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APPENDICES

Appendix A The CO2/CH4 separation results for bacterial cellulose membranes
with the weight ratio of 1:7

Table A1 The first run of CO2/CH4 separation for bacterial cellulose membrane with 
the weight ratio of 1:7

time
(min)

CO 2
(L/min)

CH4
■ (L/min)

Permeance CO2 

(GPU)
Permeance CH4  

(GPU) Selectivity
0 2.15 2.55 689781.16 818112.53 1.19
15 2.15 2.55 689781.16 818112.53 1.19
30 2.15 2.55 689781.16 818112.53 1.19
45 2.15 2.55 689781.16 818112.53 1.19
60 2.15 2.55 689781.16 818112.53 1.19
75 2.15 2.55 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 818112.53 1.19

Table A2 The second run of CO2 /CH4 separation for bacterial cellulose membrane 
with the weight ratio of 1 ะ7

time
(min)

CO 2
(L/min)

CH4
(L/min)

Permeance CO2 

(GPU)
Permeance CH4 

(GPU) Selectivity
0 2.00 2.50 641656.89 802071.11 1.25
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 1.25
60 2.00 2.50 641656.89 802071.11 1.25
75 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 1.25
120 2.00 2.50 641656.89 802071.11 1.25
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Table A3 The third run of CO2/CH4 separation for bacterial cellulose membrane
with the weight ratio of 1 ะ7

time
(min)

c o 2
(L/min)

CH4
(L/min)

Permeance CO2 

(GPU)
Permeance CH4 

(GPU) Selectivity
0 2.10 2.70 673739.73 866236.80 1.29
15 2.10 2.70 673739.73 866236.80 1.29
30 2.10 2.70 673739.73 866236.80 1.29 -
45 2.10 2.70 673739.73 866236.80 1.29

- 60 2.10 2.70 673739.73 866236.80 1.29
75 2.10 2.70 673739.73 86623 6T80 1.29
90 2.10 2.70 673739.73 866236.80 1.29
105 2.10 2.70 673739.73 866236.80 1.29
120 2.10 2.70 673739.73 866236.80 1.29

Appendix B The CO2/CH4 separation results for bacterial cellulose membranes 
with the weight ratio of 1:10

Table B1 The first run of CO2 /CH4  separation for bacterial cellulose membrane with 
the weight ratio of 1:10

time
(min)

CO 2
(L/min)

CH4
(L/min)

Permeance CO2 

(GPU)
Permeance CH4 

(GPU) Selectivity
0 2.30 3.40 737905.42 '1090816.71 1.48
15 2.30 3.40 737905.42 1090816.71 1 48
30 2.30 3.40 737905.42 1090816.71 1.48
45 2.30 3.40 737905.42 1090816.71 1.48
60 2.30 3.40 737905.42 1090816.71 1.48
75 2.30 3.40 737905.42 1090816.71 1.48
90 2.30 3.40 737905.42 1090816.71 1.48
105 2.30 3.40 737905.42 1090816.71 1.48
120 2.30 3.40 737905.42 1090816.71 1.48
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Table B2 The second run of CO2/CH4 separation for bacterial cellulose membrane
with the weight ratio of 1:10

time
(min) CO2(L/min) ch 4(L/min) Permeance CO2 

(GPU)
Permeance CH4 

(GPU) Selectivity
0 2.30 3.50 737905.42 1122899.56 1.52
15 2.30 3.50 737905.42 1122899.56 1.52
30 2.30 3.50 737905.42 1122899.56 1.52
45 2.30 3.50 737905.42 1122899.56 1.52
60 2.30 3.50 737905.42 1122899.56 1.52
75 2.30 3.50 737905.42 1122899.56 1.52
90 2.30 3.50 737905.42 1122899.56 1.52
105 2.30 3.50 737905.42 1122899.56 1.52
1 2 0 2.30 3.50 737905.42 1122899.56 1.52

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

time(min) CO2(L/min) CH4(L/min) Permeance CO2 
(GPU) Permeance CH4 (GPU) Selectivity

0 2.35 3.50 753946.84 1122899.56 1.50
15 2.35 3.50 753946.84 1122899.56 1.50
30 2.35 3.50 753946.84 1122899.56 1.50
45 2.35 3.50 753946.84 1122899.56 1.50
60 2.35 3.50 753946.84 1122899.56 1.50 -
75 2.35 3.50 753946.84 1122899.56 1.50
90 2.35 3.50 753946.84 1122899.56 1.50
105 2.35 3.50 753946.84 1122899.56 1.50
1 2 0 2.35 3.50 753946.84 1122899.56 1.50
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Appendix c  The C O 2/ C H 4 separation results for bacterial cellulose membranes
with the weight ratio of 1:13

T a b l e  C l  T h e  f ir s t  ru n  o f  C O 2/C H 4 s e p a r a t io n  fo r  b a c te r ia l  c e l l u l o s e  m e m b r a n e  w i t h  

th e  w e i g h t  r a t io  o f  1 :1 3

t im e
( m i n )

C O 2
( L / m i n )

C H 4
( L / m i n )

P e r m e a n c e  C O 2 
( G P U )

