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Abstract: In the present study, Copper Oxide Nanoparticles (CuO NPs) are synthesized by wet chemical method. 

CuO NPs are dispersed in paraffin at different doping concentrations from 0 to 5%. The influence of thermo-physical 

properties on doping of CuO NPs in paraffin is assessed by X-Ray Diffraction (XRD), Energy-dispersive X-Ray 

Spectroscopy (EDAX), Scanning Electron Microscope (SEM), Transmission Electron Microscopy (TEM), Fourier-

Transform Infrared Spectroscopy (FTIR) and Differential Scanning Calorimetry (DSC). Using XRD and TEM the grain 

sizes of CuO NPs are calculated in the range of 5 to 17 nm. EDAX analysis reveals the chemical composition of CuO 

NPs. The surface morphology and the presence of uniform size of CuO NPs are observed by FE-SEM. The variation in 

melting temperature and latent heat of fusion of CuO NPs doped PCM at various concentrations of doping are 

experimentally studied. The experimental results show that the melting point and latent heat of fusion increases with 

increase in doping concentration up to 2% by mass and decreases considerably beyond 2%. CuO NPs doped paraffin 

sample was optimized for maximum melting point and enthalpy. 

 

Keywords: Solar thermal energy storage, phase change material, nanofluid, differential scanning calorimetry 

 
 

1. INTRODUCTION 
 

To fulfill the present energy demand for each developing sector, abundant amount of renewable energy is 

required. Out of various sources of energy, solar energy is considered as one of the cheaper and pollution free renewable 

source of energy. In India, plentiful amount of solar energy is available throughout the year but it is intermittent in nature 

and hence its storage in a cost effective manner is essential. Energy storage is essential whenever there is a gap between 

demand and supply. Therefore, thermal energy storage systems should be developed to store excess amount of available 

energy for future use. 

Out of various techniques available for the storage of solar energy, the thermal energy storage is very much 

attractive due to its unique advantages such as good storage capacity, high efficiency, cost effectiveness, quick 

charging/discharging rates and hazard free nature [1]. A number of different thermal energy storage systems (TESS) have 

been designed to improve the utilization rate [2-4]. Thermal energy can be stored in the form of latent heat and sensible 

heat. Latent heat storage technique (LHST) using Phase Change Materials (PCMs) is prominent due to its various 

advantages such as compactness, uniform energy storage/supply and large energy storage for given volume. PCMs have a 

property of releasing and absorbing heat energy at a constant temperature called the phase change temperature. The 

process of melting and freezing of a PCM is shown in figure 1. This property of releasing and storing heat has been found 

suitable for latent heat storage systems.  
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Out of various PCMs, organic PCMs are found to be more prominent. Organic PCMs include  paraffins, fatty 

acids, alcohol and glycol. The major drawback associated with organic PCM is that they have low thermal conductivity 

(0.24 W/mK) and therefore, it decreases the rate of charging and discharging cycles of heat during phase change.  

 

 
Fig.1 Melting and freezing process in PCMs 

 

 

This drawback reduces the rate of heat storage and extraction during the melting and solidification cycles and 

restricts their wide applications. In order to overcome the problem associated with low thermal conductivity of paraffins, 

metallic or nonmetallic particles having high thermal conductivity are dispersed into PCMs [5–8]. The low thermal 

conductivity problem of organic PCMs could also overcome by the incorporation of nano materials with their high surface 

to volume ratio in the PCMs. Copper (Cu), Copper oxide (CuO), Aluminum oxide (Al2O3), Titanium oxide (TiO2), 

Titanium carbide (TiC), Silver (Ag), Gold (Au), Silicon carbide (SiC) and Carbon nanotubes were some of the 

nanomaterials used for the specific thermal applications [9]. 

 

In the recent years, the field of solar thermal energy storage using nanofluid based PCM is emerged as a growing 

field in solar thermal energy storage technologies. The nanoparticles play the role of possessing a higher thermal 

conductivity and it accelerates the process of charging and discharging cycles during their melting and the freezing 

processes. During the repeated cooling/heating cycles, the nanoparticles forms clusters and networks, lead to potentially 

enhanced thermal conductivity. Among the various synthesis methods for nanofluids preparation, dispersion method, 

Direct Evaporation Condensation Method (DECM), Submerged-Arc Nanoparticles Synthesis System (SANSS), Laser 

Ablation Method and Wet Chemical Method are the widely employed method.  Yu et al., discussed different synthesis 

techniques for the preparation of nanoparticles [10]. Nanofluids were first proposed by Choi in 1995 [11].  The concept of 

nanofluid allows studying the change in the fundamental thermo-physical properties of base PCMs such as thermal 

conductivity, density, and viscosity and convection heat transfer coefficients [12]. Anant shukla et al., reviewed potential 

PCMs and latent heat thermal energy storage technologies for solar water heaters [13]. Shukla has designed two solar water 

heaters with paraffin as thermal energy storage material [14].       

