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APPENDICES

Appendix A The CO2/CHzs separation results for bacterial cellulose membranes
with the weight ratio of 1.7

Table AL The first run of CO2/CH4 separation for bacterial cellulose membrane with
the weight ratio of 1.7

time CO; CH:.  Permeance CO. Permeance CH.

(min) ~ (L/min) 1(L/min) g;PU) (BGPU Selectivity
0 2.15 2.55 689781.16 81811253 119
15 2.15 2.55 689781.16 818112.53 1.19
30 2.15 2.55 689781.16 818112.53 119
45 2.15 2.55 689781.16 818112.53 119
60 2.15 2.55 689781.16 818112.53 1.19
I 2.15 255 689781.16 818112.53 1.19
90 2.15 2.55 689781.16 818112.53 1.19
105 2.15 2.55 689781.16 818112.53 1.19
120 2.15 2.55 689781.16 81811253 1.19

Table A2 The second run of CO./CH. separation for bacterial cellulose membrane
with the weight ratio of 17

time CO; CH:  Permeance CO. Permeance CH. N

(min) ~ (L/min) ~ (L/min) (ZGPU) Selectivity
0 2.00 2.50 641656.9 802071.11 125
15 2.00 2.50 641656.89 802071.11 1.25
30 2.00 2.50 641656.89 802071.11 1.25
45 2.00 2.50 641656.89 802071.11 125
60 2.00 2.50 641656.89 802071.11 125
I 2.00 2.50 641656.89 802071.11 1.25
90 2.00 2.50 641656.89 802071.11 1.25
105 2.00 2.50 641656.89 802071.11 125
120 2.00 2.50 641656.89 802071.11 125
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Table A3 The third run of CO2/CHs separation for bacterial cellulose membrane
with the weight ratio of 17

time C02 CH:  Permeance CO. Permeance CH. N
(min) ~ (L/min)  (L/min) GPU% (GPU) Selectivity
0 2.10 2.10 673739.73 866236.30 129
15 2.10 2.10 673739.73 866236.80 1.29
30 2.10 2.10 673739.73 866236.80 129 -
45 2.10 2.10 673739.73 866236.80 1.29

- 60 2.10 2.10 673739.73 866236.80 1.29
6 2.10 2.10 673739.73 866236T8) 1.29
90 2.10 2.10 673739.73 866236.80 1.29
105 2.10 2.10 673739.73 866236.80 1.29
120 2.10 2.10 673739.73 866236.80 1.29

Appendix B The CO./CH. separation results for bacterial cellulose membranes
with the weight ratio of 1:10

Table BL The first run of CO./CH. separation for bacterial cellulose membrane with
the weight ratio of 110

time CO; CH.  Permeance CO. Permeance CH. N
(min) ~ (L/min)  (L/min) (7GPU) GPU) Selectivity
0 2.0 340 1371905.42 '1090816.71 148
15 2.30 340 1371905.42 1090816.71 148
30 2.0 340 1371905.42 1090816.71 148
45 2.0 340 137905.42 1090816.71 148
60 2.0 340 1371905.42 1090816.71 148
6 2.0 340 1371905.42 1090816.71 148
90 2.0 340 1371905.42 1090816.71 148
105 2.0 340 1371905.42 1090816.71 148
120 2.30 340 1371905.42 1090816.71 148



Table B2 The second run of CO2/CHs separation for bacterial cellulose membrane
with the weight ratio of 1:10

fi O he . Permeance CO. Permeance CH. N
(mn)  (Umin) (Lmin) GPU ’szeGP Selectivity
0 2.30 3.50 137905.42 1122899.56 152

I 2.30 3.90 13790542 1122899.56 152
30 2.30 3.90 137905.42 1122899.56 152
45 2.30 3.50 137905.42 1122899.56 152
60 2.30 3.50 137905.42 1122899.56 152
6 2.30 3.90 137905.42 1122899.56 152
90 2.30 3.50 137905.42 1122899.56 152
105 2.30 3.90 137905.42 1122899.56 152
120 2.30 3.50 137905.42 1122899.56 152