P e r m e a n c e  C H 4 
( G P U ) S e l e c t i v i t y

0 2 .6 0 3 .6 0 8 3 4 1 5 3 .9 6 r i  5 4 9 8 2 .4 0 1 .38
15 2 .6 0 3 .6 0 8 3 4 1 5 3 .9 6 1 1 5 4 9 8 2 .4 0 1 .38
3 0 2 .6 0 3 .6 0 8 3 4 1 5 3 .9 6 1 1 5 4 9 8 2 .4 0 1 .38
4 5 2 .6 0 3 .6 0 8 3 4 1 5 3 .9 6 1 1 5 4 9 8 2 .4 0 1 .38
6 0 2 .6 0 3 .6 0 8 3 4 1 5 3 .9 6 1 1 5 4 9 8 2  4 0 1 .38
75 2 .6 0 3 .6 0 8 3 4 1 5 3 .9 6 1 1 5 4 9 8 2 .4 0 1 .38
9 0 2 .6 0 3 .6 0 8 3 4 1 5 3 .9 6 1 1 5 4 9 8 2  4 0 1 .38
105 2 .6 0 3 .6 0 8 3 4 1 5 3 .9 6 1 1 5 4 9 8 2 .4 0 1 .38
120 2 .6 0 3 .6 0 8 3 4 1 5 3 .9 6 1 1 5 4 9 8 2 .4 0 1 .38

T a b l e  C 2  T h e  s e c o n d  ru n  o f  C O 2/ C H 4 s e p a r a t io n  fo r  b a c te r ia l c e l l u l o s e  m e m b r a n e  

w it h  th e  w e i g h t  ra tio  o f  1 :1 3

t im e
( m i n )

C O 2

( L / m i n )
C H 4

( L / m i n )
P e r m e a n c e  C O 2 

( G P U )
P e r m e a n c e  c u u  

( G P U ) S e l e c t i v i t y
0 2 .6 0 3 .7 0 8 3 4 1 5 3 .9 6 1 1 8 7 0 6 5 .2 5 1 .42
15 2 .6 0 3 .7 0 8 3 4 1 5 3 .9 6 1 1 8 7 0 6 5 .2 5 1 .4 2
3 0 2 .6 0 3 .7 0 8 3 4 1 5 3 .9 6 1 1 8 7 0 6 5 .2 5 1 .4 2
4 5 2 .6 0 3 .7 0 -  8 3 4 1 5 3 .9 6 1 1 8 7 0 6 5 .2 5 1 .42
6 0 2 .6 0 3 .7 0 8 3 4 1 5 3 .9 6 1 1 8 7 0 6 5 .2 5 1 .42
75 2 .6 0 3 .7 0 8 3 4 1 5 3 .9 6 1 1 8 7 0 6 5 .2 5 1 .42
9 0 2 .6 0 3 .7 0 8 3 4 1 5 3 .9 6 1 1 8 7 0 6 5 .2 5 1 .4 2
105 2 .6 0 3 .7 0 8 3 4 1 5 3 .9 6 1 1 8 7 0 6 5 .2 5 1 .4 2
120 2 .6 0 3 .7 0 8 3 4 1 5 3 .9 6 1 1 8 7 0 6 5 .2 5 1 .4 2
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Table C3 The third run of CO2/CH4 separation for bacterial cellulose membrane
with the weight ratio of 1:13

time
(min)

C O 2

(L/min)
C H 4

(L/min)
Permeance C O 2 

(GPU)
Permeance C H 4 

(GPU) Selectivity
0 2 .7 0 3 .5 5 8 6 6 2 3 6 .8 0 1 1 3 8 9 4 0 .9 8 1.31
15 2 .7 0 3 .5 5 8 6 6 2 3 6 .8 0 1 1 3 8 9 4 0 .9 8 1.31
3 0 2 .7 0 3 .5 5 " 8 6 6 2 3 6 .8 0 1 1 3 8 9 4 0 .9 8 1.31
4 5 2 .7 0 3 .5 5 8 6 6 2 3 6 .8 0 1 1 3 8 9 4 0 .9 8 1.31
6 0 2 .7 0 3 .5 5 8 6 6 2 3 6 .8 0 1 1 3 8 9 4 0 .9 8 1.31
75 2 .7 0 3 .5 5 8 6 6 2 3 6 .8 0 1 1 3 8 9 4 0 .9 8 1 31
9 0 2 .7 0 3 .5 5 8 6 6 2 3 6 .8 0 1 1 3 8 9 4 0 .9 8 1.31
105 2 .7 0 3 .5 5 8 6 6 2 3 6 .8 0 1 1 3 8 9 4 0 .9 8 1.31
120 2 .7 0 3 .5 5 8 6 6 2 3 6 .8 0 1 1 3 8 9 4 0 .9 8 1.31

Appendix D The CO2/CH4 separation results for bacterial cellulose membranes 
with the weight ratio of 1:15

T a b l e  D 1  T h e  f ir s t  ru n  o f  C O 2 / C H 4 s e p a r a t io n  f o r  b a c t e r ia l  c e l l u l o s e  m e m b r a n e  w i t h  

th e  w e i g h t  r a t io  o f  1 : 1 5

time
(min)

