.
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Fig. 1. Variation of peak melting temper atur e of
acetamide/acetanilide mixture.
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Fig. 2. DSC curve of optimized eutectic of 60 wt% of
acetamide and 40 wt% of acetanilide before cycletesting.

C. Thermal stability of optimized eutectic

The DSC curve of optimized acetamide/acetanilide eutectic
before and after 100 accelerated thermo-cycles are as shown
in Fig. 2 and Fig. 3 respectively. DSC analysis results
revealed that after 100 accelerated thermo-cycles peak
melting point and latent heat of melting of optimized eutectic
PCM wasfound to be 64.95 °C and 223.29 kJ/kg respectively.
The latent heat of fusion after 100 thermo-cycles altered by
-1.38 kJ/kg and the peak melting temperature altered by -0.42
°C. The variation in latent heat of melting and melting
temperature is acceptable. The results revealed that over 100
accelerated melting/freezing cycles the developed
acetamide/acetanilide eutectic has shown good thermal
stability.
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Fig. 3. DSC curve of optimized eutectic of 60 wt% of
acetamide and 40 wt% of acetanilide after cycle testing.

Fig. 4. Fe-SEM micrographs of optimized eutectic PCM with
60 wt% of acetamide and 40 wt% of acetanilide.
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D. Surface morphology of optimized eutectic

The FE-SEM image of optimized acetamide/acetanilide eutectic
PCM isasshownin Fig. 4. It was observed that eutectic was
showing flake like layer structure with a milky colour. Fe-SEM
micrograph confirms the uniform distribution and complete
mixing of acetamide and acetanilide in eutectic PCM.

V. CONCLUSION

In this paper, a new eutectic mixture containing novel organic
PCM s acetamide and acetanilide at various compositions by wt%
was developed. Samples were analysed by DSC in order to
determine optimized composition of component PCMs. Results
revealed that a sharp melting point of 65.37 °C with a high latent
heat of melting of 224.67 kJkg was observed at optimized
eutectic mixture composition of 60 wt% of acetamide and 40
wt% of acetanilide. Surface morphology of optimized
acetamide/acetanilide eutectic was analyzed by using FE-SEM
and it confirmed homogeneous mixing of acetamide and
acetanilide. After 100 accelerated melting/freezing cycles
optimized eutectic PCM has shown good thermal stability with
acceptable change in melting point and latent heat of melting.
Hence acetami de/acetanilide eutectic has shown agreat potential
for being used in any moderate range solar thermal energy
storage application.
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