@l B | ¢1(Membrane Journal)
Vol. 16, No. 4 December, 2006, 252-258

2|ato| ofAkzEt

i

=o| 45 oY

MHI

Aol M0f| 2st &7 S& FSAL

g

H°l'

R Rgo § 9

Zguigte Fadis ey, *g=asgdTd A
(200613 114€ 32 A< 2006 124 8¢ A=)

ofy
<o
fe
=
lp{n
oX,
o
o
2
N
:1!.

4

—

Analysis of Carbon Dioxide Separation with Countercurrent Flow in

Hollow Fiber Membrane by Numerical Analysis
Inho Song, Hyoseong Ahn, Youngjin Lee, Hyunsoo Jeon, Yongtaek LeeT, Jeong-Hoon Kim*, and Soo-Bok Lee*

Dept. of Chem. Eng., College of Eng., Chungnam National University 220 Gung-dong, Yuseong-gu, Daejeon, 305-764, Korea
*Advanced Chemical Technology Division, Korea Research Institute of Chemical Technology 100 Jang-dong, Yunseong-gu,
Dagjeon, 305-343, Korea
(Received November 3, 2006, Accepted December 8, 2006)

2 WIPt2R RE ZejolMeE BEjHhE o) &8ty oitsierAd F2 EAS #A4Y WwHos BASG ¥
= 7] ]S’Jr F3 /A7 M2 & o 52 Fh 55 A" g E2 34 A AN S fT AR
A8t ¥ Compaq Visual Fortran 6.6 AZEH O E o] 34 EALSIAT. Wit Z21R0E ALEate] A&
THYE A oSt d BFREA FEFS F= 7]'%} F2% ARE oteA: B 7EEHT AFANLE ¢ F
ARTH TS 2AANA FF 5F IARA & F S oA T FRFL WF{ 5F IARA ARG
2% Z7MEE A8

Abstract: A numerical analysis was performed for a separation process of carbon dioxide from a flue gas stream using
polyethersulfone hollow fiber membranes. Countercurrent flow governing equations were regarded to be two point
boundary-value problem and the nonlinear ordinary differential equation were simultaneously solved using the finite-
difference method. A computer program was developed using the Compaq Visual Fortran 6.6 software. The carbon dioxide
permeate driving force and the feed gas residence time at the inside of membrane were found to be very important factors
affecting the permeation characteristics of carbon dioxide. The carbon dioxide concentration in the permeate and the flow
rate of the permeate were found to be slightly larger by a few percent with a countercurrent flow analysis than those with
a cocurrent flow analysis.
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Fig. 1. A flow configuration for countercurrent flow.
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/ Input of physicat and chemical variables /
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v

f Input of initial concentration / Calculation of concentration profile by
* finite-difference method
l Converson of $1 unis l ;
* Solving boundary value problem using
" " BVYPFD (countercurrent flow)
Calculation of concentration profile by
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Solving initial value problem using IVPRK
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( END )

Fig. 2. Flow diagram to solve nonlinear ordinary differential
equations.
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Table 1. Characteristics of Polyethersulfone Hollow Fiber
Module

Permeance of carbon dioxide

(mol/m’” - sec - Pa) 201 % 107
Selectivity 25
Hollow fiber O.D. (um) 400
Hollow fiber 1.D. (um) 200
Number of hollow fibers (ea) 4,000
Effective thickness (um) 0.1
Effective length (m) 0.45
Effective membrane area (mz) 226

Table 2. Operating Conditions for Numerical Analysis

Feed mole fraction of carbon dioxide 0.10 ~ 0.90
Permeate pressure (kPa) 10 ~ 101
Feed pressure (kPa) 400 ~ 1,500

Area of hollow fiber membrane module (mz) 226 ~ 226

Feed flow rate at STP condition (m3/sec) 100 ~ 1,500
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Fg. 3. Performance of membrane module in countercurrent
flow.
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Fig. 4. Effect of feed mole fraction on membrane per-
formance with different membrane areas:
em’/sec, T = 298.15 K, Py =
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Table 3. Comparisons of the Membrane Performance of Countercurrent Flow with Cocurrent Flow

Countercurrent flow Cocurrent flow
inlet outlet inlet outlet
Permeate mole fraction of CO; () 0.8615 0.9170 0.9458 0.9150
Retentate mole fraction of CO; () 0.5000 0.3097 0.5000 0.3148
Permeate molar flow rate (V) - 0.3134 - 0.3086
Retentate molar flow rate (L*) 1.0000 0.6866 1.0000 0.6914
Pressure drop (7 1) 1.0000 0.9996 1.0000 0.9996
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APE I =
A : Effective membrane area [mz]
K : Dimensionless constants
K, : Dimensionless constants
1 : Active length of hollow fiber [m]
In : Total length of hollow fiber [m]
r : Dimensionless length of hollow fiber
L : Local feed molar flow rate [mol/sec]
Ly : Initial feed molar flow rate to the per-
meator [mol/sec]
L : Dimensionless local feed molar flow rate
Py : Inlet feed pressure [kPa]
Py : Pressure of feed stream [kPa]
§2) : Pressure of permeate stream [kPa]
vV : Local permeate molar flow rate [mol/sec]
v : Dimensionless local permeate molar flow
rate
X : Local mole fraction of the more CO; on
the feed side
Xr : Mole fraction of CO, at the feed entry
y : Local mole fraction of the more CO; on
the permeate side
@ : Ideal selectivity
Y1 : Feed pressure ratio
Y2 : Permeate pressure ratio
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