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Abstract

Keywords

Butyl stearate as a phase change material was microencapsulated
within melamine-formaldehyde resin using emulsion polymerization.
Morphology and thermal specification of produced microcapsules
were studied by Fourier transform infrared spectroscopy, FT-IR, scanning electron microscopy, SEM, and Differential scanning calorimetry
analysis, DSC. FT-IR spectra validated the existence of the butyl stearate in the core of microcapsules. SEM graphs showed that melamine
formaldehyde polymer without core was spherical and almost uniform
with an approximate size of 2µm and microcapsules of butyl stearate in
melamine formaldehyde shell were also spherical with the average diameter of 4µm. DSC results showed that microencapsulation reduced
the latent heat of melting and freezing of butyl stearate and increased
melting point. The performance of the produced microcapsules was
obtained 36.64%. Moreover, the efficiency of energy storage by the microcapsules was obtained about 40%. It was observed that the rate of
thermal energy conservation was high during the phase change process of microcapsule core and it was reducing after completion of the
melting process.
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1. Introduction

H

eat storage systems are utilized in the recovery and preservation of energy source
and solar thermal systems [1]. Due to its
high heat capacity and small temperature variation during energy absorbing and releasing process, latent heat storing has drawn interest as an
effective approach
1 for energy storage and recovery
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In a latent heat storage system, energy is stored
by melting a phase change material (PCM) and
released during freezing of it [2].

Heretofore, various PCMs have been investigated
for application in the latent heat storage systems
[3-6]. PCMs have been widely used for heat storage in some systems, such as heat pumps and solar systems [7-8]. In the last decade, many studies
have been performed on application of these materials for cooling and heating of the buildings,
maintaining comfort temperature inside an au-
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tomobile, smart temperature-adaptable textiles,
heat exchangers, etc. [9-11].

Along with their benefits, PCMs have some disadvantages such as necessity of using a special device or heat transfer surface, which imposes an
extra cost and creates a thermal resistance between PCM and environment. Extensive studies
have been done on using a new system, namely,
fixed-shape PCMs, formed by combining phase
change materials with a preserving based material, usually a polymer. This composite is useable
directly with no extra devices in different applications. Although these compositions can maintain
their own shapes during the phase change from
solid state to liquid state, the PCMs are inclined to
move towards the outer boundary and gradual
leakage [12].
The other disadvantages of phase change materials are low heat conductivity and, consequently,
low heat transfer intensity, volume change during
phase change, and reaction to the surrounding
environment.
Microencapsulation is one of the most effective
ways to overcome the above disadvantages. It is a
process wherein the discrete particles or drops
are covered with a continuous film and formed as
a capsule within the size range of 1µm to 1mm
[13].

PCMs microcapsules consist of two main parts:
the core, including a PCM, and a polymeric or an
inorganic shell. Generally, there are different
physical, chemical, and physiochemical methods
of microencapsulation. [14-16]. Chemical methods are usually along utilized with a polymerization process. This process can be surface, emulsion, or suspension polymerization. In the emulsion polymerization, monomer is firstly emulsified using a surfactant in the polymerization medium. Then, an initiator enters the continuous
phase and starts the polymerization [17].

Baek et al. prepared the nano-capsules of noctadecane PCM using emulsion polymerization
of styrene. The encapsulation efficiency was obtained about 66.7% by using an appropriate surfactant [18].
Alkan et al. studied microencapsulation of some
phase change materials by using emulsion
polymerization. They used poly methyl methacrylate as the polymer shell and observed that

PMMA/PCM microcapsules had high potential in
storing thermal energy [19].

There are other studies on preparing PCM microcapsules using emulsion polymerization by other
researchers [20-21].

Fatty acids are included as one of the phase
change materials. The advantages of these materials are unified melting process, chemical stability and lack of intoxication, and inappropriate
range of meting temperature when used in solar
systems. These specifications have made them
suitable for applications such as heating or cooling of the buildings and solar systems [22]. Butyl
stearate is a fatty acid with phase change temperature of about 20oC that has relatively high heat
storage capacity. Therefore, it can be used as an
effective thermos-regulating material at room
temperature. For example, microencapsulated
butyl stearate can be used as an additive in indoor or outdoor coatings or it may be built in insulating materials, such as foams.
Melamine formaldehyde resin is commonly used
in industry. It has great mechanical strength and
desired thermal resistance. The thermal decomposition temperature of melamine formaldehyde
is above 300oC, which is suitable for use as wall
material of the microcapsules.

In the present work, butyl stearate is microencapsulated using melamine formaldehyde polymer as shell. Fourier transform infrared spectroscopy (FT-IR), scanning electron microscope
(SEM), and differential scanning calorimetry
(DSC) are used for analyzing the microcapsule
structure and specifications.

