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Abstract: The encapsulation of heat storage materials
such as tetradecane, hexadecane and octadecane (OD)
has been extensively studied using various techniques.
The Self-assembling of Phase Separated Polymer
(SaPSeP) method is one of them widely applied for the
preparation of polymer capsule encapsulated heat
storage materials. In this study, the core-shell
polydivinylbenzene  (PDVB)/natural rubber (NR)
capsules encapsulated OD was prepared using the
SaPSeP method by microsuspension polymerization. The
mixture of dispersed phase consisting of DVB, NR, OD
and benzoyl peroxide was added in polyvinyl alcohol
aqueous solution and then homogenized at 5,000 rpm for
5 minutes. The obtained monomer droplet emulsion was
subsequently polymerized at 70 °C for 12 hours resulting
in PDVB/NR capsule encapsulated OD. The influence of
DVB:NR weight ratio on the encapsulation efficiency and
thermal properties of encapsulated OD  were
investigated. The prepared capsules were observed by the
optical and scanning electron microscopes. The thermal
properties of encapsulated OD were determined by the
differential scanning calorimeter and thermogravimetric
analyzer.

Introduction

In recent years, microencapsulation of heat storage
materials have attracted for many applications such as
air conditions of building, solar heat storage and
thermal adaptable fibers [1-3]. Paraffin waxes such as
tetradecane (TD), hexadecane (HD), octadecane (OD),
nonadecane (ND), and eicosane are useful as one
group of numerous numbers of heat storage materials
that melt and solidify at a wide range of temperatures,
making them attractive for many applications [4].
Several methods have been carried out to prepare heat
storage microcapsules. The in situ polymerization to
fabricate the microcapsules and nanocapsules
containing OD core with melamine-formaldehyde
shell [5], resorcinol-modified melamine-formaldehyde
shell [6] were reported. Three types of paraffin waxes
(HD, OD and ND) were encapsulated through complex
coacervation of natural and biodegradable polymers,
gum arabic-gelatin mixture [7]. PS microcapsules
containing paraffin wax were synthesized by
suspension like polymerization [8]. The Self-
assembling of Phase Separated Polymer (SaPSeP)

method is one of many methods applied for the
encapsulation of them [9-12]. The polymer chains .
formed during polymerization in the monomer droplet
are diffused and trapped near the interface based on
surface coagulation and gradually piled at the inner
interface resulting in a polymer shell. After the
completion of polymerization, heat storage material
was encapsulated inside as the capsule core, We have
prepared the microcapsule of Polydivinylbenzene
(PDVB)  encapsulated OD (PDVB/OD) by
microsuspension polymerization utilizing the SaPSeP
method. The prepared capsules are spherical with
smooth outer surface. However, it was found that
some of the capsules are broken during drying process
possibly due to the hard property of PDVB shell.

Natural rubber (NR) is one of the most important
biopolymers in Thailand. It displays excellent
elasticity and flexibility widely used in various
applications such as medical grove and tubing. Then,
the incorporation of NR in PDVB shell is interesting to
reduce the utilization of petrochemical monomer and
improve the mechanical properties of the capsule.

In this study, the preparation of microcapsule
encapsulating OD in polymer composite shell of
PDVB and NR (PDVB/NR/OD) was carried out by
microsuspension polymerization utilizing the SaPSeP
method. The influence of DVB:NR weight ratio on the
encapsulation efficiency and thermal properties of
encapsulated OD were investigated.

Materials and Methods

Materials: DVB (Aldrich; purity, 80%) was
washed with 1 N sodium hydroxide (NaOH) and
distilled water to remove polymerization inhibitors
before use. NR (Thai Rubber Co., Ltd.) was oxidized
with hydrogen peroxide to reduce the molecular
weight. The number-average molecular weight of NR
used in this study is 45,000. Poly(vinyl alcohol) (PVA)
(Aldrich; degree of saponification, 87-90%) was used
as received. Reagent-grade benzoyl peroxide (BPO)
was purified by recrystallization. OD (Merck; 99.5%)
was used as received.

Microcapsules preparation: The microcapsules of
PDVB/NR/OD were prepared by microsuspension



polymerization under the conditions listed in Table 1.
The homogeneous organic phase of DVB/NR and OD
at the ratio of 50:50 %wt/wt (approximately 10 %wt of
aqueous solution) were mixed with BPO (8 %wt of
monomer) and then added to the aqueous phase
containing PVA (1.5 g of PVA in 150 g of water).
Emulsification was carried out by high shear rate at the
speed of 5,000 rpm for 5 min resulting in the organic
phase droplets dispersed in the aqueous medium. The
resulting emulsions were transferred to the reactor and
polymerized at 70 °C for 12 h under N, atmosphere.

