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Microencapsulation of Paraffin Wax in Melamine-Formaldehyde for

use in Thermal Management Study
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Abstract: Melamine formaldehyde microcapsules containing paraffin wax as phase change material (PCM) were

synthesized. Free space was generated in-situ inside microcapsules.

These were characterized by FTIR

Spectrophotometer, Scanning electron microscope (SEM), Differential Scanning colorimeter (DSC), and optical
microscope. It was confirmed that PCM was successfully encapsulated inside the shell material. Encapsulated PCM
showed good phase change properties during heating and cooling. Enthalpy value of about 100 J/g was observed. The
shape of the microcapsule, showing rough morphology is expected to help during processing and crystallization. It has
been experimentally confirmed that no leakage occurs during the melting of PCM. Effectiveness in temperature control in

a hot environment was also found to be satisfactory.
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INTRODUCTION

Dissipation of heat generated by equipment kept in
confined compartments/areas is a prerequisite for the
satisfactory  operation of electronic  systems.
Conventional cooling systems like air conditioning and
the use of heat sinks are not viable options for
temperature reduction in such areas where space is a
limitation. The use of phase change material (PCM)
can be considered as a promising method for the
management of heat in the confined area. PCMs are
environmentally benign salts or organic compounds,
which store and release latent heat through a phase
transformation [1-4]. PCM performs like conventional
material i.e. its temperature raises as it is exposed to
heat. However, near the melting point, it absorbs a
large amount of heat without an increase in
temperature accompanied by a change of phase.
When the temperature drops below the melting
temperature it solidifies, releasing its stored heat to the
environment. Thus, PCM absorbs and emits heat while
maintaining nearly a constant temperature [5]. Such
materials store and release 2 to 14 times more thermal
energy than conventional heat storage materials [6,7].
Paraffin wax, carboxylic acid, sodium sulfate
decahydrate, calcium chloride hexahydrate etc. fall in
the category of PCM, possessing such properties.
Further, latent heat being quite appreciable, a relatively
small amount of material will be required for large heat
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release. Hence these materials can be employed for
efficient thermal management of systems having heat
sources.

During the change from solid to liquid, PCMs start
flowing. One of the main challenges in using PCM is
the arrangement by which they are contained for
repeated use. Various methods of containment have
been reported in the literature [7,8]. PCMs are packed
in aluminium, steel and plastic containers of various
sizes and shapes and deployed appropriately in
building for their functions [9]. It can also be
impregnated into panel boards and concrete.
Microencapsulated PCMs, when incorporated as filler
in paint, can be used for thermal management [10].
Microcapsules, having large surface areas enable
faster heat transfer between PCM and the environment
[11]. Various methods are being followed for the
preparation of microencapsulated materials such as
vacuum encapsulation, spray drying, fluidized bed
coating, electrostatic encapsulation [12] and complex
coacervation of gelatin and gum arabic [13] interfacial
polymerization [14]. The most common method is in-
situ polymerization [15].

Microencapsulated PCMs expand and contract
during the phase change process of the core with an
order of magnitude of 10% [16]. The difference in
expansion coefficient between core and shell may lead
to capsule rupture. Hence a free expansion space is
required to be maintained inside the microcapsule
which can prevent this rupture. Lee ef al. [17]
synthesized microcapsules by using a mixture of PCM
and a volatile solvent as a core and subsequently,
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heat-treating the microcapsules in an oven at 100°C to
remove the solvent and generate the space for
expansion.

In this study, an attempt has been to encapsulate
PCMs in-situ in an expanded state inside melamine
formaldehyde (MF) microcapsules, well above its
melting point. Microencapsulated PCMs were
characterized by various analytical and instrumental
methods. The performance of capsules as a heat-
regulating material was studied.

EXPERIMENTAL

Materials

Melamine (99.9%) and paraffin wax were procured
from Sigma Aldrich chemicals, formaldehyde (37 - 40%
W/V) from BDH chemicals, (India), sodium hydroxide
and hydrochloric acid, from S.D. Fine chemicals (India)
Limited. All chemicals were of analytical grade
reagents and used as received without purification.

Microcapsule Synthesis

Microcapsules were synthesized by following the
procedures of Lee et al. [17], and Zhang et al. [18].
Figure 1 shows the schematic of the synthesis
procedure. Prepolymer solution was prepared by
mixing 10.0 g of melamine, 19.5 g of formaldehyde in
20 ml of distilled water. The solution was maintained at
pH 9 by using sodium hydroxide solution. The mixture
was heated to 75°C under stirring. Stirring was
continued till the mixture became transparent.

Synthesis of Microcapsules

Melamine +Formaldehyde

70°C Microcapsules

Prepolymer

Figure 1: Schematic of Microcapsule synthesis.

