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ABSTRACT 

In modern applications, energy storage and transmission is considered important, and in particular for 

photovoltaic thermal (PV/T) applications. phase change materials is considered one of the important 

developments used in these applications because they possess superior thermophysical properties and thus have 

a high storage of energy capacity within the shape of latent heat. However, Low thermal conductivity is one of 

the most important problems facing the widespread use of these materials. In this work, Nano titanium oxide 

(TiO2) is added to the paraffin wax to evaluate the thermophysical changes occur in the wax. Therefore, the 

most appropriate materials to be used in (PV/T) applications can be determined. Five samples were prepared 

with the addition of Nano-titanium oxide with a percent mass ratio (0, 0.5, 1, 2, and 3). The results showed that 

adding any percentage of Nano Tio2 increases its viscosity and density. Since when 3% nano-TiO2 is added, the 

viscosity and density of the paraffin wax increases by 9.5%, 5.5%, respectively. The thermal conductivity is 

improved to 28.94%, 58.42%, 77.9%, and 91.57% for 0.5, 1, 2, 3% mass fraction, respectively. In addition, 

adding (Nano - TiO2) to paraffin wax reduces its thermal decomposition, which improves thermal stability. 

KEYWORDS 

Transmission, photovoltaic thermal, Nano Tio2, mass fraction, density 

INTRODUCTION  

Fossil fuels are considered a non-renewable resource that affects the global climate due to the increase in 

greenhouse gas emissions [1]. In addition, their prices are constantly changing, causing financial and political 

issues among the nations of the world [2]. Therefore, the world has moved towards obtaining energy from 

renewable and environmentally friendly sources such as wind energy, wave energy, solar energy and geothermal 

energy [3, 4]. One of the foremost sources of energy is solar energy because It exists in abundance and available 

to all and for free [5]. In order to benefit from the solar energy efficiently it requires the utilize of suitable 

procedures to store this energy. One of the problems facing the widespread use of solar energy is storage. 

Several methods exist for storing solar energy, including “latent heat storage, sensible storage, and 

electrochemical storage" [6, 7]. Latent heat storage is better than electrochemical storage because it mainly 

relies on phase change materials (PCM). PCMs are materials that have ability to store high levels of thermal 

energy for a long time [8]. When the phase of a material changes, heat energy is stored by taking advantage of 

the temperature of the base material that provides high energy density [9]. Solidification point, melting point, 

and large solubility entropy are important conditions for phase change in any application.  

Therefore, several study of solidification and melting points for PCMs were tested, and suitable applications for 

storage were found [10, 11]. One of the most promising or reliable PCM types is paraffin wax, which has a wide 

range of solidification and melting points. Paraffin’s are hydrocarbon mixtures that have high latent heat. In 

addition, the materials present in paraffin wax do not interact with the raw materials. Paraffin wax has been 

selected for solar applications for the purpose of energy storage such as "air heaters, water heaters, CPS systems, 

and photovoltaic systems" [12]. One of the challenges facing PCM's widespread use is its low thermal 

conductivity that hinders energy storage and release. Because of its low thermal conductivity, the PCM layer 

that is close to the temperature will be melts, forming an insulating layer that insulates the next solid layer from 
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the heat source. When the liquid phase is heated, a difference in temperature occurs between the hot surface and 

the liquid phase, and this difference impedes or reduces the heat transfer. Therefore, the liquid PCM layer loses 

its heat. This heat must be spread on the cold surface until solidification occurs [13-17].  

In any case, Self-isolation occurs due to the development of the solid layer away from the cold surface, which 

increases the resistance to flow and heat transfer, Because of the low thermal conductivity of PCM. Moreover, 

low thermal conductivity causes the charging rates to surpass the rates of discharge. To overcome this problem, 

Nanomaterial’s that have  high thermal conductivity are added to the PCM, Researchers have proven this 

through several digital and practical research using different types of nanomaterial’s and PCMs [16-18]. Ref. 

