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Abstract— The Latent heat storage (LHS) based on phase change 
materials (PCMs) has a critical part to demonstration in preserving 
and efficiently utilizing energy, resolving demand-supply 
mismatches, and boosting the efficiency of energy systems. 
However, they have a low thermal performance inherent in it 
because the low thermal conductivity (TC) of PCMs. Paraffin 
organic PCMs have several advantages such as higher LHS, non-
toxic, abundant in nature and inexpensive, whereas TiO2 
nanoparticle is type of hydrophilic group having tendency to 
improve TC. In this research TiO2 in different concentration (0.1, 
0.5, 1, and 2 wt percent) with surfactant sodium dodecyl benzene 
sulphonate (SDBS) added into Paraffin RT44 HC PCM using two 
step techniques, and the thermophysical properties were broadly 
discussed. Thermogravimetric analyzer (TGA), Fourier transform 
infrared spectroscopy (FT-IR) and Thermal property analyzer 
(TEMPOS) were used for the characterization of prepared 
composite nano-enhanced phase change materials (NePCM). 
Additionally, the effect of nanoparticles on TC was investigated. 
The highest TC was obtained with PW/TiO2-1.0 by an increment of 
86.36% as related with base PW. The FTIR spectrum of the 
composite PW/TiO2 confirmed no interaction between PW and 
TiO2, resulting in a more chemical stable composite. The addition 
of TiO2 
making it more thermal stable. Grounded on the results it can be 
concluded that the developed composite is suitable for thermal 
energy storage (TES), photovoltaic thermal (PVT) systems, and hot 
water applications. 
 

Keywords— Phase change materials, Paraffin RT44HC, Titanium 
oxide, Thermal conductivity, Thermal energy storage. 

I. INTRODUCTION  
Energy is a foremost problem in the globe today because of 
the fact that around 850 million people do not have access to 
electrical energy. Global energy consumption is predicted to 

grow by approximately 30 percent between now and 2040 as 
a result of the strong demand for energy services.[1]. The 
most efficient systems for storing energy are TES, energy 
storage operations have one overall goal: to lessen the rate 
incongruity between supply and demand. As a storage 
medium for LHS systems, phase change materials (PCMs) 
have shown to be an intriguing solution that is becoming 
increasingly prevalent [2]. PCMs are categorized as: organic, 
inorganic, and eutectic. Organic PCMs are comprised of 
paraffin, non-paraffin, and fatty acids. Organic PCMs are the 
most often utilized PCMs because of their qualities such as 
non-toxicity, durability, lack of super cooling effect, and low 
chemical reaction, among others [3][4]. Chemically, 
inorganic PCMs are less stable than organic PCMs, which is 
why inorganic PCM costs less and has a larger LHS capacity. 
Similar to organic PCM, inorganic PCM exhibits corrosive 
characteristics and hysteresis. In light of all of this research, 
it seems apparent that the O-PCMs (which include paraffin 
polyethylene glycols, fatty acids, and there have been studied 
thoroughly to store latent heat. Paraffin is the broadest 
melting point range of any organic PCM[5]. By changing the 
PCM and increasing the amount of carbon atoms in paraffin 
wax (alkanes), the melting point and LHS can be increased. 
One of the most significant constraints of PCMs is their low 
TC; one technique for increasing the TC of PCMs is to use 
different nanoparticles as TC enhancers[6]–[8]. The 
utilization of nanocarbons, nanometals, and nanometal 
oxides has led to the development of NePCMs with improved 
thermal properties. [9]. 
PCMs composites have been broadly studied by numerous 
researchers by dispersing nano particles (NPs) as they offer a 
noteworthy ability for improving the TC at lower 
concentrations [10]. The result indicated that they have a 
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significant impact on enhancing rate of heat transfer. This 
study examined the effects of TES on the newly produced 
composites palmitic acid added  titanium dioxide (TiO2) [11].  
Different nanoparticle wt fractions (0.5, 1, 3, and 5%) were 
dispersed into the base and their influence on the 
thermophysical characteristics was examined. Palmitic acid's 
TC steadily increased by 12.70%, 20.4%, 46.60%, and 80.0% 
for the addition of nano sized particles, respectively. A novel 
method was used to make a nanoparticle enhanced PCM 
stearic acid SA TiO2 [12]. They exhibited greater TC values 
than the base PCM, according to the findings. NEPCM 
composites were developed with weight concentrations of 
0.09, 0.26, 0.33, and 0.36 wt%. As compared to pure SA 
PCM, the greatest TC was determined to be 27%. Kenisarin 
et al.[13] investigated PW/EG composite with mass fractions 
of 2 percent, 4 percent, and 6 percent were created by 
absorbing molten organic material into the EG structure. The 
PW/EG composites have higher TC’s as the EG content is 
increased. Kumar et al. [14] investigated on increasing the TC 
of PW using copper oxide (CuO) nanoparticles can be 
utilized as an effective TES. Five samples of PW were 
created by dispersing CuO nanoparticles in paraffin wax at 
weight percentages of 0, 0.5, 1.0, 1.5, and 2.0. The results 
shown that combining CuO and paraffin wax significantly 
increased the TC and LHS performance of the PW. Paraffin 
with polyaniline nanocomposite was created by dispersion 
with simple sonification [15]. LHS increased by 15.9 percent 
due to enhanced dispersion of conducting polymer-based 
nanocomposite. When the LHS is enhanced, the PCM will 
store more thermal energy. Because lower interfacial 
resistance interprets in better PCM efficacy, the TC improved 
by 20.4 percent, resulting in improved charging performance. 
From the above literature found that the incorporation of 
nanoparticles increases PCM’s TC. The TiO2 nanoparticles 
have the capability to significantly increase the thermal 
conductivity of PW RT44 HC and are very inexpensive in 
comparison to other nanoparticles. There are a few research 
on the development of stable nano-TiO2 composites, thermal 
reliability and energy storage capabilities. Thus, the primary 
aim of this work is: a) to develop a stable NePCM with high 
TC foe use in TES by employing SDBD as a surfactant; and 
b) to examine the thermal stability, chemical stability, and 
effective TC of the material thus produced. This investigation 
intends to use the prepared composite for the application such 
as solar still heating, solar water and air heaters, solar 
collectors and photovoltaic thermal systems [16][17]. 

