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Abstract 

 
A leak free organic phase change material of palmitic acid with enhanced thermal buffering properties was 

synthesized by simple chemical TiO2/biochar encapsulation process. By utilizing the optimum amount of TiO2 as an 

encapsulation agent the minimalization of leakage phenomena during the phase change process can be achieved with 

the value 20-25% of weight loss. Furthermore, the additional sugar cane bagasse-based biochar that was introduced 

to the encapsulation system acts as a support matrix that enhances further the leakage properties into free leak 

category with the percentage of weight lost 1.1-1.4 %. Moreover, the introduction of sugar cane bagasse-based 

biochar in the encapsulation system of the palmitic acid PCM can improve the thermal buffering properties by keeping 

a package box temperature in the range of 2-80C for more than 20 h by means small increment of temperature 

0.72oC/h.  
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INTRODUCTION 

Phase change material (PCM) is a material 

that has capability in absorbing and releasing large 

amounts of energy (energy storage and emission) at its 

phase transition that occur over a specific temperature 

range (Singh et al., 2008; Yang et al., 2019) which can 

be useful for heating or cooling equipment. PCM as 

emission storage can be used as thermal buffering 

support for fruits and vegetables storage system as it 

has thermal stability and large latent heat storage 
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compared to other materials. PCM can be categorized 

as organic and inorganic. Organic PCM such as 

paraffins, lipids and hydrocarbon are preferable as it is 

chemically stable and non-reactive in comparison with 

inorganic PCM. While inorganic PCM have high 

conductivity in comparison with organic PCM such as 

fatty acids. 

Fatty acids are considered as sustainable 

PCM as its source came from renewable sources. Fatty 

acids such as palmitic acid (C16H32O2) can be an 

excellent PCM for energy storage as its excellent 

thermodynamic and kinetic characteristics. Palmitic 

acid is chemically stable, high latent heat, and a low 

degree of supercooling. However, palmitic acid has 

several disadvantages, such as low thermal 

conductivity, and frequent leakage during phase 

changes, thus limits the use of palmitic acid as PCM 

(Wan et al., 2019a). 

Various studies have been carried out to 

improve thermal, physical, and energy storage 

capacity of organic PCM. One of them is the 

encapsulation method. PCM encapsulation can 

increase thermal conductivity, thermal reliability, and 

control volume changes during phase changes (Alva et 

al., 2017). Research conducted by (Parameshwaran et 

al., 2013) with ester encapsulation using nano-silver 

successfully increased the thermal conductivity and 

reduced the degree of supercooling. However, nano-

silver is not preferable as it is not environmentally 

friendly, toxic, and expensive. Subsequent research 

was conducted by (Harikrishnan et al., 2017) by 

encapsulating myristic acid using SiO2. However, 

these studies have not succeeded in increasing PCM's 

heat capacity. Further research was conducted by (Zhu 

et al., 2018) with PCM nanoencapsulation using SiO2-

based materials, which succeeded in reducing latent 

heat and increasing thermal conductivity. Still, 

leakage occurred, and the degree of supercooling did 

not change significantly. Meanwhile, study conducted 

by Wan et al, by the addition of supporting matrix such 

as biochar from pinecone can prevent leakage of the 

palmitic acid PCM as well as improve its thermal 

conductivity (Wan et al., 2019c). 

In this paper the investigation on the 

effectiveness of encapsulation of palmitic acid PCM 

with TiO2 and biochar was reported with the response 

of its thermal properties as well as leakage phenomena 

to support the palmitic acid application as PCM for 

cooling storage box.  

 

MATERIALS AND METHODS 

Materials 

Palmitic acid as PCM based materials, 

sodium dodecyl sulfate (SDS) as emulsifier, ethanol, 

and ammonia solution 25% were from Merck, while 

another chemical such as tetra n-butyl titanate (TNBT) 

97% as a precursor for TiO2 was purchased from 

Shandong Zhi Shang Chemical Co., Ltd. All 

chemicals were used without pretreatment. 

