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C H A P T E R  IV
R E SU L T S A N D  D ISC U SSIO N

4.1 B ase M ateria l P roperty Studies

C e l l u l o s e  a c e t a t e  p o l y m e r ,  N a X - z e o l i t e ,  A g X - z e o l i t e  a n d  s i l i c a l i t e  

w e r e  s t u d i e d  f o r  t h e  s e l e c t i v i t y  o f  o l e f i n  t o  p a r a f f i n  t o  s e l e c t  t h e s e  m a t e r i a l s  f o r  

m a k i n g  m i x e d  m a t r i x  m e m b r a n e s .

4 .1 .1  C e l l u l o s e  A c e t a t e  ( C A )

C e l l u l o s e  a c e t a t e ,  g l a s s y  p o l y m e r ,  r e m a i n s  a  m e m b r a n e  p o l y m e r  

o f  p r a c t i c a l  s i g n i f i c a n c e  t o  g a s  s e p a r a t i o n  t e c h n o l o g y .  I t  is  e n c o u n t e r e d  in  t h e  

f o r m  o f  a s y m m e t r i c  i n t e g r a l l y  s k i n n e d  b i - l a y e r s  c o m p o s e d  o f  s k i n  a c t i v e  l a y e r  

w i t h o u t  v o i d s  a n d  p o r o u s  s u p p o r t  l a y e r .  C e l l u l o s e  a c e t a t e  i s  p r e p a r e d  f r o m  

c e l l u l o s e  b y  a c e t y l a t i o n  w i t h  a c e t i c  a n h y d r i d e ,  a c e t i c  a c id ,  a n d  a  c a t a l y s t  s u c h  

a s  s u l f u r i c  a c id .  T h e s e  c o m m e r c i a l  m a t e r i a l s  a r e  u s u a l l y  c h a r a c t e r i z e d  b y  

"‘a c e t i c  a c i d  y i e l d ”  o r  b y  “  a c e ty l  c o n t e n t ”  ( K e s t i n g  a n d  F r i t z s c h e ,  1 9 9 3 ) .  F o r  

t h i s  s t u d y ,  c e l l u l o s e  a c e t a t e  w i t h  3 9 .5 %  o f  a c e ty l  c o n t e n t  w a s  s e l e c t e d  b e c a u s e  

i t  is  g e n e r a l l y  p r e f e r r e d  f o r  t h e  p r e p a r a t i o n  o f  f i b e r s  a n d  f i l m s  o f  m e m b r a n e s .  

C e l l u l o s e  a c e t a t e  m e m b r a n e  w a s  m e a s u r e d  t h e  f l u x e s  o f  e t h y l e n e ,  e t h a n e ,  

p r o p y l e n e ,  p r o p a n e  a n d  n i t r o g e n  a t  t h e  r o o m  t e m p e r a t u r e .  T h e n ,  t h e s e  g a s  

f l u x e s  w e r e  c a l c u l a t e d  u s i n g  e q u a t i o n s  2 .1  a n d  2 .3  t o  o b t a i n  t h e  p e r m e a b i l i t i e s  

o f  e t h y l e n e ,  P c W ô ;  e t h a n e ,  P C 2 H 6  / 6 ;  p r o p y l e n e ,  P C3n 6/ô ;  p r o p a n e ,  P C3H s/0 a n d  

n i t r o g e n ,  P N2/  Ô  a n d  t h e  s e l e c t i v i t y  o f  e t h y l e n e  to  e t h a n e ,  P c 2 H 4 / P c 2 H 6  a n d  

p r o p y l e n e  t o  p r o p a n e ,  P c 3 H 6 / P c 3 H 8 -  T h e  v a l u e s  o f  t h e  p e r m e a b i l i t y  a n d  

s e l e c t i v i t y  a r e  p r e s e n t e d  in  T a b l e  4 .1 .
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T able 4.1 B a s e  m a t e r i a l  p r o p e r t i e s .

