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Characteristics of the Bioreactors of
Hydrogen-producing Immobilized Cells (II)
—Overall Effectiveness Factor in Continuous Reactors—

Lee, Myung-Jae, Yong Ho Seon, Jeong Woo Han, and Yung-il Joe*
Department of Chemical Engineering, Yonsei University, Seoul 120-140, Korea

The effects of input substrate concentration and dilution rate on mass transfer resistance in the
operation of immobilized cell reactors were investigated using Rhodospirillum rubrum KS-301 im-
mobilized by Ca alginate as reactor element and glucose as growth-limiting substrate. The kinetic
parameters were obtained to estimate effectiveness factors.

In the packed-bed reactor, internal mass transfer resistance was predominating although external
resistance could not be neglected. The overall effectiveness factor was decreased with increase of
dilution rate. In the continuous stirred-tank reactor, external resistance was nearly neglected and the
overall effectiveness factor was not affected by dilution rate.

In this experiment the overall effectiveness factors in PBR and CSTR were estimated to be 0.70
and 0.77 at D;=0.2/h, R = 0.15 cm, and S; = 1.0 g/L, respectively.
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Fig. 2. Relationship between mass transfer effect and
effectiveness factor,
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Fig. 3. Schematic diagram of apparatus for diffusion
measurement,

1. Reactor

3. Magnetic stirrer
5. Thermometer

2. Water bath
4. Spin bar
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Table 1. Operating condition of the packed bed reactor

Item Quantity

Reactor

Diameter (cm) 3.0

Height (cm) 11.2

Total volume (cm3) 55.6

Working volume (cm3) 52.3
Volume fraction of bead 0.82
Flow rate (mL/h) 11.1-56.5
Inlet glucose concentration(g/L) 0.5-5
Reaction pH 7.0
Reactor temperature (°C) 30
[llumination (Lux) 12000
Reactor pressure (atm) 1.0

Table 2. Operating condition of the continuous stirred
tank reactor

Item Quantity

Reactor

Diameter (cm) 4.5

Height (cm) 7.0

Total volume (cm3) 111.3

Working volume (cm?3) 96.2
Volume fraction of bead 0.43
Flow rate (mL/h) 19.2-98.1
Inlet glucose concentration(g/L) 0.5-5
Reaction pH 7.0
Reactor temperature( °C) 30
Mlumination (Lux) 12000
Reactor pressure (atm) 1.0




Vol. 16, No. 6
14
12
= 101 N
)
§ 8
2
=]
<@ 6 J
2
E [ ]
] J
§ 4
=
2.
% % 1 & 4 1 12

Dilution rate (1/h)
Fig. 4. Variation of Michaelis constant with lilution
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Fig. 6, Variation of Michaelis constant with dilution
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ALEI1Z
A . constant in eq.(5)21}
Ay : specific external surface area of bead [cm?/
cmi)

Bi . Binumber =k, a,, R/D;
CSTR : continuous stirred tank reactor
D; : dilution rate [1/h]
d, . bead diameter [cm]
D; . effective diffusivity [cm2/min)
G : mass velocity of substrate [g/cm?:s)
km : mass transfer coefficient [cm/s]
Ko . Michaelis constant in PBR [g/L]
K,, . Michaelis constant in CSTR [g/L]
m, : modified Thiele modulus
n : number of beads
Ns : flux due to diffusion
PBR : packed bed reactor
R : bead radius [cm])
r : distance from center of Ca alginate bead [cm]
S, : substrate concentration in bulk solution [g/L]
Sk : substrate concentration at bead surface [g/L]
S; : input substrate concentration {g/L]
So : output substrate concentration [g/L]
S(t)  : substrate concentration at time t [g/L]
\% : volume of glucose solution [cm3]
Vmer : maximum reaction rate in PBR [g/L-h]
V! | maximum reaction rate in CSTR [g/L-h]
Vs : reaction rate (g/L-h]
X : overall conversion in the packed bed

Greek Letters

a : solution volume/bead volume
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. internal effectiveness factor
: external effectiveness factor
: overall effectiveness factor
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