. 

II. MATERIALS AND METHODS 

A. Materials 
Paraffin RT44 HC was acquired from Rubitherm phase 
change materials. It has a melting point of 44-45 °C, LHS 
capacity of 250 kJ/kg, and TC of 0.20 W/mK. Sigma–
Aldrich, Germany, provided titanium dioxide (TiO2) 
nanoparticles in the anatase form with a diameter of 25nm. 
Sodium dodecyl benzene sulphonate (SDBS) acquired from 
Sigma-Aldrich (M) Sdn Bhd and employed as a surfactant 
during the development of NePCM to ensure homogenous 
dispersion. Table 1 summarizes the thermophysical 
properties of RT44 HC, SDBS, and TiO2 were presented. 
 

 
 
 
 
TABLE 1 THERMOPHYSICAL PROPERTIES OF RT44HC, TiO2 AND 

SDBS  
Properties RT44 HC SDBS TiO2 

Thermal conductivity 
(W/mK) 

0.20 - 4.8 - 11.8 

Density (kg/l) 0.8 1.09 4.26 

Latent heat(kJ/kg) 220 - - 
Color White White White 
Melting temperature(°C) 44 214-217 2103-2123 

Size(nm) - - 25 
Appearance - Flakes - 

Molecular weight (g/mol) - 348.48 - 

 

B. Preparation of NePCM 
A nanocomposite composed of Paraffin RT44 HC with a 

melting point of 44 to 45 degrees Celsius and TiO2 was created 
using probe sonicator. RT44 was melted using hotplate 
maintained at a temperature more than 65 degrees Celsius for 
the duration of the process. Using an analytical microbalance, 
the required weight of TiO2 in the 25nm size range was 
calculated (Model: EX224, OHAUS). TiO2 was added to 
melted PW for 30 minutes and the solution probe sonicated to 
get the appropriate dispersion. To conduct additional testing 
following sonication, the mixture was cooled to room 
temperature, as seen in Fig 1. The PW and PWT1 are used 
throughout the paper to refer to base Paraffin RT44HC and 
1% weight composition NePCM, respectively.  

 

      Fig.  1. Preparation methods of nano enhanced PCM. 

C. Characterizatin of NePCM 
 Extensive testing of the NePCM characterization, the 
thermal stability of the prepared samples was verified using 
TGA to determine the initial and final degradation 
temperatures. This was performed using a PerkinElmer TGA 
that operated between around 40 and 350°C and heated at a 
rate of approximately 20°C/min. The chemical composition 
of the NEePCMs was determined using FT-IR, the Perkin 
Elmer instrument were taken transmittance mode with 64 
scans from 4000-400 cm-1. TEMPOS thermal properties 
analyzer is used to evaluate the TC of PCM and NePCM 
composites in the solid phase (SH-3 sensor, Meter group). It 
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should be distinguished that the TC value was measured at 
temperatures lesser than the melting point of PCM/ NePCM 
in order to prevent the possibility of natural convection in the 
mushy zone during melting. To avoid differences in the 
results, the measurement is performed five times, and the 
average value is presented here. The maximum variance in 
TC measurement is reported to be 10%. 

III. RESULTS AND DISCUSSION 
The thermal stability, chemical stability, and thermal 
conductivity of the produced composite NePCM are 
described in detail in this section. 

