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Phase Change Materials (PCMs) have received much consideration as thermal energy storage systems due to 
their high storage capacity. However, their heat transfer rate is limited because of the low thermal conductivity. 

Incorporating of carbon-based nanoparticles into the matrix of PCMs with good dispersion can be an efficient 

way to solve their deficiency. In this research, graphite nanoparticles were homogeneously dispersed within the 
Eicosane PCM matrix to prepare a Nano-Enhanced PCM (NEPCM). The main objective is to determine the 

optimum amount of graphite to maximize the thermal properties of NEPCM composites. The Scanning Electron 

Microscopy (SEM) images of the prepared nanocomposites confirmed the excellent dispersion of graphite 

nanoparticles within the Eicosane layers through an ultrasonic bath-assisted homogenization procedure followed 

by solidification. In addition, Differential Scanning Calorimetry (DSC) and Thermal Conductivity Evaluation 

(TC) of the samples were conducted to determine their heat capacity and thermal diffusivity. The results 
illustrated that the more the number of graphite nanoparticles, the larger the number of collisions between 

graphite and Eicosane. As the nanoparticle content increased, the thermal conductivity and diffusivity were 

enhanced, as well. Numerically, the maximum thermal conductivity was 4.1 W/m K for the composite containing 
10 wt% graphite, 15.66 times that of the pure Eicosane. Furthermore, increasing crystal growth and reducing 

heat capacity for the large number of nanoparticles in the composite were discussed. The significantly improved 

thermal properties of the prepared NEPCMs with an optimal nanoparticle content could make them applicable 
for different thermal management applications. 

 

https://doi.org/10.30501/jree.2023.362050.1454 

1. INTRODUCTION1 

Nowadays, energy storage has become a vital issue for future 

generations. Energy storage-based technologies have widely 

been used to prevent increase in energy costs, loss of fossil fuel 

resources, and environmental unsustainability (Agresti et al., 

2019; Al-Jethelah et al., 2019; Sampathkumar & Natarajan, 

2022). Since thermal energy has been used extensively, 

reserving heat energy and advancing energy efficiency can be 

suggested to decrease environmental and energy problems. 

Hence, the latest proposed method is the utilization of heat-

storage materials composed of adequate chemical stability, 

high latent heat, and outstanding thermal stability in industrial 

and homemade applications (Alshaer et al., 2015; Suraparaju & 

Natarajan, 2022). 

   PCMs, so-called latent heat-storage systems, could be 

efficiently utilized for stated applications due to high latent 

heat, high energy storage capacity, enormous diversity, and 

wide operating temperature (Eanest Jebasingh & Valan Arasu, 
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2020; Sampathkumar et al., 2022). Several organic and 

inorganic materials, mainly salt hydrates, clathrates, paraffin, 

and polyethylene glycol, can be used as effective PCMs (Sarı 

& Kaygusuz, 2002). Through many pieces of research, 

scientists declared paraffin-based hydrocarbons as a major 

PCM containing saturated and straight-chain organic 

compounds. Among different kinds of paraffin, Eicosane has 

been widely utilized due to its outstanding characteristics, such 

as excellent thermal stability, non-toxic, no phase separation 

during phase transformation, and good chemical stability. 

Therefore, Eicosane-based PCMs are a promising energy 

storage medium through a solid-liquid phase change at a low 

melting temperature. Despite its advantages, its performance 

has been restricted by its low thermal conductivity (Ebadi et al., 

2018; Pahamli et al., 2017). 

   Numerous studies have been conducted to prevail over the 

shortage of thermal conductivity of paraffin waxes, which 

suggested the introduction of different inorganic (nanoparticles 

of metal oxides) and organic (polymer) materials to PCMs 

  URL: https://www.jree.ir/article_164908.html 
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(Mohamed et al., 2017). A summary of recent works on PCMs 

modified with additives, mainly nanoparticles, is represented in 

Table 1. 
 

Table 1. Summary of the recent literature on modified PCMs with additives 

PCM 

material 
Additive 

Maximum thermal 

conductivity (k) [W/m K] 
Main finding Ref. 

Eicosane Ag 0.5467 

- The latent heat and the melting point of the samples 

decreased as the additives loading increased because of 

the reduction of the number of Eicosane molecules in 

the samples. 

(Al Ghossein 

et al., 2017) 

Eicosane 
Graphene 

nanoplatelet (GNP) 
2.1 

- Decreased thermal interface resistance, attributed to 

the unique two-dimensional (2D) planar morphology 

of GNPs, was responsible for the improved 

performance of the composite. 

