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Abstract: The membrane emulsification (ME) is a technology for producing emulsions with narrow size distribution by
using the well-defined porous membranes such as the SPG membrane. In this study, the preparation of polycaprolactone
(PCL) microcapsules by using the multiple emulsions obtained from membrane emulsification method is studied. After the
making of W,/O single emulsions by sonication method, then W;/O/W, multiple emulsions are formed by premix-ME
method. The PCL microcapsules impregnated with BSA model drug are prepared by solvent evaporating from W,/O/W,
multiple emulsions. The effects of various parameters such as the ratio of disperse/continuous phase (D/C ratio), the concen-
tration of PCL, emulsifier and model drug and the transmembrane pressure on the size and distribution of PCL micro-
capsules are investigated. The uniform PCL microcapsules with about 5~6 pm of mean size and 26% of BSA loading are
obtained by the premix membrane emulsification.
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Fig. 1. Schematic diagram of membrane emulsification
system.
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Fig. 2. Procedure for the preparation of PCL micro-
capsules by using premix membrane emulsification.
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Fig. 3. Effect of D/C ratio on mean diameter and span
value of microcapsules (Span 80 = 5% (w/w), PCL = 5%
(w/w), 45,000 g/mol, PVA = 1% (w/w), transmembrane
pressure = 60~90 kPa).
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Fig. 4. Effect of concentration of emulsifier on mean diam-
eter and span value of microcapsules (D/C of W/O and
W/O/W emulsion = 10% (v/v), PCL = 5% (w/w), 45,000
g/mol, PVA = 1% (w/w), transmembrane pressure = 60~80
kPa).
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Fig. 5. Effect of concentration of emulsifier on size dis-
tribution of microcapsules (D/C of W/O and W/O/W
emulsion = 10% (v/v), PCL = 5% (w/w), 45,000 g/mol,
PVA = 1% (w/w), transmembrane pressure = 60~80 kPa).
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Table 1. Effect of PCL Molecular Weight on Mean
Diameter and Span Value of Microcapsules

Molecular weight Particle Size

of PCL (g/mol) (um) Span value
45,000 5.54 0.40
80,000 6.28 041
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Fig. 6. Effect of concentration of PCL on mean diameter
and span value of microcapsules (D/C of W/O and
W/O/W emulsion = 10% (v/v), PCL= 45,000 g/mol, Span
80 = 5% (w/w), PVA = 1% (w/w), transmembrane pres-
sure = 80~85 kPa).
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Fig. 7. Optical microscopic images of W/O/W emulsions.
(a) PCL 3% (w/w), (b) PCL 5% (w/w), (c) PCL 7% (w/w).

Fig. 8. SEM images of microcapsules. (a) PCL 3% (w/w),
(b) PCL 5% (w/w), (c) PCL 7% (w/w).
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PCLY| Aol A&+5 Bt 242 Y749 wolaz
Aol AxHA.
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Fig. 10. Optical microscopic images of W/O/W emulsions.

(a) BSA 0.5% (w/w), (b) BSA 1% (w/w), (c) BSA 5%
(W/w).

Fig. 11. SEM images of W/O/W emulsions. (a) BSA 0.5%
(w/w), (b) BSA 1% (w/w), (c) BSA 5% (w/w).
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Fig. 12. Effect of transmembrane pressure on mean diame-
ter and span value of microcapsules (D/C of W/O and
W/O/W emulsion = 10% (v/v), BSA = 1% (w/w), PCL =
5% (w/w), 45,000 g/mol, Span 80 = 5% (w/w), PVA =
1% (wW/w)).
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Table 2. Effect of BSA Concentration on BSA Loading
Amount of Microcapsules

Concentration of BSA Particle Size BSA loading

in W; phase [%(w/w)] (um) (%)
0.5 5.36 234
1 5.54 26.4
5 14.52 14.0

* Process conditions; D/C of W/O and W/O/W emulsion = 10%
(v/v), PCL = 5% (w/w), 45,000 g/mol, Span 80 = 5% (w/w), PVA
= 1% (w/w), transmembrane pressure = 75~85 kPa.

Table 3. Effect of PCL Concentration on BSA Loading
Amount of Microcapsules

Concentration of PCL Particle Size BSA loading

in Oil phase [%(w/w)] (um) (%)
3 5.48 23.0
5 5.54 26.4
7 6.69 44.0

* Process conditions; D/C of W/O and W/O/W emulsion = 10%
(v/v), BSA = 1% (w/w), PCL= 45,000 g/mol, Span 80 = 5% (w/w),
PVA = 1% (w/w), transmembrane pressure = 80~85 kPa.

o 93k PCL mlo]|aENE A=z HAH=AL W/0
9 oEde] D/C HIE 10% (viv), Wi/O/W, T5 9
b9 D/C HIE 10% (v/v), Span 80 #3H4 T% 5%
(w/w), PCL 5% 5% (w/w), PCL ¥2+%F 45,000 g/mol
o] At

2. PCL "lola=24&e P42 W/0 T oEd
|2 A19] D/C Bl&©] S71el wet F7letl o, W
4 W f3iAeY w=r S i
= FEAE 7}f\l?lu‘4 t% od
F7Fty mtolagqae] Yol Frtsta thE4ake
AR} Az A

3. Premix 27-3o] HA ZANA AZEH Hd Y74
5~6 um®] T A7|E ZHe PCL mlolAz7] gl
29 oFERl BSA I EE of 26%01%1 e, WF- 4
U BSA 555 5% (w/w) |2 A 1A 9%
FoE o] BSA gt &40 AR BSA d o] 1Hast
aom, #4 Ul PCL v57} 3715 S7lstoith

N
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