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Abstract: Fatty acids are a distinguished category of phase change 

materials (PCM). However, their inferior thermal conductivity value 

restricts their potential for thermal energy storage system. 

Carbonaceous nanomaterials have emerged as promising thermal 

conductivity enhancer materials for organic PCMs. The present 

study focuses on preparing a novel PCM nanocomposite comprising 

of small amount of nanographite (NG) in molten acetamide, an 

organic PCM, for elevation of the thermal characteristics and 

examining the trend of the nanocomposite through the course of 

charging / discharging process. These PCM-nanocomposites are 

prepared by dispersing NG in molten acetamide with weight 

fractions of 0.1, 0.2, 0.3, 0.4 and 0.5 %. The scanning electronic 

microscopic (SEM) analysis was conducted for the characterization 

of PCM nanocomposite. The energy storage behaviour of the 

prepared nanocomposites were analyzed with the help of  differential 

scanning calorimeter instruments, which showed that there is no 

observable variation in the melting point of the nanocomposite, and 

a decline in the latent heat values. Furthermore, thermal 

conductivity trend of the nanocomposites caused by NG addition was 

investigated, which indicated enhancement of thermal conductivity 

with increasing NG concentration. Further, nanocomposites with a 

0.4 wt. % of NG, displayed appreciable increase in rate of heat 

transfer, reducing melting time and solidification time by 48 and 47 

%, respectively. The prepared PCM nanocomposites displayed 

superior heat transfer trend, permitting substantial thermal energy 

storage. 

Index Terms: Acetamide, Energy storage, Heat transfer, 

Nanographite, Phase change material 

I. INTRODUCTION 

   

Solar energy as a renewable energy source shows a lot of 

promise as it is clean, free, and abundant. However, its 

extensive utilization is hindered by the intermittent solar 

irradiation. A promising solution of this time related 

limitation is an efficient and a reliable energy storage system. 

Latent heat energy storage (LHES) methods utilizing PCM 

has garnered worldwide attention, courtesy of their 

exemplary advantages like constant temperature at phase 

change during heat storage and retrieval and significant 

energy storage density. [1-3]. Several PCMs comprising of 
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paraffin, fatty acids (organic) and salt hydrates (inorganic) 

have been examined for their employability in TES 

applications [4, 5]. Among various organic PCMs studied by 

the researchers, fatty acids have emerged as promising 

candidates for application in TES systems pertaining to their 

congruent melting, wider melting temperatures range, and 

higher heat capacity, with almost negligible sub-cooling, 

non-toxicity, low cost, low volumetric change and favorable 

chemical and thermal stability [6-10]. Still, poor solar 

harvesting efficiency and low thermal conductivity and are 

the key challenges that hinder the utilization of fatty acids in 

practical applications. Acetamide is one of the promising 

fatty acid based PCM which demonstrate desirable thermal 

properties. The melting enthalpy per unit volume of 

acetamide at phase change is large even though it being an 

organic PCM. It also exhibits fine chemical and thermal 

stability over hundreds of repeated charging/discharging 

cycles. This property is beneficial for its long term 

application in solar based energy storage.  

Although acetamide being an organic PCM, at phase change 

it exhibits high volumetric enthalpy. Also, acetamide remains 

thermally and chemically stable over several hundred 

charging / discharging cycles. However, its potential 

application in energy storage is limited by its inferior thermal 

conductivity, despite several favorable attributes [11]. 

Incorporation of nanoparticles in PCM is a long term popular 

method for amplifying the thermal conductivity of PCM [12]. 

The behavior of TES systems using nanocomposites with 

amplified thermal conductivity have been examined on 

several combinations of the PCM and nano-additives 

focusing on heat transfer during melting/solidification.. 

Among the various nano-additives examined, carbonaceous 

nanomaterials exhibited high thermal conductivity with the 

added advantage of low density [13-15]. For example, 

experimental analysis of adding carbon nanomaterials in 

paraffin exhibited that as the concentration of nanocarbon 

additives increased, the suspension also experienced a rise in 

thermal conductivity [16]. An investigation by Fan et al. on 

paraffin PCM and various carbon based additives was 

conducted. The outcome of the experiments concluded that 

the nanofillers reduces the phase transition enthalpies while 

the keeping phase transition temperature constant. The 

increasing concentration of the nano-additives caused the 

thermal conductivity amplification of the nanocomposites 

[17]. Another study examined the thermal behavior of 

graphene oxide embedded Myristic acid [18]. The 

experimental results indicated a considerable amplification 

the heat transfer rate of the nanocomposite. Recently 

published article from our research group also showed that 

embedding of nanographite into organic PCM, MgCl2.6H2O,  

remarkably enhances heat transfer rate and thermal 

conductivity [19]. 
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 All of these approaches proves that the effective thermal 

