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Thesis Title Preparation of poly(methyl methacrylate-co-divinylbenzene) capsules

encapsulated heat storage material by suspension and miniemulsion

polymerizations
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Program Innovative Chemistry
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Thesis Co-advisor Mr. Somporn Moonmangmee, Ph.D.
Academic Year 2015
ABSTRACT

The research was conducted to study the preparation of poly(methyl methacrylate-co-
divinylbenzene) (P(MMA-DVB)) micro- and nanocapsules encapsulated Rubitherm27 (RT27) by
suspension and miniemulsion polymerizations in aqueous disperse system, respectively.

The preparation of copolymer microcapsules by conventional radical microsuspension
polymerization (microsuspension CRP) for the starting condition of copolymer nanocapsules
preparation was studied. According to the study of the ratios of monomer:RT27 and methyl
methacrylate:divinylbenzene, it was found that 60:40 and 50:50 w/w% were the optimal condition.
The microcapsules were spherical with a dent at their surface and the latent heat of the encapsulated
RT27 was high close to those of the original RT27. However, the drawback of microsuspension
CRP is that the formation of free polymer particles in aqueous medium was approximately 10 wt%
high resulting in the reduction of capsule shell strength. To solve this problem, iodine transfer
polymerization (ITP) was implemented for capsule preparation using the same optimal condition of
microsuspension CRP. lIodoform was added as a control agent. The finding revealed that the
formation of free polymer particles in aqueous medium was effectively reduced (~1 wt%) and the
microcapsule shell strength increased without any dimple. After that, the optimal condition from
microsuspension ITP was used for the preparation of copolymer nanocapsules encapsulate RT27 by
miniemulsion ITP using ultrasonication at amplitude 50% for monomer droplet generation. The

copolymer nanocapsules having average particle size of 156 nm with narrow particles size

)



distribution were obtained. The latent heat was about 124 J/g-RT27 which was lower than that of
the original RT27.

Therefore, it can be concluded that P(MMA-DVB) micro- and nanocapsules encapsulated
RT27 were successfully prepared. However, thermal properties of encapsulated RT27 in

nanocapsules were lower than those of the original one which must be further improved.

Keywords: poly(divinylbenzene-co-methyl methacrylate), heat storage material, polymerization in

disperse system, microcapsules, nanocapsules, iodine transfer polymerization
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PCM name Chemical Tm (°C) H (kJ/Kg) k(W/mK) P (kg/m3) Cp (kJ/kg)
formula

n-Dodecane C,H,, -12 216 0.21(s), 0.21(1) 750 n.a.
n-Tridecane C;Hy -6 n.a. n.a. 756 n.a.
n-Tetradecane C.H;, 4.5-5.6 231 n.a. 771 n.a.
n-Pentadecane CH,, 10 207 0.17 768 n.a.
n-Hexadecane C,H,, 18.2 238 0.21(s) 774 n.a.
n-Heptadecane C,Hy 22 215 n.a. 778 n.a.
n-Octadecane C,Hy 28.2 245 0.35(s), 0.15(1)  814(s), 775(1)  2.14(s), 2.16(1)
n-Nonadecane C,,H,, 31.9 222 0.21(s) 912(s), 769(1)  n.a.
n-Eicosane CHy, 37 247 n.a. n.a. n.a.
n-Heneicosane C,H, 41 215 n.a. n.a. n.a.
n-Docosane C,,Hy 44 249 n.a. n.a. n.a.
n-Tetracosane C,Hyq 47 234 n.a. n.a. n.a.
n-Pentacosane C,,Hy, 51 255 n.a. n.a. n.a.
n-Hexacosane C,H,, 54 238 n.a. n.a. n.a.
n-Heptacosane C,Hs, 56 257 0.21(s) 770 n.a.
n-Octacosane C,,Hy, 59 236 n.a. 773 n.a.
n-Nonacosane C,Hsg 61 255 n.a. 910(s), 765(1) n.a.

