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Abstract : Manufacturing membrane materials with high selectivity and permeability is quite desirable but practically not possible,
since the permeability and selectivity are usually inversely proportional. From the viewpoint of reducing the cost of CO, capture,
module performance is even more important than the performance of membrane materials itself, which is affected by the permeance
of the membrane (P, stagecut) and selectivity (S). As a typical example, when the mixture with a composition of 13% CO, and
87% of N is fed into the module with 10% stage cut and selectivity 5, in the 10 parts of the permeate, CO, represents 4.28 parts
and N, represents 5.72 parts. In this case, the CO, concentration in the permeate is 42.8% and the recovery rate of CO; in this first
separation appears as 4.28/13 =32.9%. When permeance and selectivity are doubled, however, from 10% to 20% and from 5 to
10, respectively, the CO. concentration in the permeant becomes 64.5% and the recovery rate is 12.9/13 =99.2%. Since in this
case, most of the CO, is separated, this may be the ideal condition. For a given feed concentration, the CO, concentration in the
separated gas decreases if permeance is larger than the threshold value for complete recovery at a given selectivity. Conversely,
for a given permeance, increasing the selectivity over the threshold value does not improve the process further. For a given initial
feed gas concentration, if permeance or selectivity is larger than that required for the complete separation of CO,, the process becomes
less efficient. From all these considerations, we can see that there exists an optimum design for a given set of conditions.
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Table 1. Membrane performance with stage cut 10% and sel-
ectivity 5 for the mixture of 13% CO. concentration in
a coal-fired flue gas

Stage cut Selectivity Feed composition
Membrane P © (%)
performance CO, No
1/10 5
13 87
100V x = CO, conc., y= N, conc.
10 z+y= 10
CO,=13 — . x/13 _ 87z _ 87(10—y)
N;=87 co=428 ° /8T 13y 13y
l N,=5.72 152y = 870
90 l CO2=8.7 y=5.72 z=4.28
N2=81.3
CO, recovery Recovered Exit CO»
amount CO: purity concentration
32.9% 42 8% 9.7% (8.7/90)
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Table 2. Membrane performance with stage cut 16.7% and sel-
ectivity 5 for the mixture of 13% CO. concentration in
a coal-fired flue gas

Table 3. Membrane performance with stage cut 20% and sel-
ectivity 5 for the mixture of 13% CO, concentration in
a coal-fired flue gas

Stage cut Selectivity | Feed composition Stage cut Selectivity | Feed composition
Membrane P © (%) Membrane P © (%)
performance CO, [\ performance CO, [\
1/6 5 1/5 5
13 87 13 87
100 100
L 7 x= CO, conc., y= N, conc. L 7 x = C0, FN%, y= N, FZ
16.7 z+y=16.7 20 r+y=20
CO»=13 — ] ) _ CO2=13 —— . _
N=87 ConT A4 5— £/13 _ 87z _ 87(16.67—y) N,=87 o855 5 /13 8Tr _ 87(20—y)
I N2=9.56 y/8T 13y 13y | Ne=11.45 y/87 13y 13y
83.3 1 C0,=5.86 y=9.56 =714 80 l CO,=4.45 y= 1145 x=8.55
No=77.44 N,=75.55
CO, recovery Recovered Exit CO» CO, recovery Recovered Exit CO,
amount CO: purity concentration amount CO: purity concentration
54 92% 42 75% 7.03% (5.86/83.3) 65.77% 42 75% 5.56% (4.45/80)
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Table 4. Membrane performance with stage cut (P) and selec-
tivity (S)

Operating variable CO, purity (%) CO, recovery (%)
P=10 31.0 2384
P=167 Selectivity 31.0 3977
 p=20 | (98 31.0 47 61
© P=30 | 310 7143
P=10 428 32.9
P=167 Selectivity 428 5493
 p=20 | (95 428 65.77
P=30 428 98,68
P=10 512 39.31
P=167 Selectivity 512 65.7
P=20 87 512 787
P =230 512 100( 1)
P=10 59.9 461
P=167 Selectivity 59.9 76.9
P=20 (S) 10 59.9 92,15
P=30 59.9 100( 1)
P=10 64.2 4938
P=167 Selectivity 64.2 82.46
 pP=20 | 12 64.2 98,77
P=30 64.2 100( 1)
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