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Abstract 
 

Paraffin wax is utilized for the heat storage applications taking advantage from the high stored latent heat during the 

phase change (from solid to fluid) period. What isn't right with this procedure is that the wax has a little heat transfer 
rate because of its low thermal conductivity. The thermal conductivity improvement of the paraffin wax has been 

examined utilizing nano-material with high thermal conductivity. In the recent study, (Al2O3) nanoparticles with 

weights of 1, 2, and 3% of the paraffin wax were added to the paraffin wax. The Iraqi paraffin wax accessible at the 

local markets was utilized as a phase change material (PCM). 

Many properties of the wax were changed due to the addition of nanofillers. The wax color was changed from 

light brown to white. The thermal conductivity of the paraffin wax was expanded by increasing the additional 

nanoparticles extent with 37.1, 42.3 and 60.32% for 1, 2 and 3% added nano-Al2O3 compared to pure wax conditions. 

The subsequent change in the thermal conductivity of the paraffin wax makes it reasonable for the use in thermal 

storage applications. 
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1. Introduction 

 
The world's vitality circumstance came to an 

intersection, and the subject of whether there is a 

different option to the small oil assets or not [1]. 

The ascent in oil costs demonstrates the recorded 
decay of oil assets. The renewable energy sources, 

for example, nuclear power, solar energy, wind 

energy, and other renewable energies, as hydrogen 
fuel cells can get to be feasible contrasting options 

to fossil fills later on. Many valuable studies 

upheld the assessment that the end of the oil time 

is coming following a couple of decades [2]. With 
the unpredictability of the issue, the affirmation of 

this suspicion is far with the advancement of 

innovations used to produce oil and gas in various 
parts of the world [3]. To exploit solar energy is 

an impediment to specialists, as the solar radiation 

oscillates with the time and the dilemma of using 
it around evening hours. In this way, enhancing 

the thermal storage will diminish the effect of 

sunlight oscillation. The improvement in the 
energy storage of any system will increase its 

effectiveness and expand the consistent quality, 

and it assumes a critical part in keeping up the 

delivered energy [4]. 
The phase change materials are utilized to 

store thermal energy in solar energy applications. 

Variable phase change materials (PCM) have high 
latent heat storage capacities at the stage of phase 
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change period from a solid to a fluid state, or from 
the fluid to the solid state. During this process, 

this material can store around 5 to 14 times the 

energy per unit volume, contrasted to the sensible 
heat storage materials, such as water, stone 

masonry, or rock. 

Its low thermal conductivity portrays paraffin 

wax as other PCMS. This character limits the 
absorption and energy release rate. Many 

researchers have utilized variable sorts of fillers 

with high thermal conductivity to enhance the 
effective thermal conductivity of the phase change 

material. Fukai abused ceramic powder fillers and 

graphitic carbon fiber [5], Pincemin utilized 

graphite particles [6], Kim used peeled graphite as 
a part of his works [7], and Elgafy employed 

carbon nanofibers [8].  

Current nanomaterials show physical and 
chemical properties contrast essentially when 

compared to the base mass structure [10]. The 

generation of various sorts of nanoparticles has 
ended up less demanding as a result of the fast 

advance in nanotechnology [11], mechanical and 

electronic building, and current procedures [12 

and 13]. The higher thermal conductivity of the 
nanomaterials created from metals or metal oxides 

can be utilized with low conductivity materials as 

PCMs to improve its thermal conductivity [14]. A 
higher thermal conductivity can be accomplished 

at smaller nanomaterials size. The enhanced of 

thermal conductivity of PCMS causes 
advancements in its thermal qualities [15]. 

Wang figured out how to include 

nanomaterials for paraffin wax without bringing 

about any surface strain. The outcomes 
demonstrated that the expansion of nano-TiO2 in 

paraffin wax bringing on an adjustment in the 

thermal limit of the phase change material. The 
thermal conductivity of the wax additionally 

expanded plainly [16]. 

Fan researched the impact of including 

different extents of carbon nanofillers on the 
courier and energy storage and thermal properties 

of materials utilizing paraffin (PCMS). The 

thermal capacity of the formed material was 
slightly less with the nano-fillers addition; 

however, it has no impact on the temperature of 

the phase change. The outcomes demonstrated 
that the thermal conductivity of the PCMS 

nanocomposite increments with the expansion of 

the extent of fillers. Likewise, the relative change 

in the thermal conductivity relies upon the size 
and state of the added nanoparticles material [17]. 

