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Abstract—Experimental and theoretical studies on three-phase hollow fiber bioreactor were performed
using an asymmetric hollow fiber in which glucose oxidase was entrapped in the porous sponge region and
stlicone coating was applied on top of that. Oxygen limitation has been confirmed by theory and experiment
when the glucose concentration was above 75 mM. The measured cffectiveness factor was lower by 15-25%
than the predicted one, which may be attributed to the deactivation of the enzyme upon immobilization.
The theoretical and experimental values were in good agreement within error limits of 15-25%.
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Fig. 1. Asymmetric hollow fiber schematic.
(1) Fiber lumen and dense skin region, (2) porous
sponge region(biocatalysts were immobilized), (3)
coated silicone layer.
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Table 1. Parameters used in numerical calculations

Parameters Value Reference
For oxygen and silicone rubber
Sy 168X 107" std em*/cm®/cmHg [32]
S2 3.70X10°* std cm*/cm*/cmHg [5]
D.s 25%X10 ° cm®/sec [32]
D,  16x107° cm¥/sec [33]
2.34X10 "*M(for air) [33]

Cs 1.25X10"* M(for pure O;)
For glucose oxidase and catalase system

Kewr 1433 sec™! (34]
K 537X107*M [34]
K 0.0602 M [34]

Table 2. Hollow fiber specification

Maker Berghof(West Germany)
Type Asymmetric
Material Polyamide
Cut-of molecular wt. 50,000
LD. 0.15 ecm
O.D. 0.25 cm
Void fraction 0.80-0.90
Weight/Length 0.0164 g/cm
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7 At 3 B S gle FEvE BE Fol °]T=:
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f4-89e GOD 50 mg#} catalase 5 mgS pH 7.02]
phosphate bufferdl] ] 50 ml& 7+ c}-2 Y A7(5C)

18128t H31A |55 199344 108

SERERE R

GOD 50 mg + Cat. 5Smg + Phosphate
buffer (pH 7.0) — 50ml solution

( Soaking for 12 hours at 5 °C

‘ Drying for 10 hours at 5 °C

J
[ Silicone coating —l

[7 Hardening for 24 hours at room

temperature

‘ Store in pH 7.0 Phosphate buffer at 5 °C

Fig. 2. Immobilizing and coating procedure.
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Fig. 3. Effect of B on effectiveness factor for uncoated
hollow fiber bioreactor(uncoated: £=2.0, - zero

order: f=0).
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Fig. 4. Concentration profiles of oxygen in porous sponge
region for ¢=5 and 10(— uncoated, --- coated).
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Fig. 5. Concentration profiles of oxygen in porous sponge
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Fig. 7. Effect of fiber wall thickness on effectiveness factor
at constant t.
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Fig. 8. Effect of glucose concentration on productivity at
various enzyme loading.
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Fig. 9. Effect of enzyme loading on productivity under the
condition of oxygen limitation,
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a :inner radius of an asymmetric hollow fiber
[em]

C; :dimensionless concentration of oxygen in po-
rous sponge region

C; :dimensionless concentration of oxygen in coa-
ted silicone layer

C,’ :concentration of oxygen in porous [M]

Cs'  : concentration of oxygen in coated silicone layer

[(M]
Co* : saturation concentration of oxygen [M]
c¢g  :active flavin concentration of glucose oxidase
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[M]

D, :effective diffusivity of oxygen in porous sponge
region [cm?/sec]

D, : effective diffusivity of oxygen in coated silicone
layer [cm?/sec]

FAD : flavin adenine dinucleotide

[G] : concentration of glucose [M]

K. :Michaelis-Menten constant [M]

K% : Michaelis-Menten constant for glucose [M1

K; : Michaelis-Menten constant for oxygen [M]

ke :Kkinetic constant [sec ]

(O] :concentration of oxygen [M]

P,

|
p
¥
¢

=

: partial pressure of oxygen in gas phase [cm-
Hgl

: concentration of oxygen at the outer surface
of hollow fiber shell side(=C,({)) [M]

: dimensionless radial distance

: radial distance [cm]

: solubility of oxygen in porous sponge region
[em®/cm®/cmHg]

: solubility of oxygen in coated silicone layer [em?®
/em’/cmHg]

: maximum reaction rate [M/sec]

: reaction rate [M/sec]

: reaction rate under the condition of oxygen li-
mitation [M/sec]

: axial distance [cm]

2joja Ext

: dimensionless Michaelis-Menten constant

: diffusivity ratio (Dy/D.2)

: dimensionless radial distance from the fiber

center to the outer surface of fiber shell

: effectiveness factor

: distribution coefficient of oxygen at the inter-

face of a fiber and coated silicone layer

: dimensionless radial distance from the fiber

center to the outer surface of silicone layer
a?-V,

: Thiele modulus defined by ¢2=E <
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