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Nomenclature
=concentration of initiator
=concentration of PG4
=average diameter of microspheres
=initiator efficiency
= hollow degree of porous microspheres
=initial concentration of initiator
=dissociation rate constant
=propagation rate constant
=termination rate constant
=initial concentration of monomer
=polymerization rate
=curing time
=bulk specific density of crowded microspheres

=bulk specific density of porous microspheres

volume fraction of oil phase in water phase

volume fraction of water phase in oil phase

[wt%]
[wt%]
(4 m]
[-]

[-]

[M]
[s']
[s']
[s']
[M]

[M s]
[s]
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[-]

[-]

=interfacial tension between monomer phase and water [N m™]
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Table. -1 Effect of the kinds of surfactant on the hollow degree

and the mean diameter of microspheres

Surfactant H.D.[%] | Dp [z m] (Cv[%])
Span 80 28.6 300(41.4)
Span 85 235 297(41.0)

PG6 31.3 323(35.6)
PG4 35.1 263(38.0)
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(@) Sorbitan Monooleate (Span 80) HLB: 4. 3 y :12.1 dyne/cm
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How
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0 OH

OH
AN AANAAR AP AP

Fig. -1 Chemical structures, the HLB and the interfacial tension

between water and the 2.91wt%/MMA of the surfactants
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Fig. -3 Flow chart of preparing porous polymer microspheres
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Fig. -4 Optical microscope photographs prepared with

(a) Span80, (b) Span85, (C) PG6, (d) PG4

as surfactant on the oil phase (2.91 wt%).
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Surface Cross section

Pwio = 0.8

Fig. -5 SEM micrographs of microspheres prepared at various hold

up of W/O phase
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Fig. -6 Effect of hold up of W/O phase on the hollow degree

and the mean diameter of microspheres
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Surface Cross section

2.44 wt%

7.36 wt%

11.1 wt%

Fig. -7 SEM micrographs of microspheres prepared at various PG4

concentrations
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Fig. -8 Effect of concentration of PG4 on the hollow degree

and the mean diameter of microspheres
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Fig. -9 An O/W emulsion and W/O emulsion with low volume

fractions of the dispersed phase po/w

owso = 0.5. In addition, W/O

emulsion with high volume fractions is shown. Volume fractions

above 0.74 can occur due to the polydispersity of the drops. Small

drop can fill the spaces between large drops.
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Surface Cross section
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1.47 wt%

2.44 wt%

Fig. -10 SEM micrographs of microspheres prepared

at various V-65 concentrations
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Fig. -11 Effect of the concentration of V-65 on the hollow

degree and the mean diameter of microspheres
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Fig. -12 Effect of the concentration of V-65 on the

curing time (tc) of microspheres
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Fig. -13 Effect of the curing time (t;) of microspheres

on the hollow degree of porous polymer microspheres
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Fig.

Mean diameter: 123 ¢ m
Hollow degree: 74.6 %

-14 SEM micrographs of microspheres prepared by

using V-65 at 6.48x 10°*M concentrations
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Nomenclature

Ceps =concentration of EPS/limonene solution [wt%]
Cy =concentration of glycerol aqueous solution [wt%]
Cpva =concentration of PVA in continuous phase [wt%]
dp =average diameter of microcapsule [M m]
Sa =specific surface area of microcapsule [m? kg™']
Sa’ = calculated value of
specific surface area of microcapsule [m? kg™']
Wy =weight fraction of glycerol in dispersed phase [-]
JTI =viscosity of continuous phase [Pa s]
U g =viscosity of glycerol aqueous solution [Pa s]
o . =interfacial tension between EPS/limonene solution and
continuous phase [N m™]
o ¢ =interfacial tension between glycerol aqueous solution and
EPS/limonene solution [N m™]
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Table -1 Experimental conditions

Core material (W phase): Glycerol aqueous solution
Concentration of Glycerol Cy: 0~ 100 wt%
Shell material (O phase):
(R)-(+)-Limonene solution dissolving EPS
Concentration of EPS 33.3wt%
Dispersed phase (W/O emulsion): 30.0x 1072 kg
Weight fraction of core material Wy: 0~0.33
Continuous phase (W’ phase):
Ethylene glycol 300x 10°% kg
Dispersion stabilizer for continuous phase: PVA
Concentration of PVA Cpya: 0.99 ~ 4.76 wt%
Cosurfactant for continuous phase: DBS
Concentration of DBS 33.3 wtppm