M ateria ls
Perm eability , P /8

108(cm 3*ST P/ cm 2*sec* cm H g)
Selectiv ity

C 2H 4 c 2h 6 c 3h 6 c 3h 8 n 2 Pc2H4 
/ P  C2H6

P c 3H6
/ p  C3H8

c 6h 12
/ C 6H ,4

C A

1 .9 3

0 .0 3

1 .5 6

0โ03

0 .8 3

0 .0 1

0 .4 7

0 .0 1

3 .3 0

0 .0 6

1 .2 3 1 .7 7

N a X - ~ ” - - - 1 6 .2 3

A g X “ “ “ “ “ “ 4 8 .9 0

S i l i c a l i t e - - “ - “ - 1 .2 7

T h e  o b t a i n e d  r e s u l t s  d e m o n s t r a t e  t h e  v a l u e s  o f  t h e  p e r m e a b i l i t y  

o f  a l l  g a s e s  t h r o u g h  t h e  p u r e  c e l l u l o s e  a c e t a t e  m e m b r a n e ,  w h i c h  w a s  

c o n t r o l l e d  b y  b o t h  t h e  g a s  s o l u b i l i t y  a n d  t h e  g a s  d i f f u s i v i t y .  T h e  r e s u l t s  e x h i b i t  

l o w e r  p e r m e a b i l i t i e s  o f  a l l  g a s e s  b e c a u s e  i t  h a d  p r e v i o u s l y  b e e n  f o u n d  t h a t  t h e  

p e r m e a t i o n  o f  t h e s e  g a s e s  t h r o u g h  a  g l a s s y  p o l y m e r ,  s u c h  a s  c e l l u l o s e  a c e t a t e ,  

a r e  g e n e r a l l y  t o o  lo w  t o  m e a s u r e  ( I t o  a n d  H w a n g ,  1 9 8 9 ) .  H o w e v e r ,  t h e  

p e r m e a b i l i t y  o f  n i t r o g e n ,  P N2 is  t h e  h i g h e s t  b e c a u s e  in  g l a s s y  p o l y m e r ,  u n l i k e  

in  r u b b e r  p o l y m e r ,  t h e  d i f f u s i v i t y  t e r m  is  u s u a l l y  d o m i n a n t ,  t h e  p e r m e a b i l i t y  

f a l l s  w i t h  i n c r e a s i n g  p e r m e a n t  s i z e  a n d  s m a l l e r  m o l e c u l e s  p e r m e a t e  

p r e f e r e n t i a l l y  ( O t h m e r ,  1 9 8 1 ) .  T h e r e f o r e  n i t r o g e n  is  t h e  s m a l l e s t  m o l e c u l a r  

s i z e  o r  k i n e t i c  d i a m e t e r  a n d  q u i t e  d i f f e r e n t  f r o m  t h e  k i n e t i c  d i a m e t e r  o f  e t h a n e ,  

e t h y l e n e ,  p r o p a n e  a n d  p r o p y l e n e  ( K e s t i n g  a n d  F r i t z s c h e ,  1 9 9 3 ) ,  i t s  

p e r m e a b i l i t y  w a s  t h e  h i g h e s t  t h r o u g h  c e l l u l o s e  a c e t a t e  m e m b r a n e .  I n  c a s e s  o f  

e t h a n e ,  e t h y l e n e ,  p r o p a n e  a n d  p r o p y l e n e ,  t h e i r  m o l e c u l a r  s i z e s  a r e  s i m i l a r
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t h e r e f o r e  t h e y  c o u l d  n o t  b e  o n l y  e x p l a i n e d  b y  t h e  d i f f u s i v i t y  t e r m  b u t  b e  a l s o  

a c t e d  in  t h e  r o l e  o f  s o l u b i l i t y  t e r m  f o r  e t h y l e n e / e t h a n e  a n d  p r o p y l e n e / p r o p a n e  

s e p a r a t i o n s .  T h e  s o l u b i l i t y  c a n  b e  a f f e c t e d  b y  p o l y m e r - p e n e t r a n t  i n t e r a c t i o n  

( B u n g a y  e t al., 1 9 8 3 )  in  p e r m e a t i o n  t h r o u g h  c e l l u l o s e  a c e t a t e  m e m b r a n e .  

