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Abstract—In this study, a form-stable composite 
Paraffin/Nanoclay (PA-NC) has been prepared by absorbing PA into 
porous particles of NC to be used for low-temperature latent heat 
thermal energy storage. The leakage test shows that the maximum 
mass fraction of PA that can be incorporated in NC without leakage 
is 60 wt.%. Differential scanning calorimetry (DSC) has been used to 
measure the thermal properties of the PA and PA-NC both before and 
after incorporation in plasterboard (PL). The mechanical performance 
of the samples has been evaluated in flexural mode. The thermal 
energy storage performance has been studied using a small test 
chamber (100 mm × 100 mm × 100 mm) made from 10 mm thick PL 
and measuring the temperatures using thermocouples. The 
flammability of the PL+PL-NC has been discussed using a cone 
calorimeter. The results indicate that the form composite PA has 
good potential for use as thermal energy storage materials in building 
applications. 
 

Keywords—Flammability, paraffin, plasterboard, thermal energy 
storage. 

I. INTRODUCTION 

HERMAL energy storage using phase change materials 
(PCMs) has received great attention recently in attempts 

to improve building energy efficiency. Thermal energy storage 
can be achieved by three methods [1], [2], namely sensible 
heat storage, latent heat storage, and chemical energy storage. 
Latent heat energy storage is widely used in engineering 
applications to conserve energy, reduce the dependence on oil, 
and shift the energy from peak load period to off-peak load 
period. The PCMs whose low melting temperature is close to 
human comfort temperature ~24 °C have been considered to 
be used in building applications [3], [4]. PA is one of the most 
significant PCMs [5] due to a huge latent heat, varied melting 
temperature depending on structure, relatively low cost, non-
toxicity, and chemical stability. Heat can be absorbed when 
the material changes its phase from solid to liquid during the 
daytime (high temperature) and released at night (low 
temperature) when the material changes its phase from liquid 
to solid. There are three techniques of integrating PCM into 
building materials, immersion, direct incorporation, and form-
stable composite PCM [6]. In immersion technique, the 
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leakage of the liquid PA to the surface of building materials is 
unavoidable particularly when the PA is heated above its 
melting temperature.  

To overcome the leakage problem of PA in immersion 
technique [7] and improve the consistency of organic PA with 
plaster, the novel route of incorporating PA into plaster is 
carried out using NC. PA is successfully mixed and held in the 
porous NC. On the other hand, when the PA integrates into 
building materials [8] such as concrete, gypsum board, and 
plaster, the most significant concern is its flammability. In the 
event of a fire, the PA containing building material burns and 
a significant amount of toxic gases, smoke, and flame can be 
generated [9], [10]. The fire can transfer simply from the point 
of origin to adjacent spaces [11]-[14] and can cause great 
number of fatalities, injures, and economic loss. 

II. MATERIALS AND EXPERIMENTAL 

A. Materials 

1. Gypsum Powder  

Gypsum powder used in this project was sourced from 
British Gypsum, British Gypsum Thistle Multi Finish was 
used as received. The general composition provided by 
manufacture is that it mainly contains calcium sulfate 
hemihydrate. Other constituents such as clay, limestone 
(calcium carbonate) and minor amounts of quartz and 
hydrated lime are also present. 

2. Paraffin 

N-octadecane (PA), 99% with melting temperature range of 
26-29 °C was sourced from Alfa Aesar. 

3. Nanoclay 

Commercial NC, 20A, with particle size of 0.2 mm was 
supplied by BYK additives and instruments UK. 

B. Preparation of the Form-Stable PA-NC Composite  

In this work, the novel composite PA-NC was prepared by 
adsorbing PA into the NC. PA was melted at temperature of 
40 °C for 30 min in an oven and then different mass fractions 
of PA (20, 30, 40, 50, 60, 70, 80 wt %) were immediately 
mixed with NC at room temperature. The optimum mass 
fraction of PA without leakage was found to be 60 wt.%, the 
image of sample is shown in Fig. 1. The leakage test was 
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applied by heating the blend at least 10 °C above the melting 
temperature of PA in order to observe visually if there was any 
leakage. In order to obtain fine particles of blend, blend was 
placed into freezer for 20 min, after cooling; the blend was 
ground by mill. 

