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Abstract. One way to save electrical energy is by directly reducing the energy consumption 

and using materials that able to absorb heat. The best material in absorbing heat is paraffin. 

Paraffin is a group of organic Phase Change Material (PCM) which has high latent heat. 

Adding nanoparticles to the paraffin is expected to increase the latent heat of nano-PCM. The 

research aims to find out the thermal properties of nano PCM based paraffin and engineered to 

improve its latent heat. In this research, PCM material used is paraffin with Fe3O4, CuO, TiO2, 

and ZnO nanoparticles are added. Nano – PCM is synthesized using sonification methods with 

variations of 5, 10, and 15 wt%. Latent heat of thermal properties and a melting point of 

paraffin nano-PCM are measured using Differential Scanning Calorimetry (DSC). The results 

show the latent heat of paraffin nano-PCM has increased by 20.67%, 78.89%, 7.5%, and 

20.17% for the addition of Fe3O4 (5 wt%), CuO (10 wt%), TiO2 (15 wt%), and ZnO (5 wt%) 

respectively. The better nano PCM in storing latent heat is paraffin-CuO at a mass fraction of 
10 wt%. Meanwhile, the addition of nanoparticles has no significant effect on the melting 

point. These results showed that paraffin based nano-PCM is an excellent thermal energy 

storage.  

1. Introduction 

Electricity utilization for building air system application has been very improvident, especially when it 

comes to peak demand. However, this electricity consumption is also inevitable for instance, the 
energy consumption for air conditioner (AC). Thus, saving the energy by minimizing its consumption 

can be a potential solution. One of the tricks to minimize the energy consumption is using building 

materials which are able to absorb heat, so that the burden of air conditioner system becomes less and 
its performance will be more stable, resulting lower cost. 

The most recommended building material is Phase Change Material (PCM) [1], which is able to store 

heat when an amount of heat energy, which exceeds its melting point, is applied to it [2]. Room 
temperature is maintained well since the excessive heat will be absorbed by PCM, which leads to a 

lower burden for the AC system [3].  

 PCM plays an important role as a thermal energy [4]. When a phase change occurs, a great amount 

of latent heat energy will be absorbed. The amount of latent heat depends on the PCM material type. 
Generally, PCM is categorized into 3 groups, specifically organic, inorganic, and eutectic [5]. Among 
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the three groups, organic PCM is the most widely used. Paraffin is one of the organic PCM [6]. PCM 

plays an important role as a thermal energy [4]. When a phase change occurs, a great amount of latent 

heat energy will be absorbed. The amount of latent heat depends on the PCM material type.  
 Besides that, nanoparticles can be added to PCM to enhance its latent heat. Nanoparticles in 

thermal energy storage research using PCM are usually known as nano-PCM. Several researches 

explain that the addition of nanoparticles to PCM can decrease latent heat. But some other researches 
succeed to enhance latent heat of PCM by adding nanoparticles, for example, Eanest J.B [8] who 

added exfoliated graphite nanoplatelets (xGnPs) particles to PCM in fatty acid group was successful to 

enhance nano-PCM latent heat as much as 0.83% at 10 wt% mass fractions. Sahan N et al.  [9] who 

added Fe3O4 to paraffin, was successful to enhance latent heat as much as 8.8% at 20 wt% mass 
fractions. Amin M et al. [10] who added graphene nanoplatelets to beeswax was successful to enhance 

beeswax latent heat as much as 22.32% at 0.3 wt% mass fraction.  Liu Y and Yang Y [11] who added 

TiO2 to PCM salt hydrate was successful to enhance nano-PCM latent heat as much as 6.4% at 0.3 
wt% mass fraction. Kim S. and Drzal L.T [12] who added xGnPs to paraffin was successful to 

enhance paraffin/xGnPs latent heat as much as 4% at 1 wt% mass fraction.   

 Therefore, other potential nanoparticles, which can be added to paraffin should be developed to 
obtain more nano-PCM thermal property data. The objective of this research is to observe thermal 

properties of nano-PCM based on paraffin for reference enrichment, which is expected to be useful for 

further research reference especially in the field of energy research. 

2. Methodology 

2.1. Materials 

The PCM material used in this research was paraffin with 100% of purity. While Fe3O4, CuO, TiO2, 

ZnO were used as nano-PCM with size 19, 52, 14 and 39 nm respectively. Fe3O4 and CuO are black 
while TiO2, ZnO are white.  

2.2. Preparation of the nano-PCM  

Nano-PCM was synthesized by mixing the nano-PCM into paraffin at various mass fractions: 5, 10, 

dan 15 wt% respectively. Sonication was used in the synthesized process to avoid agglomeration. The 
same technique also was used by Putra N et al. [13].  

 

  

Figure 1. Synthesis of nano-PCM. 
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 Paraffin was placed in glass beaker then mixed with nano-Fe3O4. Then this nano-PCM was stirred 

well and placed in a sonicator. Sonicator was set at temperature 70 °C to maintain nano-PCM at liquid 

stage. Sonication was done for 3 hours to have Fe3O4 dispersed well into paraffin. The same 
procedures were done to other nano-PCM, specifically paraffin-CuO, paraffin-TiO2, and paraffin-ZnO. 