 

 

Preparation of Biochar 

Raw material for biochar synthetization were 

sugarcane bagasse purchased from the local store in 

Semarang, Indonesia. Biochar preparation refers to (L. 

Li et al., 2017) with some modifications. Bagasse 

firstly dried at 90℃ for 3 hours to remove the 

remaining water content and then mashed into powder. 

Powder form sugarcane bagasse then transferred into 

furnace for pyrolysis at 600℃ for 2 hours, cooled 

down to room temperature and then transferred to 

High Energy Milling (HEM) for final stage biochar 

production. Biochar then used for further 

encapsulation process. 

 

Palmitic Acid Encapsulation as PCM 

The palmitic acid encapsulation method 

refers to the experiment conducted by (Cao et al., 

2014). Firstly, 20 g palmitic acid was added to 300 mL 

DI water and mixed thoroughly followed by the 

addition of 3 g of sodium dodecyl sulfate (SDS) 

emulsifier to form an O/W emulsion. The mixture then 

stirred continuously for 40 minutes at a speed of 1000 

rpm all components homogeneously dispersed. The 

pH value was adjusted in the range 2-3 using HCl. 

Meanwhile, the encapsulating agent was prepared by 

dissolving TNBT (10, 15, 20 g) and biochar into 100 

mL of ethanol in a ratio (1: 0.00; 1: 0.05; and 1: 0.10). 

The solution was then added dropwise to the palmitic 

acid emulsion along with controlled stirring at 800 

rpm and operating temperature at 75℃ in a water bath 

for 60 minutes. The mixture was allowed to be cooled 

down to room temperature and then washed using 

distilled water and ethanol several times 

consecutively. The materials then dried at 45℃ for 24 

hours in a vacuum oven. 

Characterization 

Encapsulated PCM were characterized by X-

ray powder diffraction (XRD) to determine the crystal 

phase and its crystallinity. Meanwhile, Fourier-

transform infrared (FTIR) spectroscopy analysis were 

conducted to determine the chemical compositions 

and the present of palmitic acid in the encapsulated 

PCM. Scanning electron microscopy (SEM) were 

performed to investigate the surface morphologies and 

microstructures of the sample. The phase-change 

properties and thermal performance of the 

encapsulated PCM were characterized by differential 

scanning calorimetry (DSC) using a DSC-60 Plus in 

nitrogen atmosphere at constant heating with scanning 

rate of 10oC/min. 

 

Leakage Test 

Leakage test was carried out by heating 1.0 g an 

encapsulated PCM sample in the oven at 75℃ for 15 

minutes. The initial sample weight (W0) and the after-

test sample weight (Wt) were measured and used to 

calculate the % weight lost (% Wt loss) with the 

equation 1. 

%𝑊𝑡 𝐿𝑜𝑠𝑠 =
| 𝑊𝑡−𝑊0 |

𝑊0
𝑥100%                   (1) 
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Figure 1. Schematic of PCM encapsulation process 

 

Thermal Properties Analysis 

The performance of encapsulated PCM in 

maintaining the temperature was tested with the 

arrangement of several square sample packs filled with 

encapsulated PCM inside the packaging box to store 

vegetables as Figure 2. The encapsulated PCM was put 

into six packs of 500 mL, arranged in a packaging box 

measuring 19 cm x 14.5 cm x 24 cm with a thickness 

of 2 cm. Packaging Box is equipped with a data logger 

thermometer to observe temperature changes inside 

the box every 10 minutes interval. 

