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Abstract — Gas-liquid mass transfer characteristics were investigated in pressurized three-phase slurry bubble col-
umns with variation of column diameter. Effects of gas velocity, operating pressure, liquid viscosity, solid content in the
slurry phase and column diameter on the gas-liquid volumetric mass transfer coefficient(k,a) were determined. The
effects of operating variables on the mass transfer coefficient tended to change with variation of column diameter. The
mass transfer coefficient increased with increasing gas velocity or operating pressure but decreased with increasing col-
umn diameter, liquid viscosity or solid concentration in the slurry phase. The increase trend of k;a value with increasing
gas velocity and the decrease trend of k;a value with increasing liquid viscosity, tended to decrease gradually with
increasing column diameter. However, the effects of operating pressure and solid concentration in the slurry phase on the
k;a value did not change considerably with variation of column diameter. The values of k;a were well correlated with

operating variables with in this experimental conditions as k,a = 0.02D ™" 26U228 0“;1;0 048;0'35
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Table 1. Physical and rheological properties of liquid phase

Fig. 1. Experimental apparatus.

1. Main column 9. Needle valve

2. Gas distributor 10. Globe valve

3. Pressure prove 11. Liquid flowmeter
4. Sampling tap 12. Gas flowmeter

5. Pressure sensor 13. Slurry pump

6. A/D converter 14. Slurry reservoir
7. Computer 15. N, distributor

8. Compressor 16. N, bomb

UET7 5 ARSI 7125l F
A 0.02~0.16 /s, Al AE b 2] W9
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Dynamic viscosity Surface tension Density K Diftusivity Kinematic viscosity
(mPa-s) (mN/m) (kg/m?) (Pas™) n (cm?/s) (m’/s)

Water 0.961 729 1000 0.001 1 2.22x107 9.61x107
CMC 0.1 wt% 11 732 1001 21.69x107 0.882 0.48x107 1.10x1077
CMC 0.2 wt% 24 733 1002 43.82x107 0.847 0.26x107 2.40x1077
CMC 0.3 wt% 38 73.6 1003 71.69x107° 0.825 0.19x107 3.79x1077
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Fig. 2. Oxygen concentration profile along with the column height
(D=0.102 m, U;=4 m/s, S;=10%, P=1 kg/cm?).
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Fig. 3. Effects of D and or in pressurized three-phase slurry bubble
columns (S,=10 wt%, p,=24 mPa.s, P=8 kg/cm?).
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Fig. 4. Effects of D and P or in pressurized three-phase slurry bub-
ble columns (S, =10 wt%, U;=8 cm/s, n,=24 mPa.s).
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Fig. 5. Effects of D and or in pressurized three-phase slurry bubble
columns (S, =10 wt%, P=8 kg/cm?, U =4 cm/s).
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Fig. 6. Effects of D and or in pressurized three-phase slurry bubble col-
umns (1;=24 mPa.s, P=8 kg/cm?2, Us=4 cm/s).
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Fig. 7. Correlation of in terms of operating variables.
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a :constant, Eq.(5)

b : constant, Eq.(6)

C :oxygen concentration[mol/1]
C, : initial concentration[mol/I]

C"  : equilibrium concentration[mol/l]

D : column diameter[m]

g : gravitation acceleration[m/s?]

H : Henry’s constant[l/mol]

K  : fluid consistancy index[Pa-s"]

k;a : volumetric mass transfer coefficient[1/s]
L  : Column height[m]

n : flow behavior index

Pe : Peclet number, Eq.(3)

AP : pressure drop in the column[Pa]
P, : pressure at the top of column[Pa]
S, : Stanton number, Eq.(3)

Ug : superficial gas velocity[cm/s]

x  : dimensionless distance, Eq.(3)
z  : axial distance
J2[o|A 2K}

p; : liquid viscosity[Pa]
#d A

2 AT AelluX) 7]l 20) A H(AT-2802)0. % )%
ojxlem ] 7|l FAR=RYT
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