Table 1: Recipes for the preparation of PDVB/NR
capsules with encapsulated OD by microsuspension
polymerization® of DVB/NR/OD droplets prepared by
homogenization®

NR (%w of DVB)

Ingredient 0 1 2.5 )
DVB @ 7.5 7.5 75 7.5
NR ® 0.0 0.075 0.188 0.375
oD ® 7.5 7.5 7.5 iz
BPO ) 0.8 0.8 0.8 0.8
PVA ® 1.5 1.5 1.5 136,
Water ) 150 150 150 150

a) 70 °C, 12 h, N,
b) 5,000 rpm, 5 min

Characterization of microcapsules: An optical
microscope (OM) (SK-100EB & SK-100ET, Seek,
Seek Inter Corporation Ltd., Thailand) were used to
investigate the morphology of the surface and the inner
structure of the microcapsules. The OD content in
microcapsule was  determined with  thermo-
gravimetric analyzer (TGA) (TGA 4000, Perkin-
Elmer, USA) using heating rate of 10 °C/min. The
latent heats of solidification (H,), melting (H,,),
solidification (7;), and melting (7,,) temperatures of
OD encapsulated in microcapsule particles in aqueous
solution (solid content: ca 10%) were measured with a
DSC (DSC 4000, Perkin-Elmer, USA) under a N, flow
with the scanning temperature range and rate of 0-40
°C and 5 °C/min, respectively. To compare H; and H,
of the encapsulated OD having different wt% in the
capsule particles and also pure OD, the H; and H,
values were used in the unit of joule per 1 g of
encapsulated OD (J/g-OD). They were calculated from
the cooling/heating peak area of DSC thermogram and
OD content obtained from TGA analysis using the
following equation.

J/g-OD = (A/B)x 100
Where

A = H; or H,, of encapsulated OD in microcapsule
dispersion obtained from DSC thermogram (J/g-
sample)

B = %O0OD in microcapsule dispersion obtained
from TGA thermogram

Results and Discussion

The PDVB/NR/OD microcapsules prepared with
various weight percents of NR were observed with
OM as shown in Figure 1. PDVB/OD capsules were
shown in Figure 1(a). The particles were spherical and
OD core was completely encapsulated with PDVB
shell. When low NR contents were incorporated,
microcapsules were also prepared. At 1 and 2.5 %wt
of NR, the capsules were spherical with complete
encapsulation of OD as shown in Figure 1(b) and (c).
However, at higher NR content, heterogeneous
particles were formed.

Figure 1. The optical micrographs of PDVB/NR/OD
particles. NR (%wt of DVB): (a) 0; (b) 1; (c¢) 2.5 and
s

These results suggested that the present of low
concentration NR did not inhibit phase separation of
PDVB chains formed during polymerization in the
monomer. droplets. Therefore, polymer capsule could
be formed. Nevertheless, the increases of NR until
reach the critical value reduced phase separation due to
high internal viscosity. In this case, the formed PDVB
could not diffuse to the droplet interface resulting in
heterogeneous morphology particles.

The thermal properties of encapsulated OD were
measured with DSC. DSC thermograms of
encapsulated OD in PDVB capsules (Figure 2) showed
that the H,, (153.0 J/g-OD) and H; (151.8 J/g-OD) of
encapsulated OD were lower than those of the bulk
OD (241.7 and 247.0 J/g of H, and Hj, respectively).
In the case of phase transition temperature, 7y, of
encapsulated OD (28.3 °C) was almost the same as
that of bulk OD (30.0 °C). In contrast, T was shifted
to the lower temperature comparing to bulk OD. This
occurrence is namely supercooling.
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Figure 2, DSC thermograms of bulk OD (dot line) and
encapsulated OD (solid line) in PDVB particles
measured at the scanning rate of 5°C/min

In the case of PDVB/NR capsules, the thermal
properties of encapsulated OD were similar as those of
OD in PDVB capsule. H,, and H; of encapsulated OD
were much lower than those of the bulk ones and a
little lower than those of OD in PDVB capsule. It may
be due to the present of NR in OD matrix reduces the
crystallization of encapsulated OD. However, the
increase of NR weight percent from 1 to 5 did not
show significant effect on the thermal properties of
encapsulated OD (Table 2). T, of encapsulated OD
was almost the same as that of bulk OD while 7; was
shifted to the lower temperature comparing to bulk
OD.