A. Thermal Stability Analysis 
The TiO2 has been reported to enhance the thermal 
decomposition resistance of the materials, the degradation of 
PW and NePCM is shown in fig 2. When the temperature 

TGA curve of NePCM have shown the same trend as that of 
base PW, but the decomposition temperature is higher than 
that of base PW. The onset degradation temperature for 

mass proportion of Np’s rises to certain extent the thermal 
stability of the NePCM was increased as displayed in fig 2. 
At temperatures higher than pure paraffin PW, excellent 
thermal stability is seen, whereas a lower value indicates a 
decrease in thermal stability[18]. This is most likely because 
nano TiO2 increases the physical bonding connection 
between PW molecules, increasing the heat resistance of the 
nanocomposites, when heated, the TiO2 NPs form a thermal 
barrier, which may account for the enhanced thermal 
stability.  The findings indicate that nano TiO2 is an 
appropriate additive for improving the thermal stability of 
PW/TiO2 nanocomposite. 

 Fig. 2.  TGA curve wt% vs Temperature for PW and NePCM 
Composite 
 

B. Chemical Stability Analysis 
The FTIR spectroscopy was used to determine the 

composition of developed composites PW/TiO2 in the range 
4000-400 cm-1. The figure no 3 illustrates the infrared 
spectrum of paraffin PW base, TiO2 nanoparticles, SDBS 
surfactant, and its composite PW/TiO2. Based on the 

indication, observed composites exhibit four distinct visible 
peaks at various wavelengths. Major peaks were seen at 
2958cm-1,2910 cm-1, 2850cm-1, 1471cm-1, and 716cm-1. The 
first, second, and third peaks, 2958, 2910, and 2850 cm-1, 
respectively, are centered between 2800 and 3000 cm-1 and 
correspond to the symmetric stretching vibrations of the 
single bond CH3 and CH2 groups, respectively. [19]. The 
peak, 1471 cm-1, represents the deformation of the single 
bond CH3 and CH2 groups, whereas the last peak, 716 cm-1, 
represents the rocking of the single bond CH2 group and is 
located between 710 and 725 cm-1. Single bond CH2 group 
associated with deformation at 710-725 cm-1 peaks region; 
single bond CH3 and single bond CH2 group seen at 1350-
1470 cm-1 peaks region; symmetric stretching vibration seen 
at 2800-3000 cm-1 peaks region; single bond CH3 and single 
bond CH2 group seen at 2800-3000 cm-1 peaks region. 
Evidently, no additional peak was identified in the FTIR of 
PW/TiO2 as compared to pure PW. As a result, no chemical 
interaction took place between PW, TiO2 nanoparticles, and 
the surfactant SDBS. 

Fig.  3.  Physical and chemical stability analysis of RT44HC and TiO2 
based enhanced composite PCM 

C. Thermal stability Analysis 
The TC is one of the important constraints to evaluate the 
distinction of NEOPCM composite. As shown in the fig, the 
TC of PW/TiO2 composites is greater than that of base PW, 
with a TC of 0.1980 W/ mK. The combination of TiO2 and 
PW further enhances the TC of NePCM. The outcomes 
revealed that the TC of PWT0.1, PWT0.5, PWT1 and PWT2 
are 0.2616, 0.3357, 0.3690 and 0.2852 W/ mk respectively. 
The highest TC was obtained with 1.0-PWTiO2 by an 
increment of 86.36% as related with base PW. Beyond a 
specific limiting weight %, we found TC saturation and a 
declining trend in TC with increasing concentration. The 
decrease in TC at high nanoparticle concentrations might be 
ascribed to NPs agglomeration. The agglomeration of the 
NPs results in the creation of non-uniform composites, which 
reduces overall thermal efficiency. The major cause of 
decreasing effectiveness is agglomeration, which causes the 
thermal network to break down and decrease TC. 
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Fig. 4.  Thermal conductivity of RT44HC and TiO2 based enhanced 
composite PCM 

 

IV. CONCLUSIONS 
The preparation of TiO2 nanoparticle-in-paraffin RT44, 
which is a solid–liquid phase transition material, was 
accomplished using two step methods. The nanocomposites 
based on paraffin RT44 HC and TiO2 prepared for thermal 
management applications with NPs wt fractions ranging from 
0.1, to 2%. Experimental investigations have been carried out 
on a variety of thermophysical characteristics, including 
thermal stability, chemical stability, and TC. The TC was 
enhanced up to 2.0 wt % afterward decreasing trend. The 
highest increase in TC of NePCM is obtained by adding a 1% 
mass fraction of TiO2, the effective TC increases 86% in 
comparison to base paraffin. The FTIR outcome showed that 
the developed composite is well mixed physically and no 
additional peak was observed which result no chemical 
reaction appears in the composite PCM. The TGA results 
presented the prepared composites have the higher thermal 
stability than PW, it can be observed that higher thermal 
stability with PW/TiO2 composite.  Additionally, introducing 
a small quantity of nanoparticles resulted in a significant rise 
in the degradation temperature. From the above findings it 
can be determined that developed composite is chemically 
and thermal stable and can be utilized for the solar thermal 
applications and water heating applications. 
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