[16] indicated the possibility of using Nano-PCM (Nano-silicon carbide and paraffin) in the 

photovoltaic/thermal system by proposing a mathematical model and comparing it with the practical results that 

were compatible with the mathematical model. The results showed an increase in the electrical and thermal 

efficiency, reaching 13.7% and 72%, respectively.  The thermal conductivity of paraffin improved from 0.2 to 

0.9 W/m K when graphene was used as the reinforcing medium for paraffin.  The thermal conductivity of 

paraffin improved to 46.3% when 2.0 weight ratios of Nano-copper were added [15]. In addition, when adding 

Nano-TiO2 at a rate of 0.2 volume% to erythritol, the heat capacity improved to 40% [17].  

Generally, the thermophysical properties increase when nanoparticles are added, such as thermal conductivity, 

viscosity, density, and product stability. The mixing process and the microstructure of the nanoparticles and the 

PCM are among the important factors that lead to a greater thermal conductivity. Improper or incomplete 

mixing leads to the deposition of nanoparticles in the PCM and becomes heavier with the passage of time, which 

leads to a reduction in the thermal conductivity [REF]. Therefore, what determines the use of Nano-PCM 

mixtures in applications is the extent of its stability and continuity of thermal conductivity, and these are 

important challenges. In general, the thermophysical properties for example ‘viscosity, thermal conductivity, 

product stability and density’ increase as a result of the addition of nanoparticles. The goal of this work is 

improving the thermophysical properties of paraffin by adding Nano-titanium dioxide [18]. The point of 

originality in this study: Many important studies examined the addition of nanomaterial to different paraffin’s, 

but it was not possible to determine the best nanomaterial that could be adopted as an additive to all paraffin’s. 

Therefore, for any specific paraffin (in terms of raw material, production method, quality, melting temperature 

and solidification) a specific nanomaterial must be added.  

From here, this study examines the extent of improvement achieved by adding Nano-titanium oxide to paraffin 

to the thermophysical properties of the product. Note that the idea is to use this product in PV/thermal systems 

[19-21]. The photovoltaic system is the excellent solar application among many variable applications because it 

converts sunlight into electricity with an efficiency of up to 17%. PVT systems containing photovoltaic and 

solar storage heat exchanger exploiting lost or eliminated heat have been used in other applications as well as 

cooling cells. To cool these systems, Nano-PCM has been studied. The production of heat and electricity 

increases in systems containing Nano-PCM more than systems that do not contain Nano-PCM [22]. Nanofluid 

have been used as an efficient way to increase the heat transfer in different applications, it was establised that 

the nanofluids aid to improve the coefficient of heat transfer when nanofluid was used. The effect of the 

concentration of nanofluid has been discussed with Reynolds number value and with the velocity of fluid. It was 

found that the increases in the velocities service the nanofluid with the increases of the heat transfer [23-28]. 

EXPERIMENTAL SETUP 

Materials 

In this work, White paraffin wax was used and is available in the market, and tests were performed on it to know 

the thermophysical properties as shown in a table.1) are suitable for use in PVT applications and its cost is 

cheap (US $ 1.3 per kilogram). This paraffin is characterized by the fact that the temperature at which its phase 

changes from solid to fluid (melting point) is suitable for PVT applications in hot climates of Iraq. The nano-

TiO2 used in the study was purchased from local markets and is produced by Sky spring nanomaterial, Inc. This 

material was selected because it has high thermal conductivity and low cost. Table 2 lists the properties of the 

nano-TiO2 used. 
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Table 1. paraffin wax thermophysical properties. 

Paraffin properties White paraffin 

Melting point              41°C 

density of Liquid state 830 kg/m3 

density  of Solid state        940 kg/m3 

Latent heat of fusion 191 kJ/kg 

Thermal conductivity             0.2 W/m °C 

specific heat of Liquid state       2.1 kJ/kg 

specific heat of Solid state      2.2 kJ/kg 

Table 2. Characteristic of nano-TiO2. 

Manufacturer Sky spring nanomaterial ,INC. 

appearance White powder 

purity 99.5%, 

PH value 6.2 

Grain size (nm) 25-30nm 

Bulk density (g/cm3) 4.23 

Lose of drying %≤ 0.076 

Molar mass (g/mole) 79.87 g/mole 

Melting point (oC) 1843 

Thermal conductivity (W/m K) 11.6 

Samples preparation. 