Table 2: Thermal properties of encapsulated OD in
PDVB/NR capsule prepared with various weight
percent of NR

Heat of transition (J/g-OD)
NR (%owt of DVB)
Hs Hm
0 151.8 153.0
1 124.2 129.2
25 126.3 124.8
5 128.1 144.2

TGA analysis showed the degradation temperature
and the composition of the capsule. The degradation of
PDVB/NR/OD capsule composes of three steps of
water, OD and PDVB, respectively (Figure 3(d)). The
NR (1 %wt of DVB) degradation was not observed
due to low content.

100 9
90 4
80 1
70 1
601 (b)
50 1
40 1
30 4 (d (c)
20 1
10 9

(a)

Weight (%)

0 200 400 600 800
Temperature (°C)

Figure 3. TGA thermograms of (a) bulk OD, (b) NR
latex, (¢) PDVB and (d) PDVB/NR/OD capsule
(1 %wt of DVB) measured at the heating rate of

5°C/min

Conclusions

The microcapsule of PDVB/NR encapsulated OD
was successfully prepared by microsuspension
polymerization utilizing the SaPSeP method. The
increase of NR content gradually reduced phase
separation of PDVB formed during polymerization
due to the increase of internal viscosity. At low NR
content, 1 and 2.5 %wt, the capsules were obtained.
However, at 5% wt, only heterogeneous particles were
found. The thermal properties of encapsulated OD in
the capsule were lower than those of bulk as in the
case of PDVB capsule. However, there is no
significant influence of NR content on the thermal
properties of encapsulated OD.
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Introduction
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Natural Rubber

® cis-1,4- polyisoprene

http://en.wikipedia.org/wiki/Natural_rubber

® Amorphous polymer with Tg =-70 °c
® High flexibility

Experimental

Monomer droplets

Homogenized

| 70°c/ 12 hr/ N,

——

stirring rate
200 rpm

Polymer capsule

Fig. 1 Schematic of the preparation process of PDVB/NR/OD capsules

by suspension polymerization



Table 1 Recipes for the preparation of PDVB capsules with
encapsulated OD by suspension polymerizations @ of DVB/NR/OD
droplets prepared by homogenization

NR (wt%)
Ingredients 0 1.0 2.5 5.0

DVB  (g) 75 75 75 7.5
NRO  (g) : 008 02 0.4
oD ) 7.5 7.5 7.5 7.5

BPO 9) 0.6 0.6 0.6 0.6
PVA 9) 1.3 15 1.5 1.8
Water (g) 150 150 150 150

@N,, 70°C, 12 h
b)'5,000 rpm, 5 min
¢ Molecular weight: 65,000 and 48,000

Abbreviations: DVB, divinylbenzene; NR, Natural rubber; OD, octadecane;
BPO, benzoyl peroxide; PVA, poly(vinyl alcohol) 9

Results and Discussion

2 2 YR <
$ b ol ; -,lr"\r\

Fig. 2 Optical micrographs of PDVB/NR/OD particles prepared with various
amount of NR (Mn = 65,000). NR (wt%): (a) 0; (b) 1.0; (c) 2.5 and (d) 5.0 10



Fig. 3 Optical micrographs of PDVB/NR/OD particles prepared with various
amount of NR (Mn = 48,000). NR (wt%): (a) 0; (b) 1.0; (c) 2.5 and (d) 5.0 1

100 1
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0 200 400 600
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Fig. 4 TGA thermograms of (a) OD, (b) NR latex, (c) PDVB particles and
(d) PDVB/NR/OD capsule, recorded with a heating rate of 5 °C/min

12
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Fig. 5 DSC thermograms of OD (——) and encapsulated OD in PDVB (DVB/OD
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Fig. 6 DSC thermograms of encapsulated OD in PDVB particles, prepared
with various amount of NR. NR (wt%): (a) O; (b) 1 and (c) 2.5
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[ Problems with OD encapsulation]

o Encapsulation
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Problems: * Supercooling
* Reduced heats of crystallization and melting

Conclusions
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15.1.4 Lﬂ%ﬂﬁ Thermal Gravimetric Analysis (TGA)

15.1.5 m'f?m Differential Scanning Calorimeter (DSC)

15.1.6 Lﬂ%‘@\i Gel Permeation Chromatography (GPC)

15.1.7 m?m Fourier-transform Infrared Spectrophotometer (FT-IR)
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2) P. Chaiyasat, Y. Ogino, T. Suzuki, M. Okubo, Influence of water domain formed in hexadecane core
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