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Abstract — Numerical simulation and experiments were carried out on the absorption of carbon dioxide using PVDF
hollow-fiber membrane contactor. Water or monoethanolamine (MEA) agueous soluton was used as absorbents. Simu-
lation results showed that the concentration profile of carbon dioxide was less affected by the flow rate of MEA than that
of water absorbent. The absorption rate and mass transfer coefficient of carbon dioxide increased as the concentration of
MEA increased. The mass transfer coefficients obtained by experiments coincided with those obtained by numerical sim-
ulation and theoretical results for CO,-water system. However, for CO,-MEA system, the mass transfer coefficients
obtained by experiments were lower than those obtained by simulation, while the simulation results agreed well with the-
oretical results. The durability of plasmartreated hollow fiber membranes was better than that of no plasma-trested ones.
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Fig. 1. Masstransfer in a porous membrane for gas absor ption.
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Fig. 2. Schematic coordinate of a single hollow fiber membrane.
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Fig. 3. Schematic diagram of the membrane contactor for carbon diox-
ide absorption.
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Table 2. Operating conditions for carbon dioxide absorption usng the
membrane contactor
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Fig. 4. Dimensionless concentration profile of carbon dioxidein CO,-
water system.
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Fig. 7. The effect of absorbent flow rate on the average mass trans-
fer coefficient in CO,-water system.
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Fig. 10. The effect of absorbent flow rate on the average mass trans-
fer coefficient in CO,-M EA system.
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Experimental 1.550 30.1 17.1
ki %10 Numericd Simulation ~ 1.276 545 -
Theory 1.140 524 -
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cient in CO,-MEA system.
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W\ =k=a

C : concentration at the liquid phase [mol/cm?]

Dyg : diffusivity of component A in B [cm?%/sec]

H : Henry's constant [mol/cm®-P4]

Jy  : masstransfer flux of CO, [mol/sec]

Jpqy - &veraged mass transfer flux of CO, [mol/cm®/sec]

K : overal mass transfer coefficient [cm/sec]

k  :locd mass transfer coefficient [cm/sec]

k,  : liquid phase mass transfer coefficient of CO, [cm/sec]

K o - averaged mass transfer coefficient of CO, [cm/sec]

k? : forward reaction rate constant for the 1st-step reaction
[em®mol -seq]

k? : reverse reaction rate constant for the 1st-step reaction
[em®/mol -sec]

k® : pseudo first order reaction rate constant [sec™]

L  : hollow fiber length [cm]

M; : molecular weight of component i [g/mol]

m : mass flow rate [g/sec]

p : patid pressure [Pq]

Ap,, : critical pressure [atm]

r, R : hollow fiber radius [cm]

V; : molar volume of component i a normal boiling point [cm®/moal]
v, : absorbent flow velocity [cm/sec]

x :radid digance from the gas-liquid interface into liquid phase [cm)
x* :dimensonless radid coordinate, xR

z : axid distance from the liquid inlet [cm]

Z° : dimensionless axia coordinate, z/L

J2[0|A =&}

€ : membrane porosity, dimensionless

n : kinematic viscosity [g/cm-sec]

0 : membrane thickness [cm]

T, . membrane tortuosity, dimensionless

QY : association parameter, dimensionless

ORH&XL

A : carbon dioxide
B  : monoethanolamine [MEA]
g :gasphase

i : gas-Liquid interface

| > liquid phase

m : membrane phase

m, : membrane surface contact with ges
m, : membrane surface contact with liquid
p : membrane pore

M0

ke
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