At formation of (W/O) dispersion

Stirring speed by biomixer 167 st
Stirring time by biomixer 120 s
Temperature 40

At formation of (W/O)/W’ dispersion

Impeller speed 4,17 st
Stirring time 10 min
Temperature 40

At drying in liguid

Impeller speed 4,17 st
Time of drying in liquid 3.5h
Temperature 100
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Fig. -1 Schematic diagram of experimental apparatus.
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Fig. -2 Flow sheet of the microcapsules preparation.
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Fig. -3 Relationship of the concentration of glycerol aqueous

solution to the viscosity (at 323K) and the interfacial tension

(at 313K) with EPS/limonene solution (5.2wt%).
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Fig. -4 Relationship of the concentration of PVA in continuous

phase to the viscosity and the interfacial tension with 33.3 wt%

EPS/limonene solution at 373K.
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Fig. -5 SEM micrographs of microcapsules prepared at various

concentration of glycerol agqueous solutions.
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Fig. -6 Effect of the concentration of glycerol aqueous solutions
on the specific surface area and the sauter mean diameter of

microcapsules.
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Fig. -7 Effect of the concentration of glycerol aqueous solutions

on the relative specific surface area

59



Surface Cross-section
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Fig. -8 SEM micrographs of microcapsules prepared at various

concentrations of PVA in the continuous phase
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Fig. -9 Effect of the concentrations of PVA on the relative

specific surface area and the mean diameter of microcapsules
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Surface Cross-section

W,=0.10

200p m

W,=0.33
Fig. -10 SEM micrographs of microcapsules prepared at various

weight fractions of glycerol in the dispersed phase
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Fig. -11 Effect of the weight fractions of glycerol in dispersed
phase on the relative specific surface area and the mean

diameter of microcapsules
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[4-8 4-12]

DP - Iud0.1~2.5 (4_4)
Dp ~ ug® ™t (4-4)
Fig. -8 PS
PS
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Fig. -9 PS
SEM PS
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(L << dp)
Fig.
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PS
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Nomenclature

=concentration of DBS in continuous phase [wt%]
=concentration of PS in dispersion phase [wt%]
=concentration of TCP in continuous phase [wt%]
=mean diameter of primary liquid droplet [wm]
=mean diameter of solid particle [wm]
=mean diameter of microcapsules [wm]
=microencapsulation efficiency [%]
=content of NIP in microcapsules [%]
=calculated content of NIP in microcapsules [%]
=acceleration of gravity [m s7]
=movement length per unit time [um s™]
=weight of microcapsules [g]
=weight of microcapsules after thermal decomposition [g]
=weight of core material NIP [g]
=weight of shell material PS [0]
=viscosity of shell solution [Pa s]
=viscosity of dispersion phase [Pa s]
=density of shell solution [g cm™]
=density of solid particle NIP [g cm™]
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Table. -1 Experimental conditions

Core material (S phase):
Solid powder generating minus ion 5¢g
Shell material (O phase):

(R)-(+) Limonene solution dissolving PS
Concentration of PS 5~ 33.3 wt%
Volume of shell solution 2.5x10°m?®

Continuous phase (W phase):
Ethylene glycol 3.0x10* m®
Dispersion stabilizer for continuous phase: TCP
Concentration of TCP 0.99 wt%
Cosabilizer for continuous phase: DBS
Concentration of DBS 3.33x10°% wt%
At formation of (S/O) dispersion

Ultrasonic intensity 125 W
Ultrasonic wavelength 42 kHz
Irradiation time 10 min
Temperature 298 K
At formation of (S/O)/W dispersion
Impeller speed 50 or 133 s™
Stirring time 10 min
Temperature 298 K
At drying in liquid
Impeller speed 4175
Time of drying in liquid 35h
Temperature 373K
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Details of Impeller

a. Separable flask e. Impeller

b. Thermocouple f. Baffle

c. Thermostat g. Cold trap

d. Mantle heater h. Aspirator
Fig. -1 Experimental apparatus
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Fig. -2 Flow sheet of experiment
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Fig. -3 SEM photograph of NIP
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N,=50 [s™']
Cp=33.3 [wt%]
Cr=0.99 [wt%]
Cp=3.33x10"° [wt%]
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1 80
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Fig. -4 Effect of amount of D108 on mean diameter

and content of NIP at 33.3 wt% PS.
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Dispersed phase

Continuous phase

(A) (B)

Fig. -5 Effect of oil soluble surfactant on hydrophobicity
of NIP. (A) without D108, (B) with D108
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Surface Wplg] Cross-section

1.5

Fig. -6 SEM photographs of microcapsules (Effect of oil

soluble surfactant at 33.3 wt% Cp)
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N,=133.3 [s7!]