Table B3 The third run of CO2/CH4 separation for bacterial cellulose membrane
with the weight ratio of 1:10

fi Q Hs . Permeance CO.  Permeance CH. .
(mn)  (Umin)  (Umin) nCGPU% TGP@ Selectivity
0 2.35 3.50 153946.84 1122899.56 150
5 2.35 3.50 153946.84 1122899.56 150
3 2.35 3.50 153946.84 1122899.56 150
45 2.35 3.50 153946.84 1122899.56 150
60 2.35 3.50 153946.84 112289956 150 -
16 2.35 3.50 153946.84 1122899.56 150
90 2.35 3.50 153946.84 112289956 150
105 2.35 3.50 153946.84 1122899.56 150

120 2.35 3.50 153946.84 1122899.56 150
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Appendix ¢ The c o zcH aseparation results for bacterial cellulose membranes
with the weight ratio of 113

Table CI The first run of CO2/CH a4 separation for bacterial cellulose membrane with

the weight ratio of 1:13

time

(min)
0
15
30
45
60
75
90
105
120

CO2
(L/min)
2.60
2.60
2.60
2.60
2.60
2.60
2.60
2.60
2.60

CH¢
(L/min)
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60

Permeance cO?

(GPU)
834153.96
834153.96
834153.96
834153.96
834153.96
834153.96
834153.96
834153.96
834153.96

Permeance CH¢4

(GPU)
ri54982.40
1154982.40
1154982.40
1154982.40
1154982 40
1154982.40
1154982 40
1154982.40
1154982.40

Selectivity
1.38
1.38
1.38
1.38
1.38
1.38
1.38
1.38
1.38

Table C2 The second run of CO2/CHa separation for bacterial cellulose membrane

with the weight ratio of 1:13

time
(min)
0
15
30
45
60
75
90
105
120

CO:
(L/min)
2.60
2.60
2.60
2.60
2.60
2.60
2.60
2.60
2.60

CH4
(L/min)
3.70
3.70
3.70
3.70
3.70
3.70
3.70
3.70
3.70

Permeance CO:

(GPU)
834153.96
834153.96
834153.96
834153.96
834153.96
834153.96
834153.96
834153.96
834153.96

Permeance cuu

(GPU)
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25

Selectivity
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
1.42
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Table C3 The third run of CO2/CHs separation for bacterial cellulose membrane

with the weight ratio of 1:13
fime CO; CH4
(min)  (L/min)  (L/min)

0 2.70 3.55
15 2.70 3.55
30 2.70 3.55
45 2.70 3.55
60 2.70 3.55
75 2.70 3.55
90 2.70 3.55
105 2.70 3.55
120 2.70 3.55

Permeance co.

(GPU|
866236.80
866236.80
866236.80
866236.80
866236.80
866236.80
866236.80
866236.80
866236.80

Permeance CH.

(GPUJ
1138940.98
1138940.98
1138940.98
1138940.98
1138940.98
1138940.98
1138940.98
1138940.98
1138940.98

Selectivity
131
131
131
131
131
131
131
131
1.31

Appendix D The CO-/CH. separation results for bacterial cellulose membranes
with the weight ratio of 1:15

Table D1 The first runof CO2/CH4 separation for bacterial cellulose membrane with

the weight ratio of 1:15

time

(min)
0
15
30
45
60

175
90
105
120

CO,
(L/min)
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00

CHa
(L/min)
3.95
3.95
3.95
3.95
3.95
3.95
3.95
3.95
3.95

Permeance CO:

(GPU)
962485.33
962485.33
962485.33
962485.33
962485.33
962485.33
962485.33
962485.33
962485.33

Permeance CH.