2. Materials and Methods
2.1. Materials
Butyl stearate, polyvinyl alcohol, sodium carbonate, sodium lauryl sulfate (SLS), melamine, 37
% formaldehyde, and acetic acid were purchased
from Merck Company.
2.2. Microencapsulation procedure
The microencapsulation process was performed
in 3 steps as follows:

Melamine formaldehyde prepolymer preparation:
4.9gr of Melamine and 9.5gr of 37% formalde-
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hyde were added to 100mL of distilled water.
Then, pH was adjusted to 8.5–9.0 by 10% sodium
carbonate solution. Then, the mixture was magnetically stirred at 60°C for 1h to prepare melamine–formaldehyde prepolymer.
Preparation of emulsion: 10gr of butyl stearate
was added to 100mL of 1% SLS aqueous solution
and stirred vigorously by a mechanical stirrer
with the rate of 1000rpm. After about 30min, a
relatively stable oil in water emulsion was
achieved.

Polymerization: The prepared emulsion was added to the prepolymer to start polymerization, and
the pH was regulated to 4.0 –5.0 by acetic acid.
Subsequently, in order to prevent the agglomeration of emulsion droplets, 0.6gr of poly vinyl alcohol was added into the emulsion/prepolymer
system and the mixture was stirred at 50°C for
1h. Finally, the obtained slurry was filtered,
washed in distilled water, and dried at room temperature to obtain microcapsule powders.
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heating/cooling rate of 10°C/min, in the temperature range of 0-60°C.

Furthermore, an instrument was designed and
built to analyze the trend of storing thermal energy by the produced microcapsules. This device
consisted of a glass column with10mm diameter
and height of 30cm, which was filled with the microcapsules. The device had two glass containers
on the top and the bottom of the column. Water
with temperature of 50°C entered the column
with constant flow, and reached the lower container after heat exchange with the microcapsules. The rate of heat absorption by the microcapsules was obtained by measuring the difference of the water temperatures in the two containers. Moreover, the system was completely
insulated during the test. Fig. 1 shows a schematic
view of the instrument.

2.3. Morphology and thermal analysis
Fourier transform infrared spectroscopy, FT-IR,
(by Spectrum65, Perkin Elmar, USA) was used for
qualitative identification of functional groups and
the chemical bonds in the samples.

The samples during this test were grinded in a
mortar with KBr salt. The mixture was reformed
into a tablet due to the siege on it. The tablets
were placed in a container inside the spectrophotometer (FT-IR), and the spectrum of each sample
was obtained to be in the wavenumber range of
450-4000cm-1.

A scanning electron microscope, SEM, (XL30,
Philips, Netherlands) was used for morphological
identification of the surface and the method of
accumulation, and shape and size of particles. In
this test, the surface of the nonconductor samples
was covered by gold to obtain an appropriate
conductivity on the surface. Electron radiation
strikeed the surface of the material, scanning all
the points on the sample. Thus, a topographical
image was obtained from the surface of the material.
Differential scanning calorimetry “DSC” (Diamond
DSC, Perkin Elmar, USA) was used to analyze the
phase change properties of the microcapsules.
This test was performed under nitrogen, with the

Figure 1. A schematic view of the thermal energy storage
device

3. Results and Discussion
3.1. FT-IR spectrum
The results from FT-IR test on pure butyl stearate
samples and microcapsules are shown in Fig. 2.
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Pure butyl stearate and microcapsules FT-IR
spectra are shown in Figs. 2(a) and 2(b), respectively. Absorption peak in both figures (close to
2927cm-1) is related to C-H bond. The absorption
peak near 2856cm-1 is known as aldehyde C-H
bond, having weak absorption near 27502850cm-1 always being placed in the right side of
C-H absorptions. Also, there are no absorption
bonds in 1800-2650cm-1 in both spectra. The absorption peak in both graphs in 1741cm-1 shows
C=O bond, and this bond is known as carbonyl
group, which includes strong absorption in 16601820cm-1 range. In both figures, the absorption
peak in 1175cm-1 shows C-O bond. C-O strong
absorptions usually occur in 1000-1300 range.
FT-IR spectra in both graphs are almost identical,
having slight differences in partial peaks, which
are negligible. This validates the existence of the
butyl stearate in the core of microcapsules.

Figure 3. SEM images of (a) polycondansed melamine
formaldehyde without core material, (b) melamine formaldehyde microcapsules containing butyl stearate as
core

3.2. Results from scanning electron microscopy imaging

Figure 2. Graphs of infrared spectra; (a) pure butyl stearate, (b) butyl stearate microcapsules