Chaichan added two types of nano materials to the 

paraffin wax in variable mass fractions. Al2O3 and 
TiO2 were used to improve the thermal 

conductivity of the used PCM. The results 
indicated that thermal conductivity was improved 

with increasing the nanofillers mass fraction. The 

results revealed significant enhancement in the 
wax's charging and discharging period which was 

reduced with the addition of nanofillers [18]. The 

use of nano materials-paraffin wax composite gets 

wider interest in different applications, especially 
those related to the uses of solar thermal 

applications [19 & 22].  

The present study demonstrates the test 
examination of the performance enhancement due 

to the expansion of Al2O3 nanoparticles in the 

paraffin wax in various weights. The essential 

objective of this study is to assess the best 
proportion of nanoparticles that can be added to 

Iraqi paraffin wax to improve its thermal 

conductivity. 

 

 

2. Experimental Setup 

2.1. Experimental Procedure 
 

The Iraqi paraffin wax was picked as PCM in 

the present study. It was selected due to its 

nominal melting point around 45ºC. Table 1 gives 

the details of the thermal and physical properties 
of the utilized wax. Nano-Alumina with grain size 

from 30 to 60 nm was used in this work. Table 2 

demonstrates the details of the suppliers and 
properties of this material. These materials were 

chosen as a result of its accessibility and low 

costs; and were utilized with no additional 
purification procedures as got from the supplier. 

The technique for blending the wax with 

nanoparticles can be partitioned into five phases: 

1. Pre-dissolving of unadulterated PCMs (as they 
received by the provider), it was melted to 

perform the homogeneous immaculate 

material. The fluid paraffin has been filled in 
Vials to facilitate the handling in the next 

stages. The material has been chilled off at 

room temperature; the paraffin wax was pre-

melted and degassed in a vacuum stove at 
105ºC for 3 hours. 

2. The nano-material and the paraffin wax were 

weighed to prepare the correct samples. The 
nano-fillers samples with mass fractions of 1, 2 

and 3% wt. were prepared. 

3. The nano-material was dried at the same 
condition of the wax in the oven.  

4. The samples of nano-Al2O3- PCM prepared 

using a melting mixing procedure. At first, the 

nanomaterial added to the molten wax with 
required percentage, and strong shear mixing 

with a magnetic stirrer for 15 min was used to 
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mix the nano-Al2O3 totally. This process was 
followed by an intense shaking using an 

ultrasonic shaker for five hours. The used 

ultrasonic shaker used type AlabTech 
(EXXX_1000), which picture is illustrated in 

Fig. 1. The process was conducted by putting 

the required nano- alumina fraction with the 

wax in a closed vessel immersed in 65°C hot 
water. Each sonication run of the devise was 

set to be 99 minutes. The samples temperatures 

were maintained at 65 °C during the mixing 
process to confirm the liquid phase of the wax. 

 

 
 

Fig. 1.  Ultrasonic shaker type AlbaTech (EXXX-

1000). 

 

 

After the complete mixing of wax and nano-
Al2O3, it was followed by the solidification 

process. The mixture was poured in a circular 

template with dimensions of 2 cm dia., and then 
was allowed to solidify freely at room temperature 

(25°C) to form a solid paraffin wax. This 

solidification process completed at about three 
hours. 
 

Table 1,  

Thermo-Physical Properties for the Iraqi Paraffin 

Wax [18] 

Material properties  

Melting temperature      (°C) 44 °C 
Latent heat of fusion      (kJ/kg)  190 

Solid density                  (kg/m3) 930 

Liquid density               (kg/m3) 830 

Thermal conductivity    (W/m °C) 0.21 

Specific heat (Solid)     (kJ/kg °C) 2.1 

Specific heat  (Liquid)  (kJ/kg °C) 2.1 

 

 

 

 

 

Table 2, 

The suppliers and the used nano-fillers 
specifications 

Item Al2O3 specifications 

Manufacturer Yurui Chemical Co., Ltd 

Appearance White powder 

Assay 99.99% 

PH value 7.5 

Crystal and Type a 

Grain size nm 30-60 nm 

bulk density ％ 0.43 

Loss on drying ％≤ 0.21 

Sulfated assay ％≤ 0.42 

Fe ≤ ppm ≤0.005% 

Si ≤ ppm ≤0.003% 

Mg ≤ ppm ≤0.001% 

 

 

2.2. Experimental Instruments 
 

The following instruments were used in the 

tests: 

1. The scanning electron microscopy (SEM) was 

used to display the surface micrographs of 
representative wax-nano Al2O3 samples. Fig 2 

shows the main parts of the SEM that is the 

electron column, detectors, scanning system, 
and vacuum system, display, and electronics 

controls. The Electron microscopy can 

generate the electron beam on the surface of 

the sample with a size spot up to 10 nm 
diameter, and holds the remains sufficient 

current to form an acceptable image. 