(GPU)
1267272.36
1267272.36
1267272.36
1267272r36
1267272.36
1267272.36
1267272.36
1267272.36
1267272.36

Selectivity
132
1.32
1.32
1.32
1.32
1.32
132
1.32
1.32
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Table D2 The second run of CO2/CHs separation for bacterial cellulose membrane
with the weight ratio of 1:15

time CO: CHa Permeance CO. Permeance CH4

(min) (L/min)  (L/min) (GPL) (GPU) Selectivity
0 2.95 3.80 946443.91 1219148.09 1.29
15 2.95 3.80 946443.91 1219148.09 1.29
30 2.95 3.80 946443.91 1219148.09 1.29
45 2.95 3.80 946443 91 1219148.09 1.29
60 2.95 3.80 946443.91 1219148.09 1.29
75 2.95 3.80 946443.91 1219148.09 1.29
90 2.95 3.80 946443.91 1219148.09 1.29
105 2.95 3.80 946443.91 1219148.09 1.29
120 2.95 3.80 946443.91 1219148.09 1.29

Table D3 The third run of CO2/CHa4 separation for bacterial cellulose membrane

with the weight ratio of 1:15

time CO: CHa Permeance CO2 Permeance CHa

(min) (L/min)  (L/min) (GPU) (GPU) Selectivity
0 3.00 3.70 962485.33 1187065.25 1.23

15 3.00 3.70 962485.33 1187065.25 123
30 3.00 3.70 962485.33 1187065.25 1.23
45 3.00 3.70 962485.33 1187065.25 1.23
60 3.00 3.70 962485.33 1187065.25 1.23
75 3.00 3.70 962485.33 1187065.25 1.23
90 3.00 3.70 962485.33 1187065.25 1.23
105 3.00 3.70 962485.33 1187065.25 1.23

120 3.00 3.70' 962485.33 1187065.25 1.23



10

Appendix E The CO2/CHa separation results for bacterial cellulose membranes
with the weight ratio of 1:17

Table EI The first run of CO2/CH a4 separation for bacterial cellulose membrane with

the weight ratio of 1:17

time
(min)
0
15
30
45
60
75
90
105
120

CO:
(L/min)
3.50
3.50
3.50
3.50
3.50
3.50
3.50
3.50
3.50

CHa
(L/min)
4.50
4.50
4.50
4.50
4.50
4.50
4.50
4.50
4.50

Permeance CO2

(GPU)
112289956
1122899.56
112289956
1122899 56
1122899 56
1122899 56
1122899 56
1122899 56
1122899 56

Permeance CH4

(GPU)
1443728.00
1443728.00
1443728.00
1443728.00
1443728.00
1443728 00
1443728.00
1443728.00
1443728.00

Selectivity
1.29
1.29
1.29
1.29
1.29
1.29
1.29
1.29
1.29

Table E2 The second run of CO2/CHa4 separation for bacterial cellulose membrane

with the weight ratio of 1:17

time
(min)
-0
15
30
45
60
75
90
105
120

CO:
(L/min)
3.70
3.70
3.70
3.70
3.70
3.70
3.70
3.70
3.70

CEU
(L/min)
4.55
4.55
4.55
4.55
4.55
4.55
4.55
4.55
4.55

Permeance CO2

(GPU)
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25

Permeance CEL

(GPU)
1459769.42
1459769.42
1459769.42
1459769.42
1459769.42
1459769.42
1459769.42
1459769 .42
145976942

Selectivity
1.23
1.23
1.23
1.23
1.23
1.23
1.23
1.23
1.23
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Table E3 The third run of CO2/CHs separation for bacterial cellulose membrane

with the weight ratio of 117
time CO: CHa
(min) (L/min)  (L/min)

0 3.70 4.55
15 3.70 4.55
30 3.70 4.55
45 3.70 4.55
60 3.70 4.55
75 3.70 4.55
90 3.70 4,55
105 3.70 '4.55
120 3.70 4.55

Permeance CO2

(GPU)
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25
1187065.25
118706525

