
CHAPTER II
L I T E R A T U R E  S U R V E Y

2 .1  B a c k g r o u n d

M e m b r a n e s  h a v e  g a in e d  an im p ortan t p la c e  in  c h e m ic a l t e c h n o lo g y  
and are b e in g  u se d  in c r e a s in g ly  in  a broad  ra n g e  o f  a p p lic a tio n s . T h e  k e y  
p rop erty  that is  e x p lo ite d  in  e v e r y  a p p lica tio n  is  th e  a b ility  o f  a m em b ra n e  to  
co n tro l th e  p e r m e a tio n  o f  a c h e m ic a l s p e c ie s  in  co n ta c t w ith  it. T h e  m em b ra n e  
m a y  b e  th in  la y ers  o f  r ig id  m a ter ia ls  su ch  as p o r o u s  g la s s  or s in te r in g  m e ta ls  
b ut m o r e  o fte n  th e y  are f le x ib le  f i lm s  o f  sy n th e tic  p o ly m e r s  p rep ared  to  h a v e  a 
h ig h  p e r m e a b ility  for  certa in  ty p e s  o f  m o le c u le s  (M c C a b e  et al, 1 9 9 3 )

F o r  a n o n p o r o u s  d e n se  m e m b r a n e , th e  sep a ra tio n  o f  v a r io u s  
c o m p o n e n ts  o f  g a s  m ix tu re  is  d irec tly  re la ted  to  th e ir  r e la tiv e  tran sp ort rate  
w ith in  th e  m e m b r a n e , w h ic h  is  d e term in ed  b y  th eir  d if fu s iv ity  and so lu b ility  
in  th e  m e m b r a n e  m ater ia l. T h e  m e c h a n ism  o f  p e r m e a tio n  c o n s is ts  o f  3 step s:  
1 ) a b so rp tio n  or a d so rp tio n  u p o n  th e  u p strea m  b o u n d a ry , 2 ) a c tiv a ted  
d if fu s io n  th ro u g h  th e  m em b ra n e , and 3 ) d is so lu t io n  or ev a p o r a tio n  from  th e  
d o w n str e a m  b o u n d a ry . T h e  so lu tio n  d if fu s io n  m e c h a n ism  is  d r iv en  b y  a 
d if fe r e n c e  in  th e r m o d y n a m ic  a c t iv ity  e x is t in g  at th e u p strea m  an d  d o w n strea m  
fa c e s  o f  a m em b ra n e . T h e  a c t iv ity  d iffe r e n c e  c a u se s  a c o n c e n tr a tio n  g ra d ien t  
that lea d s  to  d if fu s io n  in  th e  d irec tio n  o f  d e c r e a s in g  a c t iv ity  (R o u sse a u , 1 9 8 7 ) .

F o r  an iso tr o p ic  m ic r o p o r o u s  m em b ra n e , th e  m em b ra n e  h a s s im ila r  in its  
stru ctu re  an d  fu n c tio n  to  a c o n v e n tio n a l filter . F lo w e v e r , th e  p o re  d ia m eter  o f  
th e  m e m b r a n e  is  le s s  th an  th e  c o n v e n tio n a l filter . T h e  p o re  d ia m eters  o f  th e  

m ic r o p o r o u s  m em b ra n e  are in  th e  ra n g e  o f  0 .0 1 -1 0  p m . T h e  m e c h a n ism s  o f  
g a s  p e r m e a tio n  th ro u g h  p o r o u s  m em b ra n es are d iv id e d  in 3 ty p e s . I f  th e  p o res  
are larger  th an  0 . 1 - 1 0  p m , g a se s  p erm ea te  th ro u g h  th e  m em b ra n e  b y
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c o n v e c t iv e  f lo w  and n o  sep a ra tio n  o ccu rs . I f  th e  p o r e s  are sm a lle r  than 0.1  

p m , th e  d if fu s io n  o f  g a s e s  th rou gh  th e p o res  is g o v e r n  b y  K n u d sen  d if fu s io n ,  
and th e tran sp ort rate o f  d ifferen t g a se s  is  in v e r se ly  p ro p o r tio n a l to  th e  sq u are  
root o f  th e  m o le c u la r  w e ig h t . I f  th e  m em b ra n e  p o res  are v e r y  sm a ll or sm a lle r  
than  0 .5 -2  n m , th e  d if fu s io n  o f  g a se s  th rou gh  th e p o res  is  g o v e r n  b y  m ic r o p o r e  
d if fu s io n  (K o r o s  an d  J o n es , 1 9 9 4 ).

