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Preparation of Highly Functional Microcapsules
and Their Function Control

Shiro KIYOYAMAY, Koichiro SHIOMORI?, Yoshinobu KAWANO?® and Yasuo Hatate?

Abstract

Cross-linked poly(styrene-co-divinylbenzene) microcapsules were prepared by in-situ polymeriza-
tion of styrene and divinylbenzene, and biodegradable polylactic acid microcapsules were prepared by
solvent evaporation method. The effects of preparation conditions on the capsule morphology and
entrapment efficiency of water-soluble materials in both polymers were investigated. The average
diameters of the surface pores and internal hollows were controlled with sub-micron order by changing
preparation conditions. Furthermore, the water-soluble materials were entrapped in the biodegradable
microcapsule completely by changing preparation conditions. Continuous preparation of (O/W) or
(W/O) emulsions and cross-linked microcapsules were also investigated.
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Fig.2-1 SEM photographs of microcapsules prepared at various

diluent concentrations in organic phase.
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Fig.2-2 SEM photographs of microcapsules prepared at various

monomer ratios in organic phase.
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Fig.2-3 SEM photographs of microcapsules prepared at various

surfactant concentrations in organic phase.
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Fig.2-4 Effect of salt concentration in outer aqueous phase on

the use of TCP10 as dispersion stabilizer.
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Fig.2-5 Schematic illustration of leakeage profiles.
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Fig.2-6 SEM photographs of microcapsules prepared at various

salt concentrations in outer aqueous phase.
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Fig.2-7 Effect of volume fraction of dispersed droplets in
(W/O) emulsion.
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various C, ., - with or without supersonic.
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Fig.3-2 SEM photographs of microcapsules prepared at various

volume fractions of dispersed droplets.
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at C,,. = 0.1 or 0.3M with or without supersonic.
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Fig.3-6 Cross-section of microcapsules prepared at Craa; =001

0.6M with supersonic treatment.
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Fig.4-1 Continuous emulsification apparatus.

4113 EEBAX
BFHEAE L AARITR 2 OB T E BT ED L
MR OO ERERESRIZRD L 5 ICERETHALE



10 HEHARFLFWLE

®3lT

REA LT, WA R THICERY) T =TFE T
AMEERNEICEA LT, ZROBAZBE D, 2k
52 FEALIEATE LIZ U, HALERNAEAE THE S
NEBICERREOREZHGE L A LT
UHRHALSR EEAOIE LIZ LY, EEHERE O 245
ORERBZIC TS g BRI LT, YR R
D2UEDEBRBRITT v LY a VRROE(IZR O
Rioln, Ty a UIBIRITEFEBRMEE L AV TEE
LTz, =Ly g VISR R DR RZEL V— Y —E
PR E S fET AWV TRIE Lic, == a VRIED
L FIIEQ-DROEEVREE AV TR LT,

412 BHRRUER

4121 BIERHHEICEZ DBRERHDOEE
REIHFIRENSE <l a  ENRRIZELD
REESERREOREY Figd-2 (IRT, [Thox< L
¥ a ROV S BRI RIE R EEEFIRE OB L
EBIZEA Lie, ZhidRmEHEAIRmc X v FREmE
AP LIl dThH D, £, HBEOREE DM
& & BICEHRRICRIE T REEEFIREOEZEN /NS
 tpoiz,

102 (W/O) emulsionl ! ' !
g k@
1L R
Q 10 Mg
=
o
100 i ! i iKey f[spm]
102 (OM) emulsion' ' ' g :ﬁ
o 1200
T o 1600
=, %\O\O ]
z 10
O
a m__::‘_;_—:«g

0 1 2 3 4 5 6
Cracr [Wt%]

Fig.4-2 Effect of TGCR concentration on the average diameter
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Fig.4-3 Effect of volume fraction of dispersed droplets.
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Fig.4-5 Effect of diameter of vibration plate and hole diameter

in the vibration plate.
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Fig.4-6 Relationship between slope or multiplier and ratio of

space area in (O/W) emulsion.
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Fig.4-7 Relationship between slope or multiplier and ratio of

space area in (W/O) emulsion.
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Fig.4-8 Schematic illustration of apparatus for the continuous

preparation of microcapsules.
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Fig.4-10 Effect of vibration speed in second emulsification.
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Fig.4-11 SEM photographs of microcapsules prepared at vari-

ous vibration speeds in second emulsification.
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C = concentration [M] or [wt%]

d = diameter [mm]
D = average diameter [um]

E = fractional entrapment [%]
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M = amount of core material [g]

R =ratio [-] or [%5]
S = section surface area [m?]

v = variance [-]

@ = volume fraction [-]

o = standard deviation [pm]

Q= viscosity [mPaes]
<subscript>

add,i = additives in inner aqueous phase
add,o = additives in outer aqueous phase
CaCl2,0 = CaCl, in outer aqueous phase
E = emulsion

= first (entrapment)

H = hole of plate

i = inner aqueous phase

ip = internal pores

L = plate length

m = monomer

M = microcapsule

n = number of hole in vibrating plate
NaCLi = NaCl in inner aqueous phase
NaCl,o = NaCl in outer aqueous phase
o = outer aqueous phase

P = vibration plate
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T = toluene

W/0 = (W/O) emulsion
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