 

 
Fig. 1 Digital image of form-stable composite of 60% PA-40% NC 

 
10 wt.% of PA in the blend of 16.7 wt.% of PA-NC was 

firstly mixed with gypsum powder before making slurry and 
then the water is added. A handheld electric mixer was used 
until a uniform blend was achieved. Then, the prepared slurry 
was poured in a wooden mould of dimensions 100 mm x 100 
mm x 10 mm and the mould was placed at room temperature 
for 14 days to dry, the image of the prepared sample is shown 
in Fig. 2. 

 

 

Fig. 2 Digital image of PL containing form-stable PA-NC 

C. DSC 

The phase change properties of composite were 
characterized using DSC. The DSC thermal analysis has been 
accomplished in the temperature range of 0-40 °C with heating 
and cooling rate of 3 °C/min under constant stream of nitrogen 
at atmospheric pressure. 

D. Mechanical Performance of Flexural Properties 

The flexural properties of PL samples with/without PA-NC 
composite were tested in three point bending mode. Three 
replicate specimens of the size of 130 mm x 130 mm x 10 mm 
were tested for each sample. Loading was applied by adding 
weights gradually until failure (when the specimen could not 
carry any more load and broke). The flexural strength ߪf is 
expressed in (1): 

 

ൌ	fߪ
ெ௒

ூ                                          (1) 
 
where ߪf is the stress in the outer surface at the middle point, 
 is the moment applied at the middle of the specimen, ܻ is ܯ
the distance from the outer surface to the centre of specimen, 
and ܫ is the polar moment of inertia of rectangular cross 

sectional area. 

E. Cone Calorimeter Test 

The cone calorimeter test was performed according to the 
procedures representing in the ISO 5660-1 standard using a 
Fire Testing Technology cone calorimeter with slight 
modifications on the methodology and sample holder [9]. The 
vertical orientation of cone calorimeter has been used and the 
tested samples were vertically mounted. The ignition source 
used in this experiment was spark. Three specimens of each 
sample with dimensions of 75 mm x 75 mm x 10 mm have 
been tested instead of using the standard dimensions of 100 
mm x 100 mm x 10 mm due to the limitation in the quantity of 
materials available. The fire behavior of control PL and 
PL+PA-NC have been performed using heat flux of 70 
kW/m2. 

F. Thermal Energy Storage Performance 

Small test room of PL with dimension of 100 mm x 100 
mm x 100 mm and thickness 10 mm was set up using six 
pieces of PL. The top board and left side of cubic room were 
achieved by form-stable composite PA techniques. To 
compare the temperature difference between control PL and 
PL+PA-NC, a small environmental chamber was used. Two 
thermocouples were placed at different locations: bottom of 
top board (T1) and middle of cube (T2) as shown in Fig. 3. 
These thermocouples were linked to a data acquisition to 
record the temperatures of the test room during the test. The 
thermal energy storage performance has been evaluated in 
heating and cooling modes. The chamber was switched on for 
1 h before testing in order to set up the temperature inside 
chamber to be at room temperature 20 °C. In heating mode, the 
samples have been heated from 20 °C (room temperature) to 
50 °C for 55 min with heating rate of 0.54 °C/min and the 
temperature was kept at 50 °C for 25 min. In cooling mode, the 
samples were cooled from 50 °C to 6 °C for 95 min with 
cooling rate of 0.46 °C/min and the temperature was kept at 6 
°C for 25 min. The temperature and time were recorded for 
200 min.  

 

 

Fig. 3 Small test room to evaluate the thermal energy performance 

III. RESULTS AND DISCUSSION  

A. DSC 

The thermal properties of PA, PA-NC and PL+PA-NC 
measured by DSC are shown in Fig. 4. There is an 
endothermic peak during the heating process which represents 
solid-liquid phase change. During cooling process, there is an 
exothermic peak which represents the liquid-solid phase 
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change. The melting and freezing temperatures of PA were 
measured to be 27.69 °C and 27.07 °C, respectively as 
depicted in Fig. 4 (a), which were in the range of thermal 
comfort temperature.  

