Korean Chem. Eng. Res., 52(5), 632-637 (2014)
http://dx.doi.org/10.9713/kcer.2014.52.5.632
PISSN 0304-128X, EISSN 2233-9558

OlMl oM Zg0l2 SEMES 0/8¢et Ehadhd LX|H|0|E S0|==22—

i=] =
305-764 ZAFAA] F735- dIgk=E 99
E

(20149 3€ 4Y H, 20149 5€ 904 A, 20149 59 149 A

In situ Gelation of Monodisperse Alginate Hydrogel in Microfluidic Channel Based on

Mass Transfer of Calcium lons

YoungShin Song and Chang-Soo Lee'

Department of Chemical Engineering, Chungnam National University, 99 Daehak-ro, Yuseong-gu, Daejeon 305-764, Korea

(Received 4 March 2014; Received in revised form 9 May 2014; accepted 14 May 2014)

o Ok

£ |
B =R JtuAY] BEAES 53 AARE A ko] A 2 o2 cHAM S Zhe o] dRYjolE Sjo)
248 wAlSA A UellA] Azshs whel Bt oltolth, WA wlAlfA Ad UelA] AP A0 E o
AES A8t AA&Adol wake skl ExEe] B 2YS Fall AR Aslabdo] o] foix] A slo] &H]
vjo]E ol =2l QIAE AZ3ISITE oful, nAlRA]l AdellA] AdEl= dh o] 7= 37 AlZBelE] $(capillary
numben)$} FAPEL] F55 288 T3] Aol 4= Qluh. B HhHE wlAlgA AE UlellA ebg Al aES Fdst 4
L L 7 } l:i xﬂzﬂ WlLﬂOlE S| =g A QIRNES A3 717 BEE THH(C.V=2T1%) 75, A%, W

A o] 248 F3to] 30 pmollA] 60 pm7kA 9] thefst 719] YA E slo|=2 A ke Alxd 4= Qlrk &
=EollA AAISE 7hdsE nAfA] A S B8l AREE wAS 2 SXMI0)E slo| =2 (IR AAlE
AEE &H17 &Y (encapsulation)d 5= 3lom o= A1F, 3P, A W oFE Fo] AYAE E8o] 7Fsska A
AgAJo] Hofup Hlazola] ool &84 7FsAdo] Qirt.

Abstract — A microfluidic method for the in sifu production of monodispersed alginate hydrogels using biocompatible
polymer gelation by crosslinker mass transfer is described. Gelation of the hydrogel was achieved in situ by the dis-
persed calcium ion in the microfluidic device. The capillary number (Ca) and the flow rate of the disperse phase which
are important operating parameters mainly influenced the formation of three distinctive flow regions, such as dripping,
jetting, and unstable dripping. Under the formation of dripping region, monodispersed alginate hydrogels having a nar-
row size distribution (C.V=2.71%) were produced in the microfluidic device and the size of the hydrogels, ranging from
30 to 60 um, could be easily controlled by varying the flow rate, viscosity, and interfacial tension. This simple micro-
fluidic method for the production of monodisperse alginate hydrogels shows strong potential for use in delivery systems
of foods, cosmetics, inks, and drugs, and spherical alginate hydrogels which have biocompatibility will be applied to cell
transplantation
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Fig. 1. A schematic diagram of the microfluidic device. (a) the micro-
channels composed of two injection lines for the alginate solu-
tion (A) and mineral oil (B). (b) optical microscopy image of
generating alginate droplets.
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Fig. 2. The flow patterns observed in the microfluidic device. (a) Flow
pattern diagram as a function of the disperse phase flow rate
(Q,) and of the capillary number. Three distinct regimes were
observed: (A) Unstable Dripping, (B) Dripping, and (C) Jetting
flow pattern. (b) A snapshot image of the three regimes. In
this experiments, the disperse phase was composed of algi-
nate (2 wt%) and the continuous phase was mineral oil con-
taining surfactant (span 80, 2 wt%) and dispersed calcium
chloride solution. The capillary number denotes the ratio of
the viscous force to the interfacial force Ca=pU/y, where U (m/s)
is the average velocity of the continuous phase, p (cP) is the
viscosity of the continuous phase, and y (mN/m) is the inter-
facial tension between the disperse and continuous phases.
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Fig. 3. Generation of monodisperse alginate hydrogels in the micro-
fluidic device. (a) Optical microsocopy image of the mono-
dispersed alginate hydrogels formed using the microfluidic
device. (b) The size distribution of the mirogels obtained at
Q=20 pl/min and Q=3 pl/min.
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Fig. 4. Effect of surfactants and flow rate of the continuous phase
on the hydrogels size. Dependence of the size of the hydro-
gels in situ produced in the microfluidic device on the rate
of the continuous phase and the interfacial tension between
the continuous and disperse phases, with the addition of dif-
ferent concentrations of surfactant (SPAN 80) from 2(12.06
mN/m) to 4(71.71 mN/m)%.
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Fig. 5. Effect of viscosity of the disperse phase. Hydrogels size as a
function of the flow rate of the continuous phase for three
alginate solutions with different viscosities. Triangle 1.0%
alginate (80cP), square 1.5% alginate (180cP), circle 2.0%
alginate (250cP).
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Nomenclatures

Ca : Capillary Number

p  : viscosity of continuous phase [cP]

U : average velocity of continuous phase [m/s]

vy : interfacial tension between disperse and continuous phase [mN/m]
Q, : flow rate of disperse phase [ul/min]

Q. : flow rate of continuous phase [ul/min]
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