In m em b ra n e  sep a ra tio n  a p p lic a tio n s , th e  g o a l is  to  a l lo w  o n e  
c o m p o n e n t  o f  a m ix tu re  to  p erm ea te  th e  m em b ra n e  fr e e ly , w h ile  h in d er in g  
p e r m e a tio n  o f  o th er  c o m p o n e n t (G ran t, 1 9 9 1 ).

2 .2  T h e o r y

F a c ilita te d  transport is th e  a c t iv e  transport o f  p erm ea n t m o le c u le s  
a cro ss  a m em b ra n e . A c t iv e  tran sp ort is  a c h ie v e d  w ith  a carrier s p e c ie s .  T h e  
carrier m u st rea ct w ith  th e  p erm ea te  m o le c u le s  to  fo rm  a r e v e r s ib le  c o m p le x .  
T h e  carrier sh u ttle s  th e  p erm ea n t b e tw e e n  th e  m em b ra n e  b o u n d a r ies . 
P erm ea n t w i l l  b e  tran sp orted  in th e d irec tio n  o f  h ig h er  to  lo w e r  p erm ea n t  
c o n c e n tr a tio n s . W h en  c o n ta c ted  w ith  a fe e d  m ix tu re  c o n ta in in g  o n ly  o n e  
c o m p o n e n t  that th e carrier can  react w ith , o n ly  th e  tran sp ort o f  that o n e  
c o m p o n e n t  w i l l  b e  “ fa c ilita te d ” a c r o ss  th e m em b ra n e . T h e  fa c ilita te d  transport 
can  b e  d e sc r ib e  as:

A + B o  AB ( 2 . 1 )

c  + B <p BC ( 2 . 2 )

A  fe e d  m ix tu re  o f  “A ” and “C ” are c o n ta c te d  w ith  a m em b ra n e  
c o n ta in in g  carrier “B ” su ch  as Ag+ or Cu . A  r e v e r s ib le  c o m p le x  “A B ” is  
fo r m e d  b e tw e e n  “A ” and “B ” (E q . 2 .1 ) .  B y  con trast, “C ” d o e s  n o t react w ith  
“B ” (E q . 2 .2 ) .
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Feed = A+C

M em brane

F i g u r e  2 .1  M e c h a n ism  for  fa c ilita te d  transport o f  c o m p o n e n t A  b y  carrier B

T h e  fa c ilita te d  tran sp ort o f  “A ” a cro ss  th e  m em b ra n e  is  s h o w n  in  
F ig u re  2 .1 . A t th e  to p  o f  th e  m em b ra n e  su r fa ce  “A ” rea cts  w ith  “B ” to  form  
“A B ” . “A B ” d if fu s e s  a cro ss  th e  m em b ra n e  w h ere  it d is so c ia te s  b a ck  to  “A ” 
and “B ” . “A ” is  r e le a se d  from  th e  m em b ra n e  an d  “B ” d if fu s e s  b a ck  to  th e  top  
su r fa ce , w h e n  “B ” ca n  react w ith  “A ” to  rep eat th e  p r o c e ss  (H u g h e s  et a l, 
1 9 8 6 ).

O le f in /p a r a ff in  m ix tu res  c o u ld  b e  sep a ra ted  b y  th e  fa c ilita te d  tran sp ort 
m e th o d  b y  in co rp o ra tin g  s i lv e r  io n  as th e  carrier in  a m em b ra n e . T h e  g a s  
p e r m e a b ility  o n  a p o ly m e r  m em b ra n e  can  b e  d escr ib ed  b y  a m ea n  p e r m e a b ility  
c o e f f ic ie n t ,  p, that is  d e f in e d  b y  a th e  iso th erm a l re la tio n  (S tern  et al, 1 9 8 7 ):

P _ Js x ร
Ph~Pi

( 2 .3 )
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w h e r e  Js is  th e  s te a d y  sta te  rate o f  g a s  p e r m e a tio n  th ro u g h  u n it m em b ra n e  

area. 8  is th e  m em b ra n e  th ic k n e ss . p h and  Pi are h ig h  an d  lo w  p ressu re  
strea m s o f  th e  c o m p o n e n t, r e sp e c t iv e ly .