Wp= 0.6 [g]
Cr=0.99 [wt%]
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Dp ua ™ uq[Pa s]

0.001 0.01f 01 1 10

100 g 0
g o ]
g A i
= 10 E 3
o F ;
[ @ Dp[umjtoCp ]
i O Dplum]topg 1
l 'l 'l L0 a0l 'l 'l LA 0 14
1 10 100
C p [Wt9%0]
Fig. -7 Dependences of the mean diameter on the PS

concentration Cp and the viscosity of the shell

solution ugq
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Cp=3.33x10"° [wt%]
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20 F .
O [ [ [ [ [ [
0 10 20 30
C p[wt%0]
Fig. -8 The dependence of the encapsulation efficiency

on the PS concentration.
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Fig. -9 SEM photographs of microcapsules

(Effect of various PS concentrations)
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Fig.

0.8 40
[ ]

06 ® 1 JPa s] 1 0
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g 04 20 g
g _

0.2 10

0 0
0 10 20 30
C p [Wt9%]

-10 The dependences of the viscosity of the shell
solution (uq) and the movement length per unit time

(L) of a solid particle on the PS concentration.
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N,=133 [s']
Cr=0.99 [wt%]
Cp=3.33x10"° [wt%]

Wp=0.6 [g]
® Dp[pm]
120 [ Cr=188 W% 1~ dp[pm] 120
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100 i L :dp=24:50)[A L[pm s '] 100
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0
Cp [Wt%0]
Fig. -11 The dependences of the mean diameter of

microcapsule (Dp), the mean diameter of primary
droplet (dp) and the movement length per unit time (L)

of a solid particle NIP on the PS concentration.
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(PHB) ( 1.18 1.26 g cm™®, BIOGREEN,
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(MG) ( dpm= 0.3 um,
) PHB (m.p.= 448 K)
(b.p.= 471 K )
O/W
(PVA) ( 500,
)
( )
PHB Fig. -1
-2-2
-2-2-1
Fig. -2 8.5x 1072
5x 10™* m® 1.0x 1072
8.0x 10 m
5x 1072 m
1/3
Fig. -3, Table 1
PHB 463K
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/PHB/

(12)

(13)

(14)
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Cwme
dpi
dem
Mwme
Vme
SA
W,
W,
PMG

PPHB

Nomenclature

=concentration of magnetite

=mean diameter of microspheres

=mean diameter of magnetite

= magnetite content on the basis of weight

= magnetite content on the basis of volume

=specific surface area

=weight of microspheres and magnetite

=weight of microspheres
=density of magnetite

=density of PHB
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[um]
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Table -1 The experimental conditions

Dispersed phase

Biodegradable polymer 1.0% 108 kg
Magnetite 0-150%X107% kg
Continuous phase

Ethylene glycel 20X 10%m?
Concentration of Polyvinyl alecohol 3.0 wi%
Formation of 500N dispersion

Temperature 452 K
Impeller speed 8.33 g1
Time of droplet preparation 10 min
Cocling time 2h
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Fig. -1 The structural formula of PHB.
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Fig. -3 The flow chart for preparing porous microspheres.
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Fig. -4 SEI of a microsphere surface.
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2 ,u
(a-1) before removal; (a-2) after removal

Fig. - 5 Cross sectional SEI of a microsphere before and

after removal.
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Fig. -6 Cross sectional SEI of a microsphere after removal.
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Fig. -7 The dependences of the mean diameter (dpm) and the
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Fig. -9 The dependences of the specific surface areas (SA) on

MG concentration (Cwg).
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Fig. -10 The dependences of the specific surface areas (SA)

on MG concentration (Cwg).
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Fig. -11 The formation mechanism of channels and pores.
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(125 kJ/kg) NPD
(142 kJ/kg) PCM
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Fig. -9 NPD MMA Oleosorb
Oleosorb NPD MMA
NPD MMA
Fig. -10 PCM
Fig. -10 [A] Wm=3.0cm® ts=0 min PCM
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min (Fig. -10 [B] [C])
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Nomenclature

dp =mean diameter of microcapsules [wm]
ts =soaking time [min]
Wm  =volume of MMA [cm®]
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Table 1. Experimental conditions

Amount of Oleosorb 2 [g]

Amount of n-pentadecane 18 [g]
Concentration of initiator 0.3 [kmol/m3-monomer]
Volume of continuous phase 400 [cm?]
Concentration of PVA 0.5wt%-H,0
Volume of MMA Wm=3.0 10 cm?®

Soaking time ts=0 60 min
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Fig. -1 Apparatus for Preparing PCM Microcapsules
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Before Absorbing NPD and MMA

After Absorbing MPD and MMA

Fig. -9 Microphotographs of Oil Absorbable Polymer
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Fig. -10 Microphotographs of PCM Microcapsules
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