The following paragraphs describe a method for preparing and testing paraffin- nano-TiO2 composites. The 

paraffin was placed on a mold, melted, and permitted to harden until it took the shape of a mold. After this 

process, samples are divided according to the specified weights. To get rid of the moisture present in the 

nanoparticles, they were heated for 15 minutes at a temperature of 200°C by using oven. At this point, the 

nanoparticles were isolated according to the desired weights. The nanoparticles were added to paraffin after 

being dissolved, and they were placed in the ultrasound machine for three and a half hours at a temperature of 

65°C until the samples were mixed well and the color of the paraffin wax changed completely. The sonication 

time was adopted according to Ref. [29] results. After confirming the viability of the samples, tests of the 

thermophysical properties were performed on them. 

Measuring devices 

Many instruments were used in this study. As an example, Scanning Electron Microscope (SEM), the 

transmission electron microscopy (TEM), Fourier Transform Infrared Spectroscopy (FTIR) was used to define 

the nano-TiO2 size and distribution. KQ3200E ultrasonic bath was used to mix the nano-TiO2 with paraffin. It 

has a storage capacity of 12 liters and a frequency of 30 kHz and an electric heater of 800 watts. Brookfield DV-

II+ Pro viscometer was used to measure the composite material viscosity. This device was calibrated and its 

uncertainty was 0.89%. The thermal conductivity measurements were conducted using HOT DESK Tps 500 

thermal conductivity meter (KIJTALEY, Sweden) that has an uncertainty of 0.31%. Sensitive balance (type 

EJ6I0-E) was used in samples preparation and measuring studied composite materials densities. This balance 

has an uncertainty of 0.24%. Several thermocouples type K with uncertainty of 0.42% was used in measuring 

the temperature variation during heating and cooling the composite materials studied. In this study, the stability 

of the studied samples was checked by using the thermal conductivity degradation method of the samples 

according to Ref. [8].  

Tests procedure. 

The nanoparticles were added to the paraffin with different weight ratios (0%, 0.5%, 1%, 2%, and 3%). An 

ultrasonic bath was used to mix the samples to confirm the distribution of nanoparticles in the melted paraffin 

homogeneously so that no sedimentation or assembly of the nanoparticles occurs until we get a homogeneous 
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and thermally stable mixture. The produced composite materials thermophysical properties (viscosity, density, 

stability and thermal conductivity) were measured and defined. The scanning electron microscopy (SEM) 

instrument was used to verify the properties of the mixed samples. In the results and discussion section, images 

of SEM were analyzed. The Nano-composites Used in this work are included in Table 3. The mixing proportion 

was on mass fraction basis. 

Table 3. The ratio of Nano-TiO2 with paraffin wax for the studied samples. 

Sample Sample components in gram 

Nano-PCM1 100 paraffin wax+ 0 nano-TiO2  

Nano- PCM 2 99.5 paraffin wax+ 0.5 nano-TiO2 

Nano- PCM 3 99 paraffin wax+ 1 nano-TiO2 

Nano- PCM 4 98 paraffin wax+ 2 nano-TiO2 

Nano- PCM 5 97 paraffin wax+ 3 nano-TiO2 

RESULTS AND DISCUSSIONS 

Optical properties 

Figure 1 shows images of the color change of paraffin when mixed with nanoparticles of different weight ratios. 

The Iraqi paraffin used has a moderate melting point (40°C), its color is white (Figure 1A), and the titanium 

oxide nanoparticles have the same color, so all products are white (Figure 1B). REFs [1 & 8] considered that 

complete paraffin discoloration is evidence of successful mixing, but these studies used paraffin in other colors 

not white. In this study, tests such as SEM and TEM must be reviewed to confirm the mixing process. 

 

 

          Pure paraffin                   1% Nano-TiO2–PCM         2% Nano-TiO2-PCM                3% Nano- TiO2-PCM 

Figure 1. Images of three variable mass fractions of added nano-TiO2 to paraffin 

It is possible to take advantage of the scattering and absorption of light by any material to ensure the quality of 

the resulting mixing. The paraffin chains composed of hydrogen and carbon have a uniform crystalline 

configuration, which will be affected by the entry of the nanoparticles into it. This means that the molecular 

structures of the mixture will be changed. Fig. 2 and Fig. 3 show SEM and TEM images of the used nano-TiO2. 