(Fang et al., 

2013) 

n-docosane Expanded-graphite 0.82 

- The composite PCM with 10 wt % graphite was 

considered as form-stable allowing no leakage of 

melted paraffin throughout the liquid–solid phase 

change because of surface tension and capillary forces 

of graphite. 

(Sari & 

Karaipekli, 

2007) 

Paraffin Nano-graphite 0.9362 

- The graphite layers were randomly dispersed within 

the paraffin, and the thermal conductivity was 

gradually enhanced with the graphite content. 

(Li, 2013) 

n-Eicosane 
Expanded perlite & 

Carbon nanotube 
- 

- Compared to n-Eicosane/perlite composite, the 

utilization of carbon nanotubes improved the thermal 

conductivity without significantly affecting the 

compatibility of components, thermal stability, and 

thermal energy storage properties. 

(Karaipekli 

et al., 2017) 

n-Eicosane Mesoporous silica 1.171 

- The composite demonstrated a shorter heat-charging 

period because of excellent thermal conduction by 

their interconnecting mesopores silica matrix. 

(Liu et al., 

2019) 

n-Eicosane Fe3O4@SiO2@Cu 1.3926 

- The composite microcapsule exhibited excellent heat 

transfer capability due to its high thermal conductivity 

and high thermal energy storage–release performance 

via suppressing super cooling. 

(Do et al., 

2021) 

n-Eicosane Multilayer graphene 1.112 

- The composite could effectively convert electricity 

into latent heat, in which its the electro-latent heat 

storage efficiency could exceed 59.9 % at 1.9 V. 

(Zhang et 

al., 2021) 

 

Al Ghossein et al., (2017) examined the effect of silver (Ag) 

nanoparticles on the thermal conductivity of Eicosane-based 

PCM. They found that an increasing thermal conductivity (k) 

trend emerges by adding Ag nanoparticles up to 2 wt %. 

However, there is no monotonic relationship between filler 

amount and thermal conductivity at higher Ag loadings. 

Carbon-based materials, such as carbon fiber, single and multi-

walled carbon nanotubes, and nano-graphite, have shown high 

thermal conductivity (Bahiraei et al., 2017). Nano-graphite has 

a two-dimension (2D) layer structure and a large length-

diameter ratio. Moreover, it has a larger specific surface area 

than expanded graphite and exfoliated graphite, which enables 

it to create the network architecture within PCM and enhance 

the heat transfer rate (Li & Kim, 2007). For example, Fang et 

al., (2013) studied the changes in thermal conductivity of 

Eicosane composite containing graphene nanoplatelet at 

various loadings, showing a 400 % improvement in thermal 

conductivity by adding 10 % filler. 

   Despite numerous studies on various types of paraffin as 

PCM, there is a lack of a complete study on the optimized 

thermal properties, primarily thermal conductivity, of an 

Eicosane-based PCM. In this study, the main aim is to find the 

optimum amount of nano-graphite, homogeneously dispersed 

within Eicosane matrix, to maximize the thermal properties of 

the composite for different PCM applications. Furthermore, the 

mechanism of heat transfer in the presence and absence of filler 

aggregation is discussed. 

 
2. EXPERIMENTAL 

2.1. Meterials 

The materials used to synthesize the NEPCMs in the current 

study are as follows: pure Eicosane wax with a melting 

temperature (Tm) of ~ 38 °C was purchased from Parschemical 

Company. Nano graphite (with average particle sizes of 10-80 

15
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nm) and polyvinylpyrrolidone-40 (PVP) as the nanoparticle 

dispersant were supplied by IraNanotech. 

 
2.2. Preparation of Eicosane/nano-graphite PCM 

Different amounts of nano-graphite (2.5, 5, 7.5 and 10 wt %) 

and PVP as the surfactant were added to the melted PCM, 

denoted by EG2.5, EG5, EG7.5, and EG10, respectively. The 

mixture was stirred vigorously for 30 minutes at 75 °C to form 

a homogeneous mixture. The homogenization process of the 

mixture was facilitated using an ultrasonic bath for 2 hours at 

90 °C followed by solidification in a short time (about 5 min). 

This procedure helped prevent the graphite nanoparticles from 

precipitation and ensured that the nanoparticles were well 

dispersed within the PCM matrix. The obtained mixture was 

evaluated during the repeated melting/freezing cycle at 50 to 25 

°C and reverse order. A schematic representation of sample 

preparation is illustrated in Figure 1. 
 