200 ml of distilled water was taken in a separate
beaker and heated up to 75°C. Molten wax at 65°C
was added under stirring to distilled water and agitated
at 1000 rpm for 15 min. The pH of the mix was

adjusted to 4 by using a hydrochloric acid solution.
Prepolymer solution was added to the above mixture
slowly under stirring and maintained at 75 °C for 1
hour. Microcapsules formed were separated by
filtration, washed repeatedly with water, followed by n-
hexane and dried at ambient temperature under
reduced pressure for 16 hours. Microcapsules were
also prepared by varying the quantity of core material.

Particle Size Analysis

Particle size analysis was performed by using a
particle size analyzer. (MASTERSIZER 2000,
MALVERN, Worcestershire, UK). Microcapsules were
dispersed in water. A drop of surfactant (Trton X-100)
was added for the complete dispersion of
microcapsules. The result was obtained as particle size
distribution.

Determination of Paraffin Wax in Microcapsules

The amount of paraffin wax in a microcapsule was
determined by extracting wax through soxhlation using
n-hexane. A known weight of microcapsules was
crushed and transferred to a weighed thimble. After 8
hours of extraction, the solvent with extracted wax was
subjected to distillation. After most of the solvent was
removed residue in the flask was transferred to a Petri
dish and dried to constant weight in an oven at 85°C.

FTIR Spectroscopy

Spectra of shell and core material extracted from
soxhlet apparatus were recorded on an Infrared
spectrophotometer (FTIR NICOLET 5700, Thermo
electron scientific instruments, Madison, USA). Spectra
was obtained in transmittance mode at a resolution of 4
cm™ and 32 scans. Pellet was prepared by mixing shell
and core materials separately with KBr. FTIR spectra of
pure wax and melamine formaldehyde resins were also
recorded in a similar way.

Thermal Analysis

Wax, melamine formaldehyde and microcapsules
with 80:20 core-shell ratio were characterized by DSC
(Setsys TG-DSC 16, TA instruments. New castle, USA)
in the temperature range of 25-250°C @ 20° /min.

Hot Stage Optical Microscope

Microcapsule size, shape and melting of wax
present in the capsule were examined by hot stage
optical microscope (Leica DMLD). Microcapsules taken
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on a glass slide were kept on the platform of a hot
stage microscope. The sample was slowly heated from
ambient temperature to 65°C, held for 2 min at 65°C
and then cooled to ambient temperature. This process
of heating and cooling was repeated 15 times. The
entire process was recorded in a high-resolution
camera.

SEM Analysis

Shell morphology and shell thickness
measurements were carried by Scanning Electron
Microscope (SEM) (Zeiss Leo, 1455 Scanning Electron
Microscope / Oxford INCA EDS). Microcapsules were
mixed with epoxy resin and polyamine hardener. The
free film was prepared by pouring the mixture on self-
release paper. After complete drying, microsphere
incorporated film was fractured and the cross-section
was examined under SEM. Prior to imaging test
coupons were sputter-coated with gold.

Performance Evaluation of Capsules

PCM Microcapsules packed in a pouch was taken in
a thermally insulated container fixed with the
thermometer. A similar container containing a pouch
with the same quantity of melamine formaldehyde resin
powder (microcapsule shell material) was used as a
control. An equal quantity of water, preheated to 85°C,
was poured into containers. The temperature of the
containers was recorded continuously at regular time
intervals.

RESULTS AND DISCUSSION

At melting temperature, the expansion coefficient of
PCM is more than that of shell materials (such as
melamine formaldehyde, urea formaldehyde etc.) in
which they are encapsulated. Micro PCM expand and
contract during the phase change process of the core
to the extent of 10 volume%. This difference in
expansion leads to the rupture of the microcapsule.
Maintaining free space inside the microcapsule will
avoid aforesaid rupture at around melting temperature
of the wax. It is reported [17] that free space inside the
microcapsule can be generated by encapsulating PCM
mixed with volatile solvent followed by heat-treating the
microcapsules. During heat-treating, the solvent
present in the capsule is removed and free space is
generated. This is a two-step process.

We have adopted a novel technique of incorporation
of wax in the microcapsule along with free space in
absence of solvent. Volume expansion of PCM is

directly proportional to the temperature. If the
encapsulation process is carried out at a temperature
higher than the melting point of PCM, it occupies more
volume during the encapsulation process. When cooled
to ambient temperature, volume contraction of the core
will result in in-situ generation of free volume inside the
capsule. It is known that the linear expansion
coefficient of paraffin wax is 0.00011k™. This is about
30% higher than that of polystyrene [18,19]. It is
expected that for melamine formaldehyde this value will
be similar or lower. The selection of this resin was,
therefore, made to contain wax inside microcapsules.
Further, the thermal conductivity of paraffin wax is
found to be 0.25 wm 'k [20]. This value is lower than
that of epoxy. The thermal conductivity of melamine
formaldehyde resin is expected to be similar to that of
epoxy. This indicates that heat flow through the shell
will be reasonable. The characterization of the
microcapsule and their performance evaluation are
discussed in this paper.