Fig. 3 shows SEM images related to polycondansed melamine formaldehyde without core
material and melamine formaldehyde microcapsules containing butyl stearate as core. Fig. 3(a)
shows SEM images of melamine formaldehyde
polymer. It is seen that polymer granules are
spherical and almost uniform with an approximate size of 2µm. Fig. 3(b) of SEM shows microcapsules of butyl stearate in melamine formaldehyde shell. These particles are also spherical with
the average diameter of 4µm. in fact, placement of
butyl stearate as the core in the polymer shell
increases its volume. Thus, the size of microcapsules is about twice that of the pure polymer. It is
seen that the microcapsules particles are reunited, while the polymer particles do not generate
agglomeration. The method used in preparation
of microcapsules is emulsion polymerization. In
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this method, the melamine-formaldehyde prepolymer is first prepared. Then, the emulsion of butyl stearate in water is formed by the assistance
of a surfactant. When prepolymer is added to the
emulsion, it likely reduces surface tension of water and butyl stearate and, consequently, agglomerates the droplets during polymerization. Therefore, it seems to be the reason of reuniting of final
microcapsules. However, it has no considerable
effect on performance of microcapsule.

Figure 4. DSC graphs related to raw butyl stearate (a)
heating, (b) cooling

3.3. Results from DSC thermal analysis
Figs. 4 and 5 show the DSC graphs of pure butyl
stearate and the prepared microcapsule, respectively.
Thermal properties attained in DSC thermal analysis are shown in Table 1. It is seen that the latent
heat for melting and freezing of butyl stearate is
considerably reduced by microencapsulation. The
performance of the produced microcapsules can
be obtained by the following relation:

𝐸𝐸𝑒𝑒𝑒𝑒 =

∆𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

∆𝐻𝐻𝑚𝑚𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

× 100

151

(1)

The performance of the produced microcapsules
is obtained to be 36.64%. Moreover, the efficiency
of energy storage by the microcapsules is obtaining as follows:
𝐸𝐸𝑒𝑒𝑒𝑒 =

∆𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + ∆𝐻𝐻𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

∆𝐻𝐻𝑚𝑚𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡𝑒𝑒 + ∆𝐻𝐻𝑐𝑐𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
× 100
(2)

The value of this relation is 39.44%.

Figure 5. DSC graphs related to butyl stearate microcapsule (a) heating, (b) cooling

3.4. Thermal energy storage test results
Fig. 6(a) shows the rate of heat transfer from water without microcapsules as reference for comparison with thermal storage of microcapsules.
Fig. 6(b) shows the trend of storing of thermal
energy by hot water flow from a column of prepared microcapsules.
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It is observed in Fig. 6(b) that the rate of thermal
energy conservation is high during the phase
change process of microcapsule core, and it is
reduced after melting process is completed. In
fact, the duration of using microcapsules can be
obtained by this graph for using in thermal energy storage. Comparing with reference curve, it is
seen that the rate of thermal energy storing in the
microcapsules is higher than heat transfer form
water to ambient.

is high. In the present work, microcapsules were
prepared with average diameter of 4μm, which
was very low in comparison with previous works.
For example, Liang et al. Used polyurea as wall
material. The particle diameter of microcapsules
in their study was about 20-35μm [23]. In another work by Lu et al., butyl stearate was microencapsulated via polyurea polymer. They produced
microcapsules with the size of 4.5-10.2μm [24].
Bendic and Amza produced polymethylmetacrylate (PMMA) microcapsules containing the butyl
stearate as core with average diameter of 95μm
[25]. Alic et al. investigated the effect of pH on the
composition and thermal stability of melamine
microcapsules containing butyl stearate. They
prepared microcapsules with the diameter of 2050μm [26].

4. Conclusion
Microencapsulation of butyl stearate phase
change material by melamine formaldehyde polymer shell was considered in this study. The prepared microcapsules were almost spherical with
a diameter of about 4µm. the efficiency of the
prepared microcapsules was obtained to be
36.64% and the efficiency of energy storage by
the microcapsules was 39.44%. Also, the rate of
supercoiling increased by about 1.7oC by microencapsulation.
The special result of our work is the small size of
obtained microcapsules. Microcapsules of small
size have high contact surface for heat transfer.
Therefore, rate of thermal energy storage in them

Supercooling
(℃ )
8.07
9.81

T melting (℃ )

20.99
23

H melting (J/g)
92.0535
33.728

T freezing (℃ )

12.92
13.19

H freezing (J/g)
102.6385
-43.0616

Figure 6. (a) rate of heat transfer from water without
microcapsules as reference curve, (b) rate of energy storage with time, by microcapsules

Microcapsule
containing butyl
stearate

Butyl
stearate

Material

Table 1. Thermal properties of butyl stearate PCM and
microcapsules containing butyl stearate as core

Symbols
Een
Ees
H freezing
H melting
T freezing
T melting

Microcapsule performance
Energy storage efficiency
Latent heat of freezing
Latent heat of freezing
Freezing point
Melting point
Latent heat of microcapsule
ΔHc, microcapsules
crystallization
Latent heat of butyl stearate
ΔHc, butyl stearate
crystallization
Latent heat of
ΔHm,microcapsules
microcapsule melting
Latent heat of butyl stearate
ΔHm, butyl stearate
melting
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