CO2
(L/min)

C H 4

(L/min)
Permeance CO2 

(GPU)
Permeance C H 4 

(GPU) Selectivity
0 3 .0 0 3 .9 5 9 6 2 4 8 5 .3 3 1 2 6 7 2 7 2 .3 6 1 .3 2
15 3 .0 0 3 .9 5 9 6 2 4 8 5 .3 3 1 2 6 7 2 7 2 .3 6 1 .32
3 0 3 .0 0 3 .9 5 9 6 2 4 8 5 .3 3 1 2 6 7 2 7 2 .3 6 1 .32
4 5 3 .0 0 3 .9 5 9 6 2 4 8 5 .3 3 1 2 6 7 2 7 2 r 3 6 1 .32
6 0 3 .0 0 3 .9 5 9 6 2 4 8 5 .3 3 1 2 6 7 2 7 2 .3 6 1 .32

■ 75 3 .0 0 3 .9 5 9 6 2 4 8 5 .3 3 1 2 6 7 2 7 2 .3 6 1 .32
9 0 3 .0 0 3 .9 5 9 6 2 4 8 5 .3 3 1 2 6 7 2 7 2 .3 6 1 .3 2
105 3 .0 0 3 .9 5 9 6 2 4 8 5 .3 3 1 2 6 7 2 7 2 .3 6 1 .32
120 3 .0 0 3 .9 5 9 6 2 4 8 5 .3 3 1 2 6 7 2 7 2 .3 6 1 .32
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Table D2 The second run of CO2/CH4 separation for bacterial cellulose membrane
with the weight ratio of 1:15

t im e
(m in )

C O 2

(L /m in )
C H 4

(L /m in )
P e r m e a n c e  C O 2 

( G P L )
P e r m e a n c e  C H 4 

( G P U ) S e le c t iv i ty
0 2 .9 5 3 .8 0 9 4 6 4 4 3 .9 1 1 2 1 9 1 4 8 .0 9 1 .2 9
15 2 .9 5 3 .8 0 9 4 6 4 4 3 .9 1 1 2 1 9 1 4 8 .0 9 1 .2 9

_ 3 0 2 .9 5 3 .8 0 9 4 6 4 4 3 .9 1 1 2 1 9 1 4 8 .0 9 1 .2 9
4 5 2 .9 5 3 .8 0 9 4 6 4 4 3  91 1 2 1 9 1 4 8 .0 9 1 .2 9
6 0 2 .9 5 3 .8 0 9 4 6 4 4 3 .9 1 1 2 1 9 1 4 8 .0 9 1 .2 9
7 5 2 .9 5 3 .8 0 9 4 6 4 4 3 .9 1 1 2 1 9 1 4 8 .0 9 1 .2 9
9 0 2 .9 5 3 .8 0 9 4 6 4 4 3 .9 1 1 2 1 9 1 4 8 .0 9 1 .2 9
105 2 .9 5 3 .8 0 9 4 6 4 4 3 .9 1 1 2 1 9 1 4 8 .0 9 1 .2 9
120 2 .9 5 3 .8 0 9 4 6 4 4 3 .9 1 1 2 1 9 1 4 8 .0 9 1 .2 9

T a b le  D 3  T h e  th ir d  ru n  o f  C O 2/ C H 4 s e p a r a t io n  fo r  b a c t e r ia l  c e l l u l o s e  m e m b r a n e  

w it h  t h e  w e ig h t  r a t io  o f  1 :1 5

t im e
( m in )

C O 2

(L /m in )
C H 4

(L /m in )
P e r m e a n c e  C O 2 

(G P U )
P e r m e a n c e  C H 4 

( G P U ) S e le c t iv i t y
0 3 .0 0 3 .7 0 9 6 2 4 8 5 .3 3 1 1 8 7 0 6 5 .2 5 1 .23
15 3 .0 0 3 .7 0 9 6 2 4 8 5 .3 3 1 1 8 7 0 6 5 .2 5 1 2 3
3 0 3 .0 0 3 .7 0 9 6 2 4 8 5 .3 3 1 1 8 7 0 6 5 .2 5 1 .23
4 5 3 .0 0 3 .7 0 9 6 2 4 8 5 .3 3 1 1 8 7 0 6 5 .2 5 1.23
6 0 3 .0 0 3 .7 0 9 6 2 4 8 5 .3 3 1 1 8 7 0 6 5 .2 5 1 .23
7 5 3 .0 0 3 .7 0 9 6 2 4 8 5 .3 3 1 1 8 7 0 6 5 .2 5 1 .23
9 0 3 .0 0 3 .7 0 9 6 2 4 8 5 .3 3 1 1 8 7 0 6 5 .2 5 1 .23
105 3 .0 0 3 .7 0 9 6 2 4 8 5 .3 3 1 1 8 7 0 6 5 .2 5 1 .23
12 0 3 .0 0 3 .7 0 ' 9 6 2 4 8 5 .3 3 1 1 8 7 0 6 5 .2 5 1 .23
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Appendix E The CO2/CH4 separation results for bacterial cellulose membranes
with the weight ratio of 1:17

