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Abstract: When preparing calcium alginate microspheres using rotating membrane emulsification that rotates SPG
(Shirasu porous glass) tubular membrane in the continuous phase, the optimal conditions of rotating membrane emulsification
process parameters for producing monodisperse microspheres were determined. We determined the effects of process
parameters of rotating membrane emulsification (the rotating speed of membrane module, the transmembrane pressure, the
ratio of dispersed phase to continuous phase, the alginate concentration, the emulsifier concentration, the stabilizer
concentration, the crosslinking agent concentration, and the membrane pore size) on the mean size and size distribution of
alginate microspheres. As a result, the size of the microspheres decreased as the rotating speed of membrane module, the
emulsifier concentration, and the crosslinking agent concentration increased among the process parameters of rotating
membrane emulsification. On the contrary, as the ratio of dispersed phase to continuous phase, the transmembrane pressure,
and the alginate concentration increased, the size of the microspheres increased. In the rotating membrane emulsification
using an SPG membrane with a pore size of 3.2 um, it was possible to finally prepare monodisperse alginate microspheres
with a particle size of 4.5 um through the control of process parameters.
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Fig. 1. Schematic diagram of the rotating membrane emul-
sification system.
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Fig. 2. Procedure for manufacturing of alginate microspheres
using rotating membrane emulsification method.

=

glo]] o3k A0 E mA& FA|o Ax A
o YeRfiSAtE. WA SPG 9tEE-S isooctane
7F 2592 108 5 Aeste] SPG o] 2
2 F83] A st3, 25 sodium alginate2}

A|Ql arabic gumeS S| A7 B4} isooctane?l]

N

e o @
=
aQ

il
OII

2>
o

¥

d
o

N9}

LS o 2

o g ol |o o

5 3 N
_>;£. ot :lo
i o o
Y
N mP ==
ol
S op
2oy 2
~
Mo b =
‘1} X

>

ox, ‘Q
2 4
o 0
4 b
M
R
%
o B oo g2
i)

e

¥0 2

rr

w2

e

Q

=

fd

o [

-

il

jin)

il

2
A2 o
HorE oot A odo 4 R ok

A
o

Well AU

td
rln
=
@)
=2
=)
2

2

N
)
=
2
re
(¢}

=N
a.
[

=i

(o]

=
o

3.
o
o

ofo
12
tlo
ol
Rl

3
AHAIT. 7tas) wkgo] s
oNereg FFo A7

A4
= 30 5ot "Fsta,
3

o
=2

RO rﬁr&i%i?ﬁ—ﬁr&hl & Jo

b N
Bl = o
Lo o
T o\
o il
o ol

H

re

1P

o

=2

0 G

ox

(i

£

o

2

o &
_H;E
D
i ¥
ol-mj'9
2 g

»

A

2 FAE AH s
A AzE g3t

37 gt ogk YAo|E mlA A Al A9
SAHSFE Tables 13} 20] YeRflom, 34HS: W
slof] whet A" GAUC)E m& FAS] A7)0k 7
A& S48 HHY FAWNST =20 AR A
28 AU o|E m& FA9 Hit YA Exs F1t
& YZ=EA7|(PSA, Zetasizer Nano S 2008, Malvern

e K
offt
iy,
o P



Preparation of Alginate Microspheres by Rotating Membrane Emulsification 55

Table 1. Process Conditions for Manufacturing of Alginate Microspheres Using Rotating Membrane Emulsification*

Emu151ﬁ§r Transmembrane Algma‘@ Rotating speed D/C ratio** Stablhze.r Crosslinking .agent
concentration ressure (kPa) concentration (rpm) [%(w/w)] concentration concentration
Cawiwy)] P [%(w/w)] P ’ [%(w/w)] [%(w/w)]

0.5
1
2 20 4 750 3 5 10
3
4
20
30
2 40 4 750 3 5 10
50
1
2
2 20 3 750 3 5 10
4
0
250
2 20 4 500 3 5 10
750
1000
3
4
2 20 4 750 5 5 10
6
0
5
2 20 4 750 3 8 10
12
5
10
2 20 4 750 3 5 15
20

* SPG membrane pore size = 3.2 pm, ** Ratio of dispersed phase to continuous phase.

Table 2. Process Conditions for Manufacturing of Alginate Microspheres Using Rotating Membrane Emulsification®

Emulsifier Transmembrane Alginate . . Stabilizer Crosslinking agent
. . Rotating speed D/C ratio . .
concentration pressure concentration (tpm) [%(w/w)] concentration concentration
[%6(w/w)] (kPa) [%6(w/w)] P ’ [%6(w/w)] [%6(w/w)]
0
250
2 60 4 500 3 5 10
750
1000

* SPG membrane pore size = 2.5 pm.

Instruments Co., United Kingdom)Z ZA3}9 oM, A Japan)oll &9 ¥ SEM o|u|XZHE vk FAo] e
AEd FAPAAE U] Z(FESEM, S4500 Hitachi Co., 5 FFIAL
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Fig. 3. Effect of rotating speed on the mean particle size
of alginate microspheres [D/C ratio = 3%(w/w), emulsifier
(Span80) concentration = 2%(w/w), alginate concentration
= 4%(w/w), stabilizer concentration = 5%(w/w), crosslin-
king agent concentration = 10%(w/w), membrane pore size
=32 um at APpy = 20 kPa, membrane pore size = 2.5
pm at APpy = 60 kPa].

w

2
H
N
lo
i
>
H
lo
2
9'|_|

o] AlF ETellA P8 &
o ofsf A== Taylor
FHORRY YoHA HH,
9 &R A FFS
2717} 2.5 2 32 um<! SPG %
E'_%:_r 3 &S0l e LAY E n|
W3} Fig. 30 YefiiQdt). o] 23 3
500 rpm BN WAk FAY it YAEL
|

