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Abstract — Cesium carbonate was used as an adsorbent to capture carbon dioxide from gaseous stream of carbon diox-
ide, nitrogen, and moisture in a fixed-bed to obtain the breakthrough data of CO,. The deactivation model in the non-cat-
alytic heterogeneous reaction systems is used to analyze the sorption kinetics among carbon dioxide, carbonate, and
moisture using the experimental breakthrough data. The experimental breakthrough data are fitted very well to the deac-
tivation model than the adsorption isotherm models in the literature.
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Fig. 1. Schematic flow diagram of a fixed bed apparatus.
1. Gas bomb 6. Packed column
2. Mass flow controller 7. Temperature probe
3. Flow indicator 8. Temperature controller
4. Micro syringe 9. GC(gas chromatography)
5. Heating lines 10. Personal computer
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Fig. 2. Breakthrough curves of CO, in the fixed bed(Q,=10 cm 3/min,

Q,=2.98 ecm*/h, y;=0.1135, W,=1.5 g and 60 °C SM=Shrink-

ing-core model, HM=Homogeneous model, DM=Deactivation
model).
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Fig. 3. SEM image patterns of the surface of the solid (a: Cs,CO3, b
product of Cs,CO; carbonation).
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Fig. 4. Effect of the flow rate of mixture of N, and CO, on the break-
through curves of CO, at W,=1.5 g and 60 °C.
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Table 1. Rate parameters for various experimental conditions at 60 °C

Q, (cm*/min) Q,, (cm’h) w, (g) v4() k,x10? (m*/kg:min) k,(1/min) r?
6.70 1.89 1.5 0.1186 1322 0.1507 0.9999
11.17 2.98 1.5 0.1135 1303 0.1683 0.9993
16.76 470 1.5 0.1185 1320 0.1576 0.9983
22.45 6.42 1.5 0.1204 1.311 0.1703 0.9964
33.64 0.6 1.5 0.0212 1315 0.1509 0.9928
23.58 1.0 1.5 0.0303 1.308 0.1576 0.9976
5.81 1.7 1.5 0.1217 1313 0.1534 0.9996
11.17 2.98 0.5 0.1163 1303 0.1653 0.9972
11.17 2.98 0.8 0.1135 1314 0.1716 0.9982
11.17 2.98 1.1 0.1141 1.307 0.1605 0.9986
11.17 2.98 2.0 0.1141 1312 0.1576 0.9995
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>
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0.2 & 1.5
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Fig. 5. Effect of the flow rate of water on the breakthrough curves of Fig. 6. Effect of the amount of Cs,CO; on the breakthrough curves of
CO, at W,=1.5 g and 60 °C. CO, at Q=10 cm*/min, Q,=2.98 cm"/h, and 60 °C.
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Fig. 7. Arrhenius plots of k at Q=10 cmmin, Q,=2.98 cm’h,
W,=1.5g, and y,=0.12.
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Fig. 8. Arrhenius plots of k, at Qg=10 cm’/min, Q,=2.98 cm’/h,
W,=1.5g, and y,=0.12.
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: concentration of species i in the gas phase [kmol/m®]
: bed voidage

:initial second-order sorption rate constant in deactivation

model [m®kmol-kg'min]

: deactivation rate constant [1/min]
: initial sorption rate constant in deactivation model [m*/kg:min]
: first-order reaction rate constant in shrinking-core model [m*/

kmol'min]

: second-order reaction rate constant in homogeneous model [m®/

kmol'min]

: surface reaction rate constant [m/min]

: molecular weight of Cs,CO; [kg/kmol]

: radius of shrinking unreacted core [m]

: reaction rate of CO, per unit volume of the fixed bed [kmol/

m’min]

: radius of solid B [m]

: volumetric flow rate of gaseous mixture [cm>/min]
: adsorption time [min]

: adsorption temperature [K]

: superficial velocity of gaseous mixtures [m/min]

: reaction conversion of Cs,CO;

: weight of Cs,CO; [kg]

: axial coordinate in fixed bed [m]

J2[o|A =X}
s activity of solid sorbent
: density of Cs,CO; [kg/m’]

OZHER}
: CO,
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B : Cs,CO4
0 : initial value
w : moisture
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