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Abstract—Tower reactors of a bubble column(0.085 m*) and a three phase fluidized bed(TPFB, 0.114 m*) were
used for the batch production of exocellular polysaccharide xanthan with the aerobic bacteria Xanthomonas campestris.
Even at high viscosities the fluidized particles of 8.0 mm glass beads disintegrated the air bubbles, which led to
about seven times higher gas-liquid mass transfer coefficient in the TPFB compared to that in the bubble column.
On the other hand, the TPFB reactor could be operated in a limited range of xanthan concentrations due to the
large bed expansion caused by a considerable increase in the effective viscosity of culture broths during a batch
fermentation. Taking into account the high oxygen sorption efficiency(kg-O./kWh), the high energy input rate and
the operation complexity, the TPFB bioreactor is expected to be appropriate for the continuous production of xanthan
which shows constant rheological properties of culture broths at a steady state.

Key words: Xanthan Fermentation, Bubble Column, Three Phase Fluidized Bed, Gas Liquid Oxygen Transfer Rate,
Sorption Efficiency
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Fig. 1. Parameter interactions in the microbial production of exopoly-
saccharide xanthan.
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Fig. 2. Schematic diagram of three phase fluidized bed bioreactor sys-
tem.

1. Three phase fluidized bed 7. Offgas cooler
2. Liquid-circulation pump 8. Offgas O, and CO, analyzer
3. Pulsation damper 9. Thermostat
4. Magnetic inductive 10. NaOH tank
liquid flow meter 11. Water tank
5. Gas rotameter 12. Antifoam agent tank
6. Air filter
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Fig. 3. Time-course of a batch xanthan fermentation in a bubble col-
umn at the gas velocity of 0.10 m/s.
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column reactor with the predictions by Eqs. (10) and (11) from
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Fig. 7. Comparison of volumetric gas-liquid oxygen transfer coeffi-
cients in three phase fluidized bed with those in bubble column
bioreactor at the air velocity of 0.10 m/s.
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Fig. 8. Comparison of k,a (@) observed during fermentation in TPFB
to the prediction (—) from the correlation (17) proposed by
Schumpe et al.[18].
(ds=0.008 m; u;=0.10 m/s: The terminal velocity uy of a sin-
gle particle was estimated at a given effective viscosity with
the method recommended by Clift et al.[20])
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Fig. 9. Volumetric gas-liquid mass transfer coefficients of various bio-
reactors as a function of energy input rate at the fluid consist-
ency factor of about 11 Pa-s".

(O, bubble column(9, 16]; @, air-lift[9]; M, three phase fluidi-
zed bed; [, high turbulence plunging jet HTPJ[22]; &, stirred
tank reactor STR with draft tube[12]; =, STR with INTER-
MIG impeller[2]; A, STR with Rushton turbine impeller[2])
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Fig. 10. Sorption efficiency of various bioreactors as a function of xan-
than concentration.
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ARBYIE
A : parameter characterizing the growth-related xanthan pro-
duction[Eq. (1)] [kg-xanthan/kg-CDM] ,
3 : specific xanthan productivity in the stationary phase[Eq.
(1)] [kg-xanthan/kg-CDM-h]
C : parameter characterizing the growth-related oxygen de-

mand{Eq. (2)] [kg-O./kg-CDM]

CDM : cell dry mass

C.(C.*) : (saturated)dissolved oxygen concentration [kg/m?]

D :specific oxygen demand in the stationary phase[ Eq. (2)]
(kg-Ox/kg-CDM- h]

ds  :diameter of fluidized particles [m]

E : energy input rate [J/s]

k : fluid consistency factor [Pa-s"]

k.a'(k,a) : volumetric gas-liquid mass transfer coefficient referred
to liquid(reactor) volume [1/s]

m  :mass flow rate [kg/s]

My : weight average molecular weight of xanthan [kg/kmol]

My* : My of instantaneously produced xanthan [kg/kmol]

n : flow behavior index [-]

N : molar gas flow rate [kmol/s]

OTR : gas-liquid oxygen transfer rate [kg/m® h]

p : pressure [Pa]

P : xanthan ccncentration [kg/m?]

Qo; : microbial oxygen demand [kg/m?-h]

R : gas constant [J/K-kmol]

t : fermentation time [h]
: temperature [K]
u : superficial velocity [m/s]
ur :terminal velocity of a single particle [m/s]
V. :volume of liquid in reactor [m?]
X : cell dry mass concentration [kg/m?]

: mole fraction [-]

aajolA £xt

Y : shear rate [1/s]
€ : phase holdup [-]
u : viscosity [Pa-s]
T : shear stress [Pa]

<

31}

cal  :values calculated from correlation
CO, :carbon dioxide

eff . effective

exp :values observed experimentally

G : gas

i : inlet

L : liquid
: outlet
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