B a s e  o n  th e  F ic k ’s L a w  an d  H e n r y ’s L a w , th e  p e r m e a b ility  
c o e f f ic ie n t ,  p,i o f  p en etra n t A  is  th e  p ro d u ct o f  a  k in e t ic  p aram eter , DA (th e  
a v e r a g e  d if fu s io n  c o e f f ic ie n t ) ,  and  a th e r m o d y n a m ic  p aram eter , รA (th e  
so lu b ility  c o e f f ic ie n t )  (S in g h  an d  K o r o s , 1 9 9 6 ):

PA = M a ( 2 .4 )

T h e  p e r m e a b ility  c o e f f ic ie n t  PA is  o fte n  e x p r e s se d  in  B arrers, w h e r e  
1 B arrers =  1 0 ' 1 0  c m 3  (S T P )-c m /c m 2 - s -c m H g .

S in c e  th e  a ctu a l m em b ra n e  th ic k n e ss  is  n o t a lw a y s  k n o w n  or s p e c if ie d  
for  c o m m e r c ia l m e m b r a n e s , it is  c u sto m a r y  to  u se  th e  f lu x  p er  u n it p ressu re  

d iffe r e n c e , w h ic h  w il l  b e  c a lle d  “p e r m e a b ility ” , PA/S.
T h e  s e le c t iv ity  o f  a  p o ly m e r  m em b ra n e  fo r  a p en etra n t A  r e la t iv e  to  

a n o th er  p en etra n t c  is  ch a ra c ter ized  b y  an “ id e a l sep a ra tio n  fa c to r” , a(A/C) 
w h ic h  is d e f in e d  b y  th e re la tio n sh ip

1 = - ^  (2-5>

U s in g  E q . 2 .4 , CC(A/C) can  b e  w r itten  as th e  p ro d u ct o f  th e  d if fu s iv ity  
s e le c t iv ity  an d  so lu b ility  s e le c t iv ity  o f  th e  g a s  (Z im m e r m a n  et al, 1 9 9 7 ):

a = M a
M c ( 2 .6 )

w h e r e  DJDç  is  th e  ratio  o f  th e  d if fu s iv ity  s e le c t iv ity ,  r e f le c t in g  th e  d ifferen t  
s iz e s  o f  tw o  m o le c u le s .  T h e  ratio  รA/Sc is  th e  ratio  o f  H e n r y ’s la w  so rp tio n
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2 .3  L i t e r a t u r e  R e v i e w

2 .3 .1  G as T ran sp ort
P e tr o c h e m ic a l m ix tu res  are cu rren tly  sep a ra ted  b y  p h y s ic a l and  

c h e m ic a l a d so rp tio n  p r o c e s s e s , e x tr a c tiv e  d is t illa t io n  and c r y o g e n ic  d is t illa t io n  
(O rth m er, 1 9 8 1 ) . T h e  h ig h  e n e r g y  c o n su m p tio n  and ca p ita l in v e s tm e n t  o f  
th e se  te c h n o lo g ie s  p r o v id e  th e  in c e n t iv e  for c o n tin u o u s  e ffo r ts  to  d e v e lo p  
m o r e  e c o n o m ic  se p a r a tio n  p r o c e s s e s  (E ld r id g e , 1 9 9 3 ) . A p p lic a t io n  o f  
m em b ra n e  t e c h n o lo g y  as an a ltern a tiv e  g a s  sep a ra tio n  p r o c e s s  h a s b e e n  
in v e s t ig a te d . T h e  sep a ra tio n  o f  g a s  from  a tw o  c o m p o n e n t  g a s  b y  a p o r o u s  
m em b ra n e  w a s  s tu d ied  b o th  th e o r e tic a lly  an d  e x p e r im e n ta lly . T h e  th eo ry  
b a se d  on  th e  free  m o le c u la r  f lo w  c o u ld  n o t b e  a p p lie d  to  a ll th e  c o m b in a t io n s  
o f  th e  g a s e s  e x p e r im e n ta lly  s tu d ied . E x p er im en t s h o w e d  that th e  p e r m e a b ility  
c o e f f ic ie n t  o f  ea ch  c o m p o n e n t in  th e  m ix tu re  w a s  v e r y  c lo s e  to  that o f  ea ch  
s in g le  c o m p o n e n t , but th o se  o f  th e  m ix tu re  a p p ro a ch ed  o n e  a n oth er  ra p id ly  as  
th e p ressu re  in c r e a se d  (K a w a i et al, 1 9 9 7 ).

