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Oxygen Transfer in Microbial System
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Abstract

Some method was introduced to explain oxygen transfer from broth to cell during aerobic microbe culti-

vation. It is explained by 5 steps that how desolved oxygen can reach to cell. Among these steps film re-

sistarice was the most important factor to describe oxygen transfer. Lumped model and distributed model

was introduced to explain oxygen diffusion rate and oxygen consumption rate which occurs in the microbe

pellet.
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Fig. 1. Critical concentration of various sub-

strate.

(a) Oxygen : (b) NH*"ion : (c) Organic substrate
Table 1. Mass transfer step of dissolved gas

in liquid-solid system

Step Transfer phenomena

transfer of gas to gas-liquid interface

2 transfer across the interface into the
liquid phase

3 transfer of gas through liquid to solid
surface

4 transfer across the interface into solid
phase

5 diffusion transpont in the solid
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Fig. 4. Model of microorganism.
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Fig. 5. Effectiveness factors for substrate utilization with Monod-form kinetics (8=Co/Ke).

® is the observable modulus defined in Eq. (26).
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Table 2. Criteria for assessing the magnitude of mass-transfer effects on overalldinetics

Criterion n value Limiting rate process Extent of mass-transfer limitation
® < 0.3 ~1 o Chemical react:on Negligible
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NOMENCLATURE

A : Interfacial surface area of gas bubble and
liqguid

Ap : External surface area of pellet

a : Interfacial surface area per unit volume of
reactor

C; : Oxygen concentration of inner cell

C, : Oxygen condentration of outer cell

C*oe © Concentration of gas in equilibrium
with gas phase at entrance of reactor
C*,uom | Concentration of gas in equilibrium

with gas phase at exit of reactor
C. 0, - Concentration of oxygen at interfacial
" phase
C, 0, : Concentration of oxygen at in liquid
phase
C*o, 1 Concentration of oxygen in equilibrium

with gas phase(P, o,)
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D : diffusion constant

K; . Overall mass transfer coefficient nased on
a liquid concentration driving force (C*g,
= Cio,)

K, - a: Mass transfer capacity coefficient

K. : Monod constant

k. . Convective mass transfer coefficient in
the gas phase

k; : Convective mass transfer coefficient in
the liquid phase

m : Henry’s constrant

N : Oxygen flux, mol O, /cm? - sec

N, : Oxygen trasfer rate per unit volume of
reactor

P, 0, : Partial pressure of oxygen in gas phase

P, o, : Partial pressure of oxygen at interfacial
phase

Qo, : Oxygen consumption rate

R : Radius of model of microorganism

V : Volume of reactor

V, . Volume of pellet

Y : Conversion factor of substrate consump-
tion

é @ Thickness of liquid film

u - Specific growth rate

4w @ Maximum specific growth rate
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