 

Figure 1. Schematic of sample preparation 

 

2.3. Characterizations 

The dispersion state of graphite nanoparticles into the 

synthesized NEPCMs was studied using scanning electron 

microscopy (SEM, Vega-TESCAN, Brno, Czech Republic), 

operating at 20 kV using a secondary electron detector. 

Differential scanning calorimetry (DSC) analysis (Mettler 

Toledo, Switzerland) assessed the phase change 

characterizations of pure substances and NEPCMs under 

nitrogen coolant gas. The samples by weight of about 10 mg 

were added into a sealed aluminum pan. The thermal diffusivity 

() of each sample was measured with a Linseis LFA 500 Light 

Flash. The specific heat capacity (CP) of NEPCM samples was 

determined with a Differential Scanning Calorimeter (DSC, 

Mettler Toledo, Switzerland). Also, the density of samples was 

measured using the test method ASTM D792. According to 

thermal diffusivity definition, thermal conductivity (k) of 

samples is calculated based on the following relation: 

kNEPCM = αNEPCM(ρCP)NEPCM                                                        (1) 

   The thermal behavior of all NEPCMs was examined in the 

temperature range of 0-70 °C at a heating rate of 5 °C/min. All 

tests were conducted three times to ensure that the obtained 

results are reliable, and all the reported data is the averaged 

value with a deviation error within ± 5 %. 

 

3. RESULTS AND DISCUSSION 

3.1. SEM analysis 

The morphology and surface structure of all samples, including 

graphite nanopowders, pure Eicosane, and the prepared 

nanocomposites, were analyzed by SEM images, as shown in 

Figure 2. In these micrographs, a laminar microstructure of the 

graphite nanoparticles (Figure 2a) and an excellent dispersion 

of nanoparticles between Eicosane layers (Figure 2b-2f) can be 

seen. However, some small aggregates are shown in the 

samples containing high nanoparticle concentration (above 5 

%) due to graphite's high surface energy. Moreover, good 

interaction between Eicosane and graphite causes the integrated 

structure of nanocomposites without any loose interface. 
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Figure 2. SEM images of (a) pristine Eicosane, (b) graphite nanopowders, (c) EG2.5, (d) EG5, (e) EG7.5, and (f) EG10 samples 

 

3.2. DSC analysis 

PCM-based thermal energy storage systems have been 

designed to collect energy during melting. The heat flow 

triggers the melting process into the PCM. Since the main state 

of PCMs is solid at room temperature, heat transfer initially 

occurs by conduction, in which heat energy is transmitted 

through the molecules of PCMs. When temperature equals the 

melting temperature, in the melted part, convection would be 

the heat transfer mechanism that occurs to move fluid from 

warm regions to cold due to variation of PCM density. Thus, 

during the phase change, a transition period is observed in 

which energy is transferred simultaneously through conduction 

and convection modes (Haghighi et al., 2020). 

   The DSC thermograms of pure Eicosane and NEPCM 

nanocomposites containing different concentrations of 

nanoparticles are shown in Figure 3 and Figure 4. Figure 3 

presents the heating and cooling cycles of the pure Eicosane in 

the temperature range of 0 to 70 °C. The lower curve is related 

to the melting process, where PCM absorbs and stores thermal 

energy. The upper curve is associated with the freezing process 

where the PCM emits its stored energy to the ambience. The 

onset temperature is introduced as the baseline intersection with 

the melting curve (Manoj Kumar et al., 2021). The smaller peak 

(from 34 to 48 °C) indicates solid-solid phase change due to the 

remodeling of the crystalline structure. The more significant 

height (48 to 62 °C) exhibits solid-liquid phase change and the 

latent heat amount (Warzoha et al., 2012). 

   Figure 4 shows the melting curve of NEPCM nanocomposites 

and pure Eicosane. The NEPCM with         2.5 wt % graphite 

had the highest onset temperature at       48.9 °C, while the pure 

paraffin had an onset temperature of about 48.0 °C. Therefore, 

the insignificant influence of the graphite nanoparticles on the 

composite melting point is observed. All samples have 

determined the melting points at about 53 ± 0.2 °C. According 

to the investigation of nanoparticle effects on Eicosane in the 

literature (Murugan et al., 2018), Eicosane's melting 

temperature and thermal capacity are not affected by 

nanoparticles, but its thermal conductivity changes, which are 

in agreement with the current results. 

   The area under the melting peak is attributed to the enthalpy. 