S i n c e  e t h y l e n e  a n d  p r o p y l e n e  a r e  m o r e  p o l a r  t h a n  e t h a n e  a n d  p r o p a n e ,  t h e y  

i n t e r a c t e d  w i t h  t h e  a c e ty l  g r o u p  o f  c e l l u l o s e  a c e t a t e  ( R e s t i n g  a n d  F r i t z s c h e ,  

1 9 9 3 ) .  C o n s e q u e n t l y ,  c e l l u l o s e  a c e t a t e  m e m b r a n e  w a s  s e l e c t i v e  f o r  e t h y l e n e  

o v e r  e t h a n e  a n d  p r o p y l e n e  o v e r  p r o p a n e .  T h i s  r e s u l t  a g r e e s  w i t h  th e  

e x p e r i m e n t a l  r e s u l t s  b y  I to  a n d  H w a n g  ( 1 9 8 9 )  a n d  b y  S r i d h a r  a n d  K h a n  

( 1 9 9 9 ) .  M o r e o v e r ,  t h e  s e l e c t i v i t y  o f  p r o p y l e n e  to  p r o p a n e  w a s  m o r e  th a n  

s e l e c t i v i t y  o f  e t h y l e n e  to  e th a n e .

4 .1 .2  A d s o r p t i v e  F i l l e r s

T h e  u s e  o f  a d s o r b e n t s  s u c h  a s  z e o l i t e s  a n d  s i l i c a l i t e  in  

s e p a r a t i n g  c o m p o n e n t s  f r o m  f l u i d  m i x t u r e s  is  a l s o  l o n g  k n o w n .  I n  th e  

a d s o r p t i o n  s e p a r a t i o n  p r o c e s s ,  t h e  a d s o r b e n t  e x h i b i t s  s e l e c t i v i t y  o f  o n e  m i x t u r e  

c o m p o n e n t  o v e r  a n o t h e r  ( K u l p r a t h i p a n j a  et al, 1 9 8 8 b ) .  I n  t h e  p r e s e n t  w o r k ,  t h e  

z e o l i t e s -  N a X ,  A g X  a n d  s i l i c a l i t e  w e r e  u s e d  a s  t h e  a d s o r p t i v e  f i l l e r  

i n c o r p o r a t e d  i n to  c e l l u l o s e  a c e t a t e  p o l y m e r i c  m a t r i c e s  s i n c e  t h e y  w e r e  a l s o  

s e l e c t i v e  f o r  o l e f i n  o v e r  n - p a r a f f m  s u c h  a s  h e x e n e  o v e r  h e x a n e  w i t h  t e s t i n g  

e q u i l i b r i u m  a d s o r p t i o n  p r o c e s s .  T h e  r e s u l t s  o f  t h e  e q u i l i b r i u m  s e l e c t i v i t i e s  o f  

N a X  , A g X  a n d  s i l i c a l i t e  a r e  a l s o  p r e s e n t e d  in  T a b l e  4 .1  a n d  t h e  m e t h o d  o f  

e q u i l i b r i u m  s e l e c t i v i t y  c a l c u l a t i o n  is  e x p l a i n e d  in  A p p e n d i x .
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4.2 Material Characterization

4 .2 .1  Z e o l i t e s / C e l l u l o s e  A c e t a t e  M i x e d  M a t r i x  M e m b r a n e s

A g X - z e o l i t e  / c e l l u l o s e  a c e t a t e  m i x e d  m a t r i x  m e m b r a n e  w a s  

t e s t e d  f o r  t h e  p o r o u s  s u p p o r t  l a y e r  o f  m e m b r a n e  m o r p h o l o g y  b y  s c a n n i n g  

e l e c t r o n  m i c r o s c o p y  ( S E M )  t o  d e t e r m i n a t i o n  o f  t h e  p r e s e n c e  o f  th e  

i n c o r p o r a t e d  z e o l i t e s  in  th e  c e l l u l o s e  a c e t a t e  m a t r i x .  T h i s  w a s  d o n e  a t  U O P .  

