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Abstract— Model analysis was carried out using the system controlling equations which include the reversible reactions
of carbon dioxide with potassium carbonate to predict the permeation behavior of carbon dioxide in a potassium carbonate
liquid membrane. The physicochemical properties of reaction rate constants, equilibrium constants, solubility and diffusion
coefficient were represented as a function of the concentration of carbonate ion and the temperature ; the calculated solubility
and the predicted diffusion coefficient were found to be identical to those published data. The permeation rates could be
successfully predicted with several important parameters : the thickness of liquid membrane, the partial pressure of carbon
dioxide, the concentration of carrier and the temperature. The increment of the permeation rate was represented in terms of
the facilitation factor as a function of carrier concentration. It was found that the permeation rate of carbon dioxide increases
significantly as the concentration of carrier increases. The facilitation factor considerably increases together with the per-
meation rate as the temperature increases. The effective operating conditions could be obtained through this model analysis
for the permeation rate as well as the facilitation factor of carbon dioxide across the liquid membrane.
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Fig. 1. Schematic diagram of concentration profiles of chemical species
in aqueous carbonate liquid membrane.
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Fig. 2. Dimensionless concentration of CO, and HCO, vs. dimension-
less length.
(L=0.1 cm, Pu=0.5 atm, Pd=0.001 atm, [K']=5.0 mol/dm")
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Fig. 3. CO, flux vs. carrier concentration as a function of membrane
thickness.
(Pu=0.1 atm, Pd=0.001 atm, T=343.15K)
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Fig. 4. Facilitation factor vs. carrier concentration as a function of
membrane thickness.
(Pu=0.1 atm, Pd=0.001 atm, T=323.15K)
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: dimensionless concentration of a component i [-]
D  :diffusivity [cm’sec”’]

F  :facilitation factor [-]

H  :solubility [dm *atm " mol]

k, :forward rate constant of reaction (1) [sec”']

k_;, :reverse rate constant of reaction (1) [dm’mol 'sec”]
k, :forward rate constant of reaction (3) [dm’mol 'sec ']
k_, :reverse rate constant of reaction (3) [sec”']

K, :equilibrium constant of reaction (4) [dm > mol]

K. : equilibrium constant of reaction (5) [mol’ dm ‘]

K; :equilibrium constant of reaction (1) [dm > mol]

K, :equilibrium constant of reaction (3) [dm’mol ']

L  :diffusion length [cm]



: concentration of K,CO, [dm * mol]
: alkali metal
: flux of chemical species [cm >sec”' mol]

*zZ B

: pressure [atm]

: rate of disappearance of the component i [cm*sec™" mol]
: absolute temperature [K]

: dimensionless length, y/L [-]

“ X g ¢

: length parameter in liquid menbrane [cm]

az]0|A 2Xt

o :constant defined by Eq. (7)
B :constant defined by Eq. (8)
Y : constant defined by Eq. (12)
€ : constant defined by Eq. (11)

S X}

o : point at y=0
d : downstream
L  :point at y=L
p : pure water
T  :total

u ! upstream
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