 

 
Figure 2. Packaging box for PCM performance 

analysis 

 

 

RESULTS AND DISCUSSION 

XRD Pattern Analysis of Encapsulated PCM 

Fig. 3 shows the XRD patterns of 

encapsulated PCM at different TiO2 addition (a) and 

with 15 g TiO2 addition at variation of biochar ratio 

(w/w) (b). There are two main peaks series observed 

in the XRD pattern of all encapsulated PCM. The 

peaks at two theta 25°, 38°, and 48° confirms the 

presence of TiO2 anatase phase (JCPDS card 78-2486) 

(Ariyanti et al., 2018) and peaks at two thetas 22° and 

30° confirms the presence of palmitic acid (Sharma et 

al., 2016a). The main difference observed is the 

intensity of the peaks. The XRD pattern intensity of 

encapsulated PCM was decreased by the addition of 

TiO2 as encapsulating agent proving the encapsulation 

process were successfully performed at the surface of 

palmitic acid. The same tendency also detected in the 

addition of biochar ratio (w/w) even though the 

decreasing of the XRD pattern intensity is not as 

extreme as in the variation of TiO2 alone. The 

observation on the XRD pattern also indicates that the 

encapsulation process of PCM using TiO2 and 

TiO2/biochar did not affect the crystal structures of the 

PCM in this case palmitic acid.  

 

 

 
Figure 3. XRD pattern of encapsulated PCM (a) at different TiO2 addition; (b) with 15 g TiO2 addition at variation 

of biochar ratio (w/w) 
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Similar result also reported that the 

encapsulation of nano-enhanced organic phase change 

material using TiO2 as encapsulating agent did not 

change the crystal formation of palmitic acid (Sharma 

et al., 2016a). 

 

Thermal Energy Storage Properties Encapsulated 

PCM 

DSC analysis was used to determine the 

thermal properties of encapsulated PCM. The result of 

the thermal properties of encapsulated PCM at 

different TiO2 additions is presented in Figure 4 with 

detail value at Table 1. As the temperature of the PCM 

increases, the microstructure of the PCM begins to 

stretch, indicating a change in the solid-solid phase.  

When the temperature is raised further, the molecules 

of the PCM absorb latent heat and change their phase 

from solid to liquid, which is the conversion of the 

absorbed energy into kinetic energy that goes beyond 

the intermolecular forces. The latent heat data can 

calculate the PCM encapsulation ratio with the 

following equation: 

𝜂 = (1 −
∆𝐻𝑚,𝑒𝑛𝑐𝑎𝑝 𝑃𝐶𝑀

∆𝐻𝑚,𝑃𝐶𝑀
) 𝑥100%                  (2) 

It can be observed a decrease in the latent heat of PCM 

along with the addition of TiO2 as an encapsulating 

agent. The latent heat of palmitic acid recorded at 

214.36 kJ/kg, while after encapsulation with TiO2 

decreased to become 141.39; 102.10; and 85.70 kJ/kg 

for TiO2 addition 10; 15; and 20 g respectively.  The 

decrease of latent heat from PCM is due to changes in 

physicochemical properties due to the dispersion of 

TiO2 particles encapsulated PCM with changes in the 

ratio of TiO2 (Liu et al., 2017; Sharma et al., 2016b; 

Tao & He, 2018). The latent heat value of PCM is 

lower than the latent heat of pure palmitic acid because 

only palmitic acid absorbs thermal energy from the 

heating process (Cao et al., 2014). 

In reverse with the latent heat, the melting point of 

encapsulated PCM increases with the increase in the 

addition of encapsulating agent (TiO2). DSC analysis 

shows that pristine palmitic acid has melting point at 

62.21oC, slightly increased after the addition of TiO2 

as encapsulating agent to become 63.80, 64.50, and 

64.64oC respectively. The higher the melting point of 

a material, the better the thermal resistance of PCM to 

environmental temperatures, as it represents higher 

sensible heat. It also indicated that the material could 

receive more heat before it reaches the phase change 

point (melting point). The shift of melting point 

occurred in the encapsulated PCM can be assigned as 

the effect of additional TiO2 as encapsulating agent 

layered the surface of palmitic acid (Arofi, 2016). In 

addition, the increase in the melting point of 

encapsulated PCM was also due to an increase in the 

crystallinity of the PCM core because of the 

heterogeneous nucleation of the inner wall of the 

encapsulating agent. This is related to the increase in 

thermal transfer efficiency resulting from the 

formation of an encapsulating agent with high 

conductivity (X. Zhang et al., 2016). 

