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ABSTRACT : With increasing concern about the environment, 

various technologies and processes have been developed globally in 

order to control the pollution. However, prevention methods of 

pollution are always appreciated and accepted over controlling the 

pollution later on. One of the preventing measures is waste heat 

recovery and its reuse as well as using heat from renewable energy 

sources. Solar radiation is good source of thermal energy and 

conversion technologies for radiation to heat demonstrate better 

efficiency over direct electrical conversion technologies. The heat 

collected during peak hours can be utilized to reduce the fossil fuel 

consumption for thermal applications in the night time as well as in 

the day time when radiation level is not sufficient. Storing heat using 

phase change material (PCMs) is an emerging technology. However, 

it also faces some drawbacks like its corrosive nature and super-

cooling effects. To address the above issues, encapsulation of the 

PCM is required. In this experiment, nitrate salt is taken as a PCM 

material and encapsulation is done with silica shell. Melting 

behavior of nitrate salt is studied using Differential calorimeter 

individually. Also various mixtures and proportion of nitrate salt is 

studied followed by the testing of encapsulated material using DSC. 

The present paper focuses on DSC results of PCM and use of PCM 

for different applications to minimize the environmental issues. 
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1. Introduction 

Nowadays, world is facing challenges in meeting the energy demand 

by burning fossil fuels due to limited stock and associated 

environmental problems. Continuous increasingdemand of energy 

resulted in faster depletion of fossil fuels and eventually increase in 

green house gases (GHG) (like CO2) emissions. Elevated increase in 

CO2 results in sever  climate change issue and  results in 

consequences like rising sea levels, drought etc.[1]. As fossil fuel 

reserves are nonrenewable and limited in supply therefore there is 

need for conservation of energy and move towards renewable and 

clean energy sources. Renewable energy sources play a vital role in 

reducing pressure on fossil fuel resources and minimizing climate 

change issues, producing less secondary wastes and enhances 

sustainable development by mean of economic and social needs. The 

sustainable development can be achieved by adopting cleaner 

approach by preventing the pollution instead of controlling, which 

reduces the adverse impact on environment. For economic growth 

and sustainable development of any nation, energy is essential 

resource[2]. India is 2nd most populated country with 18% global 

population and consumes 6% of total global energy consumption. 

Since 2000, the Indian energy consumption has increased almost 

double [3] due to rapid increase in population and raise in living 

standard of life. Waste heat recovery and solar thermal energy 

storage are becoming beneficial in meeting the energy demand 

efficiently and reduces the consumption of fossil fuels. 

 In some countries, despite abundant and free availability of solar 

energy, biomass like wood is being used for cooking and heating 

purposes. Moreover, traditional way of using biomass and fossil fuels 

by households have adverse effect on human health especially on 

women as they are engaged in cooking. This also leads to 

deforestation in some cases [4]. In order to eliminate such problems 

it is important to utilize the solar energy. But solar radiation is 

intermediate by its nature and its total available value varies with 

time, weather conditions and latitude. Storing solar energy while 

sunny hours and utilize it when needed even in non-sunny hours can 

be more efficient and effective option. In the literature, several 

techniques were explored for storing thermal energy. These 

technologies are classified on the basis of aim that energy is hold. On 

different approach categorizing energy storage are done[5]. 

Commonly it is done on basis of energy stored and time of discharge 

shown in Fig1.  Energy storage technologies depending on discharge 

time can be decided as short, medium, longer term with time in 

minute, hour and days respectively. Energy storage systems (ESS) 

have an enormous potential to increase the efficiency and 

effectiveness of the energy.  

 

Fig.1: classification of ESS 

1.1 Thermal Energy Storage  

Thermal Energy Storage deals with the storage of energy by heating, 

melting; cooling, solidifying or vaporizing a material and this stored 

energy will become available when the process is reversed. Thermal 

Energy Storage (TES) now a day exists in a wide range of 

applications. Application of TES are wide including recovery of 

waste energy it also include solar energy and it is also used in power 

production and industrial processes. Material used for thermal energy 

storage can be kept insulated at different temperature according to 

the properties of materials. The selection of a TES technology for a 

specific application depends on many criteria, which includes storage 

duration, cost, supply and utilization temperature requirements, and 

storage capacity. For eliminating environmental problems and 

increasing the efficiency of energy consumption in general TES 

technology have found interest form researcher for their various use. 
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Basic principles on which TES work include 3 steps charging, 