ABTUY: Cp: Specific heat (kJ/kg), H: Latent heat (kJ/kg), k: Thermalconductivity (W/mK),

Tm: Meltingtemperature (1C), P: Density (kg/m3)
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GRAPHICAL ABSTRACT

PDVBI/RT27

Internal Phase Separation

=

Latent Heats

N

P(DVB-co-MMA)/RT27

The preparation of divinylbenzene (DVB)-methyl methacrylate (MMA) copolymer
microcapsule encapsulated Rubitherm27 (RT27) P(DVB-co-MMA)/RT27 used as heat
storage material by the microsuspension polymerization was studied to improve the latent
heats of the encapsulated RT27 with sufficient polymer shell strength. Percent loading of
RT27 and DVB:MMA ratio were optimized. The optimal condition was 30% loading of
RT27 and 30:70 (% wiw) of DVB:MMA ratio. The nonspherical microcapsules with a dent
having core-shell morphology were obtained. The thermal properties of the encapsulated
RT27 in the P(DVB-co-MMA)RT27 capsules were measured by thermopravimetric
analyzer and differential scanning calorimeter. The heats of melting (AH,; 153 J/g-RT27)
and crystallization (AH.; 164 J/g-RT27) of the encapsulated RT27 in the prepared
copolymer capsules were higher than those in PDVB and closed to those of bulk RT27 (162

and 168 J/g-RT27 for AH,, and AH., respectively).

Keywords Heat

storage material; Latent heats; Microsuspension polymerization; Poly

(divinylbenzene-methyl methacrylate) microcapsule

INTRODUCTION

The polymer encapsulations are applied in varions objec-
tives such as drag dc]ivcry“ 31 flame retardant™ and fragrant
capsu]c[f‘] In recent year, paraffin waxes are useful as one
group of phase change materials (PCMs) or heat storage
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Color versions for one or more of the figures in the article can be
found online at http:/ fwww. tandfonline. com/Ipte.

materials. They melt and crystallize at a wide range of
tcmpcraturcslﬁ], making these waxes attractive for various
applications such as energy smragen’g], textile™ '™, and so
on. The paraffin waxes are in a solid state at the temperature
below their phase change temperatures. Once the environmmen-
tal temperature reaches to phase change temperature, they
absorb heat forming melt state.

Conversely, as the environmental temperature cools unil
reaches a phase change temperature, the paraffin waxes then
re-solidify and release heat back into the environment. Paraffin
wixes are nontoxic, noncotrosive, chemically inert and have no
unpleasant odor. They have moderate thermal energy storage, a
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small volume change on melting and low vapor pressure in the
molten form. However, one of the main drawbacks of paraffin
waxes is low thermal conductivity resulting in less useful in the
practical applications. Therefore, to overcome this drawback, a
large surface area of the waxes is required. In recent years, the
encapsulation of these materials thus has been developed. It is
not only to afford a large heat transfer area but also to control
the volume change of the storage materials as phase change
occurs! 12,

Microencapsulation of PCMs has been reported with various
techniques and different polymers as capsule shell materials.
One of the most famous techniques is polymerization using
an internal phase separation mechanism®*! based on an envir-
onmentally friendly technique m aquecus dispersed systems
as a suspension polymerizations. In this technique, the poly-
merization takes place in the oil droplets containing monomer,
initiator and waxes such as hexadecane (HD) and octadecane
(OD). Because of hydrophobic property of waxes as HD is
often used as hydrophobe in miniemulsion polymerization,
they prefer to locate inside the oil droplet/polymerizing particle
during the polymerization.

Therefore, encapsulation efficiency of waxes prepared by
suspension polymerization is always high. In the past decade,
a numerous researches of PCMs capsules prepared by suspen-
sion polymerization with various kinds of polymer shells and
paraffin waxes were reported. Microencapsulations of paraffin
waxes with polystyrene (PSHIMOI8 - o)y (styrene-methyl
methacrylate)"”,  polydivinylbenzene (PDVB)LE2, poly
(styrene-divinylbenzene)*?, polymethyl methacrylate (PMMA)
with different cross-linking agents®®, and poly(methyl meth-
acrylate-methacrylic acid)® were carried out by suspension
polymerization. PDVB microencapsulated HDP**® ad PS
microencapsulated commercial wax (Repsol YPF}" were also
prepared by suspension polymerization utilizing the Shirasu
porous glass membrane emulsification method for the prep-
aration of comparatively monodisperse oil droplets.

