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Abstract

This study analyzed the influence of process variables affecting the thermodynamic equilibrium and fluid dynamics of inter-
faces such as reverse micelle, salt concentration, interfacial tension, and viscosity of fluids to optimize the microencapsulation
process using the W1/O/W2 double emulsion method. The process variable with the greatest impact on encapsulation effi-
ciency was found to be the difference in osmotic pressure between the W1 and W2 phases. It was observed that increasing
the salt concentration in the W2 phase or decreasing the ascorbic acid concentration in the W1 phase resulted in higher encap-
sulation efficiency. Additionally, a larger difference in osmotic pressure led to increased damage to the surface of the micro-
particles, as confirmed by SEM images. The introduction of reverse micelles, which was anticipated to increase encapsulation
efficiency, either had a low contribution or even decreased encapsulation efficiency. The yield of microcapsules was expressed
as a universal function, applicable to all process conditions or solution compositions. According to this universal function,
no further increase in yield was observed beyond the Ca (capillary number) of approximately 20.
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acid))E 7 & o83t AYPS WS 190 °C/2.16 kg 71E2.
2 MI = 3 g/10 min?] PLAL: LX575 (Total-Corbion) & AME-3}1 0.1,
MI = 30 g/10 minQ] PLAE FY201 (Dreamy Co.)= T-vliste] A5}
AT} AZAFEHFE PLA A HolE & AlawA] XForns Ho
A A= 0] =2 AT FY201S LPLA (low-viscosity
polylactic acid)® HH3sl1, TFA0] e I E LX5758 HPLA
(high-viscosity polylactic acid)® H 3}

PLAT DCM (dichloromethane, SAMCHUN, 99.5%, extra pure)©]
Zo] 7)o E vhEo] ARSI AlHEAdAIZE PVA (polyvinyl
alcohol 1,500, T3k CP 55)S ARSI o vHAF Yol &
Q18171 913k L(+)-ascorbic acid (99%, EP)$} o2 A% sodium
chloride (99%, EP) H8t tjg sl AlFS AHE-SFSITE HPLC o5
Gl AREE A]9k2 NaH,PO, (99%, EP, thd3}=)el C,HsOH
(95% EP, GAreRzEgqdyoltt.

2.2. D3 Z2WE M=
238 %710 w}aw 7] 849 PLAE 717L 2, 4, 6, 8, 10, 12
wt% (A% %)7F |5 Algsto] DCMOﬂ % 31 & Ho}oi =183

ok PVALE 44 Z‘%ﬂH 1 wtt%ZF =% sl SirollA ekxls]
aIETE 4713 el B81s] 91t ¢ FOR, AAS 20 wi7h
S SRl W7k e AR deeln miste] -8l
Aro g u],_‘:_oa th ]EE "E7] 7,<j°ﬂ % 0o ] SIEE 3l

FH|E gdS 2N E 9] g3s] A=kl homogenizer (.1_—|
FAE7], DAIHAN, HG-15A-set A)S %3l £330} Figure 13} 7+
o] £AA o7 XEWEk) oM, Figure 1(b)<> W1l PVAE F7H2 0%
H7kgk gujd z7olt) o] Solrk= A= wid wael Z
7} 0~0.2 wt%2] FE=7F E5%% NaClg F7tste] A8-8 A8siaich
Homogenizerd 3|d& % A 340 LA AEF O, &3}
T uwAEe] 9 13,500 ipm O E AT 25 Cas Toh= A
HolAe IAEEE HAAZ AEE F7sIeich

WI/O/W2E 2iksto] A dom E3kel 8- vfol A AJd= o]
AR vHAE s fEiA f718E AlASk L dAE Ax
shele) WA A58 A (rotary  evaporator (Scilab, EV-1001V))
5 40 °CollA 243 “ERE 5 ipm O % 3]XA7|M DCMS 71843t



olF g ol 4% PLA mlolA R e WHR ofamErat Aadt ¥ HA3s} 117

2 min 5 min

@0 = 2=
é\! [\

(PLA+DCM) (PVA+DW)
Oil phase 50g W2 = 140g(PVA Twt%)

2 min 5 min

(Ascorbic
acid+DW+PVA)
W1 = 10g

o = =
02 Fa
%

(AA 10wWt% + PVA
1%) (PLA+DCM) (PVA+DW)
Oil phase 50g W2 = 140g(PVA 1wt%)

vacuum

|I» chiller 7
=

©

Figure 1. Illustration of experimental steps of (a) manufacturing W1/0O/W2 double emulsion (b) manufacturing double emulsion with reverse micelle

in W1 (c) evaporating DCM and precipitating PLA microcapsules.
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Figure 2. In-situ viscosity measurement set-up.
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Figure 3. EE(%) of LPLA microcapsules of at various salt concentration of W1 and W2 with or without reverse micelle with (a) 6% LPLA in
oil phase (b) 10% LPLA in oil phase (c) 6% HPLA in oil phase (b) 10% HPLA in oil phase.
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Figure 4. EE (%) profile of (a) LPLA (2~12% in oil phase) microcapsules with various combination of W1 and W2 (b) HPLA (2~12% in oil
phase) microcapsules with various combination of W1 and W2.
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Figure 5. Comparison of EE(%) profile between W1(10 g) and WI1(5 g) at 0% and 0.2% salt of W2 phase for (a) LPLA (2~12% in oil phase)
and (b) HPLA (2~12% in oil phase).
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Figure 6. SEM images of (a) microcapsules from 10% LPLA with 0.2% salt of W2 (b) microcapsules from 10% LPLA with 0% salt of W2 (c)
microcapsules from 10% LPLA with 0% salt of W2 + 0.2% salt of WI.
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Figure 7. Universal plot of microcapsule yield (%) versus capillary
number.
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