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Abstract—To investigate the performance of external-loop airlift reactors, the gas holdup and the volumatric
mass transfer coefficient were determined experimentally in an airlift reactor with Ca-alginate gel beads.
The results show that the overall gas holdup and liquid-phase mass transfer coefficient increased with increas-
ing gas velocity but slightly decreased with increasing particle concentration. The particle size had no clear
effect on the variation of gas holdup or oxygen transfer. A mass transfer model was proposed based on
Higbie's penetration theory and Kolmogoroff's isotropic turbulence theory, and it compared fairly with experi-
mental data.
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Fig. 1. Experimental apparatus of the airlift reactor.

1. Main column(riser) 10. DO meter

2. External loop column 11. Nitrogen bomb
(downcomer) 12. Air compressor

3. Gas-liquid separator 13. Regulator

4. Distributor 14. Air filter

5. Syringe 15. CO, removal

6. Solenoid column

7. Conductivity meter 16. Himudifier

8. Computer 17. Liquid reservior

9. DO probe 18. Liquid pump
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Fig. 2. Effect of superficial gas velocity on the gas holdup
in riser and downcomer(d,=4.04 mm).
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Fig. 3. Effect of superficial gas velocity on volumetric mass
transfer coefficient(d,=4.04 mm).
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Fig. 5. Effect of particle concentration on volumetric mass
transfer coefficient(d,=2.2 mm).
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ARG Agrt 7| A frfol e
Flg. 337} 42 v|wsle] By _TL*I] = H
AL Aol Al A9 L FA %}51 et &
Al&o]| 4] 2123 AU 2 A7]7}F 2.2 mme} 4.04
me] ¥ 7}x]o] =2, Ca-alginate A U=}E M7 3
o 3 2R ASe) st st YubHal o
Fe FF3E e ot & Adde Hddde Al
SRR ma}oq Felg Aol WA Wt

gi
1
\I
P

8

4-2. DHYX S0 HE

F9 A Agrt AR Fxo] Fotell ute}
Hahs AL E Te 7|42 2 oS 2 st A%
0] Fig 59} 6]t} F3 284" Aee 2 7]
A frdell e oot Horbegell thste] 7o) d&-& 0=
ot 1A fEo] 2 Aol dAbs =7 A Al o
2} of7} Ftaske A#FE Wtk zAsiAke A717t
22 mm<l Fig. 594 4x5E7} 5% 10% YEZ 3
7He Afells F-u BAAY Agvt A9 dEE A
ot 15%2k 20% H7He Af-ele 22D ATt
wo) 7dAsle AES Halcl mAYxte =77} 4.04

mm<! Fig 6ell4 27} H7i=dd o) 2L A
T7} of7k Ftaste Aol FAHT ok 2By F

S+ BF A AL b mE SdAR Al o

‘k & Fel ot Rl g nA Y AR AMEste] At
Kato £[16]°)+} Koide £{17]9] 752} vlws] & o
A FAE  9lg AR =F J A AYE

Helch



Ca-alginate 7 #7} 7} Airlift

3.0

o] experimental
— theoretical

2.0

kea (1/sec)

0.0 1 | L | I
0.00 0.02 0.04 0.06

Us(m/'s)
Fig. 7. Comparison of experimental data with theory on
volumetric mass transfer coefficient(solid free).
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a : specific interfacial area [m?/m*]

¢, G2 : parameters of the equations derived in our
study

C : concentration of oxygen [mol/m®]

c* : saturated oxygen concentration [mol/m®]

Co : oxygen concentration in liquid [mol/m?]

C, 1 oXygen concentration measured with oxy-
gen probe [mol/m?]

d.. : Sauter mean bubble diameter [m]

D : diffusivity of solute in liquid-phase [m?/s]

d, : the diameter of particles [m]

g : gravitational acceleration [m/s?]

Ahy : differential height of manometer [m]

k. : liquid-phase mass transfer coefficient [m/s]

k.a : volumetric liquid-phase mass transfer coef-
ficient [s ']

1 :length scale [m]

AL :the distance of pressure tap [m]

Po/V,)  :energy dissipation rate per unit volume

[W/m"]: (pneumatic power of isothermal
gas expansion)/(total dispersion volume)

Us : superficial gas velocity [m/s]

u : velocity scale [m/s]

t :time [s]

T : time constant (the response time of oxygen

probe) [s]
: exposure time of surface element [s]
:B=kea/(1—eg)
: energy dissipation rate per unit mass [W
/kg]
€6, €L, €z ¢ gas holdup, liquid holdup and slurry holdup

o o
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e, Mz, Ms: viscosity of gas, of liquid, of slurry [Pa-s]

A%

: kinematic viscosity [m?/s]

P, PL, Pst, P : density of gas, of liquid, of slurry and

Os

O

T

of dispersion [kg/m*]

: volume fraction of solid [ —]

: surface tension in gas-liquid interface of lig-
uid [J/m?]

: contact time of bubbles in reactor [s]
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