T h e  m i c r o g r a p h  o f  c r o s s  s e c t i o n a l  v i e w  o b t a i n e d  f r o m  S E M  s t u d y  is  s h o w n  in  

F i g u r e  4 .1

I n  c a s e s  o f  N a X - z e o l i t e / c e l l u l o s e  a c e t a t e  a n d  s i l i c a i i t e / c e l l u l o s e  

a c e t a t e  m i x e d  m a t r i x  m e m b r a n e s ,  m a t e r i a l s  o f  N a X - z e o l i t e  a n d  s i l i c a l i t e  a r e  

s i m i l a r  t o  A g X - z e o l i t e  t h e r e f o r e  t h e  p o r o u s  s u p p o r t  l a y e r  m o r p h o l o g i e s  o f  

t h e s e  a d s o r p t i v e  f i l l e r s  in  t h e  s a m e  p o l y m e r  m a t r i x  s h o u l d  b e  s i m i l a r i t y  a s  

s h o w n  in  F i g u r e  4 .1 .

Figure 4.1 T h e  m o r p h o l o g y  o f  A g X / c e l l u l o s e  a c e t a t e  m i x e d  m a t r i x  m e m b r a n e
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F i g u r e  4 .1  s h o w s  t h a t  z e o l i t e  p a r t i c l e s  i n c o r p o r a t i o n  in  c e l l u l o s e  

a c e t a t e  p o l y m e r  o n  t h e  p o r o u s  s u p p o r t  l a y e r - n o t  a c t i v e  s k i n  l a y e r  a p p e a r e d  

s m a l l  c h a n n e l s  o r  m i c r o v o i d s  a r o u n d  z e o l i t e - p o l y m e r  s u r f a c e s  a s  a  r e s u l t  o f  

p a r t i a l  i n c o m p a t i b i l i t y  b e t w e e n  t h e  p o l y m e r  c h a i n s  a n d  t h e  z e o l i t i c  f r a m e w o r k  

o n  t h e  s u p p o r t  l a y e r  o f  t h e  M M M s .  T h i s  r e s u l t  a g r e e d  w i t h  t h e  e x p e r i m e n t a l  

b y  S u e r  e t al. ( 1 9 9 4 ) .

4 .2 .2  C e l l u l o s e  A c e t a t e  M e m b r a n e

T h e  p o r o u s  s u p p o r t  l a y e r  m o r p h o l o g y  o f  c e l l u l o s e  a c e t a t e  

m e m b r a n e  in  F i g u r e  4 .2  w a s  c h a r a c t e r i z e d  b y  S E M  ( S a w y e r  a n d  G r u b b ,  1 9 9 6 )  

to  c o m p a r e  w i t h  t h e  p o r o u s  s u p p o r t  l a y e r  m o r p h o l o g i e s  o f  z e o l i t e s / c e l l u l o s e  

a c e t a t e  m i x e d  m a t r i x  m e m b r a n e .

Figure 4.2 The porous support layer morphology of asymmetric cellulose
acetate membrane

2  /)C] 4 < ? c
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T h e  r e s u l t s  in  T a b l e  4 .1  d e m o n s t r a t e  t h a t  N a X - z e o l i t e ,  A g X - z e o l i t e  

a n d  s i l i c a l i t e  h a v e  t h e  s a m e  s e l e c t i v i t y  f o r  o l e f i n s  o v e r  p a r a f f i n s  a s  c e l l u l o s e  

a c e t a t e  s o  t h a t  t h e s e  a d s o r p t i v e  f i l l e r s  w e r e  u s e d  t o  i n c o r p o r a t e  w i t h  c e l l u l o s e  

a c e t a t e  t o  d e v e l o p  t h e  p e r m e a b i l i t y  a n d  s e l e c t i v i t y  o f  g a s  t h r o u g h  t h e  m ix e d  

m a t r i x  m e m b r a n e s .

4 .3 .1  N a X - Z e o l i t e / C e l l u l o s e  A c e t a t e  M i x e d  M a t r i x  M e m b r a n e s

4.3 The Permeability and Selectivity of Gases on Mixed Matrix
Membranes

4.3.1.1 Transport G ases o f  Ethylene, Ethane and  N itrogen
T h e  p e r m e a b i l i t i e s  o f  e t h y l e n e ,  P c2 H 4 /0 ; e t h a n e ,  P c 2 Hô/ô 

a n d  n i t r o g e n ,  P N2/0  a n d  t h e  c a l c u l a t e d  s e l e c t i v i t y  o f  e t h y l e n e  t o  e t h a n e ,  P C 2 H 4 /  