storing and discharging. Thermal energy can be stored as a change in 

internal energy of a material as sensible heat, latent heat or thermo 

chemical or combination of these. Sensible heat storage is due to 

temperature change of material while latent heat storage is result of 

the phase transformation either it is solid-liquid, liquid-gas or solid-

solid[6]. A. Sharma et al. has given a detailed and clear classification 

of PCM[7]. In thermo chemical energy storage the energy is 

produced in form of potential chemical energy and it is stored in 

chemical bond of molecules involved in the reaction and the energy 

is reformed and decomposed whenever the system is charged or 

discharged[8].LvShilei et al. has used fatty acid as PCM for energy 

storage and applied in building envelop for the purpose of conserving 

heat energy, it absorbs 39.126kJ/kg of energy when indoor 

temperature exceeds 18.491oC[9]. S.D. Sharma etal. has designed, 

fabricated and tested the solar cooker filled with PCM for energy 

storage. Experiment result showed the possibility of cooking at night 

time if the temperature is maintained at 95OCand the PCM used with 

temperature range of 105-110OC[10]. In general, uses of PCM in 

different environmental and thermal application were studied.  

In this study, nitrate salts as phase change material for storing latent 

heat were considered and the thermal characteristics of sodium 

nitrate and potassium nitrate with different mass ratio was studied 

best thermal characteristic. The main aim of this study is evaluate the 

thermal energy storage material for rural area’s thermal applications. 

In this paper, results of thermal properties particularly latent heat and 

operating temperature range are discussed and presented. The 

melting behavior of the samples was studied using DSC. Further, 

encapsulation of the material was also explored to overcome on   

drawbacks of PCM. 

2.Materials and Method 

2.1Materials  

Sodium nitrate and potassium nitrate with purity 99% extra pure 

grade were procured from lobachemie (laboratory reagents and fine 

chemicals) and used in this study as phase change materials. The 

properties of the materials are given in Table 1. TEOS (tetraethyl 

orthosilicate) was used as encapsulating shell material, which was 

mixed in ethanol, and distilled water as per stated procedure in[11]. 

Ammonium hydroxide was mixed in the solvent for pH control. 

Table 1 The basic parameter of sample component 

sample Melting 

point 

Boiling 

point 

pH Density Percentage 

composition 

NaNo3 306 OC 380 OC NA 2.26 ≥99.0 

KNO3 334 OC 400 OC 5.5-

8 

2.109 ≥99.0 

 

2.1.2 Purification of PCM 

 NaNO3  and KNO3 were saturated in solvent and saturated solution 

was filtered for removing insoluble substances and dried in oven at 

105OC for 14 h[12]. Total four samples, two for each salt, were taken 

in silica crucibles and dried. Further, the samples were kept in muffle 

furnace for melting and latter re-crystallization and to remove the 

impurities. The temperature ramp was given at 110OC for 10 minutes 

and further temperature was raised to 310 OC and 340 OC for 

NaNO3and KNO3respectively. 

2.2 Method for PCM preparation 

The PCM sample preparation was done by taking raw samples of 

both salts and melting them separately as discussed earlier and then 

mortar pestle was used to make it into powder form. Mixing of both 

salts was done in different ratio and later on tested in differential 

scanning calorimetric (DSC). The mixed samples of NaNO3and 

KNO3 were two prepared in ratios of 80: 20 and 60: 40 as for the 

study. Control sample were prepared by taking raw sample of sodium 

nitrate and potassium nitrate.                                        

2.2.1Method for Encapsulation of PCM  

Encapsulation is defined as a process in which the material is 

surrounded by a coating material or embedded in a homogeneous or 

heterogeneous matrix to give a shell structure to outer surface. Sol-

gel process was used for encapsulation of nitrate salts. 10 ml TEOS 

and 90 ml ethanol were mixed in 27 ml of double distilled water and 

the pH of the solution was controlled by adding ammonium 

hydroxide. Hydrolysis process is enhanced at basic pH therefore the 

pH of solution was selected controlled at 11.00 in a beaker. Magnetic 

stirrer was used for mixing at 500 rpm for 1 hour[11]. Condensation 

is also a part of sol-gel process which can be controlled by acidic 

pH[13]. 

2.2.2 Method for PCM testing 

Melting behavior and latent heat of fusion was analyzed using 

differential scanning calorimeter (PerkinElmer DSC 6000). Heat 

flow and temperature were recorded and temperature range was set to 

100 to 500 OC. The readings were taken under purified nitrogen 

atmosphere with a flow rate of 20cm3/min and at a heating rate of 

20∘C/min.  Overnight drying in oven at 35 OC was done to protect 

the sample from moisture while storing the sample for further study. 