2. Hot Disk Thermal Constants Analyzer (Fig. 3) 
was used to measure the thermal conductivity 

of the samples. This device has a sensor plane 

passing hot consists of an electrically 
conducting pattern etched into the chip of thin 

nickel. This spiral is located between two 

sheets of insulation Mica material. When the 

thermal conductivity measurement is 
performed, the aircraft sensor hot disk is fixed 

between two pieces of the sample facing the 

sensor surface. By passing an electric current 
high enough to cause an increase in the sensors 

temperature, and is at the same time, recording 

the temperature increase with time. 

Every test was repeated three times and the 
average was taken as the representative reading. 

The standard deviations of the data found to be 

less than 2% for the measurements. 

 
2.3. Test Procedure 

 
The tests began by setting up the wax tests. 

The second step was to get quick examples of 
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nano-filler and wax suspensions. After the 
preparing the specimens, the thermal conductivity 

tests were begun utilizing Hot Disk Thermal 

Constants Analyzer. Both the softening and 
cooling practices were tried by warming the 

specimens in a compartment to 65ºC and the 

abandon it to cool by natural convection in the air 

which its temperature was kept up at 25ºC. The 
wax and wax-nano composite tests temperature 

were measured and recorded amid every period. 

The outcomes were analyzed and discussed. 
 

 

 

Fig. 2. The scanning electron microscopy (SEM). 

 

 

 

 
Fig. 3. Hot Disk Thermal Constants Analyzer. 

 

 

3. Results and Discussion 

 
The mixing of nanoparticles with wax results 

in a change in the color of the wax as shown in 

Fig. 4 (A and B). The color of the wax has turned 
from light brown (Fig. 4 A) to faint white color 

(Fig. 4 B). The proper mixing of the material with 

nanoparticles means the nano-Al2O3 entered 
within the paraffin wax composition thus 

changing its characteristics. Among these features 

is the wax color. The color of the wax changing 

gives a clear indication of good mixing between 
the nanoparticles and wax. The nano-wax 

composite's color was affected slightly by the 

nano-alumina fraction variation. 
 

 
 

 
 

Fig. 4. (A) The paraffin wax before mixing with 

nano-Al2O3 and (B) after the mixing  

 

 

Fig. 5 represents the wax-nano Al2O3 

suspension surface nature as it seems by the SEM 
scanning. The figure indicates that the nano-

alumina-paraffin wax has non porous structure. It 

appears as one phase shape of the structure in 
(Fig. 5A), and any difference may seem in Figs. 5 

B &C are due to the non-crystallite between wax 

and nano-Al2O3. The figures reveal acceptable 

dispersion of the nanomaterial into the wax. This 
dispersion at 100nm scale was with few nano 

Al2O3 agglomerations, but it has a strong 

interaction between wax and the nanoparticles. 
The distributions at 50nm scale (Fig. 5 B) and 

20nm range (Fig.5 C) manifest strong interaction 

between both materials. 
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The temperature impact on the thermal 

conductivity of the paraffin wax and its nano-

Al2O3 composites is outlined in Fig. 6. Adding 
nano-alumina to the wax increased its thermal 

conductivity as the figure reveals. The 

phenomenon of higher thermal conductivity of the 
nano-Al2O3-PCM composite than the case of wax 

alone resulted from lower thermal resistance. 

Also, the figure clearly shows that the thermal 
conductivity of the tested materials is temperature 

dependent, as its thermal conductivity decreased 

with increasing temperature. The paraffin thermal 

conductivity achieved its insignificant at the 

melting point, and after this stage, it came back to 
rise. The paraffin wax thermal conductivity was 

influenced by the expansion of nano-Al2O3. The 

nano-Al2O3 expansion enhanced the heat 
exchange rates by 37.1, 42.3 and 60.32% for 1, 2 

and 3% added nano-Al2O3. The liquefying change 

period from solid to fluid brought on a decrease in 
the thermal conductivity through this time. Table 

3 illustrates the experimental results. 

 
Table 3,  
The experimental results. 