When all the steps were done, the colours of nano-PCM changed to white and black. Nano-PCM 

synthesis process is described in figure 1. 

2.3. Characterization of nano-PCM 

In this research, thermal properties of nano-PCM, specifically melting point and latent heat were 

measured by Differential Scanning Calorimetry (DSC, Perkin Elmer). Each sample as much as 9.5 mg 

was prepared to be measured by the DSC instrument with heating rate of 10 °C/minute at temperature 
range 28 °C to 140 °C. Melting point and latent heat were obtained using numerical integration in 

DSC software.  

3. Results and discussions 

3.1.  Thermal properties of paraffin based nano-PCM 

Figure 2 shows a graph of DSC analysis result of PCM material that consists of pure paraffin. The 

graph shows that the paraffin started to melt at onset temperature 41.92 ºC. Paraffin kept on melting 
until the temperature reached its peak at 51.13 ºC. Paraffin was completely melted at endset 

temperature of 54.29 ºC. From onset, peak, and endset temperature data, the area can be calculated. 

Latent heat of paraffin was calculated by dividing the area with the amount of sample used. It revealed 

that the value of paraffin latent heat was 207.22 J/g or 207.22 kJ/kg. This value is matched with 
numerical integration calculation by DSC software.  

 

 

Figure 2. DSC graph of pure paraffin. 

 Figure 3 to 6 reveal DSC graph for each nano-PCM specifically paraffin-Fe3O4, paraffin-CuO, 

paraffin-TiO2, and paraffin ZnO. Each DSC graph describes various mass fractions of pure paraffin 

and nano-PCM with 5, 10, and 15 wt% mass fractions respectively. Nano-PCM affects its increasing 

latent heat. The increasing amount of latent heat depends on the number of nano-PCM mass fractions. 
Based on calculation results of numerical integration of DSC software, latent heat of paraffin-Fe3O4 

nano-PCM was 250.06 kJ/kg at 5 wt% mass fractions. Due to addition of Fe3O4 5 wt% to paraffin, 

latent heat of paraffin- Fe3O4 nano-PCM increased as much as 20.67% compared to pure paraffin. This 
phenomenon also occurred to the latent heat of paraffin-CuO nano-PCM with latent heat as much as 

372.77 kJ/kg at 10 wt% mass fractions. It revealed the increment of paraffin-CuO nano-PCM latent 
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heat was as much as 78.89%. While for paraffin-TiO2 nano-PCM, the latent heat was 222.87 kJ/kg at 

15 wt% mass fractions. This value revealed the increment of paraffin-TiO2 nano-PCM latent heat was 

as much as 7.5%. The last was paraffin-ZnO nano-PCM with latent heat 249.01 kJ/kg, indicating 
latent heat increment as much as 20.17%. It can be explained that the increased latent heat of nano-

PCM is because of the Brownian motion [14]. The nano-PCM random movement can increase the 

probability of agglomeration in the paraffin base fluid. In addition, Van der Waals forces between 
nano-PCM will attract each other and forms particles grouping [14]. However, low concentration of 

each nanoparticles enables thermal storage to be more operational per volume unit.  

 According to the data, the greatest increase in latent heat is paraffin-CuO nano-PCM with 5 wt% 

mass fractions.  
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. DSC graph of paraffin-Fe3O4. 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

Figure 4. DSC graph of paraffin-CuO. 

  On the other hand, nanoparticles addition to paraffin did not affect its melting point significantly. 

Melting point of each nano-PCM was around 51-54.3 °C. Thermal properties of nano-PCM-based 
paraffin specifically latent heat and melting point are summarized in table 1. 
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Figure 5. DSC graph of paraffin-TiO2. 

 

Figure 6. DSC graph of paraffin-ZnO. 

 

Tabel 1. Thermal properties of paraffin based on nano-PCM 

Mass 

fraction 

[wt%] 

Paraffin-Fe3O4 Paraffin-CuO Paraffin-TiO2 Paraffin-ZnO 

Melting 

point 

[°C] 

Latent 

heat 

[kJ/kg] 

Melting 

point [°C] 

Latent 

heat 

[kJ/kg] 

Melting 

point 

[°C] 

Latent 

heat 

[kJ/kg] 

Melting 

point [°C] 

Latent 

heat 

[kJ/kg] 

0 
51.13 207.22 51.13 207.22 51.13 207.22 51.13 207.22 

5 
52.85 250.06 50.77 158.58 51.53 175.09 52.51 249.01 

10 
51.47 198.51 54.39 372.77 51.01 173.81 50.86 134.80 

15 
51.03 176.53 51.39 225.03 52.39 222.87 51.27 216.37 

4. Conclusions 

Based on experimental results, it is known that nano-particle addition into paraffin could enhance 

latent heat of nano-PCM. From all nano-PCM, the greatest increase of latent heat is paraffin-CuO 
nano PCM at 5 wt% with 78.89% increase, followed by paraffin- Fe3O4 nano-PCM at 5 wt% increases 
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20.67%, paraffin-ZnO nano-PCM at 5 wt% increases 20.17%, and paraffin- TiO2 nano-PCM at 15 

wt% increases 7.5%. 
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