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Abstract In this study, the simulation was performed for the CO removal process using a composite membrane in
DME production. The composite membrane, PEI-PDMS (polyetherimide- polydimethyl siloxane) manufactured by
Airrane Co. Ltd., was used in the modeling through a commercial simulation design program, PRO/II with
PROVISION 9.2 by Invensys. To simulate the process, the permeability constants of each of the pure component from
Airrane Co. Ltd. were determined by regression analysis from the experimental data. The required separation
membrane area and utility cost in the CO removal process were obtained using a chemical process simulator and

composite membrane with a compatible permeability constant.
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[Fig. 1] DME manufacture process
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[Table 1] Feed stream information

Component kmol/h mol%

N 0.10 0.12

CHy 0.82 103

COx 11.14 1396

H 3526 44.20

CO 32.31 40.50

H0 0.15 0.19

Total flow (kmol/h) 79.78 100.00
Temperature (K) 303.15
Pressure (kPa) 6,000
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[Fig. 2] A schematic diagram for hollow fiber membrane
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[Table 2] Coefficients in Twu alpha function in

equation(6)

Component L M N

N 0.1523 0.8945 2.3404
CHy 05144 0.9903 1.0000
COz 12341 1.3268 0.6499
H, 1.2528 132690 0.0400
CO 0.2079 0.8607 1.7188
H0 0.3569 0.8743 24807
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[Table 3] SRK EOS binary interaction parameter

i j ki
N, CH, 0.0300
No CO, -0.0300
Ny H 0.0233
No CcO 0.0400
Ny H0 0.5300
CHy CO, 0.0933
CHy H -0.0200
CHy (6] 0.0322
CHy H0 05200
CO, He -0.3426
CO, CO 0.0500
COp H0 0.2300
50 CO 0.0400
50 H0 0.4000
CO 0 0.2000
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[Fig. 3] The effect of stage cut on CO, removal
efficiency(0.5 MPa, 25C, airrane co. Ltd).
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[Fig. 4] The effect of stage cut on CO, H, recovery
efficiency(0.5 MPa, 25C, airrane co. Ltd).
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[Table 4] Gas permeation constant of PEI-PDMS
composite membrane

Permeation constant

Component (cm’/er” - sec - mmHg)
Cy, 2820 x 10°
Cer, 9470 x 10°
Ceo, 3545 x 10°
Cy, 6780 x 10°
Ceo 3750 x 10°
Cho 1013 x 10°
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[Fig. 5] Correlation between CO, experimental data and
PRO/II simulation data through the effect of
stage cut on CO, removal efficiency(0.5 MPa,
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[Fig. 8] Flow sheet for one stage-membrane process
using PRO/IL

[Table 5] Components recovery efficiency in one
stage-membrane

Item Result
CO; removal efficiency(%) 99.00
CO recovery efficiency (%) 34.73
Hy recovery efficiency(%6) 16.46
Stage cut 078

(permeate flow rate/feed flow rate)
Membrane area(’) 14860
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[Fig. 9] Recovery efficiency for syngas(CO, H,) various
stage of membrane process(at CO, removal
efficiency is 99.00%)
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[Table 6] Heat and material balance for main streams of six stage-membrane process

Stream name FEED RECY_FEED PERMEATES RESIDUEA4
Stream description feed gas recycle feed permeate gas residue gas
Phase Mixed Mixed Vapor Vapor
Temperature (C) 30.00 50.00 50.00 4757
Pressure  (kPa) 6,000.00 6,000.00 10.00 6,000.00
Total flow rate (kmol/hr) 79.78 621.12 11.89 67.89
Comp. rates (kmol/hr) kmol/hr mol% kmol/hr mol% kmol/hr mol% kmol/hr mol%
Ny 0.10 0.12 0.11 0.02 0.00 0.00 0.10 0.14
CHy 0.82 1.03 9.46 152 0.05 0.40 0.77 114
CO 11.14 1396 360.13 5798 11.03 92.76 0.11 0.16
H 35.26 44.20 189.40 30.49 0.6 4.71 34.70 51.11
CO 32.31 40.50 59.10 951 0.10 0.86 32.21 4744
HO 0.15 0.19 292 047 0.15 1.27 0.00 0.00
Total 79.78 100.00 621.12 100.00 11.89 100.00 67.89 100.00
[Table 7] Simulation results summary for six stage-membrane process
Column Result
CO, removal efficiency” (%) 99.00
CO recovery efficiency” (%) 99.68
H, recovery efficiency® (%) 9842
Stage cut 0.10
Membrane total area (m’) 1,71494
Total compressor power consumption, (n=0.7) (kW) 2,945.59
Total heat duty of side cooler (x 10° keal/hr) 26963
Cooling water supply (K) 303.15
Cooling water return (K) 31315
Cooling water consumption (kg/hr) 269,626.4

a: (amounts of CO; in permeate gas/amounts of CO; in feed) x 100%
b: (amounts of CO in residue gas/amounts of CO. in feed gas) x 100%
¢ (amounts of Hy in residue gas/amounts of CO; in feed gas) x 100%
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AE7|=
T absolute temperature
P pressure
R gas constant
V' total volume
u

> molar volume
' energy parameter

. size parameter

SRS
N

. critical temperature

. critical pressure

. reduced temperature
: compressibility factor

SN N

<

. binary interaction parameter
N, M, and L

C; : permeation constant for component i

. coefficients in alpha function

x;, y; - mole fraction of component i for liquid and
vapor phase, respectively

a;; * energy parameter for component i and ]

b, : size parameter for component i

f ¢ fugacity

P, : compressor suction pressure

P, : compressor discharge pressure

ag|A X}

« © alpha function

w * acentric factor

¢ : fugacity coefficient

1 compressor efficiency
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