P c 2 H 6  o f  N a X - z e o l i t e / c e l l u l o s e  a c e t a t e  m i x e d  m a t r i x  m e m b r a n e s  c o m p r i s i n g  o f  

N a X  a t  1 0  a n d  2 0  w t %  in  c o m p a r i s o n  t o  p u r e  c e l l u l o s e  a c e t a t e  m e m b r a n e  a r e  

s u m m e r i z e d  in  T a b l e  4 .2 .
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Tabel 4.2 T h e  p e r m e a b i l i t y  a n d  s e l e c t i v i t y  o f  g a s e s  o n  c e l l u l o s e  a c e t a t e  

m e m b r a n e  a n d  o n  N a X  a t  1 0  a n d  2 0  w t %  / c e l l u l o s e  a c e t a t e  m i x e d  m a t r i x  

m e m b r a n e  f o r  C 2H 4/ C 2H 6 s e p a r a t i o n .

Membrane
Type

Selectivity, P j /P j Permeability, P/Ô
1 0  8( cm3 *STP/ cm2 *sec*cmHg)

C 2H 4
/ c 2h 6

C 2H 4
/ n 2

C 2H 6
/ n 2 C 2H 4 C 2H 6 n 2

C A 1 .2 3 0 .5 8 0 .4 7 1 .9 3  
±  0 .0 3

1 .5 6
± 0 . 0 3

3 .3 0
± 0 . 0 6

10 w t%  
N a X / C A

0 .9 5 0 .3 3 0 .3 5 1 .8 0
± 0 . 0 2

1 .9 1
± 0 . 0 1

5 .4 4
± 0 . 0 1

2 0 w t %
N a X / C A

0 .4 2 0 .3 0 0 .7 1 2 .3 0
± 0 . 0 7

5 .4 5
± 0 . 0 9

7 .6 6
± 0 . 1 7

T h e  r e s u l t  in  T a b l e  4 .2  s h o w s  t h a t  t h e  p e r m e a b i l i t y  o f  

e t h y l e n e ,  P c 2 H4 /S  o n  c e l l u l o s e  a c e t a t e  m e m b r a n e  w a s  h i g h e r  t h a n  th e  

p e r m e a b i l i t y  o f  e t h a n e ,  P c 2 Hô/ô- I t  w a s  s e l e c t i v e  f o r  e t h y l e n e  o v e r  e th a n e .  

H o w e v e r ,  i n  c a s e s  o f  N a X / c e l l u l o s e  a c e t a t e  m i x e d  m a t r i x  m e m b r a n e s ,  th e  

p e r m e a b i l i t y  o f  e t h y l e n e  w a s  l o w e r  t h a n  t h e  p e r m e a b i l i t y  o f  e t h a n e .  In  

a d d i t i o n ,  t h e  p e r m e a b i l t y  o f  n i t r o g e n  w a s  h i g h e s t  f o r  b o t h  1 0  a n d  2 0  w t %  

N a X / c e l l u l o s e  a c e t a t e  m i x e d  m a t r i x  m e m b r a n e s  in  c o m p a r i s o n  t o  th e  

p e r m e a b i l i t i e s  o f  e t h y l e n e  a n d  e t h a n e .  A  p o s s i b l e  r e a s o n  m a y  b e  d u e  to  th e  

f a c t  t h a t  t h e  s m a l l e r  m o l e c u l e  o f  N 2 m a y  e a s i l y  d i f f u s e  a n d  p a s s  t h r o u g h  th e  

s m a l l  c h a n n e l s  c r e a t e d  a r o u n d  z e o l i t e - p o l y m e r  s u r f a c e s  in  t h e  s u p p o r t  l a y e r  a s  

c o n f i r m e d  b y  S E M  r e s u l t  in  F i g u r e  4 .1  T h e r e f o r e ,  z e o l i t e  p a r t i c l e s  c o u l d  

i n d u c e  a  c a v e - l i k e  p o r o u s  s t r u c t u r e  i n to  w h i c h  t h e y  m a y  f i t .  W h e n  t h e  c h a n n e l
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n e t w o r k  c r e a t e d  m a y  m a t u r e  a n d  c o n n e c t  s e p a r a t e  c a v e - l i k e  v o i d s  to  p r o v i d e  

a n  a l t e r n a t e  p a t h  f o r  s m a l l e r  m o l e c u l e s  ( S u e r  et a l . , 1 9 9 3 ) .