C 0 2  s e p a r a t io n  fr o m  a m ix tu r e  o f  C 0 2 /C 2 H 6  th r o u g h  
m em b ra n es  c o n ta in in g  im m o b iliz e d  so lu t io n s  o f  d ie th a n o la m in e (D E A ) and  
p o ly (e th y le n e  g ly c o l) (P E G )  w a s  s tu d ie d  b y  S ah a  an d  C h a k m a  (1 9 9 5 ) .  T h e  
r e a c tiv e  m em b ra n es  w ith  D E A  s h o w e d  h ig h er  p e r m e a tio n  ra tes for  C 0 2  

c o m p a r e d  to  th e  n o n -r e a c t iv e  P E G  m e m b r a n e s . T h e  C 0 2  p e r m e a b il ity  
in crea sed  w ith  in c r e a s in g  c o n c e n tr a tio n  o f  th e  a lk a n o la m in e . It ca n  b e  
c o n c lu d e d  that D E A  in c r e a se d  C 0 2  transport rate a c r o ss  th e  m em b ra n e .

c o e ff ic ie n ts  o f  th e  tw o  g ases  an d  can  be v ie w ed  as th e  so lu b ility  se le c tiv ity
(G ran t, 1991).
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2 .3 .2  F a c ilita te d  T ran sp ort
F a c ilita te d  tran sp ort m em b ra n e  p r o c e s s  h a s  b e e n  k n o w n  for  

m a n y  y e a r s  an d  w id e ly  resea rch ed . L e B la n c e  et al ( 1 9 8 0 )  in tro d u ced  th e  io n -  
e x c h a n g e  ty p e  carrier m em b ra n es  fo r  o le f in  g a s  sep a ra tio n s . T h e y  u se d  p o ly  
( t e t r a f lu o r o e t h y le n e ) - g r a f t - s u l f o n a t e d  'S ty r e n e  io n - e x c h a n g e  m e m b r a n e  
c o n ta in in g  s i lv e r  io n s . T h e  m em b ra n e  g a v e  h ig h  o le f in  g a s  s e le c t iv ity  o v er  
p a ra ffin . In 1 9 8 8 , H o  et al. ( 1 9 8 8 )  s tu d ied  th e  sep a ra tio n  o f  C 2 -C 5  o le f in  from  
p a ra ffin  an d  lin ea rs  a - o le f in s  fro m  in tern a l an d  b ra n ch ed  o le f in s  o f  th e  sa m e  
carb on  n u m b er  v ia  r e v e r s ib le  c o m p le x a t io n  w ith  th e  n o v e l  so lu t io n  o f  cu p ro u s  
h e x a f lu o r o a c e ty a c e to n a te  (d ik e to n a te )  in  a w e a k ly  c o m p le x in g  so lv e n t . T h e  
resu lts  s h o w e d  th e  in c r e a s in g  in tera c tio n  at th e  d o u b le  b o n d  o f  th e  s o lv e n t  w a s  
in c r e a se d  o le f in  C u  (I) c o m p le x .