 

 

Figure 4. DSC curve of encapsulated PCM at 

different TiO2 addition 

 

Table 1. Latent heat, melting point, and encapsulation ratio of encapsulated PCM at different TiO2 addition 

No Variable 
Latent Heat 

(kJ/kg) 

Melting Point 

(℃) 

Encapsulation Ratio 

(%) 

1. Palmitic Acid 214.36 62.21 0 

2. TiO2 10 g 141.39 63.80 34.04 

3. TiO2 15 g 102.10 64.50 52.37 

4. TiO2 20 g 85.70 64.64 60.02 

 

Table 2. Latent heat, melting point, and encapsulation ratio of encapsulated PCM with 15 g TiO2 addition at variation 

of biochar ratio (w/w) 

No Variable 
Latent Heat 

(kJ/kg) 

Melting Point 

(℃) 

Encapsulation Ratio 

(%) 

1. Palmitic Acid 214.36 62.21 0 

2. TiO2 15 g (1:0.00) 102.10 64.50 52.37 

3. TiO2 15 g (1:0.05) 110.50 62.98 48.54 

4. TiO2 15 g (1:0.10) 112.94 65.36 47.31 
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Figure 5. DSC curve of encapsulated PCM 15 g TiO2 

addition at variation of biochar ratio (w/w) 

 

 
 

Figure 6. Illustration of TiO2 and biochar 

encapsulated PCM 

 

On the other hand, the increase of the PCM 

encapsulation ratio instigates the lower value of latent 

heat. This implies the encapsulation material added to 

the surface of PCM creates a layer that prevent the 

PCM to act as a latent heat storage. Thus, the layer 

should be controlled to get the optimum latent heat 

storage capacity with extensive amount of storage time 

and other additional properties required.  

Based on the latent heat data obtained at 

different biochar additions, the higher content of 

biochar brings higher latent heat of encapsulated PCM 

as illustrated in Figure 5 and Table 2. The presence of 

biochar in this PCM-TiO2 encapsulation system 

creates a new phenomenon that the TiO2 adsorbed in 

the pores of biochar (illustrated in Figure 6) resuming 

low encapsulation ratio and leaves the unencapsulated 

PCM outside the biochar leads to higher laten heat. 

The more unencapsulated PCM, the latent heat 

increases because only palmitic acid absorbs thermal 

energy from the heating process (Cao et al., 2014). 

Higher latent heat also represents the smaller number 

of encapsulated PCMs. In encapsulation using 

biochar, the interaction between particles occurs 

through surface tension, capillary forces, and 

hydrogen bonds between the palmitic acid chain and 

biochar pores, so that changes occur only physically, 

while the crystal structure and chemical properties of 

palmitic acid do not change (Feng et al., 2011; Wan et 

al., 2019c). 

Effect of Encapsulating Agent on Mechanical 

Properties of Encapsulated PCM 

Leakage is a phenomenon that occurs when 

PCM undergoes a phase change from solid to liquid, 

thus limiting the use of PCM (H. Li et al., 2014) for 

applications and commercialization.  

Many approaches have been conducted to minimize 

the leakage phenomena and so far, the most effective 

method to prevent PCM leakage into the system is 

encapsulating PCMs using other supporting materials 

(Ramakrishnan et al., 2017). Encapsulation is an 

approach that providing support structure for the 

palmitic acid as PCM thus inhibit excessive 

interaction with its surrounding as well as increasing 

the area of heat transfer, preventing leakage and 

improve the PCM compatibility with the environment. 

The encapsulation process involving the incorporation 

of matrix to the PCM and PCM act as a core. The 

matrix might be capable of resisting the stress 

produced due to the volumetric evolution as the PCM 

changes its phase.  