However, a few works focused on the influence of the
encapsulation on the latent heats (heats of melting (AH,,)
and crystallization (AH,)) of the encapsulated waxes. To suc-
cessfully prepare the complete core-shell capsule with internal
phase separation mechanism, the interfacial tension of poly-
mer-water would be lower than that of the wax-water. In
addition, the relationship between internal viscosity and mol-
ecular weight of the polymer inside the polymerizing particle
during polymerization is also important effect!'™, We have
successfully prepared microencapsulated PDVB/OD!* 2! by
the microsuspension polymerization. The core-shell capsules
were observed with optical and transmission electron micro-
scopes of the cross-section capsule® according with the other
mpoﬁs[zs,zs,zg,w]‘ However, it was reported that incomplete
phase separation of PDVB shell and HD core resulted in the
reduction of the latent heats.

This disadvantage was improved by copolymerization with
the hydrophilic comonomers such as methyl acrylate, ethyl
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acrylate and butyl acrylate. However, the secondary

particles of polymethyl acrylate, polyethyl acrylate and poly-
butyl acrylate were formed due to their high hydrophilicity.
Moreover, because the glass transition temperature (T,) of
these polymers are lower than room temperature, they easily
adsorbed at capsule interface leading to the formation of rough
surface capsules. The moderate hydrophilic polymer having
high Ty as PMMA would be comfortable to copolymerize with
PDVB used as the polymer shell.

Therefore, in this work, to increase the latent heats of the
encapsulated paraffin wax as Rubitherm 27 (RT27) reaching
to those of the bulk RT27, microcapsule containing RT27 of
poly(divinylbenzene-methylmethacrylate)  (P(DVB-MMA))
shell prepared by microsuspension polymerization was stud-
ied. To improve the latent heats of the encapsulated RT27 with
sufficient polymer shell strength, the ratio of DVB and MMA
was also optimized.

MATERIALS AND METHODS
Materials

DVB (Aldrich, Wisconsin, USA; purity, 80%) was washed
with 1M sodium hydroxide (NaOH; BDH Prolabo, Leuven,
Belgium) solution and distilled water to remove polymeriza-
tion inhibitors before use. S (Aldrich, Wisconsin, USA; purity,
99%) and MMA (Aldrich, Milwaukee, Wisconsin, USA;
purity, 99%) were purified by pass through the column packed
with basic aluminium oxide. The purified monormers were
stored in a refrigerator. Poly(vinyl alcohol) (PVA; Aldrich,
Wisconsin, USA; degree of saponification, 87-90% ) was used
as received. Reagent-grade benzoyl peroxide (BPO; Merck,
Munich, Germany) was purified by recrystallization.
Rubitherm 27 (Rubitherm Technologies GmbH, Berlin, Ger-
many; Commercial grade) was used as received.

Microcapsules Preparation

The microcapsules were prepared by microsuspension poly-
merization under the conditions listed in Table 1. The oil phase
was separately prepared as follows. In the case of homopoly-
merization, monomer: RT27 ratio of 50:50 (% w:w) for
DVB, MMA and S were mixed with BPO (8% wt of mono-
mer). Thus, the required amount of the PVA agqueous solution
(1%wt of the total) was added to the oil phase before homo-
genized at 5,000rpm for Smin resulting in the formation of
a homogeneous solution of oil phase droplets dispersed in
the aqueous phase. The resulting emulsions were subsequently
purged by N for 10 min and polymerized at 80°C for 8 h under
a mechanical stirring rate of 200rpm. For copolymerization,
various % loading of RT27 and DVB:MMA ratios were stud-
ied with the same procedure. The schematic of the microcap-
sule preparation is shown in Fig. 1.

Characterizations

The prepared capsules were observed with an optical
microscope (OM) (SK-100EB&SK-100ET, Seeck, Seek Inter
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TABLE 1
Reagent amounts of microsuspension polymetization of
PDVB/RT27, PMMA/RT27, PS/RT27 and P(DVB-MMA)/
RT27 microcapsules®

DVE MMA S RT27 BPO Water®
Experiment  (g) & & @ (= (g)

1 750 - - 750 0.60 150
2 - 7.50 - 750 0.60 150
3 - - 750 7500 060 150
4 375 375 - 750 060 150
5 430 450 - 6.00 072 150
6 525 525 - 450 084 150
7 270 630 - 6.00 072 150
8 1.80  7.20 - 6.00 072 150
¢ 315 735 - 450 0.84 150
10 210 840 - 450  0.84 150

“Temperature 80°C, homogenized at 5,000mpm for Smin,
polymerization tire for 8 h and BPO at 8% wt of monomer.
containing PYA (1% wiv).

