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Abstract—The absorption of carbon dioxide into slurry was carried out using a stirred absorber in the
presence of solid particles like activated carbon, white carbon and fused alumina at 25C and 1atm. The
liquid-side mass transfer coefficient of CO, gas could be obtained using the Danckwerts’ plot with the experi-
mental absorption rates. The adsorption equilibrium between the dissolved gas in the solution and the adsor-
bed gas onto the surfaces of solid particles was instantaneously attained linearly, and the adsorption equilib-
rium constants of activated carbon, white carbon and fused alumina were 57.4, 4.75 and 0, respectively. The
surface renewal model modified with the shuttle mechanism could explain the enhancement phenomena
of absorption rates into slurry of the particles smaller than or equal to the liquid thickness calculated by
the film theory.
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Fig. 1. Schematic diagram of experimental apparatus.
a: Agitated vessel e : Mass flow controller
b : Motor f : Gas flow meter
¢ : Motor controller g : Gas regulator
d: Saturation bottle h : CO; cylinder

m: Water bath
n: Air chamber

i : Soap bubble meter

} : Immersion circulator
k : Vacuum pump

1 : Slurry solution outlet
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Fig. 2. Saturated concentration of CO; in slurry as a func-
tion of volume fraction of solid particle.
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Fig. 3. Danckwerts’ plots for absorption of CO; into 0.5
kmol/m* Na;C0,/0.5 kmol/m* NaHCOQO; contain-
ing varying amounts arsenite for AC1 slurries.
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Table 2. Liquid side mass transfer coefficient(k,) obtained by the Danckwerts’ plot method

Solid d,(pm) K, rpm  conc.(kg/m®) oX10° k; X10°(m/s) Bexs s(1/s)
Activated 2533 574 80 0 0 2402 1.000 0.377
carbon 2 1.203 2491 1.037 0.380
5 3.001 2.596 1.081 0.378

10 5.984 2.751 1.145 0.384

13 7.766 2.831 1.179 0.367

20 11.898 3.118 1.298 0.385

150 0 0 4.396 1.000 1.263

2 1.203 4,543 1.033 1.265

5 3.001 4.753 1.081 1.267

10 5.984 5.047 1.148 1.265

13 7.766 5.248 1.193 1.262

20 11.898 5.647 1.285 1.262

250 0 0 9.623 1.000 6.052

2 1.203 9.933 1.032 6.046

5 3.001 10.384 1.079 6.045

10 5.984 11.023 1.146 5973

13 7.766 11.479 1.193 6.036

20 11.898 12.369 1.285 6.056

300 0 0 13.695 1.000 12.258

2 1.203 14.135 1.032 12.244

5 3.001 14.739 1.076 12.180

10 5.984 15.709 1.147 12.131

13 7.766 16.335 1.193 12.223

20 11.898 17.572 1.283 12.223

3445 574 250 0 0 9.623 1.000 6.052
2 1.203 9.730 1.011 5.802

5 3.001 9.930 1.032 5.528

10 5.984 10.590 1.101 5.513

13 7.766 10.690 1.111 5.235

20 11.898 11.650 1.211 5.372

300 0 0 13.695 1.000 12.258

2 1.203 13.872 1.000 11.792

5 3.001 14.320 1.046 11.497

10 5.984 15.380 1.123 11.629

13 7.766 15.840 1.157 11.493

20 11.898 17.040 1.244 11.490

Na2te] v, Bpot 4] (12) & Alg3le] s& 42d ¢
Rglen, o] +52 Table 2o vFelygich

sejgjol} 7|7 49 o F55 Z)A7E Sd F
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2.2 3}9] Fig 40 vrepliglch o] 2ol 4 A4 4]
(1) 2ZHE 423 B9 o]&3teln, 2533X107°m =
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% FFual Yol x A dxstgdev] Table 2] 1}
el uio) o] wrbE T gl wel b= 7} Ape