T a b le  E l  T h e  f ir s t  r u n  o f  C O 2/ C H 4 s e p a r a t io n  fo r  b a c te r ia l  c e l l u l o s e  m e m b r a n e  w i t h  

th e  w e i g h t  r a tio  o f  1 :1 7

t im e
( m in )

C O 2

(L /m in )
C H 4-

(L /m in )
P e r m e a n c e  C O 2 

(G P U )
P e r m e a n c e  C H 4 

(G P U ) S e le c t iv i t y
0 3 .5 0 4 .5 0 1 1 2 2 8 9 9 .5 6 1 4 4 3 7 2 8 .0 0 1 .2 9
15 3 .5 0 4 .5 0 1 1 2 2 8 9 9 .5 6 1 4 4 3 7 2 8 .0 0 1 .2 9
3 0 3 .5 0 4 .5 0 1 1 2 2 8 9 9 .5 6 1 4 4 3 7 2 8 .0 0 1 .2 9
4 5 3 .5 0 4 .5 0 1 1 2 2 8 9 9 .5 6 1 4 4 3 7 2 8 .0 0 1 .2 9
6 0 3 .5 0 4 .5 0 ' 1 1 2 2 8 9 9 .5 6 1 4 4 3 7 2 8 .0 0 1 .2 9
7 5 3 .5 0 4 .5 0 1 1 2 2 8 9 9 .5 6 1 4 4 3 7 2 8  0 0 1 .2 9
9 0 3 .5 0 4 .5 0 1 1 2 2 8 9 9 .5 6 1 4 4 3 7 2 8 .0 0 1 .2 9
105 3 .5 0 4 .5 0 1 1 2 2 8 9 9 .5 6 1 4 4 3 7 2 8 .0 0 1 .2 9
12 0 3 .5 0 4 .5 0 1 1 2 2 8 9 9 .5 6 1 4 4 3 7 2 8 .0 0 1 .2 9

T a b le  E 2  T h e  s e c o n d  ru n  o f  C O 2/ C H 4 s e p a r a t io n  fo r  b a c te r ia l  c e l l u l o s e  m e m b r a n e  

w it h  t h e  w e ig h t  r a tio  o f  1 :1 7

t im e
(m in )

C O 2

(L /m in )
CEU

( L /m in )
P e r m e a n c e  C O 2 

(G P U )
P e r m e a n c e  C E L  

( G P U ) S e le c t iv i t y
-  0 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1 .23

15 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1 .23
3 0 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1 .23
4 5 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1 .23
6 0 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1 .23
75 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1 .2 3
9 0 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1 .23
105 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1 .23
12 0 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1 .23



71

Table E3 The third run of CO2/CH4 separation for bacterial cellulose membrane
with the weight ratio of 1:17

t im e
(m in )

C O 2

( L /m in )
C H 4

(L /m in )
P e r m e a n c e  C O 2 

( G P U )
P e r m e a n c e  C H 4 

( G P U ) S e le c t iv ity
0 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1.23

15 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1.23
3 0 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 L 4 5 9 7 6 9 .4 2 1.23
4 5 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1.23
6 0 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1 .23
75 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1.23
9 0 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1.23
105 3 .7 0 '4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1.23
12 0 3 .7 0 4 .5 5 1 1 8 7 0 6 5 .2 5 1 4 5 9 7 6 9 .4 2 1.23

A p p e n d ix  F  T h e  C O 2 / C H 4  s e p a r a t io n  r e s u lt s  fo r  b a c t e r ia l  c e l lu lo s e  m e m b r a n e s  
w it h  th e  w e ig h t  r a t io  o f  1 :2 0

T a b le  F I  T h e  f ir s t  ru n  o f  C O 2/ C H 4 s e p a r a t io n  fo r  b a c te r ia l c e l l u l o s e  m e m b r a n e  w i t h  

t h e  w e ig h t  r a t io  o f  1 : 2 0

t im e
(m in )

C O 2

( L /m in )
C I U

(L /m in )
P e r m e a n c e  C O 2 

( G P U )
P e r m e a n c e  C H 4 

(G P U ) S e le c t iv i t y
0 3 .9 0 4 .8 0 1 2 5 1 2 3 0 .9 3 1 5 3 9 9 7 6 .5 3 1 .23
15 3 .9 0 4 .8 0 1 2 5 1 2 3 0 .9 3 1 5 3 9 9 7 6 .5 3 1.23
3 0 3 .9 0 4 .8 0 1 2 5 1 2 3 0 .9 3 1 5 3 9 9 7 6 .5 3 1.23
4 5 3 .9 0 4 .8 0 1 2 5 1 2 3 0 .9 3 1 5 3 9 9 7 6 .5 3 1.23
6 0 3 .9 0 4 .8 0 1 2 5 1 2 3 0 .9 3 1 5 3 9 9 7 6 .5 3 1.23
7 5 3 .9 0 4 .8 0 1 2 5 1 2 3 0 .9 3 1 5 3 9 9 7 6 .5 3 1.23
9 0 3 .9 0 4 .8 0 1 2 5 1 2 3 0 .9 3 1 5 3 9 9 7 6 .5 3 1 .23
105 3 .9 0 4 .8 0 1 2 5 1 2 3 0 .9 3 1 5 3 9 9 7 6 .5 3 1 .23
12 0 3 .9 0 4 .8 0 1 2 5 1 2 3 0 .9 3 1 5 3 9 9 7 6 .5 3 1.23
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Table F2 The second run of CO2/CH4 separation for bacterial cellulose membrane
with the weight ratio of 1:20

t im e
(m in )