T h e  f l u x e s  o f  s t y r e n e  a n d  e t h y l b e n z e n e  t h r o u g h  
p e r flu r o su lfo n a te  io n o m e r  m em b ra n es  e x c h a n g e d  w ith  s o d iu m  an d  s i lv e r  io n s  
w e r e  a lso  rep o rted  (K o v a l et al, 1 9 8 9 ) . T h e  r e su lts  s h o w e d  th e  f lu x e s  
e n h a n c e d  w h e n  Na+ w a s  r e p la c e d  w ith  Ag d u e  to  th e  r e v e r s ib le  fo rm a tio n  o f  
c o m p le x e s  w ith  s i lv e r  io n . S in c e  sty r e n e  fo rm s a m o r e  s ta b le  c o m p le x , its f lu x  
is  e n h a n c e d  s ig n if ic a n t ly  m o re  th an  that o f  e th y lb e n z e n e .

In  1 9 9 3 , B P  h a s d e v e lo p e d  a n e w  m em b ra n e  s y s te m  for  
r e fin ery  an d  c h e m ic a l p lan t o le f in  p u r if ic a t io n  an d  r e c o v e r y . P ilo t  p la n t  
e x p e r im e n ts  o n  p r o p y le n e /p r o p a n e  an d  e th y le n e  p u rg e  g a s  s h o w e d  m em b ra n e  
s ta b ility  an d  p ro d u ct p u rity  o f  9 8 .5 %  or grea ter  u s in g  r e f in e r y  g ra d e  p r o p y le n e  

fe e d  (D a v is  et al, 1 9 9 3 ) . 7 t -c o m p le x a t io n  h a s b e e n  p r e v io u s ly  c o n s id e r e d  for  

o le f in /p a r a ff in  sep a ra tio n  and p u r ific a tio n  b y  e m p lo y in g  liq u id  so lu t io n s  
c o n ta in in g  s i lv e r  (Ag+) or cu p ro u s ( Cu+) io n s  (E ld r id g e , 1 9 9 3 ) .

O le f in /p a r a ff in  sep a ra tio n  b y  fa b r ica ted  tran sp ort m em b ra n es  
l ik e  th e  su p p o rted  liq u id  m e m b r a n e s  o f  A g N 0 3  s o lu t io n  s h o w e d  th e  s e le c t iv ity  
fa cto r  in th e  sep a ra tio n  o f  e th y le n e  and e th a n e  in c r e a se d  w ith  in c r e a s in g
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carrier c o n c e n tr a tio n  (T era m o to  et a l,  1 9 8 6 )  an d  e th y le n e  tran sp ort w a s  
in v e r se ly  p ro p o rtio n a l to  th e  m em b ra n e  w a ll  th ic k n e ss  (T so u  et a i,  1 9 9 4 ) .

T e r a m o to  et al. ( 1 9 8 9 )  a lso  p r o p o se d  a n e w  ty p e  o f  liq u id  
m em b ra n e , n a m e ly  f lo w in g  liq u id  m em b ra n e , w h ic h  w a s  m u c h  m o r e  s ta b le  
th an  im m o b il iz e d  liq u id  m em b ra n e . T h e se  m em b ra n es  s h o w e d  h ig h e r  
p e r m e a b ility  an d  s ta b ility  w h e n  c o m p a red  w ith  th e  u su a l im m o b il iz e d  liq u id  
m em b ra n e .

P e r flu o r o su lfo n a te d  io n o m e r  (P S I) m em b ra n es  w e r e  u se d  to  
in v e s t ig a te  th e  sep a ra tio n  o f  o le f in /p a r a ff in  m ix tu res  b y  m e a n s  o f  s i lv e r -b a se d  
fa c ilita te d  tran sp ort o f  o le f in . O x y g e n -c o n ta in in g  h y d ro ca rb o n s p r e se n t  in  th e  
p e tr o c h e m ic a l m ix tu re  in c r e a se d  th e  f lu x  o f  o le f in  and p a ra ffin . H o w e v e r , th e  
in crea sed  f lu x e s  re su lts  in  lo w e r  sep a ra tio n  fa c to rs  fo r  p e n te n e /p e n ta n e  
m ix tu r e s  (Z y l an d  L in k o v , 1 9 9 7 ) .