Permeance CH4

(GPU)
145976942
1459769 .42
L 459769.42
145976942
1459769 .42
1459769 .42
145976942
1459769 .42
145976942

Selectivity
1.23
1.23
1.23
1.23
1.23
1.23
1.23
1.23
1.23

Appendix F The coacHa4 separation results for bacterial cellulose membranes
with the weight ratio of 1:20

Table FI The first run of CO2/CHaseparation for bacterial cellulose membrane with

the weight ratio of 1:20

time
(min)
0
15
30
45
60
75
90
105
120

CO>
(L/min)
3.90
3.90
3.90
3.90
3.90
3.90
3.90
3.90
3.90

CIU
(L/min)
4.80
4.80
4.80
4.80
4.80
4.80
4.80
4.80
4.80

Permeance CO:

(GPU)
1251230.93
125123093
125123093
125123093
125123093
1251230.93
1251230.93
125123093
1251230.93

Permeance CH 4

(GPU)
153997653
153997653
153997653
153997653
153997653
153997653
153997653
153997653
153997653

Selectivity
1.23
1.23
1.23
1.23
1.23
1.23
1.23
1.23
1.23



2

Table F2 The second run of CO2/CHs separation for bacterial cellulose membrane

with the weight ratio of 1:20
time CO: CHa
(min)  (L/min)  (L/min)

0 4.00 4.90
15 4.00 4.90
30 4.00 4.90
45 4.00 4.90
80 4.00 4.90
75 4.00 4.90
90 4.00 4,90
105 4.00 4.90
120 4.00 4.90

Permeance CO2

(GPU)
1283313.78
1283313.78
1283313.78
1283313.78
1283313.78
1283313.78
1283313.78
1283313.78
1283313 78

Permeance CHa

(GPU)
1572059.38
1572059.38
1572059.38
1572059.38
1572059.38
1572059.18
1572059.38
1572059.38
1572059.38

Selectivity
1.23
1.23
1.23
1.23
1.23
1.23
1.23
1.23
1.23

Table F3 The third run of CO2/CHa4 separation for bacterial cellulose membrane

with the weight ratio of 1:20

time
(min)
0
15
30
45
60
75
90
105
120

CO:
(L/min)
3.85
3.85
3.85
3.85
3.85
3.85
3.85
3.85
3.85

CHa
(L/min)
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

Permeance CO»

(GPU)
1235189.51
1235189 51
123518951
1235189 51
1235189.51
1235189.51
1235189.51
1235189 51
123518951

Permeance CHa

(GPU)
1604142.22
1604142 22
1604142 .22
160414222
1604142 22
160414222
160414222
160414222
160414222

Selectivity
1.30
1.30
1.30
1.30
1.30
1.30
1.30
1.30
1.30
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Appendix G The CO2/CH. separation results for bacterial cellulose membrane
(weight ratio 1:10) with 0.IM silver ions (0.IM Ag+-BC)

Table G1 The first run of CO2/CHa4 separation for bacterial cellulose membrane
(weight ratio 1:10) with 0.1M silver ions (0.1M Ag+-BC)

time
(min)
0
15
30
45
60
75
90
105
120

CO>
(L/min)
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10
2.10

CHa
(L/min)
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60

Permeance CO:

(GPU)
673739.73
673739.73
673739.73
673739.73
673739.73
673739.73
673739.73
673739.73
673739.73

Permeance CHU

(GPU)
1154982.40
1154982.40
1154982.40
1154982.40
1154982.40
1154982.40
1154982.40
1154982.40
1154982.40

Selectivity'
171
1.71
1.71
171
171
171
171
171
1.71

Table G2 The second run of CO2/CHa4 separation for bacterial cellulose membrane

(weight ratio 1:10) with 0.1M silver ions (0.1M Ag+-BC)

time
(min)
0
15
30
45
60
75
90
105
120

CO:
(L/min)
2.00
2.00
2.00
24)0
2.00
2.00
2.00
2.00
2.00

CUB
(L/min)
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60
3.60

Permeance CO:

(GPU)
641656.89
641656.89
641656.89
641656.89
641656.89
641656.89
641656.89
641656.89
641656.89

Permeance CHa4

(GPU)
1154982.40
1154982 40
1154982 40
1154982.40
1154982.40
1154982 40
1154982 40
1154982.40
1154982.40

Selectivity
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
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Table G3 The third run of CO2/CHs separation for bacterial cellulose membrane
(weight ratio 1:10) with 0.IM silver ions (0.1M Ag+-BC)

time
(min)
0
15
30
45
60
75
90
105
120

CO>
(L/min)
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

(L/min)
3.50
3.50
3.50
3.50
3.50
3.50
3.50
3.50
3.50

Permeance CO:

(GPU)
641656.89
641656.89
641656.89
641656.89
641656.89
641656.89
641656.89
641656.89
641656.89

Permeance CHa

(GPU)
112289956
112289956
1122899 .56
1122899.56

1122899.56-

1122899.56
1122899.56
1122899.56
1122899.56

Selectivity
1.75
1.75
1.75
1.75
1.75
1.75
1.75
175
1.75

Appendix H The CO2/CH4separation results for bacterial cellulose membrane
(weight ratio 1:10) with 0.5M silver ions (0.5M Ag+-BC)

Table HI

(weight ratio 1:10) with 0.5M silver ions (0.5M Ag+BC)

time
(min)
0
15
30
45
60
75
90
105
120

The first run of CO2/CHa separation for bacterial cellulose membrane

CO2
(L/min)
1.50
1.50
1.50
150
1.50
1.50
1.50
1.50
1.50

CH4
(L/min)
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80

Permeance co?

(GPU)
481242.67
481242.67
481242.67
481242,67
481242.67
481242.67
481242.67
481242.67
481242.67

Permeance CH4

(GPU)
898319.64

898319.64
898319.64
898319.64
898319.64
898319.64
898319.64
898319.64
898319.64

Selectivity
1.87
1.87
1.87
1.87
1.87
1.87
1.87
1.87
1.87
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Table H2 The second run of CO2/CHa separation for bacterial cellulose membrane

(weight ratio 1:10) with 0.5M silver ions (0.5M Ag+BC)

time
(min)
0
15
30
45
60
75
90
105
120

CO-
(L/min)
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50

CHa
(L/min)
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80

Permeance CO2

(GPU)
481242 67
481242.67
481242 67
481242.67
481242.67
481242 67
48124267
481242 67
481242 67

Permeance CHa

(GPU)
898319 .64
898319 .64
898319.64
898319.64
898319.64
898319.64
89831964
89831964
89831964

Selectivity
1.87
1.87
1.87
1.87
1.87
1.87
1.87
1.87
1.87

Table H3 The first run of CO2/CHa separation for bacterial cellulose membrane

(weight ratio 1:10) with 0.5M silver ions (0.5M Ag+BC)

time

(min)
0

- 15
30
45
60
75
90
105
120

02
(L/min)
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50

CH4
(L/min)
2.85
2.85
2.85
2.85
2.85
2.85
2.85
2.85
2.85

Permeance CO:

(GPU)
481242 67
481242 67
481242.67
481242 67
481242.67
481242.67
48124267
481242.67
481242 67

Permeance CH-I

(GPU)
914361.07
914361.07
914361.07
914361.07
914361.07
914361.07
914361.07
914361.07
914361.07

Selectivity
1.90
1.90
1.90
1.90
1.90
1.90
1.90
1.90
1.90
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Appendix I The CO2/CH. separation results for bacterial cellulose membrane
(weight ratio 1:10) with 1.0M silver ions (1.0M Ag+-BC)