C O 2

( L /m in )
C H 4

( L /m in )
P e r m e a n c e  C O 2 

(G P U )
P e r m e a n c e  C H 4 

(G P U ) S e le c t iv ity
0 4 .0 0 4 .9 0 1 2 8 3 3 1 3 .7 8 1 5 7 2 0 5 9 .3 8 1.23
15 4 .0 0 4 .9 0 1 2 8 3 3 1 3 .7 8 1 5 7 2 0 5 9 .3 8 1.23
3 0 4 .0 0 4 .9 0 1 2 8 3 3 1 3 .7 8 1 5 7 2 0 5 9 .3 8 1.23
4 5 4 .0 0 4 .9 0 1 2 8 3 3 1 3 .7 8 1 5 7 2 0 5 9 .3 8 1.23
.60 4 .0 0 4 .9 0 1 2 8 3 3 1 3 .7 8 1 5 7 2 0 5 9 .3 8 1.23
75 4 .0 0 4 .9 0 1 2 8 3 3 1 3 .7 8 1 5 7 2 0 5 9 .Î 8 1.23
9 0 4 .0 0 4 .9 0 1 2 8 3 3 1 3 .7 8 1 5 7 2 0 5 9 .3 8 1.23
105 4 .0 0 4 .9 0 1 2 8 3 3 1 3 .7 8 '  1 5 7 2 0 5 9 .3 8 1.23
120 4 .0 0 4 .9 0 1 2 8 3 3 1 3  78 1 5 7 2 0 5 9 .3 8 1.23

T a b le  F 3  T h e  th ir d  ru n  o f  C O 2/C H 4 s e p a r a t io n  fo r  b a c t e r ia l  c e l l u l o s e  m e m b r a n e  

w it h  th e  w e ig h t  r a t io  o f  1 : 2 0

t im e
(m in )

C O 2

( L /m in )
C H 4

(L /m in )
P e r m e a n c e  C O 2 

( G P U )
P e r m e a n c e  C H 4 

(G P U ) S e le c t iv ity
0 3 .8 5 5 .0 0 1 2 3 5 1 8 9 .5 1 1 6 0 4 1 4 2 .2 2 1 .30
15 3 .8 5 5 .0 0 1 2 3 5 1 8 9 .5 1 1 6 0 4 1 4 2  2 2 1 .30
3 0 3 .8 5 5 .0 0 1 2 3 5 1 8 9 .5 1 1 6 0 4 1 4 2 .2 2 1 .30
4 5 3 .8 5 5 .0 0 1 2 3 5 1 8 9 .5 1 1 6 0 4 1 4 2 .2 2 1 .30
6 0 3 .8 5 5 .0 0 1 2 3 5 1 8 9 .5 1 1 6 0 4 1 4 2  2 2 1 .3 0
75 3 .8 5 5 .0 0 1 2 3 5 1 8 9 .5 1 1 6 0 4 1 4 2 .2 2 1 .30
9 0 3 .8 5 5 .0 0 1 2 3 5 1 8 9 .5 1 1 6 0 4 1 4 2 .2 2 1 .3 0
105 3 .8 5 5 .0 0 1 2 3 5 1 8 9 .5 1 1 6 0 4 1 4 2 .2 2 1 .3 0
120 3 .8 5 5 .0 0 1 2 3 5 1 8 9 .5 1 1 6 0 4 1 4 2 .2 2 1 .30
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T a b le  G 1  T h e  f ir s t  ru n  o f  C O 2/C H 4 s e p a r a t io n  fo r  b a c t e r ia l  c e l l u l o s e  m e m b r a n e  

( w e i g h t  r a tio  1 :1 0 )  w i t h  0 .1 M  s i l v e r  io n s  ( 0 .1 M  A g + - B C )

Appendix G The CO2/CH4 separation results for bacterial cellulose membrane
(weight ratio 1:10) with 0.1M silver ions (0.1M Ag+-BC)

t im e
( m in )

C O 2

(L /m in )
C H 4

(L /m in )
P e r m e a n c e  C O 2 

(G P U )
P e r m e a n c e  CHU 

(G P U ) S e le c tiv ity '
0 2 .1 0 3 .6 0 6 7 3 7 3 9 .7 3 1 1 5 4 9 8 2 .4 0 1.71
15 2 .1 0 3 .6 0 6 7 3 7 3 9 .7 3 1 1 5 4 9 8 2 .4 0 1.71
3 0 2 .1 0 3 .6 0 6 7 3 7 3 9 .7 3 1 1 5 4 9 8 2 .4 0 1.71
4 5 2 .1 0 3 .6 0 6 7 3 7 3 9 .7 3 1 1 5 4 9 8 2 .4 0 1.71
6 0 2 .1 0 3 .6 0 6 7 3 7 3 9 .7 3 1 1 5 4 9 8 2 .4 0 1.71
75 2 .1 0 3 .6 0 6 7 3 7 3 9 .7 3 1 1 5 4 9 8 2 .4 0 1.71
9 0 2 .1 0 3 .6 0 6 7 3 7 3 9 .7 3 1 1 5 4 9 8 2 .4 0 1.71