H o w e v e r ,  t h e  10  a n d  2 0  w t %  N a X / C e l l u l o s e  a c e t a t e  

m i x e d  m a t r i x  m e m b r a n e s  e x h i b i t e d  r e v e r s e  s e l e c t i v i t y  o f  e t h y l e n e  to  e t h a n e  in  

c o m p a r i s o n  to  t h e  p u r e  c e l l u l o s e  a c e t a t e  m e m b r a n e  s i n c e  th e  s e l e c t i v i t y  o f  

e t h y l e n e  t o  e t h a n e  w a s  l o w e r  t h a n  o n e .  T h e  r e a s o n  o f  r e v e r s e  s e l e c t i v i t y  w a s  

n o t  c l e a r  u n d e r s t a n d i n g  o f  t h e  m e c h a n i s m .  H o w e v e r ,  t w o  p o s s i b l e  r e a s o n s  o f  

t h i s  r e v e r s e  s e l e c t i v i t y  m a y  b e  g i v e n  a s  f o l l o w s :  N a X - z e o l i t e  a n d  c e l l u l o s e  

a c e t a t e  p o l y m e r s  d o  n o t  h a v e  c o m p a t i b l e  p e r m e a b i l i t y  c o e f f i c i e n t s .  B e s i d e s ,  

N a X  a r e  m o r e  s e l e c t i v e  f o r  e t h y l e n e  o v e r  e t h a n e  t h a n  c e l l u l o s e  a c e t a t e .  

A n o t h e r ,  N a X - z e o l i t e  m a y  c h a n g e  th e  m e m b r a n e  m o r p h o l o g y  o f  c e l l u l o s e  

a c e t a t e .  T h i s  c h a n g e  c o u l d  e n h a n c e  t h e  s e l e c t i v e  m e m b r a n e  f o r  e t h a n e  o v e r  

e t h y l e n e - d e c r e a s i n g  t h e  s e l e c t i v i t y  o f  e t h y l e n e  to  e t h a n e .  T h i s  c h a n g e  is  f o u n d  

t o  b e  d e p e n d e n t  o n  t h e  a m o u n t  o f  N a X  lo a d e d  in  t h e  m e m b r a n e  m a t r i x .  T h i s  

e f f e c t  c a n  b e  i l l u s t r a t e d  in  F i g u r e  4 .3 .
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0 %  1 0 %  2 0 %  

% loaded NaX

Figure 4.3 S e l e c t i v i t y  o f  e t h y l e n e  t o  e t h a n e  v s  %  l o a d e d  N a X  o f  N a X -  

z e o l i t e / c e l l u l o s e  a c e t a t e  m i x e d  m a t r i x  m e m b r a n e

4.3 .1 .2  Transport G ases o f  Propylene, P ropane an d  N itrogen  
T h e  p e r m e a b i l i t i e s  o f  p r o p y l e n e ,  P c 3 Hô/S; p r o p a n e ,  

P c 3 Hs/ 5  a n d  n i t r o g e n  5 P N2/0  a n d  t h e  c a l c u l a t e d  s e l e c t i v i t y  o f  p r o p y l e n e  to  

p r o p a n e ,  P c 3 Hô/ P c 3 H8  o n  N a X - z e o l i t e / c e l l u l o s e  a c e t a t e  m i x e d  m a t r i x  

m e m b r a n e s  c o m p r i s i n g  o f  N a X  a t  5 ,  1 0  a n d  2 0  w t %  in  c o m p a r i s o n  to  p u r e  

c e l l u l o s e  a c e t a t e  m e m b r a n e  a r e  s u m m a r i z e d  in  T a b l e  4 .3 .
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Tabel 4.3 The permeability and selectivity of gases on cellulose acetate
membrane and on NaX at 5 , 10 and 20 wt% /cellulose acetate mixed matrix
membrane for C3H6/C3H8 separation.

