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Abstract—-The hydrodynamic characteristics of an air-lift activated carbon slurry column with external looping
were investigated to find the optimal operating conditions of the slurry adsorption process that is frequently used
as wastewater treatment, biological air pollutant removal and other environmental treatments. The experiments
were conducted at different concentrations of adsorbents and gas inputs in the air-lift bubble column having exter-
nal looping as batchwise contactor. The hydrodynamic behaviors were estimated with the residence time tracing of
slurry adsorbents and gas holdups. The mixing characteristics were analyzed to find the best operating condition of
an air-lift bubble column for the adsorbing equipment, and the performance of column was compared with that of
internal looping.
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INTRODUCTION Table 1. Experimental conditions
o ) i _ Experimental variables Range of variables
An air-lift slurry bubble column is frequently used in envi- Uperficial gas velocity (cs) 510
ronmental and chemical processes that require fluidization o? f ted 9 b ty
phases for efficient heat and mass transport or homogenizatiofli\.C vated carbon

This system has an especially high ability to suspend fine Mean diameten(m) 95.0

particles due to the fast and stable slurry flow induced by the 1Tue density (g/pm 2.50

drafting path flow in the system [Swart, 1995]. Apparent density (g/ctp 120
Adsorption by activated carbon has been widely used in de€oncentration of slurry (wt%) 2-8

odorization, recovery of materials and biological wastewater

treatment [Chun, 1985; Colella, 1998; Han, 1985; Kim, 1990; Leesure distributions and the overall gas holdups from the ex-
1988]. The active contact between adsorbents and adsorbate fignded bed height.

a prerequisite condition for high efficiency of the liquid-solid  The adsorbent was the activated carbon powder with a mean
adsorption process [Shrotri, 1998; Kolb et al., 1996]. Therefore particle diameter of 9m and concentration of 0-8 wt%. The
the air-lift slurry bubble column can be very adequately appliedexperimental condition is depicted in Table 1. The conductivity
to the liquid phase adsorption contactor with powdered acti-value of the circulating slurry phase was A/D converted and
vated carbons. However, there is little systematic study of thehen stored in personal computer. The residence time distribu-
equipment used for adsorbers in reactor design. Therefore, tton curves of tracer detected as the concentration of tracer by
investigate the optimal operating conditions of the air-lift slurry the electroresistivity probe were stored in the same way.

bubble column with external looping as the adsorbing system, The mixing time was measured as the elapsed time from the
we studied, both theoretically and experimentally, the degree ostartpoint to the point of 95% homogenization in the tracer con-
circulation and the homogenization for the adsorbent slurry andtentration. And the circulation time was measured as the elapsed
compared with that of internal looping. time between the peaks in the curves of residence time distribution.

EXPERIMENTAL RESULTS AND DISCUSSION

The experiment was performed in the system of the air-lift The air-lift slurry bubble column has many advantages as
bubble column. The size of the main column was 10 cm 1.D.gas-liquid contactor and mixer in which fluidized particles are
and 160 cm height, and looping column was 8 cm |.D. and theeasily breakable and high efficiency of mixing is indispensable
same height. The circulation characteristics and the degree dfOchoa, 1997]. In this study, the air-lift slurry bubble column is
mixing were estimated by electroresistivity tracing from the used as a batchwise homogenizer where activated carbon pow-
residence time distribution curves of tracer with impulse input. der is fluidized in the liquid medium with the gas input. The
The local gas holdups were measured from the local axial presslurry flows are stably circulated in the system with vigorous

contact of liquid-solid phase.