10 5 2 .1 0 3 .6 0 6 7 3 7 3 9 .7 3 1 1 5 4 9 8 2 .4 0 1.71
1 2 0 2 .1 0 3 .6 0 6 7 3 7 3 9 .7 3 1 1 5 4 9 8 2 .4 0 1.71

T a b le  G 2  T h e  s e c o n d  ru n  o f  C O 2/C H 4 s e p a r a t io n  fo r  b a c t e r ia l  c e l l u l o s e  m e m b r a n e  

( w e i g h t  r a tio  1 :1 0 )  w i t h  0 .1 M  s i l v e r  io n s  ( 0 .1 M  A g + - B C )

t im e
(m in )

C O 2

(L /m in )
CUB

(L /m in )
P e r m e a n c e  C O 2 

(G P U )
P e r m e a n c e  C H 4 

(G P U ) S e le c t iv ity
0 2 .0 0 3 .6 0 6 4 1 6 5 6 .8 9 1 1 5 4 9 8 2 .4 0 1 .8 0
15 2 .0 0 3 .6 0 6 4 1 6 5 6 .8 9 1 1 5 4 9 8 2  4 0 1 .8 0
3 0 2 .0 0 3 .6 0 6 4 1 6 5 6 .8 9 1 1 5 4 9 8 2  4 0 1 .8 0
4 5  . 2 4 )0 3 .6 0 6 4 1 6 5 6 .8 9 1 1 5 4 9 8 2 .4 0 1 .80
6 0 2 .0 0 3 .6 0 6 4 1 6 5 6 .8 9 1 1 5 4 9 8 2 .4 0 1 .80
75 2 .0 0 3 .6 0 6 4 1 6 5 6 .8 9 1 1 5 4 9 8 2  4 0 1 .80
9 0 2 .0 0 3 .6 0 6 4 1 6 5 6 .8 9 1 1 5 4 9 8 2  4 0 1 .80
105 2 .0 0 3 .6 0 6 4 1 6 5 6 .8 9 1 1 5 4 9 8 2 .4 0 1 .80
1 2 0 2 .0 0 3 .6 0 6 4 1 6 5 6 .8 9 1 1 5 4 9 8 2 .4 0 1 .80
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Table G3 The third run of CO2/CH4 separation for bacterial cellulose membrane
(weight ratio 1:10) with 0.1M silver ions (0.1M Ag+-BC)

t im e
(m in )

C O 2

( L /m in ) (L /m in )
P e r m e a n c e  C O 2 

(G P U )
P e r m e a n c e  C H 4 

( G P U ) S e le c t iv ity
0 2 .0 0 3 .5 0 6 4 1 6 5 6 .8 9 1 1 2 2 8 9 9 .5 6 1.75
15 2 .0 0 3 .5 0 6 4 1 6 5 6 .8 9 1 1 2 2 8 9 9 .5 6 1.75
3 0 2 .0 0 3 .5 0 6 4 1 6 5 6 .8 9 1 1 2 2 8 9 9 .5 6 1.75
4 5 2 .0 0 3 .5 0 6 4 1 6 5 6 .8 9 1 1 2 2 8 9 9 .5 6 1.75
6 0 2 .0 0 3 .5 0 6 4 1 6 5 6 .8 9 1 1 2 2 8 9 9 .5 6 - 1 .75
75 2 .0 0 3 .5 0 6 4 1 6 5 6 .8 9 1 1 2 2 8 9 9 .5 6 1.75
9 0 2 .0 0 3 .5 0 6 4 1 6 5 6 .8 9 1 1 2 2 8 9 9 .5 6 1.75
105 2 .0 0 3 .5 0 6 4 1 6 5 6 .8 9 1 1 2 2 8 9 9 .5 6 1 .75
12 0 2 .0 0 3 .5 0 6 4 1 6 5 6 .8 9 1 1 2 2 8 9 9 .5 6 1.75

A p p e n d ix  H  T h e  C O 2/C H 4 s e p a r a t io n  r e s u lt s  f o r  b a c t e r ia l  c e l lu lo s e  m e m b r a n e  
( w e ig h t  r a t io  1 :1 0 )  w i t h  0 .5 M  s i lv e r  io n s  ( 0 .5 M  A g + -B C )

T a b le  H I  T h e  f ir s t  ru n  o f  C O 2/C H 4 s e p a r a t io n  fo r  b a c t e r ia l  c e l l u l o s e  m e m b r a n e  

( w e i g h t  r a tio  1 : 1 0 )  w i t h  0 .5 M  s i l v e r  io n s  ( 0 .5 M  A g +- B C )

t im e
(m in )

C O 2
( L /m in )

C H 4
(L /m in )

P e r m e a n c e  C O 2 
( G P U )