Table 3 and Figure 7 show the leakage test 

result of encapsulated PCM at different TiO2 addition. 

Based on the results, with the increasing concentration 

of TiO2 up to 15 gr, the leakage phenomenon can be 

minimized up to 10 %. However, TiO2 addition more 

than 15 gr shows more leakage in the encapsulated 

PCM. This is because additional TiO2 might produce 

ticker shell walls that crack easily at high temperatures 

provide a pathway for palmitic acid to leak to the outer 

of the shell (Drissi et al., 2020; C. Li et al., 2018).   

 

Table 3. Leakage test result of encapsulated PCM at 

different TiO2 addition 

No Variable 
%wt loss Leakage 

observation 

1. TiO2 10 g 32.20% Positive 

2. TiO2 15 g 21.60% Positive 

3. TiO2 20 g 25.40% Positive 

 

Table 4. Leakage test result of encapsulated PCM at 

different TiO2 and biochar ratio 

No Variable 
%wt loss Leakage 

observation 

1. TiO2 15 g 

(1:0.00) 
21.60% Positive 

2. TiO2 15 g 

(1:0.05) 
1.40% Negative 

3. TiO2 15 g 

(1:0.10) 
1.10% Negative 

 

On the other hand, as illustrated in Table 4 and Figure 

8, the addition of biochar with the ratio 1:0.10 (w/w) 

has successfully prevented the leakage phenomena up 

to 20%. Biochar is carbon materials that has high 

surface area, micropore structure, and absorption 

capacity, which allows palmitic acid as PCM to be 

evenly adsorbed and dispersed in biochar (Zhou et al., 

2020).  
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Figure 7. Leakage test visualization of encapsulated PCM (a) TiO2 10 g; (b) TiO2 15 g; and (c) TiO2 20 g addition 

 

 
Figure 8. Leakage test visualization of encapsulated PCM (a) TiO2 15 g (1:0.00); (b) TiO2 15 g (1:0.05); and (c) 

TiO2 15 g (1:0.10) 

 

According to (Wan et al., 2019), the effect of large 

pore volume and biochar surface area is very 

beneficial for PCM because it can prevent leakage 

phenomena during the phase change process. TiO2 is 

a material that can increase thermal stability and 

conductivity and its inert and non-toxic properties, 

making TiO2 a good encapsulating agent (Cao et al., 

2014). Meanwhile, biochar has a high surface area and 

high absorption capacity, increasing thermal stability, 

thermal conductivity and preventing leakage (Wan et 

al., 2019a). Biochar is made by utilizing bagasse waste 

which contains high carbon and has excellent 

economic prospects to be developed.  

 

 

Effect of Encapsulating Agent on Thermal 

Properties of the PCM 

The thermal properties of the encapsulated 

palmitic acid PCM were determined by performing the 

application test to measure the temperature 

consistency (thermal buffering properties) over time.  

The application was conducted in a box packaging 

with encapsulated palmitic acid PCM pack equipped 

with a data logger thermometer to observe temperature 

changes in the box every 10-minute interval. Figures 9 

and 10 illustrate the thermal buffering profile of 

encapsulated PCM at different TiO2 addition and 

variation of biochar ratio (w/w). In the variation of 

TiO2 addition as encapsulated agent, the thermal 

buffering properties were reduced by the addition of 

TiO2. The temperature rose 0.84oC/h; 1.03oC/h; and 

1.31oC/h for TiO2 addition 10; 15 and 20 g 

respectively in the span of 2-8oC. The tendency is due 

to the latent heat profile from the encapsulated PCM 

causes the heat storage capacity of the PCM to 

decrease (Cao et al., 2014). As mentioned in Table 1 

(previous section), the difference in latent heat can be 

observed according to the concentration of TiO2 in the 

encapsulated PCM. The higher the TiO2 concentration 

in the PCM, the lower the latent heat value of the 

PCM, which results in a reduced heat storage capacity. 