Table 1l The first run of CO2/CHa4 separation for bacterial cellulose membrane
(weight ratio 1:10) with 1.0M silver ions (L.OM Ag+BC)

time €02 CHa Permeance CO2 Permeance CHU

(min) (L/min)  (L/min) (GPU) (GPU) Selectivity
0 110 2.50 352911.29 802071.11 2.27
15 1.10 2.50 352911.29 802071.11 2.27
30 1.10 2.50 352911.29 802071.11 2.27
45 1.10 2.50 352911.29 802071.11 2.27
60 1.10 2.50 35291 1.29 802071.11 2.27
75 1.10 2.50 352911.29 802071.11 2.27
90 1.10 2.50 352911.29 802071.11 2.27
105 1.10 2.50 352911.29 802071.11 2.27
120 1.10 2.50 352911.29 802071.11 2.27

Table 12 The second run of CO2/CHa separation for bacterial cellulose membrane
(weight ratio 1:10) with 1,0M silver ions (1,0M Ag+BC)

time CO: CHU Permeance CO2 Permeance CH¢4
(min)  (L/min)  (L/min) (GPU) (GPU) Selectivity
0 1.15 2.50 368952.71 802071.11 2.17
15 1.15 2.50 368952 71 802071.11 2.17
30 1.15 2.50 368952.71 802071.11 2.17
45 1.15 2.50 368952.71 802071.11 2.17
60 1.15 2.50 368952.71 802071.11 2.17
75 1.15 2.50 368952.71 802071.11 2.17
90 1.15 2.50 368952.71 802071.11 2.17
105 1.15 2.50 368952.71 802071.11 2.17

120 1.15 2.50 368952.71 802071.11 2.17
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Table 13 The third run of CO2/CHs separation for bacterial cellulose membrane
(weight ratio 1:10) with 1,0M silver ions (1.0M Ag+BC)

time CO2 CH4 Permeance CO2 Permeance CHa

(min)  (L/min)  (L/min) (GPU) (GPU) Selectivity
0 1.10 2.50 352911.29 802071.11 2.27
15 1.10 2.50 352911.29 802071.11 2.27
30 1.10 2.50 352911.29 802071.11 2.27
45 1.10 2.50 352911.29 802071.11 2.27
60 1.10 2.50 352911.29 802071.11 2.27
75 1.10 -2.50 352911.29 802071.11 2.27
90 1.10 2.50 352911.29 802071.11 2.27
105 - 1.10 2.50 352911.29 802071.11 2.27
120 1.10 2.50 352911.29- 802071.11 2.27

Example of Calculation

[p\ _ E>xI47x106
\a/l ~ (A)x(AP)xT76

Where (j)j = permeance ofgas “i” (GPU),

p = permeability ofgas ‘i’ (10rwocms(STP)cm/cmz2 c¢cm Hyg)

(1 Barrer=10'T cms(STP)cm/cm2 cm Hg = 7.5x10msm2 +1Pa")),
= thickness of membrane (pm),

Qj = volumetric flow rate of gas ‘i’ (cma/sec),

A = membrane area (cm2), and

AP = pressure difference between the feed side and the permeating side (psi).

Soln : The third run of CO2/CH 4 separation for bacterial cellulose membrane (weight
ratio 1:10) with 1,0M silver ions (1,0M Ag+BC)
Permeance 0f CO2 (GPU)
Qcoz2=1.10 L/min
= (1.10 L/min xiooo cm3L X (Imin/60s)) = 18.33333333 cm 3s



A Jirz= (3.14x0.4x0.4) cm2=0.5024 ¢cm2

AP 34.7-14.7 psi = 20 psi

[P\ 18,33%14.7x106
1§37 05024x20x76

= 352911.29 GPU

Permeance of CH4 (GPU)
Qchd=2.50 L/min

= (2.50 L/min X1000 cm3/L X (Imin/60s)) = 41.66666667 cm 3/s

A - um2=(3.14x0.4x0.4) cm2=0.5024 cm2

AP = 34.7-14.7 psi = 20 psi

© 41.67x14.7x106
= — ~ ~ = 802071.11 GPU

0.5024x20x76

CH4/CO2Selectivity

AJB = = 802071.11/352911.29= 2.27

78
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