The enthalpy value is expected to increase slightly after the 

small addition of nanoparticles due to the presence of different 

molecular interactions (wan der Waals) between nanoparticles 

and the PCM matrix (Bahiraei et al., 2017). However, the 

results of this study demonstrated that increasing nanoparticle 

concentration decreases the amount of latent heat in NEPCMs. 

As reported by (Warzoha & Fleischer, 2014), adding different 

fillers in paraffin-based PCMs leads to increasing or decreasing 

phase change enthalpy based on its impact on paraffin 

crystallinity. On the one hand, the phase change enthalpy of 

paraffin increased significantly by adding graphite due to an 

increase in NEPCM crystallinity; on the other hand, its value 

decreased with the addition of TiO2 nanoparticles as a result of 

reduced NEPCM crystallinity. Table 2 reports the values of the 

enthalpy and thermal conductivity of all samples. The data 

indicated that a large amount of graphite caused a reduction in 

melt enthalpy due to reducing Eicosane mass and declining 

NEPCM crystallinity (Warzoha & Fleischer, 2014). However, 

it predicts better molecular heat transfer due to the presence of 

nanoparticles in NEPCM samples. 
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Figure 3. DSC graph of pure Eicosane 
 

 

 
Figure 4. DSC graph of Eicosane-based samples; pristine PCM and NEPCMs at different mass fraction of graphite nanoparticles 

 

 

Table 2. Enthalpy, thermal conductivity and density of pure Eicosane PCM and NEPCM samples 

Sample Enthalpy (J/g) Thermal conductivity (W/m K) Density (g/cm3) 

E 194.4 0.30 0.9207 

EG2.5 179.2 0.51 0.9703 

EG5 168.3 0.48 0.9708 

EG7.5 148.7 0.40 0.9908 

EG10 140.8 4.7 1.0388 

 

3.3. Specific heat capacity of NPCMs 

A proper phase change material should have a high specific 

heat capacity to be able to store more quantity of heat per unit 

volume (Haghighi et al., 2020). The specific heat capacity of 

nanocomposites depends on the type, size, shape, 

concentration, state of dispersion and distribution, and 

crystalline structure of the nanoparticles (Aqib et al., 2020). 

   Figure 5 shows the specific heat capacity profile of pure 

Eicosane and its nano-enhanced forms determined by DSC. 

The specific heat capacity of the NEPCM composite depends 

on the specific heat capacity of the nanoparticles and pure 

Eicosane, which causes the overall thermal absorbance in the 

composite. Since the nano-graphite has a lower heat capacity 

than Eicosane, adding it to the Eicosane matrix decreases Cp of 

the nanocomposite (Maher et al., 2021). Therefore, as the mass 

portion of nanoparticles increases or the mass portion of 

paraffin decreases, the specific heat capacity of composites is 

reduced due to the much lower specific heat of the 

nanomaterials than the pure paraffin. 

   Also, Figure 5 shows that increasing graphite concentration 

to 2.5 % leads to the reduction of Cp of the nanocomposite. The 

amount of Cp reduction is strongly influenced by the surface 
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energy of the nanoparticles (Warzoha et al., 2012). Adding 5 

and 7.5 wt % graphite did not reduce heat capacity compared 

to the 2.5wt % graphite. Despite the independence of heat 

capacity with respect to network formation in the system 

(Chieruzzi et al., 2013), graphite aggregation at higher 

concentrations acts as a heterogeneous nucleation agent, which 

is advantageous for the crystallization growth of Eicosane (Kim 

et al., 2019). Hence, the competition between this phenomenon 

and heat capacity reduction due to the presence of nanoparticles 

causes the specific heat capacity to remain almost constant. For 

the sample EG10, heat capacity reduction may overcome the 

influence of crystallization growth, leading to the reduction of 

Cp of the sample. 
 

 
Figure 5. Specific heat capacity of pure Eicosane PCM and NEPCM 

samples contaning graphite nanoparticles 

Thermal diffusivity in a material introduces heat conductivity 

ability compared to thermal energy storage. Therefore, a 

quantity, so-called "thermal diffusion coefficient", which is the 

ratio of the heat transferred by conduction mechanism to the 

heat stored by the unit volume of the substance, is represented 

by the symbol α correlated in Eq. 2. 

α = k
ρCp⁄                                                                                          (2) 

   According to the above equation, the thermal diffusion 

coefficient is inversely related to heat capacity and directly 

related to thermal conductivity. The high thermal conductivity 

intensified heat transmission through the material, representing 

high thermal diffusivity. 