Meanwhile, the addition of biochar as matrix 

to support the palmitic acid PCM that mixed with the 

encapsulation agent TiO2, provides good thermal 

buffering properties. The temperature rose 1.03oC/h; 

0.96oC/h; and 0.72oC/h for biochar ratio with TiO2 0; 

0.05 and 0.1 (w/w) respectively in the span of 2-8oC. 

The greater the biochar content in PCM, the higher the 

latent heat value which results in an increased heat 

storage capacity. The greater the palmitic acid 

concentration in the encapsulated PCM, the higher the 

latent heat, which results in the PCM being able to 

absorb and release higher energy. 

 

 
Figure 9. Thermal buffering profile of encapsulated 

PCM at different TiO2 addition 
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Figure 10. Thermal buffering profile of encapsulated 

PCM with 15 g at TiO2 addition variation of biochar 

ratio (w/w) 

 

Morphology and Nanostructures of TiO2 

Encapsulated PCM 

The morphology and nanostructures of the 

TiO2 encapsulated PCM were observed by SEM 

image. The SEM characterization of different biochar 

addition was carried out with 10,000x and 

magnification of 20,000x as can be seen in Figure 11. 

In the SEM image it can be observed that the biochar 

in the encapsulated palmitic acid PCM system as 

hypothesis act like matrix that support the 

encapsulated palmitic acid. It also observed that the 

encapsulation was successfully formed with spherical 

shapes with varied size from 300-800 nm. The higher 

biochar addition the variation of the encapsulation size 

becomes more severe. The biochar produced from 

sugarcane bagasse as suspected has massive pores that 

interrupted the encapsulation growth thus creating 

many small nuclei of encapsulated palmitic acid. 

From SEM image it also can be observed that the 

formation of a TiO2 shell layer from the TNBT 

precursor solution can hold the palmitic acid to remain 

in the capsule during phase changes which can prevent 

leakage but might reduce the thermal properties (X. 

Zhang et al., 2016). Meanwhile the addition of biochar 

large surface area and pore volume, it adheres the 

PCM to the surface of the biochar thus improve the 

leak free and thermal properties (Wan et al., 2019a).  

 

Functional Group Analysis of the Encapsulated 

PCM 

FTIR spectra of encapsulated PCM with 

different TiO2 addition and at various ratios of biochar 

are shown in Figure 12. The band between 400 and 

800 cm−1 represents the Ti-O vibrations. The peaks at 

2915 and 2848 show the symmetrical stretching 

vibration of –CH3 and –CH2 group in palmitic acid. C 

= O stretching vibration is assigned by a peak seen at 

1696 cm−1. The deformation–vibration of –CH3 and –

CH2 group in palmitic acid represented at the peak of 

1462 cm−1. The peaks 940 cm−1 correspond to the in-

plane and out plane bending vibration of the –OH 

group of palmitic acid. The symmetric peaks at 728 

cm−1 correspond to the swinging vibration of the –OH 

functional group (Sharma et.al, 2016).  

 

   
(a) (c) (e) 

   
(b) (d) (f) 

Figure 11. SEM results of encapsulated PCM with 15 g TiO2 addition at variation of biochar ratio (w/w) (a-b) 1:0; 

(c-d) 1:0.05; (e-f) 1:0.10 
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As previously stated, biochar is a material 

with a microporous structure that has a high surface 

area and good adsorption capacity. The addition of 

biochar to PCM will increase the area of functional 

groups which is beneficial for the absorption and 

dispersion of palmitic acid in biochar to prevent 

leakage phenomena during the phase change process. 

The functional group area of encapsulated PCM at 

different TiO2 additions can be seen in Figure 13 and 

Table 5. The more TiO2 is added, the functional group 

area is decreased.  The reduction of the functional 

group area especially in the -OH and C = O groups 

explain the reduction of the weight loss of the palmitic 

acids means the small leakage phenomena still took 

place with the addition of TiO2 up to 20-25%.  

