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4 B Fr}, Agd AEsE g ole FXEY sodium-arsenite ¢] 42 = sodium-bicar-
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ABSTRACT

A set of experiments was carried out for the aqueous sclution of sodium bicarbonate, and
also for that of both sodium bicarbonate and sodium arsenite to explain the mechanism of
facilitated transport. It was confirmed that the permeation of carbon dioxide is facilitated by
‘the presence of sodium bicarbonate and sodium arsenite. Sodium arsenite, which is well
known as a catalyst for the hydration of carbon dioxide, plays a significant role in the
Facilitation as expected. The liquid membranes used in the experiment were made by soaking
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the Millipore filters in the solutions of sodium bicarborate and/or sodium arsenite with known-

concentration. A boundary layer approximation has been used to solve the nonlinear governing

equations, and the results are in fairly good agreement with experimental data in the most

range of sodium bicarbonate concentaticn except its low concentraticn.
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Fig. 1. Schematic Diagram of Transport System
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Table 1. Values of Physicochemical parameters®

Type

Assigned Value

CO; Solubility

a = 3.4 X 107%exp( — 0.0981) mole em™? atm™!

Diffusion Coefficients

Equlhbrmm and Rate

Constants

Deo, = 1.92 x 107%xp( — 10. 1Y)cm?sec™?
Y =3X/Q —~ZX; — TniXy)
For 7<0.01 equiv liter™ :
D; = Djoll —
. Br = 0. 2300 (liter equiv
| By = 60.04cm? ohm™lequiv” (liter equiv
i Dyyo = RT Ao,s/ (F?|Zil)
| Aoymco,” = 44 5cm?ohm " tequiv !
| Aoscos?™ = 69. 3cmohm “lequiv!
For I>>0.01 equiv liter™
D; = Dco,[Di/DeosJi=0.0 (8 = HCOs~, C02%7)

)1/2

"l) 12

(Bi + Ba/ Ao, IM¥] (¢ = HCOs™, CO*7)

K, = K3 = 4.36 x 1077 mole liter™
K, = 4.69 x 1071t mole liter™
Ks = 10~ Ymole?liter?
ki = 0.043 sec™*
boa=1.9 % 107 %sec”
ks = 7 X 10%cm®mole™'sec™* (arsenious acid)

1

PKs for arsenious acid : 9.294 — IY2/(1 + 3.037) + 0.0557
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Table 2. Specification of Millipore Filter used in

Experiments (from the manufacturer’s

catalogue)

Type AAWP 09325
Pore size 0.8um
Thickness 180um
Diameter 90mm
Color white
Surface shape plane
Porosity 80%
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Nomenclature

A Dimensionless concentlations of CO: defi-
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L = 0.07 cm Py = 0.01 atm
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Fig. 11. Perameted Flux of CO, through the Mill-
ipore Filter with 1.0M NaHCO; Added
0.5M NaAsO:

ned by equation (39)

B Dimensionless concentrations of HCOs"
defined by equation (31)

C Dimensionless concentrations of COCs2- de-
fined by equation (32)

A Dimensionless equilibrium concentration.

of COZ

B Dimensionless equilibriom concentration

of HCO;-

C Dimensionless equilibrium concenfration:

of COs2-

04 Defined by equation (46)

ds Defined by equation (47)

dc Defined by equation (48)

Cu Overall cation cencentration in liquid film:

(Mol/cm?)
Cr Overall weak acid concentration (disscci--
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ated plus undissaciated)

D; Diffusion coefficient of species i(cm?/sec)
Dy, Limiting ionic diffusion coefficient of
species at infinite dilution (cm?/sec)

F  Faraday’s constant

I Ionic strength (g-equiv/lit)

XK ; Reaction equilibrium constant of recaction j

%; Forward reaction rateconstant of reaction
i

£_; Reverse reaction rate constant of reaction
j

L Diffusion path length, (cm)

N; Diffusive flux of species i, (gmole/cm32sec)

#; Number of ijons into which electrolyte
dissociates (Table 1)

P4 Downstream CO; pressure (atm)

P, Upstream CO, paressure (atm)

PK; -logm Ks

g1 Defined by equation (34)

.q2 Defined by equation (35)

R Ratio of the flux in the reactive system
with film of same ionic strength water;
universal gas constant

Absolute temperature

N

Mole fracticn of electrolyte, as computed
for non-dissociated form (Table 1)

X Position in the liquid film

Y Function described in Table 1

% Dimensionless positicn in the liquid film
Z; Valence (Table 1)

Greek symbols
«  Solubility of CO. in liguid film

21at3E H203 H 5% 19828 108

B Valence of cation

4D Dscs,” — Dey*~ (cm?/sec)

A Defined by equation (53)
Ao,: Limiting ionic conductance
pi Local net rate of reaction i

© Dimensionless CO; flux, defined by equa-
tion (18)

Subscripts
O Upstream side
L Downstream side
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