To whom correspondence should be addressed. 1. Circulation of Activated Carbon Slurry
E-mail : cjpark@www.icc.ac.kr The air-lift system has several advantages such as stable
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Fig. 1. Schematic diagram of experimental apparatus. 0

1. PC with A/D conversion 6. Thermocouples 0.00 02 04 06 08 10 12
2. Loop column 7. Tracer injector Input gas velocity [m/s]
3. Pressure taps 8. Distributor Fig. 2. Effect of input gas velocity on circulation time of slur
4. Valves 9. Liquid pump ry with concentration of activated carbon as parameter.
5. Flowmeter 10. Tracer detector
fluid motion due to separation of upward and downward flows, 015 AB
and high efficiency of suspending particles due to fast fluid Slugging Flow Coalesced Bubbly
flow. Slurry fluidization with looping can be described by the Regime Flow Regime
following equation: = 010 AA (Feterogeneous)
E
o v2 2 — . .
_ EPeD _(X +n-06) © Experimental Ccp tions
C’_HZODLT[S[I eXF{ 40 Pe @ = 5] ———" AC  Transition Regime
I —
where, PeUg, L./D,, C=C/C.., 6=t/ /// Dispersed Bubbly Flow
This equation contains much information about hydrody- 0 AD | Regime (Homogeneous)

namic characteristics such as the rate of circulation, degree ¢ - .
- . L : L 0 065 010 00 050 10
mixing and dispersion in a slurry. The circulation time of the Column diameter [ m ]
activated carbon slurry decreased with the increase of gas Virig. 3. Flow regime chart based on input gas velocity and ¢
locity, but it increased with the increase of the concentration ol umn diameter with experimental conditions.
slurry as shown in Fig. 2, and could be explained by the ma
croscopic energy balance equatiopJ£—C,UZ'—C,=0 [Park,
1996]. But, in case of 4-8 cm/s gas velocity, the rate of circula-degree of adsorbate, viscosity and surface tension of liquid and
tion was enhanced due to the promoted fluidization of slurrymixing rate of liquid. The mixing rate has a close relationship
with coalescing of bubbles having 4-6 wt% concentration of with rate of adsorption [Noll, 1992]. The flow regime formed
slurry as shown in Fig. 2. These tendencies were similar to théy gas in slurry flow suggests much information for the circu-
system with internal looping [Park, 1998], but the rate of cir- lation rate of a slurry, and is directly related to the rate of mix-
culation was more enhanced in the external looping system thaimg because the flow regime is formed by the degree of bubble
internal one because of less friction loss in the flow. Thereforecoalescence which determines the state of slurry circulation
the coalescence of bubbles is favorable in terms of the homoand mixing. Circulation time has a intimate relation with the
genizer or mixer because mixing effect is promoted by increasconcentration of activated carbon slurry which has a strong in-
ed rising velocity of coalescing bubbles. fluence on the bubble coalescence affecting hydrodynamics of
In view of the flow regime, our gas velocities are classified a contacting adsorber.
as the region illustrated by the dotted lines in the Fig. 3 which2. Characteristics of Homogenization with Transition of Flow
is proposed by Barnea [Fan, 1985]. This chart is the guidelindRegime
for the state of the hydrodynamics in an air-lift slurry bubble Fig. 4 shows the change of mixing time of activated carbon
column. As shown in the figure, the flow regime of this exper- slurry with respect to the input gas velocity at the concentration
iment is bounded in AA, AC and AD (dispersed bubbly, transi- of activated carbon. Mixing rate is dependent on the dynamics
tion and slug flow). This flow regime chart is a function of length of bubbles, gas holdups and the rate of slurry circulation. The
parameter, that is, column diameter and input gas velocity. degree of homogenizatidn, which was defined as (C:Q/C..,
In the adsorption process, there are many factors affectingvas used to calculate the time of mixing, where C and C
the rate of adsorption such as the concentration and dispersiameans the tracer concentration at an arbitrary time and one at
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%0 cence of bubbles was hindered at the same experimental condi-
tions in general, because the liquid circulation rate was higher
5. ~@— PAC 2wt % in external looping. For this reason, the optimum condition was
T T e different between the two systems, and in terms of solid load-

—~O— PAC 8wi% ings, the external looping system was more adequate because a

-
o

larger amount of activated carbon was fluidized.
3. Performance of Airlift Bubble Column as Contactor

