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ABSTRACT

In this study, it was observed that hydrogen productivity varied with stirrer speed, bead radius, input
glucose concentration and dilution rate in a continuous stirred tank reactor in which immobilized R.
rubrum KS-301 was used as a hydrogen—producing bacterium. The mass transfer resistance due to cell
immobilization was also studied. In order to estimate an effectiveness factor, D.. of glucose was first
obtained, which was subsequently represented by the correlation equation between D., and X,. As a
result, external mass transfer resistance could be neglected for stirrer speeds greater than 400rpm.
With bead radius increasing, the hydrogen productivity and internal effectiveness factor decreased.
With input glucose concentration increasing, the hydrogen productivity and internal and external effec-
tiveness factor increased. Although an internal effectiveness factor was not affected, hydrogen produc-
tivity increased with dilution rate increasing. An overall effectiveness factor remained nearly constant
for the dilution rates investigated, but increased with input glucose concentration increasing.
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3. Magnetic Stirrer

Fig.1. Schematic diagram of apparatus for diffusi—
vity measurement.
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1. Stirred Tank Reactor 5. 100 Watt Incandescent
2. Magnetic Stirrer Lamp
3. Water Jacket 6. Feed Tank
4. Peristaltic Pump 7. U. V. Lamp
8. Gas Collector

Fig. 2. Schematic diagram of continuous cul-
ture of immobilized R. rubrum KS-301
in the stirred tank reactor.
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Table 1. Experimental conditions of the continuous
stirred tank reactor.
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Table 2. Operating conditions of the continuous
stirred tank reactor.

[tem Quantity

Reactor

Diameter{cm) 4.5

Height(cm) 7.0

Total Volume(cm?) 113

Working Volume(cm®) 96.2
Volume Fraction of Bead 0.293
Flow Rate(cm’/h) 19.2~77.0
Input Glucose Concentration(g /L) 0.5~5.0
Reaction Temperature(C) 30
Ilumination(Lux) 12,000
Inlet pH 7.0
Reactor Pressure(atm) 1.0
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Fig.14. Effect of dilution rate on hydrogen produc-
tion rate, glucose utilization rate, and
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A : Na-alginate concentration( % )
am : Specific external surface area of bead
(cni/cn)
: Dilution rate(h™)
. Effective diffusivity of glucose in Ca—
alginate bead(cnl/s)
os . Glucose diffusivity in pure water( cnl/s)
: Bead diameter(cm)
: Feed flow rate{cm®/h)
: Light intensity( Lux)
: Mass thansfer coefficient(cm/h)
. Apparent Michaelis constant{g/ ¢ )
: Saturation constant of Monod kinetics(g/ ¢ )
: Specific volume of dry cell(cm®/ g )
: Ratio of substrate diffusivity of bead
without cell to that of water{-)
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: Mass transfer rate of substrate with

diffusional resistance( g/ ¢ - h)

: The number of beads

: Non—zero roots of eq.(2)

: Bead radius(cm)

: Distance from the center of Ca-alginate

bead(cm)

: Substrate concentration( g/ ¢ )
: Substrate concentration in bulk solution

(g/?)

: Initial or input substrate concentration

(g/4)

": Substrate concentration at the immohi—

lized bead surface( g/ ¢ )

: Temperature( C)
: Reaction time(h)
: Apparent maximum reaction rate

(g/% -h)

: Substrate consumption rate of the

immobilized cell( g/ ¢ - h)

: Volume of reactor(cm®)

: Cell concentration( g/ ¢ )

: Initial cell concentration( g/ ¢ )
> Cell yield on substrate( g /g )

: Solution volume/bead volume,

3V.(4aR%n) (-)

: Porosity of bead(-)

: Internal effectiveness factor(-)

: External effectiveness factor(-)

: Overall effectiveness factor(-)

: Maxium specific growh rate(h™!)

: Volume fraction of bead in reactor(-)
: Mixing intensity(s™')
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