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Process optimization of PLA microbead production

Jae-Rin Shim', Jung-Yeon Hwang', Jong-Soon Park’, Young-Mi Chung"
!School of Energy, Material and Chemical Engineering, Korea University of Technology and Education
’Gloone Co. LTD

2 9 & d7: YEAY PLA EEAD) 0YR Bao] QoA G TAE WSS, 2 B9 55, PLAY
BE, BUSE Sof & PLA vl B4 2 2 Alo]= Exo] sl AT YA Az 919 lae) @st
Y 9 43R 5 A1) A0e Hele] B BT B4 PVAEHHIYR ) BRkE Ba

A WA B U £ F 7HR] B9 SRUAME AMESte] 14 Hste] BAAE EAStE T oA Fulgh
£ aqueous phase)S PLASF 7MAA7T €315 2 U4} (oil phase)oll UAISIY 7taul-e-S WGt = A7) 4
94 (phase inversion)& F&dte] o|@2 AL F=5i9tt B A8 58] Lobd AL 54 BAMA] Re (@02
F) (22,0009 2ARAANA B[PR}F Afo|29 MPAAE /T 4 ke FI 2 $£E28 47 HAsAE Re (
22,0009 A2 712 &2 HBERF (pumping capacity)°] FRtEolof Sith= Zo|th. PLA w5k EF u[gA}
9] Alo|29} g0 3 nX AT HolsRee HHGFLE qPREHE F540 vls] 2 Gl mulstth

Abstract This study investigated the effects of various process parameters on the productivity of
biodegradable PLA microbeads manufacturing process and the size of biodegradable PLA microbeads.
The process parameters considered are surfactant concentration, PLA concentration, and homomixer
rotation speed in the water phase. A new process for preparing the PLA microbeads was adopted in this
study. This process shortens the processing time by combining the key features of suspension
cross-linking and phase inversion emulsification techniques. First, the water phase dissolved with PVA
was homogenized at a high rotor rotation speed for the efficient dispersion of PVA surfactant. Next, this
homogenized water phase was brought to the oil phase, already dissolved with PLA and initiator. These
two phases were instantly mixed and underwent phase inversion and cross-linking simultaneously. This
work showed that Re ¢ 22,000 is crucial for phase inversion stability. In addition to this phase inversion
stability, the high pumping capacity of the homomixer was proven to be crucial for the high yield of
microbeads. The effect of PLA concentration on microbead size and yield was also investigated but was
proved to be less significant than the flowability properties like Reynolds number and pumping capacity.

Keywords : PLA, PVA, Micelle, Phase Inversion, Microbead, Reynolds Number, Characteristic Flow Rate

E =72 7l UEgL 20200 s TSATAETIA 9@ F8uAE o] o) AT
*Corresponding Author : Young Mi Chung(Korea University of Technology and Education)
email: quebecoise@koreatech.ac.kr

Received November 23, 2021 Revised December 15, 2021

Accepted January 7, 2022 Published January 31, 2022

538





PLA w7 A4t 33 A3}

2

™=

1. A

7149 WA} 7ke) HOlE Hsto] EfAE e AR
< B/ HIAA YeE f]=EE 24719
60~80%% AAIstH E2tAE Q] AMRHE HA SIS}
£ FAE Holx Y1l BitE fYEE g9yt S8k
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REESNA AH= AEHe G2 v)E 4 ATH6l.

o|#g EAHES Higte g HeE Fo] HiE PR
4 HE FHAE ol8F nEA Aoy HE,
polyester, T &, 2% Fo| IAo[cH7). ol &2 A
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nEAe] Az S ek, 24 7143 1Y
spray drying®} 22 71414 ¥, coacervation 7|8
i e EE)3ElA uhio 2 vHH10). olF E8gst
A Wi vnE FR50] 41 v|PRe] B2t +
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ojc}. 7L dgviay
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stick. &, Wet bz 2o) Idom Batslo) 9

< WEE, F A 94d fA Bidste, 94 F=
Bl REPES Zol & A9 wEe fsied wEAE
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= 288 SRS vE] 439 BAAS v_—’.‘}'?}
O2A st EF B FHLS AR &

ohizh, U4 KU oA 2, A4 '-‘4-‘-1—0]‘% 91‘
& 58 A28Y  1¥ =&A71A] Yol 7| of
Bl fadEe] Wge 248 ¥ 4 irks el itk