  

M.A. Kibria et al. reviewed on nanoparticles based fatty acid and paraffin as PCMs for thermal energy storage 

systems. It is shown that the thermal conductivity can be improved by using nano particles dispersion in PCMs up to 

certain extent otherwise the more dispersion of nanoparticles may cause the negative impact with the increase of dynamic 

viscosity. To optimize concentration of nanoparticles in PCMs for maximum thermal conductivity with minimum 

decrement in heat storage capacity, experimental investigation is required [15]. 
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Chieruzzi et al., observed that the thermal storage characteristics of KNO3 can be enhanced by adding silicon 

nanoparticles. He reported that the phase change temperature and latent heat of potassium nitrate can be modified greatly 

with the addition of silicon nanoparticles. These results deviated widely from the predictions of theoretical simple mixing 

model proposed by Manila Chieruzzi [16].  Ho et al., experimentally investigated the thermal physical properties by adding 

Al2O3 nanoparticles in paraffin (octadecane). A significant increase in the dynamic viscosity and thermal conductivity of 

paraffin emulsion with Al3O3 nanoparticles is observed [17]. Zhang et al., prepared composite phase change material based 

on paraffin/expanded graphite by use of domestic microwave and studied their thermal energy storage properties [18].    

Tang et al., prepared shape stabilized PCMs using fatty acid eutectics/expanded graphite composites thermal energy 

storage applications [19].  

 

For choosing any specific application of PCM, its latent heat of fusion and melting temperature are the most 

crucial factors, which are to be taken into account. In the present investigation, CuO NPs were prepared by Wet chemical 

method, followed by dispersing different mass % in paraffin used as organic PCM to prepare NPs based PCMs (NPCMs). 

Morphology and chemical properties of CuO nanoparticles, paraffin and NPCMs were observed. Their thermal properties 

such as melting temperature and latent heat of fusion at different mass % were characterized. CuO nanoparticles were 

synthesized by wet chemical method and dispersed at different mass % in paraffin. CuO nanoparticles are analyzed by 

XRD, EDAX, TEM, FTIR and the influence of thermal properties of CuO based paraffin were studied by DSC. 

 

 

2. EXPERIMENTATION 
 

2.1 Materials  
Paraffin, Copper chlorides (CuCl2.2H2O), Glacial acetic acid (CH3COOH) and Sodium Hydroxide (NaOH) were 

purchased from Sigma Aldrich. All the chemicals are of analytical grade and used without any further purification. 

 

2.2 Preparation of CuO nanoparticles and NPCMs  
The synthesis process of CuO nanoparticles is based on the following chemical reactions in solution: 

                 Cu2 + 4NaOH = 2Cu (OH)2 + 4Na         (Eq. 1) 

   2Cu(OH)2 = 2CuO + 2H2O                          (Eq. 2)  

  

In the experiment, 600ml of 0.2 M copper chloride (CuCl2.2H2O) solution and 2ml glacial acetic acid (CH3COOH) are 

mixed together in a conical flask. The obtained blue colored solution is heated under the constant magnetic stirring. Then 

30ml of 8.0M sodium hydroxide (NaOH) solution was added into above solution. The color of the solution turns black 

immediately with the formation of black suspension simultaneously. After stirring and boiling of solution for 2 h, the 

mixture was cooled at room temperature and centrifuged. The obtained wet CuO precipitate was rinsed twice with distilled 

water to remove the impurity ions. The CuO nano powder was obtained from dried precipitate. The different mass 

percentages of CuO are dispersed in paraffin for the experimentation. For the preparation of NPCMs, first measured 

different mass %s of CuO by analytical balance and then CuO nanoparticles were dispersed into melting paraffin.  Whole 

process of preparation NPCMs at different mass % of NPs were performed in ultrasonic bath for 2h. The temperature of 

ultrasonic vibrator was above 80°C to ensure that samples were kept sufficiently above the melting temperature of 

paraffin.  