The latent heats of melting and of freezing temperatures 
were found to be 243 J/g and 250 J/g, respectively, which 
suggest that the PA has a large latent heat to be applied for 
thermal energy storage applications. As can be clearly seen 
from Fig. 4 (b), the melting and freezing temperatures of PA-
NC were 27.47 °C and 27.06 °C, respectively. Both of melting 
and freezing temperatures of PA in the composite are almost 
the same as that observed in PA and are in the range of human 
comfort temperature. Moreover, the latent heats of melting 
and of freezing temperatures of PA in the composite of PA-
NC were determined to be 143.5 J/g and 140.7 J/g, 
respectively. Its calculated latent heats based on the mass 
fraction of PA in the PA-NC are almost similar to that of 

measured latent heat values by DSC, they are 239.2 J/g and 
234.5 J/g, respectively. These results indicate that the 
measured latent heat of PA in the composite by DSC is in 
agreement with the optimum mass fraction of PA mixed with 
NC.  

In terms of the thermal properties of PA in the composite of 
PL+PA-NC (see Fig. 4 (c)), the melting and freezing 
temperatures measured by DSC are 27.37 °C and 27.17 °C, 
respectively, which are almost similar to that of pure PA and 
PA-NC. Furthermore, the latent heats of melting and of 
freezing temperatures of PA in the composite have 
significantly reduced to 12.93 J/g and 12.84 J/g, respectively. 
However, its calculated latent heats based on the mass fraction 
of PA are 129.3 J/g and 128.4 J/g, respectively. The mass 
fraction of PA added in PL+PA-NC is 10 wt.% and the latent 
heat of fusion in the composites with/without plaster is 
provided only by PA. 

 

 

(a) 
 

 

(b) 
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(c) 

Fig. 4 DSC curves of the (a) PA, (b) PA-NC and (c) PL+PA-NC composites 
 

B. Mechanical Performance 

The flexural strength results of PL+PA-NC showed that the 
tested samples failed to carry the same load and broke 
particularly at the centre as shown in Fig. 5. The flexural 
strength of PL with the addition of PA-NC was considerably 
reduced compared to control sample of PL. The flexural 
strength was observed to be 1.36 MPa with reduction of 
57.5% compared to control sample of PL (3.2 MPa). The 
reduced flexural strength of the PL+PA-NC was still 
acceptable according to relevant standards for building 
materials EN 13279-2. 

 

 

Fig. 5 Comparison of three-point bending test curves between PL 
samples with/without PA-NC composite 

C. Flammability Testing  

The curves of heat release rate (HRR) and mass loss as a 
function of time are graphically presented in Fig. 6. The 
parameters determined and derived from these curves are time 
to ignition (TTI), flame-out time (FOT), total mass loss, peak 
heat release rate (PHRR), total heat release rate (THR), and 
effective heat of combustion (EHC) as shown in Table I. It can 
be observed from the results that the PL did not burn and its 
THR and EHC produced were 0.5 MJ/m2 and 0.2 MJ/kg, 
respectively. Whilst, PL+PA-NC ignited at 48 s after exposure 
to the cone heat source and burned with two peaks of heat 
release rate as shown in Fig. 6 (a).  

The first peak of 159 kW/m2 at 123 s is attributed to the 
release of PA added to PL. The second peak of 169 kW/m2 at 
370 s represents the delayed release of the PA. The THR of 51 
MJ/m2 and EHC of 8.4 MJ/kg produced from this burning are 
much higher than that observed in PL [9]. It can be also seen 
from Fig. 6 (b) that the maximum mass loss rate is 26.3% for 
PL+PA-NC, which is higher than that of control PL (16.5%). 
These results indicate that PL+PA-NC is much flammable 
compared to PL which did not ignite.  

 

 

(a) 
 

 

(b) 

Fig. 6 Cone calorimetric results of control (PL) and PL+PA-NC at 70 
kW/m2: (a) HRR and (b) mass loss curves as a function of time 
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The temperature changes of the unexposed surface of 
sample to cone heater as a function of time during the test for 
20 min were also studied, the results are shown in Fig. 7. 
Trends in rise of temperature in various types of samples are 
reflection of heat release rate versus time curves. PL had a 
lower temperature rise than PL+PA-NC and also it took 759 s 
to reach the temperature of 250 °C due to the loss of water 
content as a result of high temperatures generated from the 
cone. Hence, the coherence between PL particles was lost and 
the temperature started rising to reach the maximum 
temperature of 358 °C at 1190 s.  

