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Abstract — The mixing characteristics of powdered activated carbon slurry of relatively high concentration was studied to
find the optimal mixing condition in an adsorption column with bubble-agitation. System adopted was an activated carbon
slurry column with internal looping where the mixing of adsorbents are conducted by gas input. From the experiment, it was
found that the mixing rate increased with gas input and decreased with increasing activated carbon content, but the mixing rate
increased with increasing activated carbon concentration at the superficial gas velocity of 0.04-0.06 m/s. From the analysis of
gas holdup and the calculated slurry velocity, this tendency could be explained by the enhanced slurry fluidization due to coa-
lescence of bubbles and the condition of high mixing with activated carbon concentration and input gas velocity could be sug-
gested.

Key words: Slurry, Mixing Rate, Activated Carbon

.MM 2 o]xE BAES o83 AAF 298 FoTHL d8F &
A E 718 S 7148 ¥ (mechanical agitation)e|v} 7|32 Rk
Zdg] 453t 2H L AAF 7]1E(bubble)s] YE3 oux] A (bubble agitation)ol] &J3+ rHlo] o] FoiX|n] oluje] FHA L B
o o3 &9 ¢ EFEAS old o FFY % FEA gzt 2719} 5=, AA Fx, £ v W wRbgxe] o
wer o] goldt Aoj2 Euju} bio-particle, & (leaching) B A g =TT
AsEA So o9 FFE FHolE T F UoH[1-5], BHE a8 AR st g EREAGL EFAEY LA
L 0]83 AHF 2PEZe & RYdx gHFoE AMEH 5 (energy dissipation) SHNA] o] sfalo] o]FA] °]°"]'[8], 7]
= o] o3 ks ele] EYHEAL AAX ATt wEg
e gHY a7 A 5o F7138e BdF f718e Aejolnt. olRL &HE9} 71X BFEQ AFLE sl o]&F
B3, wjagstz 2 € A3l XE § fRopIA Fasi Ql o] Lol&kx] @) mE Ao g AlgHT) W Y=}
ARET Y BZolt. 53] EUFAEHPAC: powdered activated 2S A% &8 TS &q9Ad fARE AdE JERRARE 7
carbonyg ©o]43 AAF BA RYe dregEd FAXNETA 7t SRS R ASE YepiA HE2= o g uE
oA LR E HEHey plAENSS o&% SEEHY Ao & o] gasity, £ Aol olEdh Fell A% vwd rexe]
£t I35 dFAE T AFIA FEE F Unhel FAeE] il g EFSAS seleicdsss #HA A
2 @stE oz Mt En PAC FFFA tE Boh &8
T E-mail: cjpark @www.icc.ac.kr ZJE7AE AA LA St

937



938
2. Ay

B ATl AR FARe 95F olmERe R AFsigen WA
0.15m, ¥°] 1.50m7t HE=F 3G Bdvsdlrt ¢8=s duft
& W7 0.10m, o] 1me] 958 Ao A3}, AAZ
A BARS WALty Fad gEFU1E SRR 7Y
Sl FYHEE 7|AEATS sintered plate® A Zsle] -2z 3
Foll ARt BT EEAEAH 28t HEYH 85um
Q1 RHERS AMEE EEET Y EHEAS 23] st
Z1AE2kel A 0.50 m Fololl tracer FYAXE AXEL solenoid
valveE ©]€-3l9 impulse HENZ tracerS FY3I o A7 A3t
A7z 2949 AJ5s SYd% dgom V8 BAEYT NaCl 3M
LB 130 Scc FUIA tracer® AR ET o2 <lF SalE)
B 71E9 AFo] FEFTFE X E8-2 IAFHT). IE S
o] ZIAEXZHES A7) A5k pressure tape FFz ¥ 77,
W 8 YA o= AE] steady state?] YHEZE A
sttt ¥ A7 Hg3xe 4¥2AE 2zt Fig. 13} Table 19
HERA AT

gAeseige] EFAIZHE impulse FEIZ FYUS tracere] RTD
oM EF=, 171 0959) E2€ w7l hgse Ao Ao

2 4 9o
I'=(C,.-C)/C,. D

o71ellM C., C= Z}7) tracerd] HE: =,
B9 A2} HRNOZ 99 A% FAHE Y SHIEY

i

Fig. 1. Schematic diagram of experimental apparatus.
1. Thermometer 7. Tracer injector

2. Conductivity probe 8. Bypass

with meter 9. Reservoir
3. PC with A/D conversion 10. Liquid pump
4. Compressed air 11. Valve
5. Air flow meter 12. Gas distributor
6. Pressure taps 13. Draft tube

Table 1. Experimental conditions

Experimental variables Range of variables

Input gas velocity(m/s) 0-0.1
Powedered activated carbon
Mean diameter(im) 85.0
True density(kg/m’) 0.025
Apparent density(kg/m?) 0.012
Concentration of PAC(wt%) 0-6
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Fig. 2. Effect of input gas velocity on the mixing time of PAC slurry
with the concentration of PAC.
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Fig. 3. Effect of concentration of PAC shirry on the mixing time with
input gas velocity.
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Fig. 4. Effect of input gas velocity on the circulation time of PAC slurry
with the concentration of PAC.
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Fig. 5. Effect of concentration of PAC slurry on the circulation time
with input gas velocity.
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A1

: cross-sectional area of riser [m?]

> >

, : cross-sectional area of downcomer [m?]

: concentration of tracer [kg/mol]

Q0

- : homogenized concentration of tracer [kg/mol]

C,, C,, C;: empirical constants of Eq. (6)

D; :mass diffusion coefficient [m?s]

D; :length parameter of the system [m]

E,, E; E, Eg, E,:rate of energy dissipation at bottom section, by
friction at wall section, by input, by kinetic energy and at top
location [m%/s®)

fp, :Darcy friction factor at bottom section [-}

f,  :fanning friction factor in riser section {-]

f, :fanning friction factor in downcomer section [-]
h; :height of liquid dispersion section [m]

k  :empirical constant of Eq. (7)

L. :circulation length of fluid path [m]
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m; :mass of fluidizing medium [kg]

n :number of fluid circulation [-]

Pe : Peclet number [-]

P, :pressure at head space of bubble column [m H,0]
Qg : volumetric gas flow rate [m®/s]

t : time [s]

t,, t,,: time of circulation and of mixing [s]

U, : calculated slurry velocity [m/s]

Vp :rate of energy dissipation per unit mass of liquid [m?/s®]
X :normalized location of tracer input [-]

: mean circulation path [m]

J2|oja 22X}

0  :normalized time of elapse [s]

I :degree of homogenization [-]

T  :dimensionless time [-]

ps. : density of slurry [kg/m’]

Mg, : viscosity of slurry [kg/m s]

€6, £; - gas holdup in slurry downflow and upflow [-]
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