)
i)
o :‘o
o
=2
2,
w2
"

>
2
2
|
r = 9
td
i
Lo
o @
)
JH

2
U
oo r
=

:

H:I

L @
or & du oo fok
AV

129
5
=
o
!
>~
ow

_|>:,
ofo
=)

o o

-
i_l“
1o ot
ot o

F

P

0~
=

of Rlglste] Fastd o, 1 o] &
Bt 4749 #Zavt ba E5EAT o)A
S7Vshd wrEro) A2 Taylor 9HF AT
| S7FIERE o AlF 7oA 9] e Y2 e
Aol o o] BAskA %37 wEelth21]. Fig.
Astol| A Alg 2717} 2.5 umg! SPG ¥ AFE-3

78l Azd v A B A0l AlF A7) 3.2
um?l 2 AR ARt 34 vehd AL AlE 2
717k 2.5 pm<l 73 23k FHA7E 60 kPa?l T =&
A el A Ao A o wa FATE A=HU
7] W&ot}

Fig. 49 A& =7] 32 pm?¢! SPG 2H& AR5 7

L
-
57

P>

d

z o 2

fUomZ fok bt X B o d
(e}

_1%

[ 8)
12
h‘.

mugel A 31 B A 13, 2021

(d) ) )

Fig. 4. SEM photographs of alginate microspheres prepared
with various rotating speeds. (a) 0 rpm, (b) 250 rpm, (c) 500
rpm, (d) 750 rpm, (e) 1000 rpm [the same conditions as
in Fig. 3 and membrane pore size = 3.2 pm at APpy =
20 kPa].
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Fig. 5. Particle size distribution of alginate microspheres
prepared with various rotating speeds. (a) 0 rpm, (b) 250
rpm, (¢) 500 rpm, (d) 750 rpm [the same conditions as in
Fig. 3 and membrane pore size = 3.2 pym at APy = 20
kPa].
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Fig. 6. Effect of D/C ratio on the mean particle size of al-
ginate microspheres [emulsifier (Span80) concentration =
2%(w/w), alginate concentration = 4%(w/w), stabilizer
concentration = 5%(w/w), crosslinking agent concentration
= 10%(w/w), rotating speed = 750 rpm, membrane pore
size = 3.2 um at APpy = 20 kPa].
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Fig. 7. Effect of emulsifier concentration on the mean par-
ticle size of alginate microspheres [D/C ratio = 3%(w/w),
alginate concentration = 4%(w/w), stabilizer concentration
= 5%(w/w), crosslinking agent concentration = 10%(w/w);
rotating speed = 750 rpm; membrane pore size = 3.2 pm
at APTM =20 kPa]
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Fig. 8. Effect of alginate concentration on the mean par-
ticle size of alginate microspheres [D/C ratio = 3%(W/w),
emulsifier (Span80) concentration = 2%(w/w), stabilizer
concentration = 5%(w/w), crosslinking agent concentration
= 10%(w/w), rotating speed = 750 rpm, membrane pore
size = 3.2 um at APpy = 20 kPa].
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Fig. 9. Effect of stabilizer concentration on the mean par-
ticle size of alginate microspheres [D/C ratio = 3%(w/w),
alginate concentration = 4%(w/w), emulsifier (Span80)
concentration = 2%(w/w), crosslinking agent concentration
= 10%(w/w), rotating speed = 750 rpm, membrane pore
size = 3.2 um at APpy = 20 kPa].
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Fig. 10. SEM photographs of alginate microspheres pre-
pared with various stabilizer concentration. (a) 0%(w/w),
(b) 5%(wiw), (c) 8%(w/w), (d) 12%(w/w) [the same con-
ditions as in Fig. 9 and membrane pore size = 3.2 pm at
APTM =20 kPa]
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Fig. 11. Effect of transmembrane pressure on the mean par-
ticle size of alginate microspheres [D/C ratio = 3%(w/w),
alginate concentration = 4%(w/w), emulsifier (Span80)
concentration = 2%(w/w), stabilizer concentration =
5% (w/w), crosslinking agent concentration = 10%(w/w),
rotating speed = 750 rpm, membrane pore size = 3.2 uml].
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Fig. 12. Particle size distribution of alginate microspheres
prepared with various transmembrane pressures. (a) 20 kPa,
(b) 30 kPa, (c) 40 kPa, (d) 50 kPa [the same conditions as
in Fig. 11 and membrane pore size = 3.2 pm].
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Fig. 13. Effect of crosslinking agent concentration on the
mean particle size of alginate microspheres [D/C ratio =
3%(w/w), alginate concentration = 4%(w/w), emulsifier
(Span80) concentration = 2%(w/w), stabilizer concentration
= 5%(w/w), rotating speed = 750 rpm, membrane pore
size = 3.2 um at APy = 20 kPa].
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2%(w/w), arabic gum SHEAl % 5%(wiw), =7t 4E
2} 20 kPa, calcium chloride 7}2Al &% 10%(w/w)©]
RNom, o] HA vkl 2HolA B U7 oF 4.5 um
¢l eEAE EAU| ol E UV\ TA Y A7} 7T

2) HRE 3 &5, Span80 3A9] FX%, arabic
gum 4 Xﬂ-/] = ‘3% calcium chloride 7} A9 &

7} FNERE Az GAYCIE vk FAL 2717t
78 111, A Aol tiek Rabdel g, o

o
7& A 2L, A E s57t S7MEEE 4 749
]_

=7kt
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