Co. Ltd., Thailand) and scanning electron microscope (SEM)
(JSM-6510, JEOL, JEOL Lid., Japan) to investigate the inner
structure of the microcapsules and the morphology of the
surface, respectively. For the SEM observations, one drop of
the polyimer suspension was placed on a nickel SEM stab and
dried before being coated with Au.

For thermal propertiss measurement, the capsules were
washed with 2-propanol to remove the impurity and unencap-
sulated wax on their surfaces before being dried in a vacuum
oven at room temperature overnight. The RT27 content in the
dried microcapsule was determined by a thermogravimetric

Monemer/RT27/ 1
{BPO f
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malyzer (TGA) (TGA 4000, Perkin-Elmer, USA) using
a heating rate of 5°C/min. The AH,, AH,, and the crystalliza-
tion (T;) and melting (Ty,) temperatures of the encapsulated
RT27 in dried state were measured with a differential scanning
calorimeter (DSC) (DSC 4000, Perkin-Elmer, USA) under a N,
flow with a scanming temperature range and rate of 0-40°C and
5°C/min, respectively. To compare the AH, and AH,, values
of the encapsulated RT27 in the capsule particles containing
different amounts of RT27, the H, and H, values were expressed
in units of Joules per 1g of encapsulated RT27 (J/g-RT27)
These values were calealated from the cooling/heating peak area
of the DSC thermogram, and the RT27 content obtained from
the TGA analysis using the following equation.

A = (B/C)x 100 (1)

where A (J/g-RT27) is the calculated latent heats (AH,, and AH,)
based on only RT27 in microcapsule, B (J/g-sample) is AH, and
AH,. of the encapsulated RT27 in the dried microcapsules
obtained from the DSC thermogram, and C is the % RT27 in
the dried microcapsules obtained froin the TGA thermograim.

RESULTS AND DISCUSSION

Polymer microcapsules containing RT27 prepared by micro-
suspension polymerization were expected to be core-shell
particles based on the internal phase separation as Self-assembly
of Phase Separated Polymer (SaPSeP) mechanism® %! In our
previous works, the core-shell particles were formed for
PMMA"™" and PDVBM® 2126283L52) ohells whereas most of
the obtained PSP'! microcapsule were broken after washing
with 2-propanol. The capsule shapes were quite different
between PDVB/RT27 and PMMA/RT27 where the nonspheri-
cal with a dent and multiple dents were observed for PDVDB

Homogenized { I 80°C /8 hr ',‘ l
AP i —_—
W | \| :
000 rpmy/Smin 200 | \ |
) Py o O \':I:' OQ 00 rpm \ O ) ®)
FVASolution pr \ e /
v] 0o \\(": @ >/

Monomer = Divinylbenzene (DVB). Methyl methacrylate (MMA),
styrene (51, Divinylbenzena/Methyl methacrylate (DVB/MMA)

Polymer = Polydivinylbenzene (PDVB), Polymethy methacrylate (PMMA), Polystyrzne (PS),
Polydivynylbenzene-Palymethy] methacrylate (P(DVB-MMA))

FIG. 1.

Schematic of the preparation of polymer/RT27 capsules prepared by microsuspension polymerization.
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and PMMA shells, respectively. It is general that the voluime of
the paraffin core was gradually reduced with the decrease of the
temperature from 80°C (polymerization temperature) to room
temperature leading to the formation of void inside the capsule.
The nonspherical capsule would be formed when the polymer
shell is unable to withstand the external pressare, similar to
the phenomena discussed in previous reports!'® 212528

The PMMA seemed to be the best shell where the latent heats
(AH_ = 1641/g-RT27; AH,=1661/g-RT27) of the encapsu-
lated RT27 represented siidlar to the pure one. However, during
the polymerization, secondary nucleation as emulsion polymer-
ization is easily taken place competed with the droplet
nucleation. Approximately 45% of the total monomer was the
free particles in submicron-sized (100-200nm; measured by
DLS) dispersed in the aqueons media. The PMMA shell is then
thinner than the expectation giving low shell strength of
PMMA/RT27 capsule, which may reduce the durability in the
practical application compared with the highly cross-linked
PDVB/RT27 microcapsule. It is dissimilar with PMMA shell;
encapsulated RT27 in PDVB/RT27 capsule gave quite lower
latent heats (AH,=1471/g-RT127; AH.=14%1/g-RT27) than
those of the pure one. To improve the latent heats of the encap-
sulated RT27 with high polymer shell strength, the copolymer
of DVB and MMA would be used as the polymer shell.