2, 48
2.1 Alor [=1] ;HE
£ AgohE Ad S8A F Poly (L-lactic acid)
£ 571 899 Fshgd (Methylene chloride)o] &=
o] o|HAE K714 (organic phase)g AZsHA. of
o PLLAE o] stz BAFo] 2 1X575

(Total-Corbion) &, @siigde g4t AoF (EHE
e Fadol AMgsitt. F3 HAAZE BPO
(Benzoyl peroxide, tJAsE 13)8 ARSI, ¥4
3t Al AHZAAIZE PVA (Poly vinyl alcohol
1500, WAsF CP S3E AT

2.2 A g
DPRE ARske AL WeR, 71EE WE
(Heating mantle), 2&E47], magnetic bar, 7o
FAA) L2 999 S A5 vhgRE 1L
|99 37 SIS THATE ARESIglen yhgo] »
Y= ¢ HEE WES o 88 A4HY wRkE o
A 2oE fA5E. Foid AgzAd) gt /7]
FEAIY PLASH AREHAIQ] PVAS] & A4St &
25t H PLLAE 1L9] ¥Rg2o] 8ulQl 143 mLe] ¥3}
wg3lo] §3i]71L 7)) AHAIAQ] BPOE 0.15 %
HEE FrlolAth 44 PVAE BAE 93] S5
100 mL7} @31 wjAo] g3fsie] EulstAct. PVA7L &
ol gA3] g3t 5, 250 SEA Vol H(2&58A
7], DATHAN, HG-15A-set A, Silverson L4ART-A)E
ALgste] 2t7] 2 27 stojA] PVA 898 AdzA
o) st JHEEE 187 A5 wHiAA B4
B4t ARE FAANAL 259 srA el FHRE

540

(rotor) AL AE 71E2 94 EAE 3, 42 1.28
cm (DATHAN, HG-15A-set A), 3 cm (Silverson
L4RT-A)E REAo] AH85ioict. £ =EolAe Wt
Zzke] S AUl E o]F A-type, B-typel® WY
gt} B4kE PVA 892 Asigdlo] 85)% PLLA
|do] T3] Whgxo HAF| Hol 7}H WEA Bk

£ AXsH). ol ¥kg & wHt =t 100 rpm, ¥t
$ 25+ 3052 1AsH 241z St KA

Fig. 12 o]F 49| 479] AP =gt vy
9] g4ol ARH F ol BiZur|d A *@*éa
I o 53R 2 /7] S9E BEAFG. YHE

2 9F 45~60%9] 7t THAA A FRHt] 2 rol~L
71 89E AAstE o]F 3L oY FREE
washing st} 257 7] 899t AREHAE AAS
2 A% AZAIZ. ke YRl o 80%9] 7R
7Azxsto PLA vlo]3 & JRE AQich

Disperse the aqueaus phase
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Reaction for 2 hours
at 30°C

dlphuo __|

A type: 1.28 cm

.
B-type: 3cm

Fig. 1. Illustration of experimental steps
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Age] 2AL Table 1~4 Zo] 42

Agdgel 143 mLE 71£92, PVAY] 5% (w/w)=
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7T 229 wEe AZE FATEN AT
A S 1A stleH ol A5t Ostwald HAZA
£ AMgSHATh Ostwald A=A 94 Ho]9] HA7t
9] o5t EASE B3 Elige o 4835k
AME Este WAE 25504 7 55 B 3¥9
=732 ABsit. & AL A=E FH57] 9%
71&0] B 5% 4sH23 89 SR sHe
£4& 59 oS Y3 g2 41K sigle). o)gA &
o3 A A 47t EF d3pEd A e F
sto] AP g AESUch. AzE A=) HE
A=t Laser light scatteringS ¥EZ 0.01~3,500
mm7H] 84 715351 nlo]ag YrEA7|(PSA, Malvern
Instruments LTD, MS 300002 &7t} E3 ¢
Zo] Peje} I7)8 FAEAE0]A(SEM, JEOL-6510)

fio

< o83 50081&=2 By JEAuAEL B4
A7 WRe 53 27| EEE U5t
Table 1. Process condition at different PLA
concentration
samples
A=A #1 #2 #3 #4 #5
PLA 5% 1% 3% 5% 7% 9%
PVA 5% 1%
RPM (A-type) 13,500
Table 2. Process condition at different PVA
concentration
samples
m #6 #7 #38 #9 #10
PIA 5% 5%
PVA 5% osu | O | 1w | 1P| 1w
RPM (A-type) 13,500
Table 3. Process condition at different rotor
rotation speed
samples
AyzA #11 #12 #13 #14 #15
PLA % 5%
PVA B& 1%
_ 1080 1350 1620 1890
. RPM (A-type) 8100 0 0 0 0