The air-lift bubble column has advantages such as efficient
mixing and the prevention of solid breakage in the adsorbing
contactor compared to other equipment that it can be applied in
the process where these characteristics are indispensable. Es-
pecially in the case of fragile and fine particles, this system may
be the most appropriate mixing equipment [Park, 1995]. But, com-
pared to mechanical agitation, systematic analysis is not rela-
tively easy, since the dynamic behavior is stochastic. For this
e 02 o o A 10 12 system to be used as an efficient adsorber, the hydrodynamic
_ ~ Inputgas velocity [m/s] behavior must be analyzed to find the optimal operating condi-
Fig. 4. E_ffect of input gas velo_clty on mixing time of slurry tion for high performance of the equipment.

with concentration of activated carbon as parameter. The rate of energy dissipation, as mentioned earlier, has much
information for the analysis of gas-liquid-solid fluidization [Chen,

homogenized condition. 1997], especially for this case of an air-lit contactor in the char-

As shown in the figure, the mixing time is decreased expo-acteristics of heat, mass transfer and hydrodynamics such as
nentially with the increase of gas velocity and has similar ten-fluid mixing and dispersions [Park, 1996]. The rate of energy
dency for the various concentrations of activated carbon slurrydissipation is the energy consumed by microscale eddies which
The homogenization of slurry is directly related with the circu- are produced by macroscale eddies in liquid phase created by
lation of slurry, and the main driving force for circulation is the rising bubbles. From Kolmogoroff’s isotropic turbulence the-
difference of gas holdups in activated carbon slurry betweerory, these microscale eddies play an important role in the trans-
the riser and downcomer section of the system. The total gaport mechanism of interfacial relations. The energy dissipation
holdups related with flow regimes [Ohkawa, 1997] were esti- used for liquid phase mixing was calculated [Park, 1998], and
mated from the height of bed expansion, and decreased withad a tendency to increase with the enhancement of mixing
increasing slurry concentration. These phenomena are due t@te. This is due to the intense mixing of slurry phase by vigo-
the non-uniform axial distribution of activated carbon slurry. rous bubble agitations. Fig. 5 shows the relation between mix-
As the gas velocity increased further, this phenomenon disaping time of slurry and the concentration of activated carbon.
peared. Drift flux of gas relative to slurrysy, was used for ~ The mixing time at 4-6 cm/s gas velocities was decreased with
the determination of flow condition and calculated by the fol- the concentration of activated carbon slurry and had an optimal

Mixing time of slunry [s ]
3 3

»
o

lowing equation [Fan, 1989]; value at 6 wt% slurry concentration and 6 cm/s gas velocity.
Vesi=[(1-€cY€s] (UsEsi—UsiEc) (2

where U, Ug represent input velocity of gas and slurry, re- 90

spectively, and, €5 represent holdup of gas and slurry, re-

spectively. In this study, the flow regime was dispersed bubbly 801

flow in low concentration of activated carbon slurry. But transi- /

tion of flow regime to transition and slugging flow occurred " 704

with the increase of slurry concentration. This phenomenon cal 'E V/V\v/v

be explained by the coalescence of bubbles having an increa 3 o

of slurry concentration, which results in an increase of the ris: 'g

ing velocity of bubbles. Therefore, the increase of slurry con- 2 50

centration causes the transition of flow regime from bubbly anc 4

transition to slug flow, and these transition phenomena are de £

sirable in view of an adsorbing contactor; but as activated car s 401 —@— Gas Vel. 0.02mis

bon loading was increased to 8 wt%, the rate of circulation de i 2z x:: ;’3;,,“3:

creased as the result of overloading activated carbons. At a g 301 —O— Gas vel. 0.08mis

velocity of 6 cm/s, mixing time of 4 wt% slurry is nearly the —A— Gasvel. 0.10mis

same as 6 wt%. This means the activated carbon loading of 20 , : ; .

wt% shows almost the same mixing effect as that of 4 wt% du 0 Zoncentration of sl:",y wt %]8 10

to enhancement of mixing by the coalescence of bubbles. Fig. 5. Effect of concentration of slurry on mixing time witr
Compared with the internal looping contactor, the coales- input gas velocity as parameter.
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