P e r m e a n c e  C H 4

(G P U ) S e le c t iv ity
0 1 .5 0 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .87
15 1 .5 0 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .8 7
3 0 1 .5 0 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .87
4 5 1 5 0 2 .8 0 4 8 1 2 4 2 ,6 7 8 9 8 3 1 9 .6 4 1 .87
6 0 1 .5 0 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .87
7 5 1 .5 0 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .8 7
9 0 1 .5 0 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .87
105 1 .5 0 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .87
1 2 0 1 .5 0 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .87
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Table H2 The second run of CO2/CH4 separation for bacterial cellulose membrane
(weight ratio 1:10) with 0.5M silver ions (0.5M Ag+-BC)

t im e
(m in )

C O 2

(L /m in )
C H 4

(L /m in )
P e r m e a n c e  C O 2 

(G P U )
P e r m e a n c e  C H 4 

(G P U ) S e le c t iv i ty
0 1 .50 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .8 7
15 1 .50 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .8 7
3 0 1 .50 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .8 7
4 5 1 .50 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .8 7
6 0 1 .5 0 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .87
75 1 .5 0 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .8 7
9 0 1 .5 0 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .87
105 1 .5 0 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .8 7
12 0 1 .50 2 .8 0 4 8 1 2 4 2 .6 7 8 9 8 3 1 9 .6 4 1 .8 7

T a b le  H 3  T h e  f ir s t  ru n  o f  C O 2/ C H 4 s e p a r a t io n  fo r  b a c t e r ia l  c e l l u l o s e  m e m b r a n e  

( w e i g h t  r a tio  1 :1 0 )  w i t h  0 .5 M  s i l v e r  io n s  ( 0 .5 M  A g +- B C )

t im e
( m in )

c o 2
(L /m in )

C H 4

(L /m in )
P e r m e a n c e  C O 2 

(G P U )
P e r m e a n c e  CH-I 

(G P U ) S e le c t iv i t y
0 1 .50 2 .8 5 4 8 1 2 4 2 .6 7 9 1 4 3 6 1 .0 7 1 .9 0

- 15 1 .50 2 .8 5 4 8 1 2 4 2 .6 7 9 1 4 3 6 1 .0 7 1 .9 0
3 0 1 .50 2 .8 5 4 8 1 2 4 2 .6 7 9 1 4 3 6 1 .0 7 1 .9 0
4 5 1 .50 2 .8 5 4 8 1 2 4 2 .6 7 9 1 4 3 6 1 .0 7 1 .9 0
6 0 1 .50 2 .8 5 4 8 1 2 4 2 .6 7 9 1 4 3 6 1 .0 7 1 .9 0
75 1 .50 2 .8 5 4 8 1 2 4 2 .6 7 9 1 4 3 6 1 .0 7 1 .9 0
9 0 1 .5 0 2 .8 5 4 8 1 2 4 2 .6 7 9 1 4 3 6 1 .0 7 1 .9 0
105 1 .5 0 2 .8 5 4 8 1 2 4 2 .6 7 9 1 4 3 6 1 .0 7 1 .9 0
12 0 1 .5 0 2 .8 5 4 8 1 2 4 2  6 7 9 1 4 3 6 1 .0 7 1 .9 0
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Appendix I The CO2/CH4 separation results for bacterial cellulose membrane
(weight ratio 1:10) w ith 1.0M silver ions (1.0M Ag+-BC)

T a b le  II  T h e  f ir s t  ru n  o f  C O 2/ C H 4 s e p a r a t io n  fo r  b a c t e r ia l  c e l l u l o s e  m e m b r a n e  

( w e i g h t  ra tio  1 :1 0 )  w i t h  1 .0 M  s i l v e r  io n s  ( 1 .0 M  A g +- B C )

t im e
(m in )

€ 0 2
(L /m in )

C H 4

(L /m in )
P e r m e a n c e  C O 2 

( G P U )
P e r m e a n c e  CHU 

( G P U ) S e le c t iv ity
0 1 10 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
15 1 .1 0 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
3 0 1 .1 0 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
4 5 1 .1 0 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
6 0 1 .1 0  ' 2 .5 0 3 5 2 9 1  1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
7 5 1 .10 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
9 0 1 .1 0 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
105 1 .1 0 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
1 2 0 1 .1 0 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7

T a b le  12 T h e  s e c o n d  ru n  o f  C O 2/C H 4 s e p a r a t io n  fo r  b a c t e r ia l  c e l l u l o s e  m e m b r a n e  

( w e i g h t  ra tio  1 : 1 0 )  w i t h  1 ,0 M  s i l v e r  io n s  ( 1 ,0 M  A g +- B C )

t im e
(m in )

