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Characteristics of a Bioreactor Using Perfluorocarbons and a New Impeller

Moo H. Cho, Yong L. Kim, Jae H. Chung, Jeong M., Kim
Department of Chemical Engineering, Yeungnam University

ABSTRACT

Recently, developments of large scale and high density cell culture methods have been the

objects of many researches, because the demand of various pharmaceutical products produced
by animal cell culture has been rapidly increasing. The cell culture equipment should have the
requirements such as sufficient oxygen transfer and mixing, low shear stress and surface tension,

and small foaming. In order to develop a proper bioreactor meeting these requirements simul-
taneously, a perfluorocarbon having high solubility of oxygen was sprayed into the medium as

an oxygen carrier instead of air. Also, a new impeller was developed and combined together with

the perfluorocarbon spraying system so as to design a new bioreactor for cell cultivation. The

new impeller had better characteristics of mixing and oxygen transfer than the paddle and

cell-lift impellers based on the same shear rate, But, it was observed that the volumetric oxygen

transfer coefficient of the new bioreactor decreased with increasing cell density during E. coli

fermentation,
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Fig. 1. Schematic diagram of the PFC-Biorea-
ctor system for preliminary experiments.

1. Gate valve 8. Feed pump

2. Air pump 9. pH probe

3. Sprayer 10. DO probe
4, Imﬁcllcr 11. pH meter

5. Flutec PP11 12. DO analyzer
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-~

. Silicone tube



Vol.6, No.3

PADDLE

CELL-LIFT

Fig. 2. Schematic diagrams of three different
impellers.
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Fig. 3. Schematic diagram of the PFC-Biorea-
ctor system for fermentation.
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Table 1. Properties of distilled water, Flutec® PP11
and FC-40-at 25T and 1 atm

Properties Water PP11 | FC—40
Molecular weight 18 512 650
Density ( 8 /o) 0.997] 1.966 1.87
Boiling point {C ) 100 215 155
Viscosity (dynamic) (cp) 0.95 6.41 412
Surface tension {dyn / em) 7197 | 185 16
Vapor pressure (mbar) 234 29 4
Heat of vaporization®( /8) [2257 755 714
Specific heat (J/ 8C) 1.85 1.09 1.05
Oxygen solubility®(mg / kg) 8.06 4784 1163.96
Diffusivity of Oy(eri /s) 21x10L1X107 -

2; at boiling point
b2 at 28°C with 1 atm air

Table 2. Composition of fermentation medium in
distilled water

Component Concentration{ & /1.)
glucose 16
K,HPO, 15.75
KH,PO, 6.75
sodium citrate 0.6
MgSO, « 7THO 0.15
(NH,)280, 45
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