55133 X313 M4S 19934 8

FARH(ACL) 3} W7} 9] £aie]ol| A s 8N4 9
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Kyolluk 2] &7}, wheba] ACL-S tHEH o 2 Fig 50l 4
vehd vlel el B mub Tl F3lgdct. Fig 49}
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Aol 4R Ak FA4(8), 203X 10  myc}
78] ZAY 2k glARs A"l A EA7R] Fd&A
+2ole AAlel @A TFI] AP EAEe
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FHa, ol A F3A% 1A E 23R £ o4
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Solid d,(pm) K4 rpm  conc.(kg/m®) X 10° k; X 10°(m/s) Berp s(l/s)
White 833 435 80 0 0 2402 1.000 0.377
carbon 2 1.009 2.406 1.002 0.377
5 2519 2410 1.003 0.377

10 5.025 2415 1.005 0.377

13 6.523 2417 1.006 0.376

20 10.000 2.430 1.012 0.377

150 0 0 4.396 1.000 1.263

2 1.009 4.400 1.001 1.262

5 2,519 4410 1.003 1.264

10 5.025 4421 1.006 1.263

13 6.523 4431 1.008 1.264

20 10.000 4.447 1.012 1.263

250 0 0 9.623 1.000 6.052

2 1.009 9.631 1.001 6.048

5 2.519 9.651 1.003 6.052

10 5.025 9.676 1.006 6.048

13 6.523 9.691 1.007 6.046

20 10.000 9.735 1.012 6.054

300 0 0 13.695 1.000 12.258

2 1.009 13.715 1.002 12.265

5 2519 13.744 1.004 12.274

10 5.025 13.780 1.006 12.267

13 6.523 13.802 1.009 12.264

20 10.000 13.857 1.012 12.266

Fused 2301 O 80 0 0 2402 1.000 0377
alumina 2 0.446 2.382 0.992 0.371
5 1.113 2414 1.005 0.382

10 2.225 2.380 0.991 0.372

13 2.890 2.368 0.986 0.369

20 4.440 2.406 1.002 0.382

250 0 0 2.402 1.000 6.052

2 0.446 2.397 0.998 6.045

5 1.113 2.400 0.999 6.056

10 2.225 2.398 0.998 6.044

13 2.890 2.394 0.997 6.042

20 4.440 2.392 0.996 6.042
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Fig. 4. Enhancement of CO; absorption as a function of
volume fraction of slurries at stirring speed 250
rpm.
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AT
a  :gas-liquid interfacial area [m?]
C, :concentration of dissolved CO, in liquid [kmol

/m?]

Ca  :concentration of dissolved CQO, in liquid at the
interface in equilibrium with gas phase [kmol
/m?®]

Crs :total concentration of dissolved CO; in slurry
at equilibrium with gas phase [kmol/m® of slur-
ry]

D, :diffusion coefficient of dissolved CO, [m?/s]

D4 :corrected diffusion coefficient dissolved by eq.

(4) [m%s]

d, :average diameter of particle size [m]

Ks: :equilibrium adsorption constant defined by eq.
(2) [—]
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k.  :liquid-side mass transfer coefficient for slurry
[m/s]
k" :liquid-side mass transfer coefficient for liquid
[m/s]
N." :gas absorption rate per unit interfacial area of
liquid in slurry [kmol/m®s]
N4 :gas absorption rate per unit interfacial area of
the slurry [kmol/m’s]
Ny :gas absorption rate based on film theory
(kmol/m?® s]
N :gas absorption rate per unit interfacial area for
liquid [kmol/m?® s]
qs :amount of adsorbed CO, on solid particle
{kmol/m* of solid]
g+ :amount of adsorbed CO, on solid particle in
equilibrium with Ca [kmol/m® of solid]
Ri :gas absorption rate [kmol/s]
s’ :surface renewal rate in liquid [1/s]
s : surface renewal rate in slurry [1/s]
t  :gasliquid contact time [s]
x  :distance between liquid surface [m]
az|ola X}
a  :ratio of concentration of AsO,” to that of feed
NaAst [_:l
B :absorption enhancement factor [ —]
8  :penetration depth of solute gas, Da/k,” [m]
[0} : volume fraction of solid particle in slurry [ —]
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