In case of PL+PA-NC, the temperature increased rapidly 
from 32 °C until the maximum temperature of 380 °C at 1106 
s, which was higher than that of PL due to the ignition and 
burning on the surface as a result of PA and organic NC 
added. Furthermore, it took shorter time of 513 s to reach the 
temperature of 250 °C, which was attributed to the increase in 

heat transfer rate between both surfaces. 
 

 

Fig. 7 Temperature versus time curves of the reverse surfaces of PL 
and PL+PA-NC on cone exposure at 70 kW/m2 heat flux in vertical 

orientation 

 
TABLE I 

CONE CALORIMETRIC RESULTS OF CONTROL SAMPLE (PL) AND (PL+PA-NC) AT 70 KW/M EXTERNAL HEAT FLUX 

Sample TTI (s) FO (s) Mass loss (%) 
Peak 1 Peak 2 THRR 

(MJ/m2) 
EHC (MJ/kg) 

PHRR (kW/m2) TPHRR (s) PHRR (kW/m2) TPHRR (s) 

PL ---- ----- 16.5±0.23 ----- ----- ----- ----- 0.5±0.5 0.2±0.1 

PL+PA- NC 48±4 467±3 26.3±0.7 159±13 123±80 169±5 370±3 51±7 8.4±0.6 

 

D. Thermal Energy Performance 

The improvement of thermal properties of the PL modified 
was also verified by comparing its melting and freezing 
performances before and after PA addition. Melting and 
freezing temperatures curves of the PL+PA-NC recorded at 
the bottom of top board are compared to those of control 
sample of PL as shown in Fig. 8. The melting time was taken 
as a time elapsed from melting point of the PA 27.5 °C to 40 
°C. By similar way, the freezing time was determined as a 
time elapsed from the freezing point of the PA 26.6 °C to 9 
°C. As can be observed from Fig. 8, the melting process took 
11 min for PL, whereas it took 8 min for the PL+PA-NC. The 
freezing process took 38 min for PL and 35 min for PL+PA-
NC. As a comparison between them, there is reduction in the 
melting and freezing time of the PL+PA-NC after PA 
addition. This is attributed to the increase in the heat transfer 
rate in the PL+PA-NC as a result of PA addition.  

Fig. 9 represents the indoor thermal temperature variation 
curves of the test rooms with/without PA-NC. Due to a 
significant amount of heat absorbed by PA-NC enhanced PL, 
the temperature rate in melting process and peak temperature 
were lower than in the control sample. PL+PA-NC has ability 
to maintain a more stable indoor thermal temperature than the 
control sample which drops in temperature at a faster rate. In 
cooling process, the temperatures were reduced from 30 °C at 
114 min to 9.75 °C and 7.36 °C at 166 min in the small test 
rooms of PL+PA-NC and PL, respectively.  

The indoor thermal temperature in the small test room of 
PL+PA-NC was higher than that of PL by more than 2 °C due 
to the released heat from the PA-NC enhanced PL during 
cooling period. This PA-NC had an ability to store and release 
heat in order to reduce the energy consumption by decreasing 

the indoor temperature variation.  
 

 

Fig. 8 Temperature versus time curves of PL with and without PA-
NC during controlled heating and cooling in a chamber 

 

 

Fig. 9 Comparison of indoor temperatures curves of the small test 
rooms with and without PA-NC during controlled heating and 

cooling in a chamber 

IV. CONCLUSION 

The form-stable composite PA-NC was successfully 
prepared; the leakage test showed that the optimum mass 
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fraction of PA retained in the composite without leakage was 
60%. The results of DSC analysis showed that the melting and 
freezing temperatures of PL+PA-NC and PL-NC were similar 
to those observed in PA, and the latent heat of PA in the 
PL+PA-NC decreased according to the percentage of PA 
added. These results indicated that the PA-NC had good latent 
heat to be applied for thermal energy storage in buildings. The 
PL prepared using PA-NC had acceptable mechanical 
strength. The PA-NC could reduce the indoor temperature 
fluctuation and had the function of maintaining warmth to 
reduce the building energy consumption. It can be concluded 
that the incorporation of PA-NC into PL increased its 
flammability, and the PL+PA-NC can combust easily. 
However, addition of these form-composites increases the 
flammability of the PL. To improve the flammability 
properties of modified PL, other flame retardant carrier 
materials and/or flame retardants will be explored in future 
work. 
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