The sample was weighed on electrical balance with accuracy of 

0.0001 g. Aluminum crucibles with lid of 50µg were used for DSC 

analysis. The lid was closed by sample press. The closed sample was 

kept in sample chamber of DSC along with reference 

sample[14][15].   

3. Results and discussion 

Melting behavior of any Phase Change Material is an important 

factor to study as the practical situation will vary from the 

experimental setup. When the PCM is placed in any container 

exposed to the environment the change in the melting pattern can be 

compared if it is tested before. DSC was used to study the melting 

behavior of the salts and compared to its control individually. The 

raw samples were taken as the control sample of respective salts. 

Presence of impurities may lead to deviation in the actual results. 

The information on such deviated results helps in designing the 

energy storage system more accurately and ensures effective 

operation. Melting behavior of sodium nitrate was analyzed by DSC 

test, the control sample and purified sample were weighted 12.2 mg 

and 12.6 mg respectively. Heating was given at rate of 20OC from 30 

to 300OC range. The results are shown in Fig. It can be seen that 

peaks in both the samples were observed at 277.4OC and difference 

in the latent heat is less than 6%. The difference is not significant and 

minimal impurity exists as the sample is used from lab grade quality. 

 

Fig. 2: DSC curve of NaNO3 (a) control sample (b) purified sample 
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Similarly, potassium nitrate was tested by DSC taking sample mass 

as 15.8 mg and 15.1 mg for control and purified samples 

respectively.Heating was provided from 30 to 400OC at a rate of 

20OC/min.  As can be seen in Fig. two peaks were observed for 

KNO3, at temperature around 140OC and around 340OC for both 

control and purified sample. For control sample latent heat of fusion 

was 46.6.0 J/g for 1st peak and 88.1 J/g for second peak which was 

reduced to 40.6 J/g and 76.4J/g which was very less comparing to 

literature[12]. Two different peaks indicate presence of impurities in 

the samples. The first peak could be impurity that melts at 140oC. 

 

Fig. 2: DSC curve of KNO3 (a) control sample (b) purified sample 

 

Further, mixture of the nitrate salt with 80% 20%and 60%40% as 

NaNO3 and KNO3 respective ratio was also tested by DSC. Two 

peaks were observed in both cases, for Na80K20 latent heat was 8.69 

J/g at 135.8OC and 44.0J/g at 231.5OC which was very low for using 

in practical purposes. For Na60K40 latent heat was 18.4 J/g at 

136.9OC and 159.0J/g at 236.5OC which was more comparing to the 

literature[4].  

 

Fig.4: DSC curve of solar salt (a) Na80K20 (b) Na60K40 

 

Table 2: DSC results of the samples 

Sample Weight of sample taken Melting point Latent heat Temperature range 

NaNO3_C 12.2 mg 277.7 OC 18.1 J/g 30-300OC 

NaNO3_P 12.6 mg 277.4OC 17.6 J/g 30-300OC 

KNO3_C 15.8 mg 340OC 88 J/g 30-400OC 

KNO3_P 15.1 mg 342 OC 76.4J/g 30-400OC 

Na80K20 12.4 mg 231.5OC 44 J/g 30-400 OC 

Na60K40 15.1 mg 236.5OC 159 J/g 30-400OC 

 

Encapsulation was done to PCM and microscopic observation 

through electron microscope with 10X resolution was carried out. 

Results of electron microscope are shown in Figs., which clearly 

shows the difference between encapsulated material (fig 9) and non 

encapsulated material (fig 8). The non-encapsulated material shows 

the clear reflection of the surface and in encapsulation due to 

presence of the silica wall on the particle the reflection was not clear 

and yellow color due to presence of silica was reflected.   

 

Fig.5: Encapsulation (a) Without (b) With 

4. Conclusion  

The latent heat of the tested samples was measured and observed in 

the ranges 30-300 OC and 30-400 OC for independent and mixed 

samples of NaNO3 and KNO3 respectively. The values were 

observed higher for treated samples as the soluble and volatile 

matters are removed. Further, encapsulation was done for core and 

shell form using TOES as shell material. The encapsulation was 

demonstrated simply by microscope and DSC tests results. Use of 

encapsulated material is helpful in avoiding the issue of super-

cooling and corrosiveness with vessel’s material. The latent energy 

of the purified PCM was measured lower than control one. Further 

for encapsulated and non encapsulated PCM also shows large gap in 

storage energy density of the material appears due to undesirable 

thick of the shell. Further, optimization of encapsulation is suggested 

in future work. This energy storage technique has wide application in 

field of environment pollution control if properly applied. 
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