Temperature  

(°C) 

Thermal conductivity 

Paraffin wax PW+1% nano Al2O3 PW+2% nano Al2O3 PW+3% nano Al2O3 

25 0.08894 0.09382 0.099101 0.1073 

35 0.05817 0.076043 0.079022 0.091001 

45 0.037898 0.06109 0.0635 0.07102 

55 0.044367 0.0712 0.07327 0.087107 

65 0.047897 0.0782 0.079902 0.088108 

 

 
Fig. 7 demonstrates that the nanoparticles 

enhanced the thermal conductivity of the paraffin 

wax yet this upgrade was changing with the 

additional nano-Al2O3 fraction. Gharagozloo [23] 
presented a relation of the relative thermal 

conductivity improvement by the condition:  

Relative improvement = (k – ko)/ko  
This relation quantitatively connects the 

capability of thermal conductivity increment with 

the nanomaterial quantity. Nano-Al2O3-wax 
suspension accomplished an extensive change. It 

is hard to compare between various literatures 

findings because of the usage of variable paraffin 

wax types and nano-particle sizes. 
Fig. 7 shows a comparison between the present 

results and the data reported in the literature. 

Enhancement in the thermal conductivity is 
evident whatever the type of the wax depending 

on the nano-Al2O3 quantity added with the 

addition of other parameters as the nanomaterial 

size, shape, and distribution figure. Arusu [24] 

improved the paraffin wax by adding nano-

alumina particles and compared the variation in 

thermal conductivity with pure paraffin wax. 
 

 
 

Fig. 6. Thermal conductivity during the 
temperature variation for the wax and nano-Al2O3-

wax composites. 

  
 

Fig. 5. scanning emission microscopic test (SEM) of the paraffin wax-nano Al2O3 suspension 
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Fig. 7. Relative enhancement in thermal 

conductivity due to the added nano-fillers. 

 
The relative enhancement in the thermal 

conductivity in Arusu case was lower than that of 

the recent study. This variation can be returned to 

the used paraffin wax difference. Arusu used a 
wax with 321°C melting point while the recent 

study used 45°C melting point wax. Table 4 lists 

the thermal conductivity relative enhancements 
for the Arusu and recent study. 
 

Table 4, 

The thermal conductivity enhancement variation 

for recent study and Ref. [24] 

 

Mass 

Fraction 

(%) 

Recent study 

thermal 

conductivity 

enhancement 

rate (%) 

Arusu [20] thermal 

conductivity 

enhancement rate 

(%) 

0 0 0 

1 0.1817 0.122 

2 0.21237 0.167 

3 0.303 0.246 

 

 

4. Conclusions 

 
In this study, the nano-Al2O3 particles were 

blended with an Iraqi paraffin wax to create a 

composite phase change materials (PCM) 
described with high latent heat and high thermal 

conductivity. The produced material had many 

properties changed from the first one. The 
material shading has been modified from chestnut 

to white. The SEM test demonstrated a decent 

scattering of the nano-Al2O3 in the wax. The 
thermal conductivity was expanded with the 

expansion in the nano-molecule mass division. 

The relative improvement with mass segment 

increment was 60.32% for 3% mass portion 

expansion of nano-Al2O3. The other published 
papers results showed some minor contrasts 

because of the utilized wax properties and to the 

employed nano-Al2O3 size and shape. 
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  الخلاصة
  

فادة من الحرارة الكامنه لة خلال مرحلة تغير الطور (من صلب الى مائع). من زنة للحرارة ذات طاقة كامنه بالأيستخدم الشمع البارافييني مادة خا
راسة تحسين الموصلية الحرارية مساوئ هذة المادة معدلات انتقال حرارة قليله عند عمليات الإنصهار/التجمد بسبب انخفاض الموصلية الحرارية لها. تمت د

، ٢، ١) النانوية بنسب وزنية من3O2Alللشمع البارافييني باستخدام مادة نانوية ذات توصيل حراري مرتفع. إذ تمت في هذة الدراسة اضافة مادة الألمنيا (
  ). PCMمادة متغيرة الطور ( بوصفه حليهالى الشمع البرافينيي عراقي الانتاج. تم استخدام شمع برافييني عراقي متوفر بالأسواق الم %٣

البرافييني لوحظ تغير عدة خواص للشمع بسبب اضافة المادة النانوية. إذ تغير لون الشمع من اللون البني الى الأبيض. أن الموصلية الحرارية للشمع 
النانوية الى الشمع بنسب ارتفعت بزيادة نسبة المادة النانوية الوزنية. كما تحسنت معدلات الشحن وتفريغ الشحن للطاقة الحرارية بشكل واضح باضافة المادة 

مقارنة بحالة استخدام شمع بمفرده. إن هذا التحسن في الموصلية الحرارية  %٣، و٢، ١عند اضافة نانو المونيا بنسب وزنية  %٦٠٫٣٢، و٤٢٫٣، ٣٧٫١
 لاستخدام في تطبيقات الخزن الحراري للطاقة.اللشمع البرافييني يمنح هذة المادة افضلية 

  

  
  

 