conductivity for a PCM could be remarkably boosted by a 

carbon filler material. Consequently, carbonaceous 

nano-addtitives in PCM nanocomposites shows a lot of 

promise. In the present work, the samples of acetamide 

nanocomposites were prepared with different concentrations 

of NG. The current study intend to find the effect of NG 

concentration on thermal characteristics of the acetamide 

based nanocomposites. 

II. EXPERIMENTAL SECTION 

A. Materials and Sample Preparation 

The pristine PCM, acetamide (78°C melting point, 99% 

pure), was purchased from Central Drug House, India. Nano 

Graphite (NG) with 100-200 nm average diameter of were 

purchased from Reinste, Germany. 10g of PCM was poured 

in a glass vial and melted on IKA RCT basic hot plate. NGs, 

as thermally conductive nanofillers, of the desired amount 

were dispersed into the molten PCM, and the mixture was 

subjected to aggresive ultrasonic stirring by a magnetic 

hot-plate at a temperature 90oC for 30 minutes, which was 

then followed by 2 hours of ultra-sonication (Telesonic, 

Ultrasonics Hot Plate Stirrer). Finally, the mixture was 

allowed to solidify at ambient temperature. The 

PCM-nanocomposite samples with small loadings of the NGs 

of 0.1, 0.2, 0.3, 0.4 and 0.5 wt. % were formed along with a 

pristine acetamide sample for reference. The images of the 

prepared samples are shown in figure 1.with the increase in 

mass fractions of MC added to PCM.  
 

 

Fig 1. Photograph of pristine PCM (acetamide) and 

PCM-NG composite samples having different NG 

concentrations (0.1, 0.2, 0.3, 0.4 and 0.5 wt. %) of NG. 

  

B. Characterization techniques and Experimental Setup 

The raw NG, the pristine acetamide and the nanocomposite 

samples were characterized microscopically via scanning 

electron microscope (SEM) instrument (Zeiss EVO 18). The 

size of the as-received NG powder and their dispersion in the 

composite was observed using the SEM. A conventional 

heating setup is used for the analysis of melting and 

solidification (heat transfer) behaviour of pristine PCM and 

nanocomposite samples as displayed in figure 2 a. The setup 

has a hot plate with a temperature sensor attached and the 

temperature range of the setup is 30°C-400°C. For the 

melting experiments, the rate of increase in temperature of 

various samples was kept at 5ºC/min, while for the 

solidification experiments, the natural cooling was adopted. 

Thermal conductivity was calculated by a thermal 

conductivity meter (Transient Hot Bridge THB6N43 from 

Linseis), an instrument with hot disk technique as its basis as 

shown in figure 2 b. The material’s thermal conductivity was 

measured keeping the temperature sensor in between two 

samples kept parallel ensuring that the material and the 

sensor have proper contact. The selection of the probe for the 

thermal conductivity measurement was done on the basis of 

range and type of the sample. The uncertainty range of the 

measurements was within ±1%.  Testing deviation of each 

thermocouple in hot plate setup is 2%. The total uncertainty 

of the experiment can be given as 

                                            (1) 

Where UC is the uncertainty and UT is the deviation in the 

thermocouple measurement. This equation gives the 

uncertainty as 2.83% which ensures the credibility of the 

experimental values. 

 

 
Fig 2. (a) Pictorial view of conventional heating setup. (b) 

Image of Thermal Conductivity Meter 

III. RESULTS AND DISCUSSIONS 

A. Characterization  

SEM micrographs of the pure PCM, NG and nanocomposites 

used in the present work are displayed in Fig. 3a, 3b and 3c, 

respectively. The SEM micrograph of the NG is presented in 

Fig. 3a, which revealing 100-200 size distribution, which 

revealed good agreement supplier specification. The SEM 

images of pristine PCM nanocomposites are displayed in Fig. 

3b and 3c, respectively, which are a clear indication of proper 

dispersion of NG in nanocomposites. 
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Fig 3. SEM images depicting morphological view of (a) 

nanographite (NG), (b) pure PCM (acetamide) and (c) 

PCM-NG composite at a NG concentration of 0.2 wt. %. 