The copolymer capsules of DVB and MMA were prepared
with various conditions as shown in Table 1 (Expt. 4-10).
Similar to their homopolymers (PDVB and PMMA), when
copolymer chains reached the critical chain lengths, they were
immiscible with the paraffin. They gradoally moved to the
cil-water interface giving core-shell capsules. The core-shell
of P(DVB-MMA}YRT27 were clearly observed as shown in
Figs. 2a-c. Moreover, the suspension states were also confirm
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FIG. 2. Optical micrographs of P(OVB-MMAVRT27 capsules prepared by
microsuspension polymerization with various % loading of RT27: (&) 50,
(k) 40, and () 30 at DVB:MMA ratio of 50:50 (wt.%).
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that PIDVB-MMAYRT27 was successfully prepared. The P
(DVB-MMA)/RT27 particles floated on the top of the suspen-
sion because its total density (0.98 gml™", related to Expt. 6:
RT27 =08 gl ', PMMA=1.17gml ~' " is lower than
that of water. The influence of percent loading of paraffin on
the capsule shell strength were stodied at which DVB:MMA
ratio was fixed at 50:50% w/w.

The shell strength increased with decreasing in percent load-
ing as the nenspherical capsules with smooth outer surface
having small dimple were obtained for the percent loading of
40 (Fig. 2b and 3b) and 30 (Fig. 2¢ and 3¢). The larger dimple
was found for the weakest shell using 50:50 of monomers:par-
affin (Fig. 2a and 3a). In addition, it was well accord with the
previous works™*! that micrometre size with broad particle
size distribution of the capsule was obtained by microsuspen-
sion polymerization. Because the shell strength at percent load-
ing of 40 and 30 were insignificant different, they were chosen
for further experiment.

The various ratios of DVB:MMA were then studied in order
to increase latent heats. The percent loadings were fixed at both
40 (Expt. 7 and 8) and 30 (Expt. 9 and 10) in which DVB:MMA
ratios were varied from 50:50 to 30:70 and 20:80. It was found
that the shell strength of the capsule decreased with the
reduction of cross-link monomer content. The large dimple cap-
sules were observed in DVB:MMA ratio of 20:80 (Figs. 4b and
d) at both % leadings. In the case of 30:70 ratio of DVB:MMA,
the polymer shell of 30% loading (Fig. 4c) was stronger than
that of 40% loading (Fig. 4a) as smaller dimple was formed.
Therefore, the % loading of 30 at 30:70 of DVB:MMA ratio
was selected because of the highest capsule shell strength.

As discussed above, the hydrophilic monoimer as MMA
would easily produce the secondary particles in the aqueous
media competed with the droplet nacleation. The turbid aque-
ous medivm of the suspension state of P(DVB-co-MMA)/

FIG. 3.
microsuspension polymerization with various % loading of RT27: (&) 50,
(k) 40, and (<) 30 al DVB:MMA ratio of 50:50 (wi.%).

SEM micrographs of PIOVB-MMAWRT27 capsules prepared by
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FIG. 4. SEM micrographs of P(DVB-MMAYRT27 capsules prepared by
microsuspension polymenzation with percent loading of RT27 al 40 (a and
b} and 30 (¢ and &) at vadous DVB:MMA ratios (wit%): (a, <) 30:70 and
(b, d) 20:80.

RT27 after standing overmight was also observed in all
conditions. In the cases of DVB:MMA ratio of 50:50 and
30:70, the amount of new polymer particle was lower than
1wt.% in agueous media (measared by gravimetry) which
would be neglected. However, using DVB:MMA ratio of
20:80, the new particle increased (2-3 wt.%). Because of the
formation of large amount of free P(DVB-co-MMA) particles
in aqueouns medivn, the formed P(DVB-co-MMA) capsule
shell might be thinner than expectation from the recipe, result-
ing in the formation of dimple microcapsules.