541

Table 4. Process condition at different rotor
rotation speed

samples
ARz #16 | #17 | #18 | #19 | #20| #21
PLA 5% 5%
PVA 5% 1%
_ 160 | 200 | 270 | 320 | 350 | 400
RPM (B-type) ol o] o] o o] o
3. Zdat ¢
3.1 gk 21

Fig. 2& 3A42AE u|gA 79| ¥ste Jehdct
sample #1 ~ #5= PLLA =0 & dx H3lE B
o=, PLLA 5271 ¥oHE d=te] 27171 371
A4S £ & Urh oli= PLLA ¥5o] S8 9949 A
Z7t EoHdSE 99 AL B4 Ao R AgEEr 4
8FE= 93 o7t AiFog gobA]7] gEd
A& Afo]R7F AR E ZoE Bt}

Fig. 22] sample #6 ~ #10 oA Hxo| A2 AL
PVA %7} AZASLE FoAe AFE HolAH,
sample #8 oJollA= Alo|=7} AT} ovEhE: & 4
At ol 899 Fzol A=l Y BAUSA
section 3.3 modeling F-&0|A & &HA|3] =2]stAt.

Fig. 29] sample #11 ~ #15, sample #16 ~ #21&
K, 7} type?] W 94 FAKER Q18 YA FAY]

=m=Sample #1 ~ #5
Sample #5 ~ £10

=o=Sample #11 ~ #15
Sample #16 - #21

Mean particle diameter (um}

-+ Sample number increase

Fig. 2. Mean diameter of PLLA microbeads produced
from different process conditions
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5% morphologyE EvhE 87} 9lom, oj& ot
< 3.2 section°A =LJStEE $ir}

3.2 Morphology

Fig. 3% sample #1 ~ #219] A HZ2] SEM o|u]
& HoZoh, AEo R 3.2, sectionoA9] Y& B
X9} Fig. 39] ofm|A| o2l YA} Alo]= o] LX)
& & 5 Utk

Fig. 3(2)9lA] EX0] AT PLLACIAE B
A 27o] 7P 22 ¢ BTl AT 4RES)
SHol Hoju], Atxoz AAE A9 Ao ©
oS & 4 ok ¥ Fig. 3(b)~(e)ollA] ERo)
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& &= Qi

A JE B M E BotRo], AsEe] PVA
oA YA} Atelz7t FH8| AFsche AIE BT
Fig. 3(D% Fig. 3(@~()E »|xd] B9 o3t HFA
A=, PVA 0.5%° AF== Fig. 3() oA 4=
Ato]27t 543 AYE £ 4 Ut ¥HA Fig. 3(@~()
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oA QA7 AR E 89S F 7R AMsAeE W
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7ol AZ ALeg HRIL} o) 1o EARETA
B FE Jro] g2 A3y oZ Qg PVA
micelleo] &HH 08 AAHA olf2 HFE S 9l
A, 143HE HE F F Aol rd 3] micelle 7
Z7} AujAE Ao|lBg FgsEoz HEo] =3}
t}. 23|28 PVA micelle®] "¢ 27 Bilwl AlefoflA
Aol AoldAl 7l ke A1 A], RE-Ho= A4
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Fig. 3. SEM images (x500) of (a) sample #1 (b)
sample #2 (c) sample #3 (d) sample #4 (e)
sample #5 () sample #6 (g) sample #7 (h)
sample #8 (i) sample #9 (j) sample #10 (k)
sample #11 () sample #12 (m) sample #13
(n) sample #14 (o) sample #15 (p) sample
#16 (q) sample #17 (r) sample #18 (s) sample
#19 (t) sample #20 (u) sample #21

3.3 Modeling

E =RoAe IA Aet 7HEE uiges A& A
0|29} §A AF9 AHTAE Verd 2E S A5
3t} PVAZF €319 44 (aqueous phase)dts &%

Eq.(D3 Zo] 8% 4 Yt
2
Re = PND” 0
I

714 ot PVA 58949 IE (kg/m’), N& SEYA
HASE (57, DE B420), & 38R 37 (m),
£ PVA 5899 Ak (Pas)E ui3ith. o7]A &
dje] YE ALoA PVAS UE (1.2~1.3 g/cm’)2}
E9] 9%(1.0 g/cm®)7} ¥53taL PVA #71eko] 1.5 %
ojst2 wlujslnzg Ee9 dx= ofsiyth Hz:=
Table 59 SAEH ZAAE dAste] Re g A4l
Wit} 4714 Re Akl JoiA F83F 4ke] &4
£9] 9Jo]A] shear thinning effect® 12314 Yol