B. Thermal conductivity  

The data for thermal conductivity for pristine PCM and 

nanocomposite samples were obtained in solid phase at 25 

°C.  The measurement of each sample was repeated 3 times 

and average values of the measurement are presented in the 

data herein with less than 1% standard deviation. The thermal 

conductivity values measured at ambient temperature (25 °C) 

in relation to the concentration NG is displayed in Figure 4. 

The proportion of enhancement in nanocomposites’ thermal 

conductivity has an almost linear relation to NG 

concentration.   

An enhancement of 190 % was observed for the 0.5 wt. % 

nanocomposite sample. Our results are similar to that 

reported by Li [20], where paraffin/NG composites achieved 

0.365 W/m-K thermal conductivity, corresponding to a 188% 

enhancement from the pristine paraffin (0.1264 W/m-K). 

Such an exemplary behaviour of the NG powder was ascribed 

to its innate high thermal conductivity and immensely 

reduced thermal interface resistance [21]. Kardam et al. [22], 

observed almost similar enhancement of about 271% in a 

PCM’s thermal conductivity by the dispersing 0.5 wt. % NG. 

An amplification of 264% in thermal conductivity was also 

observed by Narayanan et al. [23] by embedding 0.5 wt. % 

NG powder in paraffin. 

 
Fig 4. Thermal Conductivity Variation Of The Acetamide 

Nanocomposites. 

C. Heat Transfer 

Analysis of thermal behavior of the PCM and 

nanocomposites was carried out by conventional melting and 

freezing experiments. The experiments were conducted with 

pure PCM followed by nanocomposites. The melting graphs 

of the pristine PCM and nanocomposites for various 

concentrations of 0.1, 0.2, 0.3 and 0.4 wt. % of NG powder) 

is displayed in Figure 6. The samples were kept at ambient 

temperature at the start of melting experiments. At 

approximately 50 minutes from the initial stage, phase 

change started in pristine PCM. The variation in NG 

concentration from 0.1wt. % to 0.4 wt. %, caused a drastic 

decrease in the melting duration of the nanocomposites was 

achieved. The melting duration of 27 min was achieved for 

0.4 wt. % concentration of NG concentration corresponding 

to 48% reduction in melting duration in comparison to pure 

PCM.  

 
Fig 6. Melting characteristics of pure acetamide and its 

nanocomposites at different weight concentration of NGs. 

 

Further, analysis of freezing behaviour of the pure PCM and 

its composites was also done, and the outcome are presented 

in figure 7. 
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The initial temperature of approximately 120°C was recorded 

for pure PCM and nanocomposites for solidification 

experiments. For all the samples, decline of temperature is 

evident from figure 7, under natural cooling process which 

continued up to their respective solidification temperature. 

Solidification process also exhibited a similar trend as 

melting, i.e. reduction in solidification duration with increase 

in NG concentration of NG (0.1 to 0.4 wt. %). In comparison 

to pure PCM, 0.4 wt. % nanocomposite exhibited 47% 

reduction in solidification duration. 

 
Fig 7. Solidification characteristics of pure acetamide and 

its nanocomposites at different weight concentration of 

NGs. 

 

The above results establish that the prepared nanocomposites 

possess higher heat transfer rate. It can lead to the 

upgradation of energy utilization efficiency of the PCM 

while thermal charging/discharging. Similar results were also 

obtained with NG dispersion in magnesium nitrate 

hexahydrate [22]. 

IV. CONCLUSION 

Nanocomposites based on Acetamide have been successfully 

prepared for their potential application in energy storage. The 

acetamide nanocomposites exhibited remarkable thermal 

conductivity enhancement by adding highly conductive NG 

powder. Thermal conduction was amplified by 190% with 

0.5 wt. % of NG powder in PCM. This extraordinary 

performance of the NG powder was ascribed to its innate 

high thermal conductivity and immensely reduced thermal 

interface resistance. DSC analysis of composites revealed 

that the NG concentration does not affect melting point of the 

nanocomposites, whereas it shows inverse proportionality to 

their latent heat of fusion. Charging/discharging experiments 

on composites revealed increasing rate of heat transfer with 

increasing NG concentration. An enhancement in the 

charging/discharging rate of 48% and 47%, respectively, 

were measured in the melting/ freezing experiments using 

conventional heating set up. These novel nanocomposites can 

lead to an alternative, environmentally friendly and 

economical solution to the rising thermal energy storage 

demands. 
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