 

2.3 Characterizations  
The XRD of CuO NPs was performed in the scanning range of 20-80° by Expert Pro, 40 kV, 30 mA, Panalytical 

with Cu kα source. The average particle size is calculated by using Scherrer’s formula: t = 0.9 λ /β cosθ, where β is full 

width of half maximum (FWHM), λ is the wavelength of X-ray used and θ is the diffraction angle. EDAX analysis of CuO 

was done for the study of composition of CuO NPs.  The surface morphology & microstructure of CuO NPs and NPCM 

were analyzed by Field Emission Scanning Electron Microscope (FE-SEM) [Supra 55 Zeiss] with operating voltage 

ranging from 0.02-30 kV.  
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Fourier Infrared spectra of paraffin and NPCMs were recorded on a FT-IR spectrometer [Tensor 27, Bruker with 

MIR source, ZnSe beam splitter and DLaTGS detector] and scanned from 4,000 to 400 cm-1 using KBr pellet. The 

thermo-physical properties such as onset temperature, peak melting temperature and latent heat of fusion of pure paraffin 

and CuO nanoparticles doped paraffin were analyzed by DSC at a heating rate of 1°C/min in a pure nitrogen atmosphere. 

5 mg of each sample was placed in a sealed aluminum pan, and an empty pan was used as a reference. 

 

3. RESULTS AND DISCUSSION 
 

3.1 Calculation of the particle size and lattice parameters of CuO nanoparticles  
Figure 2 shows the XRD spectrum of CuO nanoparticles and it reveals that the pattern is monoclinic with lattice 

parameters are a = 4.82 Å, b = 3.48 Å and c = 5.34 Å and compared with the standards results. The particle size of CuO 

nanoparticles found to be 5 nm to 17 nm using Scherrer’s relation. The XRD results are in good agreement with the 

JCPDS card No.80 -1916. The lines of broadening of peaks indicate that the size of particle is in the range of nanometer 

and no impurity peaks are found in XRD results. The primary particles aggregate to chain-like clusters and the size 

distribution is observed to be narrow. The larger particle size is due to the presence of short clusters. 

 

 
Fig.2 XRD pattern of CuO nanoparticles 

 
 
3.2 Energy Dispersive X-ray analysis of CuO NPs 

    The study of composition of CuO NPs was analyzed by EDAX. As can be seen from the fig.3 CuO NPs were 

nearly stoichiometric. The mass% of copper and oxide calculated from EDAX was 52.89 wt% and 47.11 wt% respectively. 

No other impurity traces were found in the EDAX spectra. Hence, the EDAX results confirmed the formation of pure 

CuO NPs. 

 

 
 

Fig.3 EDAX spectra of CuO nanoparticles 
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3.3 Morphology of CuO NPs and NPCMs 

The surface morphology of the CuO NPs was analyzed using TEM fig 4(a) shows the TEM image of CuO NPs. 

The average particle size of CuO was found in the range of 5 to 18nm. The surface topography imaging of the paraffin 

and NPCM was performed using FE-SEM. The FE-SEM images of pure paraffin were represented in fig 4(b) and 4(c), 

whereas Fig 4(d) represents the micrograph of NPCM at ×1000 at 2% doping of CuO NPs in paraffin, which confirms the 

homogeneous distribution of CuO NPs into paraffin. 

 

 
 

Fig.4 TEM image of CuO NPs (a), FE-SEM images of  pure paraffin (b) and  paraffin with CuO NPs (c), (d)  

 

 

3.4 FTIR analysis of paraffin and NPCM 
 FTIR characterization of NPCM is an effective method to investigate a specific interaction. Figure 5(a) and 5(b) 

show the FTIR spectrum of the paraffin and NPCM at 2% mass fraction. No extra peaks were observed, which clearly 

indicates chemical inactivity between the components of the paraffin and CuO NPs. From the FTIR spectra it is evident 

that no new chemical-bonds were formed. Furhthermore, there is only physical interaction present between paraffin and 

CuO NPs  [20]. 
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Fig.5(a) FTIR spectra of Paraffin 

 
Fig.5(b) FTIR spectra of Paraffin/CuO NPs 

 

 

3.5 Thermal properties of paraffin and NPCMs 

DSC analysis was conducted to investigate the influence on the thermal properties like the peak melting 

temperature and the latent heat storage capacity on the addition of CuO NPs in paraffin. Fig.6 represents the DSC 

thermograms of paraffin CuO NPs composites, while fig.7 shows latent heat and phase change temperature of 

CuO/paraffin with different mass fraction. The peaks represent solid-liquid phase change peak melting temperature [21]. 