=X 9J7g 7F 4 Utk Gao et al[16]2 PVA &
SN RHEHH AFZ AT, 1E0] HAES
PVA 89 AEF 7 ¥ 5571 10 % 29 o]
FEoA ZA% 1 rad/s, & 9.6 rpml HIHE
shear rateo|A¥E Newtonian ASE RY A==
shear thinning® ¥32 vv|sigct. £ AFofA &
23 3A&=E A 1600 rpm oAo|H, H7Rt
PVA 5% X RO Z shear thinning 878 F
A 8 £=Zo02 FuEo T8 &2 rpmolA
shear thinning 35 = A A7 BAssie

X
=0
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Table 5. Viscosity of aqueous and oil phase for
each concentration.

sample# #1 #2 #3 #4 #5

aqueous phase

viscosity (cP) 1.0 5.5 21.8 61.0 | 155.3
sample# #6 #7 #8 #9 #10
oil phase

viscosity (cP) 14 1.7 2.1 2.5 34

Equation (1)°flA] 238 Fols2 5= 899 4
o digsls 384E Yetille ot & o]
B2 71 AZDLE A7 FHY dF 2 4850 ¥
Ao F73=lo] AjE e R PVAL EAA TS} £olR] 1,
Fig. 4014 AAsk= PVA micelle ©] © 34 JA4=2
RO AT 4 9ltk. Fig. 4(a)e 89 A4 PVA
9] micelle B4E EAI53 Aojch. viA] A|l2g} £x
A PVAY -OH #E7] H81 I4A F97t v
02 g5 0]Fg LRE micelleEe] A€ Foltt.
EE PVAE 18R BAHAo|ER 44 F21= Fig. 49
EA5tE gAEG BN o BEFE 722 99 dE A
olX|gt, &R 7rEfslete] HPsi=E gt

Fig. 4(b)e TRIYA iG] uHE PVA micelle
Alo|z WEE EoEth 52 AWEEHolY k&2
micelleS © ZA 2 ZE 1o} Z-2 micelle B4
o2 AZAE Aotk Fig. 4(0)= 444 2YAto] 4lo]
o Zhagkgo] AZE o] £4-29 Aol BAM vk
Ao1A micelle Alo]= 2}o]7} ojwgt nAHUE AJol&
7HRER RoFE BARo[t) F&9] & micelleE 2
Do) IRA = AS vlad BES FES 2o A
o] vtdd Ao 7=y, TR SFA&ET} =
O}A|HA| PVA micelleo] ZolAHA @ UAto] HAE
E 3, FFHeE JA4&EIE B GRE At
o] micelle ©] & Zotx[H A§HE AJ7to] micelleo] &
g 25 e Zo] ET|FoR olgjy 4 yidel £
FsHA dold AoE AET. Fig. 409 v
RAE7L o]§t @42 HoqFr, o|FA EUQHSHA
%% ¥rdo] AYEHY 0 FE7Y 54 & FolF7 ¥
e ZeE F2dn A#AFoR 4] ¥ (phase
inversion)e] EYHSA dojube= E9H ®HA
(incomplete phase inversion)2.& Q3] YAEo] 2
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HiHo]| 7]&0] ¥E71@¥] (suspension cross-linking)]

F= ST F A A4S IAT & 2R T4
o8 & BAsH] gie Aile AUl Ao
Ha=lo] 9o} o] AL ALV} RolHeE o Zh2
HFAE dojui= Ao gA 17, olde &
AR oflet oY A& FAlof] E4lo] HY| o] £ =
oA AXehs WdE A o 3 wFAYEelth
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Rotation apeed increase
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Fig. 4. Illustration of (a) PVA double layer micelle in
water phase (b) PVA micelle size transition at
high dispersion speed (c) Suggestion of
mechanism on how the phase inversion
occurs at low rotation speed and at high
rotation speed.
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Fig. 5. Mean particle diameter vs. Reynolds number
of water phase.

3.4 yield
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6. Yield of PLLA microbeads at different process
conditions.
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Fig. 7. Comparison of Type-A and Type-B
characteristic flow rate.
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