Microcapsule core paraffin wax is soluble in n-
hexane whereas the shell is insoluble. When crushed
capsules are extracted with n-hexane, wax dissolves in
solvent leaving behind an insoluble melamine
formaldehyde shell. From gravimetric estimation, it is
found that core and shell materials are well present in
capsule in 82:18 wt. ratio.

Particle Size Distribution Study

PCM melts by absorbing heat from hot surroundings
and solidifies liberating heat after reaching sub-melt
temperature during the reverse process. Heat flow
occurs through the surface of the PCM; the larger the
surface area faster the heat flow. Usually during
synthesis microcapsules of various sizes are formed.
Figure 2 shows the particle size distribution of
microcapsules as observed by the particle size
analyzer. Size varies from 6 ym to 1000 ym. However,
most of the particles fall in the size ranges 90-400 ym.
This is expected to be quite satisfactory for thermal
management application.

SEM Study

Figure 3a and b shows the electron micrograph of
fractured microcapsules. It is seen from SEM
micrograph of wax microcapsule (a) that the
microcapsule is spherical in shape and the shell is
having rough morphology on its surface [21]. Such
rough morphology of shell will provide good adhesion
between microcapsule and resin matrix when



Microencapsulation of Paraffin Wax in Melamine-Formaldehyde

Journal of Research Updates in Polymer Science, 2021, Vol. 10 87

LT TSR S SN R A

VOIUmeE L% )

4
8
7
5]
5
4
3
2
1
B

| 0. 1

10 100 1000

Particle Size (pm)

Figure 2: particle size analysis of microcapsules.

(@)
Figure 3: SEM Micrographs of (a) PCM capsules: (b) Half broken Capsule embedded in film.

incorporated in  polymer matrix/coatings. The
micrograph of a cross-section of film, containing half-
broken microcapsules, can be seen from 7(b). The gap
between the microcapsule shell and core can be clearly
seen from this figure. This is what is exactly required
for the melting/ solidification performance of
encapsulated PCM. The thickness of the shell for
80:20, 75:25 and 65:35 compositions are in the range
of 0.25-0.45 pm. As expected the thickness increases
with an increase of shell material in the composition.

FTIR Spectroscopy Analysis

Figures 4 and 5 shows FTIR spectra of wax and
extracted core. Both the spectra are closely matching
with characteristic peaks for C-H stretching and
bending vibrations at 2915 cm”, 1474 cm™ and
729 cm’ respectively. This establishes that the wax is
encapsulated in the side of the resin shell. Spectra of
pure melamine formaldehyde resin and shell material
are shown in Figure 3. Characteristic peaks of a N-H
stretching vibration at 1571 cm” and a small hump at
around 3300 cm™ are observed in both. C=0 stretching
vibration at 1650 cm™, C—H stretching vibration at 1460

(b)

cm”, C-N stretching vibrations at 1286 and 1142 cm’
are also present in both the spectra. This indicates that
shell material consists of melamine formaldehyde resin
[22].

Thermal Analysis

Figure 6 shows DSC thermogram for wax, It can be
observed from curve (a) that two strong endothermic
peaks appear at 40 and 55°C respectively. It is due to
two stages of melting of wax, which may be due to
different molecular weight fractions present in the wax.
DSC thermogram of microcapsule (curve (b)) also
shows endothermic peaks at 40 and 55°C
corresponding to wax melting. The area under the
melting peaks is used to calculate the latent heat of
melting [23] of wax present in the capsule. The latent
heat of melting of wax is found to be 18% more than
that observed when present in the microcapsule. This
is due to the fact that microcapsule contain both wax
and melamine formaldehyde polymer (MF). Latent heat
concerns the melting of the wax. There is no physical
change of MF associated with latent heat. The total
latent heat per unit weight of the capsule is, therefore,
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Figure 4: FTIR spectra of (A) wax, (B) core material of microcapsule.
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Figure 5: FTIR spectra of (A) Melamine formaldehyde, (B) shell material of microcapsule.

lower than pure wax. In addition to this presence of MF
resin will also affect the crystallization which in-turn
affects latent heat [24].