It is evident from fig.7 that the peak melting temperature first shifts to a higher temperature due to the addition of CuO 

NPs up to 2% by mass in the Paraffin. Further, the peak melting temperature shift to lower temperature region beyond 

2%. A decrease in the peak melting temperature was observed with the increase in the mass fraction of CuO NPs. 

Thermal properties of paraffin and paraffin/CuO NPs composite depending on the CuO NPs loading concentrations was 

summarized in table 1. It is evident from the table 1 that the peak melting temperature of the CuO NP composite 

containing 1.0, 2.0, and 3.0 wt.% were higher than that of pure paraffin by 0.46, 2.14, and 0.68 K respectively and peak 

melting temperature of the composite with 4.0 and 5.0 wt.% CuO NPs were lower than that of pure paraffin by 0.3 and 

0.79 K respectively. However, the latent heat of CuO NPs composites with 1.0, 2.0 and 3.0 wt.% were found higher than 

pure paraffin, whereas the latent heat of CuO NPs composites with 4.0 and 5.0 wt.%  were found lower than pure 

paraffin.  
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Fig.6 DSC curves for pure paraffin and CuO NPs in paraffin 

 

From the DSC curve, it can be seen that the latent heat of CuO NPs composites was increased up to 2% and 

decreased dramatically beyond 2% from pure paraffin.  This change in latent heat is due to the interaction between 

paraffin molecules with CuO NPs. Moreover, the enhancement in enthalpy and melting temperature is attributed to higher 

specific surface area of CuO NPs and high intermolecular attraction in the nanocomposite [22]. The doping of CuO NPs 

in paraffin plays a crucial role. In order to achieve peak melting temperature and enhanced enthalpy, the amount of CuO 

content must be optimized.  

 
Fig.7 Latent heat and phase change temperature of CuO/paraffin with different mass fraction 

 

 

Here, in case of 2% CuO NPs doping in paraffin, minimum agglomeration and uniform suspension was observed 

resulting in increased peak melting temperature and enhanced enthalpy. A maximum increase of 37% in enthalpy was 

observed for 2% CuO-doped paraffin. Further, a dramatic fall in peak melting temperature and enthalpy was observed in 

case of higher CuO content due to agglomeration of CuO and decreased specific surface area. Hence, upon adequate 

insertion of CuO in paraffin, its thermo-physical properties can be greatly modified. 
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Table 1- Thermal physical properties of paraffin with different % of CuO nanoparticles 

Doping % of 

CuO 

nanoparticles 

Onset 

temperature/°C 

Peak melting 

temperature/°C 
Enthalpy/kJKg-

1 

 

0 

1 

2 

3 

4 

5 

 

 

56.24 

61.93 

59.13 

68.68 

59.35 

57.17 

 

71.94 

72.40 

74.08 

72.62 

72.24 

71.15 

 

 

220.21 

273.07 

288.24 

102.89 

93.28 

72.84 

 

CONCLUSION 
 

  In the present investigation, the CuO nanoparticles were prepared by wet chemical method and characterized. 

Finally, dispersed in paraffin in order to make NPCMs. Thermo-physical properties of pure paraffin and NPCM at 

different mass percentages were investigated by using DSC. The DSC measurement indicates that dispersing the CuO 

nanoparticles in paraffin exerts little effect on melting behaviors of the paraffin. The relative enhancement in enthalpy with 

the mass fraction of nano particles is observed  and becomes significantly promoted as its peak melting temperature is 

increased. It may be due to increase in thermal conductivity of NPCMs. The maximum increase of 37% in enthalpy and 

nearly 3% increase in peak melting temperature of CuO doped paraffin is observed for the doping of at 2% concentration 

of CuO nanoparticles doped paraffin. Modified NPCMs are more suitable and can be used for  solar water heating 

applications. An experimental study regarding the heat transfer performance during melting of  CuO NPs doped paraffin 

is currently under process. 
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