 

 
(a) 

 

 
(b) 

 

Figure 12. FTIR spectra of encapsulated PCM (a) at 

different TiO2 addition; (b) with 15 g TiO2 addition at 

variation of biochar ratio (w/w) 

 

The addition of 15 gr TiO2 with variations of 

biochar ratio presented in Figure 14 and Table 6. The 

addition of biochar shows an increase in the functional 

group area especially in the -OH and C = O groups. 

Common surface functional groups like C–O, C═O, 

and −OH are normally existed in the pristine biochar 

(Huang et al., 2019; P. Zhang et al., 2022). The 

increment of the mentioned functional group led to the 

improvement of the anti-leakage properties as well as 

the thermal buffering properties as highlighted in the 

previous discussion. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

Figure 13. Functional group area of encapsulated 

PCM at different TiO2 addition (a) 10 g; (b) 15 g; (c) 

20 gr 
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Table 5. Functional group area of encapsulated PCM at different TiO2 addition 

Peak 

No 

Wavelength 

(cm-1) Functional Group 
Area 

TiO2 10 g TiO2 15 g TiO2 20 g 

1 728 Ti-O / -OH 1.53627 0.99995 0.4051 

2 940 -OH  4.94346 1.37485 0.78283 

3 1462 -CH3 and –CH2  4.91949 6.22501 2.32517 

4 1696 C=O 12.51937 7.27449 3.24195 

5 2848 -CH3 and –CH2 3.33931 3.60172 1.26889 

6 2915 -CH3 and –CH2 8.86252 8.64091 3.19392 

 Total Area 36.12042 28.11693 11.21786 

 

Table 6. Functional group area of encapsulated PCM with 15 g TiO2 addition at variation of biochar ratio (w/w) 

Peak 

No 

Wavelength 

(cm-1) Functional Group 

Area 

TiO2 15 g 

(1:0.00) 

TiO2 15 g 

(1:0.05) 

TiO2 15 g 

(1:0.10) 

1 728 Ti-O / -OH 0.99995 1.00765 1.26803 

2 940 -OH  1.37485 2.79589 4.92162 

3 1462 -CH3 and –CH2  6.22501 3.66963 4.48714 

4 1696 C=O 7.27449 8.88959 10.23672 

5 2848 -CH3 and –CH2 3.60172 2.44359 3.18922 

6 2915 -CH3 and –CH2 8.64091 6.16462 8.03638 

 Total Area 28.11693 24.97097 32.13911 

 

 

 
(a) 

 
(b) 

 

 

 
(c) 

Figure 14. Functional group area of encapsulated 

PCM (a) TiO2 15 g (1:0.00); (b) TiO2 15 g (1:0.05); 

and (c) TiO2 15 g (1:0.10) 

 

 

CONCLUSION  

The encapsulated palmitic acid PCM has 

been successfully produced with TiO2 and sugar cane 

bagasse-based biochar as an encapsulating agent as 

well as supporting matrix substance. The addition of 

solely TiO2 as an encapsulating agent up to 1:1 ratio 

to the palmitic acid PCM can minimize the leakage 

tendency during the phase change process up to 10% 

reduction. Remarkably, adding a small amount of 

supporting matrix substance (1: 0.1 w/w) sugar cane 

bagasse-based biochar into the encapsulating solution, 

has led to the production of a leak free palmitic acid 

PCM with enhanced thermal buffering properties. 

Small leakage detected with maximum 1.4% and 
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thermal buffering properties by keeping a package box 

temperature in the range of 2-80C for more than 20 h 

by means small increment of temperature 0.72oC/h. 

The presence of biochar in the PCM-TiO2 

encapsulation system proposed to be reason of the 

improved properties of the palmitic acid PCM with 

additional surface functional group that absorbed 

PCM-TiO2. 
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