It is noted from the images that the used particles are spherical in shape and have a size from 25 to 30 nm. This 

has a great influence on the thermophysical properties of the mixture, as indicated by the REF [30]. 
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Figure 2. TEM for nano-TiO2 

 

Figure 3. SEM test for nano-TiO2 

Fig. (4) represents the FTIR test results. Strong vibration appears at sharp peaks 3010, 3075, as well as peaks at 

750 and 1510, indicating that the structure is shaking. At 3100 a slight peak appeared, and this indicates 

asymmetric vibration. After discussing all the peaks in all of the samples, it is surprising that no other peaks 

appeared in the rest of the samples, and this indicates that no chemical reaction occurred between the 

nanoparticles of the TiO2 and paraffin wax. 

Figure 3. FTIR result of samples 
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Thermophysical properties 

Density 

Figure 4 shows the density variation with nano-TiO2 added. The results show the density increased for the 

composite material while added ratio of nanoparticles is increased. When 3% Nano-TiO2 was added, the density 

of the composite material was increased by 5.5%. Usually, an increase in density is harmful if there is fluid 

movement, but in PVT applications there is no movement of the composite material. So, this increase does not 

harm this aspect. However, the abutments bearing the composite material tank must be strengthened due to the 

increased weight. 

 

 

Figure 4. The effect of adding Nano TiO2 on the composite material density 

Viscosity 

Viscosity is defined as the resistance of a fluid to flow due to the pressure difference on its sides. In the case of 

PVT applications, the fluid of the composite material is not deprived of its place, so the effect of its viscosity is 

limited. On the other hand, the heat energy is stored into potential energy when the paraffin phase changes from 

solid to liquid. In this case, Viscosity has an important role in stabilizing composite materials by maintaining the 

dispersion of nanoparticles. Tables 4 illustrate the change in viscosity of Composite materials tested with the 

change in their temperature. Samples were increased in temperature from 25 ° C to 65 ° C which expresses the 

temperature range for the application of PVT. The results show that the viscosity changes to a limited extent for 

all tested samples. 

Table 4. Viscosity (m Pa⋅s) of the studied samples variations with the change of temperature 

Temp (°C) Nano-PCM 1 Nano- PCM 2 Nano- PCM 3 Nano- PCM 4 Nano- PCM 5 

25 0.09 0.092 0.093 0.094 0.095 

35 0.061 0.064 0.065 0.066 0.067 

45 0.051 0.053 0.054 0.055 0.057 

55 0.048 0.051 0.053 0.054 0.055 

65 0.04 0.043 0.044 0.046 0.048 

Thermal conductivity 

An important factor that has a role in increasing the heat transfer of heat storage materials is a thermal 

conductivity. Diffusion of nanoparticles clearly improves the thermal conductivity. With the help of a hot-disk 

thermal constants analyzer, the thermal conductivity of the samples was evaluated and measured. The results 

obtained are illustrated in Fig. (5). the results illustrate an increase in the thermal conductivity of paraffin wax 

while adding nano-TiO2 and The higher the ratio of nanoparticles, the higher a thermal conductivity. The 
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improvement was not linear, and after 1% added mass fraction there was no significant increase, as we can see 

from the figure that the slope decreased after this ratio. 

 

Figure 5. Thermal conductivity after adding Nano Tio2 

Composite material stability 

The stability of paraffin-nano-TIO2 means that the nanoparticles are not clumped together and then keeps at the 

lower of the container, which reduces a thermal conductivity of a product. Therefore, checking the stability of 

any mixture is very important. The stability was studied using the method that originated the Ref. [8], which is 

by borrowing samples to several charging and discharging operations and then measuring their thermal 

conductivity. In this work, a thermal conductivity of the samples was tested after every ten melt-hardening 

cycles. The study considered that the deterioration of the thermal conductivity means the accumulation of 

nanoparticles and their deposition during the fluid phase of the mixture and the decrease in product quality. Two 

hundred tests for thermal conductivity were performed at a rate of 5 tests per week (for 280 days). Figure (6) 

illustrate the deterioration in a thermal conductivity of the studied samples. With 60 melting-solidification 

cycles, a deterioration in a thermal conductivity relatively appears low, and this decrease reaches an average of 