C O 2

(L /m in )
CHU

( L /m in )
P e r m e a n c e  C O 2 

( G P U )
P e r m e a n c e  C H 4 

( G P U ) S e le c t iv i ty
0 1 .15 2 .5 0 3 6 8 9 5 2 .7 1 8 0 2 0 7 1 .1 1 2 .1 7
15 1 .15 2 .5 0 3 6 8 9 5 2  71 8 0 2 0 7 1 .1 1 2 .1 7
3 0 1.15 2 .5 0 3 6 8 9 5 2 .7 1 8 0 2 0 7 1 .1 1 2 .1 7
4 5 1 .15 2 .5 0 3 6 8 9 5 2 .7 1 8 0 2 0 7 1 .1 1 2 .1 7
6 0 1 .15 2 .5 0 3 6 8 9 5 2 .7 1 8 0 2 0 7 1 .1 1 2 .1 7
7 5 1.15 2 .5 0 3 6 8 9 5 2 .7 1 8 0 2 0 7 1 .1 1 2 .1 7
9 0 1.15 2 .5 0 3 6 8 9 5 2 .7 1 8 0 2 0 7 1 .1 1 2 .1 7
105 1.15 2 .5 0 3 6 8 9 5 2 .7 1 8 0 2 0 7 1 .1 1 2 .1 7
1 2 0 1 .15 2 .5 0 3 6 8 9 5 2 .7 1 8 0 2 0 7 1 .1 1 2 .1 7
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Table 13 The third run of CO2/CH4 separation for bacterial cellulose membrane
(weight ratio 1:10) with 1,0M silver ions ( 1.0M Ag+-BC)

t im e
( m in )

C O 2
(L /m in )

C H 4
(L /m in )

P e r m e a n c e  C O 2 

( G P U )
P e r m e a n c e  C H 4 

(G P U ) S e le c t iv ity
0 1 .1 0 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
15 1 .10 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
3 0 1 .1 0 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
4 5 1 .1 0 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
6 0 1 .10 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
75 1 .1 0 - 2 . 5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
9 0 1 .1 0 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
105 -  1 .1 0 2 .5 0 3 5 2 9 1 1 .2 9 8 0 2 0 7 1 .1 1 2 .2 7
12 0 1 .1 0 2 .5 0 3 5 2 9 1 1 .2 9 - 8 0 2 0 7 1 .1 1 2 .2 7

E x a m p le  o f  C a lc u la t io n

/ p \  _  £ > x l4.7x1 o 6 
\ â / /  ~  ( A ) x ( A P ) x 7 6

W h e r e  ( j ) j  =  p e r m e a n c e  o f  g a s  “ i”  ( G P U ) ,

p  =  p e r m e a b i l i ty  o f  g a s  ‘ i ’ ( 1 0 ' 10 c m 3 ( S T P )  c m / c m 2 ร c m  H g )

(1  B a r r e r  =  1 0 '1'  c m 3 ( S T P )  c m / c m 2 ร c m  H g  =  7 . 5 x l 0 "18 m 2 ร ' 1 Pa"1) ,

ร  =  t h ic k n e s s  o f  m e m b r a n e  ( p m ) ,

Q j =  v o lu m e t r ic  f l o w  ra te  o f  g a s  ‘ i ’ ( c m 3/ s e c ) ,

A  =  m e m b r a n e  a r e a  ( c m 2), a n d

A P  =  p r e s s u r e  d i f f e r e n c e  b e t w e e n  th e  f e e d  s id e  a n d  th e  p e r m e a t in g  s id e  ( p s i ) .

S o ln : T h e  th ird  ru n  o f  C O 2/ C H 4 s e p a r a t io n  f o r  b a c te r ia l  c e l l u l o s e  m e m b r a n e  ( w e i g h t  

r a t io  1 :1 0 )  w ith  1 ,0 M  s i lv e r  i o n s  ( 1 ,0 M  A g +- B C )

P e r m e a n c e  o f  C O 2 ( G P U )

Q c o 2 = 1 . 1 0  L /m in
=  ( 1 . 1 0  L /m in  x i o o o  c m 3/L  X ( l m i n / 6 0 s ) )  =  1 8 .3 3 3 3 3 3 3 3  c m 3/ s
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A  =  Jir2 =  ( 3 . 1 4 x 0 . 4 x 0 .4 )  c m 2 =  0 .5 0 2 4  c m 2 

A P  =  3 4 .7 - 1 4 .7  p s i  =  2 0  p s i

/ P \  18.33%14.7xl06
( -  =  ' ~ =  3 5 2 9 1 1 . 2 9  GPU\ S J  0 . 5 0 2 4 x 2 0 x 7 6

P e r m e a n c e  o f  C H 4 ( G P U )

Q ch4 =  2 .5 0  L /m in

=  ( 2 .5 0  L /m in  X 1 0 0 0  c m 3/L  X ( 1 m i n / 6 0 s ) )  =  4 1 . 6 6 6 6 6 6 6 7  c m 3/ s
A  -  JIT2  = ( 3 .1 4 x 0 . 4 x 0 .4 )  c m 2 =  0 .5 0 2 4  c m 2

A P  =  3 4 .7 - 1 4 .7  p s i  =  2 0  p s i
© 4 1 . 6 7 x l 4 . 7 x l 0 6

=  —  โ  ~ ~ =  8 0 2 0 7 1 . 1 1  GPU
0 . 5 0 2 4 x 2 0 x 7 6

C H 4/ C O 2 S e le c t iv i t y

ร A J B  =  =  8 0 2 0 7 1 . 1 1 / 3 5 2 9 1 1 . 2 9 =  2 . 2 7
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