Membrane
Type

Selectivity, Pj/Pj Permeability, P/Ô
108(cm3*STP/cm2*sec*cmHg)

C3H6
/c 3h 8

C3H6
/n 2

c 3h  8
/n 2

C3H6 C3H8 n 2

CA 1.77 0.25 0.14 0.83
±0.01

0.47
±0.01

3.30
±0.06

5 wt% NaX/CA 0.91 0.47 0.51 1: ะ , 2.04
±0.005

3.93
±0.06

10wt% NaX/CA 0.63 0.56 0.89
± o:2o55

3.60
±0.06

4.02
±0.08

20wt% NaX/CA 0.58 0.70 1.21 5.66
±0.04

9.76 ' 
±0.1

8.09
±0.03

The result in Table 4.3 shows that the permeability of 
propylene, Pc3Hô/§ on cellulose acetate membrane was higher than the 
permeability of propane, Pc3H8/0. It was selective for propylene over propane. 
However, in cases of NaX/cellulose acetate mixed matrix membranes, the 
permeability of propylene was lower than the permeability of propane and the 
Figure 4.4 shows that the selectivity of propylene to propane was dependent 
on the amount of NaX-zeolite loaded on the membrane matrix and lower than 
one. It means that NaX-zeolite affected reverse selectivity of propylene to 
propane. The reasons of reverse selectivity of propylene to propane were 
similar to in the case of ethylene/ethane separation in the previous result.
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Furthermore, the permeabilities of propylene, propane and nitrogen through 
NaX-zeolite/cellulose acetate mixed matrix membranes increased in 
comparison to cellulose acetate membrane. The reason of this result could be 
given as follows: the spaces or the voids between the polymer and zeolite 
phases in the support layer in Figure 4.1 could allow the gases to pass easier 
and the active skin layer of the mixed matrix membranes could be thinner than 
cellulose acetate membrane.
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% loaded NaX

Figure 4.4 Selectivity of propylene to propane vs % loaded NaX of NaX- 
zeolite/cellulose acetate mixed matrix membrane

4.3.2 AgX-Zeolite/Cellulose Acetate Mixed Matrix Membranes
Many studies from literatures using silver ion (Ag+) 

incorporated into polymer matrices showed that the permeability of gases and 
selectivity for separation were enhanced by the facilitated transport 
mechanism. Therefore, AgX-zeolite was used as the adsorptive filler 
incorporated into cellulose acetate polymer matrices.
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Tabel 4.4
membrane
membrane

The permeability and selectivity of gases on cellulose
and AgX at 5 , 10 and 20 wt% /cellulose acetate mixed
for C3H6/C3H8 separation.

acetate
matrix

Membrane
Type

Selectivity, Pj/Pj Permeability, P/Ô
108(cm3*STP/cm2*sec*cmHg)

C3H6
/c 3h  8

C3H6
/n 2

C3H8
/n 2

C3H6 C3H8 n 2

CA 1.77 0.25 0.14 0.83
±0.01

0.47
±0.01

3.30
±0.06

5 wt% AgX/CA 0.49 0.40 0.83 1.48 
± 0.009

3.04 
± 0.006 ± 3o'6o72

10wt% AgX/C A 0.47 0.52 1.11 1.79
±0.02

ว QT
±0.05

3.46
±0.06

20wt% AgX/CA 0.34 0.56 1.62 2.01
±0.008

5.85
±0.03

3.61
±0.02
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The results as shown in Table 4.4 illustrate that the permeability of 
propylene was lower than the permeability of propane. They were reverse 
selective for propylene over propane. In addition, Figure 4.5 shows that the 
selectivity of propylene to propane on AgX-zeolite/cellulose acetate mixed 
matrix membranes was dependent on the amount of AgX-zeolite loaded on the 
membrane matrix and lower than one. It meant that the AgX-zeolite affected 
reverse selectivity of propylene to propane in comparison to cellulose acetate 
membrane. The reason of reverse selectivity was not clear understanding of 
the mechanism. However, this would be explained similarity as NaX- 
zeolite/cellulose acetate mixed matrix membrane. Furthermore, the 
permeabilities of propylene, propane and nitrogen through AgX- 
zeolite/cellulose acetate mixed matrix membranes also increased as NaX- 
zeolite/cellulose acetate mixed matrix membranes in comparison to cellulose 
acetate membrane. The reason of this result could be given similarity as NaX- 
zeolite/cellulose acetate mixed matrix membranes.
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% loaded AgX