The TGA thermograms (Fig. 5) of the dried P(DVB-co-
MMAYRT27 capsules of 30% loading of RT27 at DVB:

MMA ratio of 30:70%w/w showed the decomposition
L i—) P(DVD-3DMA) RT27]
100 i—) Rubgherm RI27
bl i «—| r1z7
5 60}
Z 2%
< 40t
IV S
L L e— L  S—

100 200 300

Temperata: °C)

400

FIG. 5. TGA thermograms (scanning rate of 5°C min ™y of (red Ene) bulk
RT27 and (blue line) P(DVB-MMAYRT27 microcapsules prepared by the
microsuspension polymerization with 30% loading of RT27 at DVB:MMA
ratio of 30:70%w/w.

(@) endo (b)
JL 1 1

B

Teal Flow
Heat (Tow

1 L
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Tempenture (*C)

10 50 10 20 30 40 50
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FIG. 6. DSC thermograms {scanning rate of 5°C min 1) of heating (a) and
cooling (b) curves: (1) bulk RT2Z7 and (2) encapsulaied RT27 in dred
microcapsules prepared by microsuspension polymerizaiion polymenization
with 30% loading of RT27 at DVB:MMA ratio of 30:70 %owhw.

temperature of RT27 (161-310°C) and P(DVB-co-MMA)
(310-550°C) in two respectively steps. The decomposition tem-
perature of balk RT27 was 152-248°C. This result confirmed
the existence of RT27 in the prepared capsule. The slightly
different of the decomposition temperature between encapsu-
lated RT27 and bulk RT27 is affected from the encapsalation.
The DSC was used to measure the thermal properties of the
encapsulated RT27 in the dried state (Fig. 6).

The latent heats and {ransition temperatures of microcap-
sules with different percent loadings and the DVB:MMA ratios
were shown in Table 2. Based on Eq. (1), the latent heats of

TABLE 2
Latent heat (AH,, and AH,) and transition temperature (T, and
T,) of bulk RT27 and dried P{DVB-co-MMA)/RT27 micro-
capsules prepared from various percent loadings and DVB:
MMA ratios

Latent heat Transition temperatare

AH, AH, T, T,
Experiment® (Vg RT27) (Vg RI27)  (°C) (°C)
Bulk RT27 162 168 194 21.0
1 127 133 185 10.9
4 144 148 197 10.3
5 143 146 202 0.9
6 145 147 216 9.6
7 152 154 208 10.7
8 157 159 1935 11.2
] 153 164 201 12.4
10 156 160 216 11.1

“Various percent loadings of RT27 in the microcapsule: 50%
(Bxperiment of 4); 40% (Experiment of 5, 7 and 8) and 30%
(Bxperiment 6, 9 and 10). Various DVB and MMA ratios: 50:50
(Experirment of 4, 5 and 6); 30:70 (Experiment of 7 and &) and
20:80 (Experiment of 8 and 10).
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encapsulated RT27 can be calculated. The results showed that
the latent heats increased with increasing of MMA content.
This supports our assumption that the incorporation of hydro-
philic comonomer enhances phase separation of the copolymer
shell and paraffin core resulting in the increase of latent heats.
In the cases of DVB:MMA ratio of 30:70 and 20:80 wt.% of
both 40 and 30% loadings, the latent heats of the encapsulated
RT27 in the prepared capsules are closed to those of bulk
RT27. In the case of phase transition temperatures in all con-
ditions, the onset T, of encapsulated RT27 closed to that of
bulk RT27 while 7, was shifted to the lower temperature than
that of bulk RT27. Due to the highest shell strength with good
latent heats (AH,, 153 J/g-RT27 and AH.: 164 1/g-RT27), the
microcapsule with percent loading of RT27 and DVB:MMA
ratio of 30 and 30:70 (wt.%), respectively, is the optimal
condition that might be used in broad application.

CONCLUSIONS

The encapsulation influenced on the latent heats of the encap-
sulated wax. To improve the latent heats and maintain the cap-
sule shell strength, DVB-MMA copolymer capsule encapsulated
RT27 was prepared by the microsuspension polymerization. The
optimal % loading of RT27 and DVB:MMA ratio were 30 and
30:70 (wt,%), respectively. The inner part is RT27 which was
completely enveloped with the copolymer shell. Moreover, the
AH,, (1531/g-RT27) and AH. (164J/g-RT27) values of the
encapsulated RT27 in the prepared capsule are closed to those
of bulk RT27 (162 and 168 J/g-RT27 for AH_, and AH., respect-
ively). Therefore, the copeolymerization of DVB with MMA
increased latent heats with high strength capsule shell.
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