0.40% for the case of adding 1% mass fraction of the nanoparticles and increases with the increase in the 

percentage of added particles by weight to reach 0.59 % for the case of adding 3% TiO2 nanoparticles. By 

increasing the tests numbers, the composite materials thermal conductivity decorated. As an example: a thermal 

conductivity for adding 1% mass fraction of nano-TiO2 caused a reduction rate of 1.66% while for Nano PCM 5 

case the reduction rate was 2.32%. These results confirm that the mixing process was efficient. Also, it is 

suggested to re-mix the composite material after five hundred melting – solidification processes. 

 

Figure 6. The impact of melting-solidification cycles on the thermal conductivity reduction rate 
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Melting point 

In PVT applications, charging and discharging processes are important considerations because they determine 

the time required to draw heat and transfer it to the coolant from the photovoltaic. System efficiency increases 

when these two processes are rapid. Figure 7 illustrate the time required to charge the examined materials. The 

charging time decreases with the increase in thermal conductivity, as this period is directly affected by the 

thermal conductivity of the studied samples. Paraffin has a higher melting point than the rest of the samples and 

the phase change period from solid to liquid takes longer. The fastest melting samples with a shorter phase 

change period are paraffin containing 2% nano-TiO2. The temperature of paraffin and composites increases 

after their phase change, which is an increase due to the sensible heat, while the latent heat is stored in these 

composite materials during the phase changing period. During the phase change period, the samples temperature 

is fixed until all the composite material is melted. The measurements show that there is a tiny reduction in the 

melting point due to nano-TiO2 addition.  

 

Figure 7. Charging period effect on the studied materials 

Solidification point 

The discharging process is just as important as charging process. In PVT applications, the heat gained must be 

disposed of so that the paraffin absorbs more of the additional heat. When using pure paraffin, this situation is 

difficult to achieve because paraffin has a low thermal conductivity, which leads to a delay in the disposal of the 

heat gained. Figure 8 illustrate that paraffin containing 2% Nano-TiO2 has the shortest discharge time compared 

to pure paraffin which has the longest discharge time. Also, a solidification point is relatively affected by the 

nano-TiO2 addition as this point has tiny reduction. Besides, the composite materials cool down to temperature 

less than pure paraffin.   

 

Figure 8. Discharging period effect on the studied materials 

The phase change temperature of the paraffin used is suitable for PVT applications in hot climates and can cool 

such systems efficiently. The results above indicate the possibility of using paraffin and nano-TiO2 in mass 

fractions such as 1% or 2% to improve the efficiency of heat transfer and storage. These composite materials 
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can be proposed for PVT applications in Iraq and considered as a suitable solution to reduce photovoltaic 

temperatures. 

CONCLUSIONS 

In this work, Nano-TiO2 was added to paraffin wax and five samples were prepared with TiO2 proportions (0, 

0.5, 1, 2, and 3). The viscosity and density of the wax increases when adding TiO2 nanoparticles, adding of 3% 

nano- TiO2, the viscosity and density of the wax increases by 8.2%, 5.5%, respectively. The thermal 

conductivity is improved to 28.94%, 58.42%, 77.9%, and 91.57% for 0.5, 1, 2, 3 mass fractions added, 

respectively. The melting point relatively reduced by increasing the nano-TiO2 mass fraction in the composite 

material as well as the phase change period is reduced. In the solidification process, the solidification point 

reduced by increasing nano-TiO2 mass fraction as well as the discharge period is reduced. After the phase 

change period is finished the composite material temperature increase more that the case of pure paraffin in the 

melting process. The opposite is happened at solidification process, as the cooling temperature reduced by this 

addition. The stability tests manifest high stability period. The experimental examination for these composite 

materials insure that these materials can be used in PVT application in hot weathers countries such as Iraq.   
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