Hot Stage Optical Microscope Study

Microcapsules with varying core-shell ratios were
evaluated for thermal stability on a hot stage optical
microscope by heating above the melting temperature
of the wax. With increasing core quantity the stability of
microcapsules is found to decrease (Table 1). At 90:10
core-shell ratio, some free un-encapsulated wax was
found to flow away at melting temperature wax. At
85:15 core-shell ratio, no free wax was found but
capsules ruptured at a temperature slightly above the

melting temperature of the wax. Microcapsules with
80:20, 75:25, and 65:35 core-shell ratios were found to
be stable up to 160°C. At core-shell ratios 50; 50 and
below some fine particles of irregular shape are
observed along with stable microcapsules. These fine
particles do not melt and also remain stable up to
160°C. These may be free MF resin powder. It is
expected, as the amount of shell material is more than
that utilized for forming microcapsules.

Figure 7 shows the optical micrograph of PCM
microcapsules. Dark-coloured spherical microcapsules
can be seen in the micrograph (a) captured at ambient
temperature. When heated the microcapsules turns to
transparent white at 60°C (b). This is due to the melting
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Figure 6: DSC thermo grams of PCM capsules, (a) Free wax, (b) Encapsulated wax.

Table 1: Core-Shell Characteristics of Microcapsules

Core Shell Core to shell ratio Remarks

75 10.3 88:12 Free wax found
Capsules were fragile and broken when heated to

63 10.3 85:15 melting temperature, due to very thin shell
43 10.3 80:20 capsule were stable up to 180°
32 10.3 75:25 capsule were stable up to 180°
19 10.3 65:35 capsule were stable up to 180°

10.3 10.3 50:50 Free polymer powder was found
5 10.3 32:58 Free polymer powder was found
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Figure 7: Hot stage optical microscope images: At room temperature (a); At 60° (b); and after cooling to room temperature (c).

of wax present in microcapsules. During melting the
crystallites turn amorphous and isotropic. Therefore,
the region appears bright. This originates from the use
of bright/dark field analysis strategies. Microcapsule
again turns dark when cooled to ambient
temperature(c). Microcapsules were subjected to
several cycles of heating/ cooling. It is observed that
capsules except 90:10 and 85:15 core-shell ratios are
stable at working temperature. No degradation or
change in behavior has been observed after repeated
heating/cooling cycles.

Performance Evaluation of Microcapsules

The cooling performance of capsules was studied
with respect to control temperature and it was
measured at regular intervals of 30 seconds, and the
temperature was plotted against time. A similar study
on the heat storage-dissipation performance and
thermal stability of the sugarcane wax—based
composite PCM layer was reported by Tangsiriratana
et al. [25]. From Figure 8a it can be seen that the initial
drop in temperature of the medium is much faster in
presence of microcapsules with PCM as compared to
that without PCM. Which can be attributed to the
absorption of heat by PCM in the capsules during its
transformation of phase change solid to molten liquid?

(r-1,)

temperature, t; = final temperature) is plotted against
time for experimental sample and control. The slope of
the plot for PCM containing microcapsules is almost 3
times higher than that of the control (without PCM).
This is due to fact that encapsulated wax absorbs a
large amount of heat during melting and results in a
quick fall in temperature reduction is due to radiation
loss only. This behavior establishes the effectiveness
of encapsulated PCM for the thermal management of
confined space with a heat source. The slope of the
plot for PCM containing microcapsule is almost 3 times
higher than that of the control (without PCM). This is

In Figure 8b, (where, t; = initial

(c)

due to the fact that encapsulated wax absorbs a large
amount of heat during its melting and results in a quick
fall in temperature. A container without PCM shows
slow cooling as the temperature reduction is due to
radiation loss only. This behavior establishes the
effectiveness of encapsulated PCM for the thermal
management of confined spaces with a heat source.
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Figure 8: Performance of PCM capsules: Plot of temperature
of the system with time during heat release (a); Plot of (ti-t;)/t;
vs. time for during its transformation of phase change solid to
molten liquid (b).

CONCLUSIONS

Paraffin wax (PCM) was successfully encapsulated
in melamine formaldehyde shell, with a core to shell
ratio of 80:20. The average particle size of
microcapsules was 100 microns and the Shell
thickness was around 0.45um. Microcapsules were
showing no leakage of wax during melting. Hot stage
optical microscope has exhibited a change of
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appearance during melting and  subsequent
crystallization. SEM micrographs exhibited rough
morphology ~ of  microcapsules. The broken

microcapsules show the presence of a gap in between
shell and core that indicates the presence of sufficient
space during expansion because of melting. The
decrease of melting enthalpy of PCM incorporated
microcapsules is well understood due to the presence
of non-PCM shells as diluent. Encapsulated PCM
showed fast cooling of a medium at a temperature
higher than the melting point of the wax. Which can be
useful to maintain the temperature in a confined space
with a heat source. However, this provides an effective
solution in the case of pulsating type heat source? For
continuous heat source this can be augmented with
active cooling systems for better efficiency.
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