Figure 4.5 Selectivity of propylene to propane vs % loaded AgX of AgX- 
zeolite/cellulose acetate mixed matrix membrane

4.3.3 Silicalite/Cellulose Acetate Mixed Matrix Membranes
Silicalite, like NaX-zeolite and AgX-zeolite , was also used as 

the adsorptive filler incorporated into cellulose acetate polymer matrices since 
the previous study by Kulprathipanja e t al. (1988b and 1992) showed that this 
type of mixed matrix membrane could enhance the selectivity for O2/N2 

separation in comparison to the pure cellulose acetate membrane. 
Furthermore, the present study from Table 4.1 shows that it was also a little 
selective for olefin-hexene over paraffin-n-hexane.
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Tabel 4.5 The permeability and selectivity of gases on cellulose acetate
membrane and slicalite at 5 , 10 and 20 wt% /cellulose acetate mixed matrix
membrane for C3H6/C3H8 separation.

Membrane
Type

Selectivity, Pj/Pj Permeability, P/Ô
108(cm3*STP/cm2*sec*cmHg)

C3H6 
/C3Hg

C3H6
/n 2 ^ 

n 
Z4 

HrH
to 

h-Lh oc
___

___
_

C3H6 C3H8 n 2

CA 1.77 0.25 0.14 0.83
±0.01

0.47
±0.01

3.30
±0.06

5 wt%
Silicalite/CA

0.9 0.69 0.77 8.11
±0.016

9.00
±0.02

11.67
±0.01

10wt% 
Silicalite/CA

0.83 0.52 0.63 5.96
±0.04

7.22
±0.05'

11.46
±0.008

20wt%
Silicalite/CA

2.29 0.47 0.21 3.56
±0.004

1.56 
± 0.003

7.52
±0.1

Table 4.5 shows that silicalite, unlike NaX-zeolite and AgX- 
zeolite, had effect to distinct decreasing of the permeabilities of gases when 
the amount of loaded silicalite was increased from 5 wt% to 20 wt%. Although 
the permeabilities of gases decreased when the amount of silicalite increased, 
their permeabilities were higher than through pure cellulose acetate.

Furthermore, it was very interesting on the 20 wt% 
silicalite/cellulose acetate mixed matrix membrane. The permeability of 
propylene to propane was higher than the permeability of propane. They were 
selective for propylene to propane. The selectivity of propylene to propane
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was enhanced in comparison to pure cellulose acetate membrane as shown in 
Figure 4.6. However, this result was different in cases of 5 and 10 %wt 
silicalite/cellulose acetate mixed matrix membrane. The permeability of 
propylene was close to the permeability of propane.

% loaded Silicalite

Figure 4.6 Selectivity of propylene to propane vs % loaded silicalite of 
silicalite/cellulose acetate mixed matrix membrane

The reason of enhancement in selectivities may be given as 
follows: silicalite, unlike NaX-zeolite and AgX-zeolite, are hydrophobic 
polymer and is slightly selective for olefin over paraffin as the results shown 
in Table 4.1 in comparison to NaX-zeolite and AgX-zeolite. This property 
might affect the interaction between cellulose acetate polymer and silicalite or 
permeate gases and silicalite when the amount of loaded silicalite was 
sufficient. On the other hand, 5 wt% and 10 wt% of silicalite/cellulose acetate 
mixed matrix membranes show that they were not selective for propylene over
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propane and their selectivities were nearly one therefore no the separation 
occurred. The reasons of differential selectivity of propylene to propane 
between 20 wt% silicalite/cellulose acetate mixed matrix membrane and 5 and 
10 wt%/cellulose acetate mixed matrix membranes may be given as follows: 
since silicalite was slightly selective for olefin as the results shown in Table
4.1, it might not affect the interaction between permeate gases and silicalite. 
Furthermore, the amount of loaded silicalite at 5 and 10 wt% in cellulose 
acetate was not enough to have effect on interaction as 20 wt% 
silicalite/cellulose acetate mixed matrix membrane.
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