   The values of the thermal diffusivity of the samples are 

reported in Figure 6. Adding graphite up to 7.5 wt % increased 

the thermal diffusivity by 1.8 times, while 10 wt % graphite 

enhanced that by approximately 27 times compared to pure 

Eicosane. This significant increase in thermal diffusivity of 

NEPCM at this loading level may be due to the formation of a 

percolation network (Warzoha et al., 2012). This also can be 

explained by trapping graphite in Eicosane's crystalline 

structures, enhancing the effective contact surface between the 

nanoparticles and the PCM (Bahiraei et al., 2017). Thus, 

increasing the collisions between Eicosane and graphite 

increases the thermal diffusivity and conductivity of 

nanocomposites. 

 

 
Figure 6. Thermal diffusivity for pure Eicosane PCM and NEPCM samples with different mass fractions of graphite nanoparticles at 25 °C 

 

3.4. Thermal conductivity measurement 

Figure 7 illustrates changes in the latent heat and thermal 

conductivity of composites as a function of nano-graphite 

percentage. Dispersion of nano-graphite layers in different 

directions in the Eicosane-based matrix creates a framework 

that promotes heat transfer in NEPCMs. This enhancement is 

related to the higher thermal conductivity of graphite (25-470 

W/mK) compared to Eicosane. Additionally, in the presence of 

nanoparticles, a layer of melt Eicosane may form on the 

graphite surface, increasing interfacial heat conduction and 

decreasing interfacial thermal resistance (Srinivasan et al., 

2017). Although NEPCM's thermal conductivity increases 

above the percolation threshold of graphite particles (Li & Kim, 

2007), its values are strongly related to the dispersion state of 

the suspension. If the particles stick to each other and form 

clusters resulting in precipitation, this will drastically reduce 

the thermal conductivity of the composite. Thus, thermal 

conductivity enhancement in this work confirms the proper 

dispersion of nanofillers without significant precipitation. 

Numerically, the thermal conductivity was increased by 1550 

% at a graphite loading of 10 wt %. The improvement of the 

thermal diffusivity is greater (Figure 6) than that in thermal 

conductivity, indicating the major impact of Cp on the thermal 

properties of PCMs. According to Figure 7, continuous 

increment in the thermal conductivity of NEPCM samples is 

accompanied by a gradual reeducation in the latent heat of the 

composite by enhancing graphite nanoparticle content. 
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Accordingly, the appropriate nanoparticle content must be 

carefully selected based on the desired PCM application. 
 

 
Figure 7. The enthalpy and thermal conductivity of the nanocomposite as a function of nano-graphite 

 

4. CONCLUSIONS 

The high thermal energy storage capacity of PCMs makes them 

applicable for different purposes, especially thermal 

management applications. However, their low thermal 

conductivity reduces the heating rate, resulting in lower system 

efficiency. In this study, we have shown that incorporating 

graphite nanoparticles in Eicosane-based PCMs can improve 

the thermal properties of NEPCMs, primarily their thermal 

conductivity. An ultrasonic bath-assisted homogenization 

procedure followed by solidification was harnessed to prepare 

homogenous PCM composites. The results exhibited that good 

dispersion of lamellar layers of graphite nanoparticles within 

the Eicosane matrix was responsible for the improved thermal 

properties. Although small aggregates at high nanoparticle 

loadings were observed, they had no impact on the heat transfer 

rate. However, aggregation of big nanoparticles affects the 

specific heat capacity due to its effect on the crystallization 

growth of Eicosane. Moreover, as the content of graphite 

nanoparticles increased, the thermal diffusivity was more 

affected than thermal conductivity. With the addition of 

graphite nanoparticles up to the optimal amount (10 wt %), the 

thermal conductivity and diffusivity of the composite PCM 

reached their maximum values of 4.7 W/m K and 0.025 cm2/s, 

approximately 15.5 and 27 times those of the pure n-Eicosane, 

respectively. Due to the significant improvement in thermal 

conductivity of the PCM containing the optimal amount of 

nano-graphite, such composite PCMs could be promising in 

various applications, mainly aero-space systems and thermal 

management electronics. 
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NOMENCLATURE 

Ag Silver (k) 

Cp Specific heat capacity (kJ/kg°C) 

DSC Differential scanning calorimetry (mV/mg) 

GNP Graphene nanoplatelet 

k Thermal conductivity (W/mK) 

NEPCM Nano-enhanced phase change material 

PCM Phase change material 

PVP Polyvinylpyrrolidone 

TC Thermal conductivity evaluation (W/mK) 

Greek letters 

α Thermal diffusivity 
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