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Abstract: This paper describes the preliminary study on the development of multi-stage membrane demonstration plant
for removal of carbon dioxide from flue gas stream being emitted from LNG boiler in thermal power generation plant. The
prerequisite requirement is to design and develop the membrane process producing a 99% CO. with 90% recovery from
LNG flue gas of 1,000 Nm’/day. Asymmetric polyethersulfone hollow fiber membranes and membrane modules developed
in this laboratory[1] were used in this study. Using the permeation data for the hollow fiber membranes, modelling on the
membrane module and multi-stage membrane process was done to meet the requirement condition of the process design.
The effects of the operating pressure of feed and permeate side and feed concentration on CO, purity and recovery were
investigated experimentally with the developed hollow fiber modules. These experimental results matched well with
theoretical modelling results.
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(a) overall cross-section
Fig. 1. SEM images of -PES hollow fiber membrane.
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Table 1. Operating Conditions for Numerical Analysis

Variables Conditions Unit
Selectivity 40 -
Permeance 60 GPU
Fiber O. D 400 Hm
Fiber [. D 200 Jm
Effective length 45 cm
Number of hollow fiber 4,000 ea
Membrane area of module 23 m’
Effective membrane area 2.1 m?
. feed )
Operating pressure kgiem
permeate 1 or 0.2
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Table 2. The Composition of LNG Boiler Exhaust Gas

Composition
Component

wt% vol%

N, 72.2 71.3

0, 2.0 1.7
H,O 11.0 18.2
CO, 13.9 8.8
100.0 100.0
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(5) Membrane module

(7) Back pressure regulator
(9) Pressure transmitter(vac)
(11) Vacuum pump
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(2) Pressure regulator
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(10) Vacuum regulator
(12) 4-way valve
(14) Bubble flowmeter

Fig. 2. A schematic diagram of mixture-gas permeation and separation measurement equipments.
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Fig. 3. A numerically simulated 4-stage membrane process.
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Table 3. Effect of Feed Gas Concentration and Operating Pressure on Membrane Module Performance
Stage [COa])teea Pou (kgf/cmz) Pp (kgf/cmz) [CO.)p Stage-cut Recovery (%) [COslr
l 1 33 0.35 92 2
I° 12% 6
0.2 50 02 90 2
e 33% ] | 70 035 76 125
50% 80 0.56 89 12
4 70% . | 89 0.65 83 33
80% 94 0.67 78 50
4 89% ; \ 96 0.79 80 70
94% 99 0.82 85 80
0% BH3AE oluBDL] FE} FAZ) AF A 2 HEE 0%E VT 2l Eazol
(02 kglom’)& EQTOEH o 40% A/ FA  gelo] tylel et AL FAT A 1 5o
3] S7khs e 9T & ot 742t 329%9} SI%E ZAME ST b B e
o9l Fig. 49 5o ARREH Pe & e} A4 Fa5e 489S 6 kgrem’ 22 34 2H
O0%)F DES £ FAE I S22 A7 AN sgon ThEel dEL 1, 02 kglem's) F 744 A
HE 3350 d8e BA FA5H Qo) FAZe 5 gow ofgd AuE /189S dyshact
L ATz Wre Ao fYysine 2828 Y
T At ole FEFY S wolAY FHEY ¢ 3.2.2. 37 ko 4%
H4E 9H olgead B3 £38E A OB S Aoy ZHE AAE "N 7] g2 29
Jate) e R oliTaL H57h Asar) WE Y 2ANM wEE 2Y] 9E w29 ousiEa
otk metA B AFME 4RUYe @A ABE  OW, SIWT 2002 FFP A9l daly Y
AVIIPEZE A ouiAEgo) B 1Y G A2 HE 1DolN9 2o) 6 kefem’OE FASA £
89S Y A Aol 9 kedem’ AR 7} WEALS 7 HEE IR Z FAF Aol HEte 2 o)A-A
orgh Aol FEGEYS wat] AT 6 kgsem’o RAgle] ma} Xge] FAYS dPsglen 1 2y
$A2AE AR} of FS TA2 GHe Wws  F Fig 69 YUtk BE ARY 2759 550

Membrare J. Vol. 15, No. 4, 2005



318 #5934

["-‘olt

Table 4. Comparison of the Simulated and Experimental Results

Operating Conditions
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- 2
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