In fa c ilita te d  tran sp ort o f  b u ten e  an d  p r o p y le n e  th ro u g h  
sy n th e s is  o f  n e w  p o ly (v in y l  a lc o h o l) (P V A )  c o n ta in in g  s i lv e r  n itrate  m em b ra n e  
s h o w e d  h ig h  o le f in  f lu x  an d  o le f in /p a r a ff in  s e le c t iv ity .  B u te n e  f lu x e s  
in crea sed  w ith  in c r e a s in g  w a te r  c o n te n t in  th e  m em b ra n e  u n til it w a s  sa tu rated  
w ith  w a ter  an d  b u ten e  f lu x e s  in c r e a se d  lin ea r ly  w ith  s ilv e r  n itrate  c o n te n t  in  
th e  P V A  m em b r a n e  (H o  and D a lr y m p le , 1 9 9 4 ) . B a i et al. ( 1 9 9 8 )  s tu d ie d  th e  
sep a ra tio n  o f  p r o p y le n e  and p ro p a n e  b y  u s in g  p o ly  ( 2 , 6 - d im e th y l-1 ,4 -  
p h e n y le n e -o x id e ) (P P O ). T h is  m em b ra n e  s h o w e d  h ig h  id ea l s e le c t iv ity  w ith  
r e sp e c t  to  p r o p y le n e . T h e  P P O  w a s  in co rp o ra ted  w ith  S ilv e r  (A g  (I )) , 
P a lla d iu m  (P d  (II )) , R u th en iu m  (R u  (III)) and  Ir id iu m  (Ir (III)). T h e  f lu x  and  
s e le c t iv it ie s  w e r e  im p r o v e d  w h e n  R u (III) an d  P d (II) w e r e  ad d ed . H o w e v e r , th e  
s ig n if ic a n t  im p r o v e m e n ts  in  th e  p r o p y le n e  p e r m e a b ilit ie s  h a v e  b e e n  r e a liz e d  
m a in ly  d u e  to  th e  s e le c t iv e  tran sp ort o f  p r o p y le n e  m o le c u le s  m e d ia te d  b y  th e  
in co rp o ra tio n  o f  s e le c te d  m eta l io n s . Y a m a g u c h i et al. ( 1 9 9 6 )  s tu d ied  
A g B F 4/N a f io n  b le n d  m em b ra n e  an d  N a f io n  117  io n -e x c h a n g e  m em b ra n e  
w ith /w ith o u t  h u m id ity  in  th e  fe e d . T h e  A g B F 4/N a f io n  b len d  m em b ra n e  w ith
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lo w  h u m id ity  s h o w e d  a h ig h  fa c ilita t io n  e f fe c t  fo r  c 4 sep a ra tio n  w h e n  
c o m p a red  to  N a f io n  117  io n -e x c h a n g e  m em b ra n e  w h ic h  req u ired  h ig h  
h u m id ity . N a f io n  117  c o n ta in in g  s ilv e r  io n s  p ro d u ced  a h ig h e r  sep a ra tio n  
fa cto r  an d  f lu x  th an  o b ta in ed  w ith  s ilv e r  fo rm  N a f io n  1 17  m em b ra n e  w h e n  th e  
m em b r a n e  w a s  trea ted  b y  h ea t.

H o w e v e r , fa c ilita te d  tran sp ort m em b ra n es  h a v e  n o t b e e n  
a p p lie d  to  in d u str ia l a p p lic a t io n s  b e c a u se  th ere  are a la c k  o f  m em b ra n e  and  
carrier s ta b ility . A  s o lu t io n  to  th is  p r o b le m  is  th e  d e v e lo p m e n t  o f  th e  r e a c tiv e  
p o ly m e r  m e m b r a n e s  th at d o  n o t req u ire  s o lv e n t  for  carrier to  rea ct w ith  th e  
o le f in  p en etran t. S u n g p e t  et al. ( 1 9 9 7 )  rep orted  th e  e th y le n e /e th a n e  sep a ra tio n  
u s in g  N a f io n -p o ly  (p y rro le )  c o m p o s ite  m em b ra n e  in  th e  a b se n c e  o f  so lv e n t .

H s iu e  an d  Y a n g  (1 9 9 6 )  d e v e lo p e d  P E -g -A A -v 4 g +, S R -g -A A -  
Ag+ an d  P T M S P -g -A A -H g + m em b ra n e  fo r  o le f in  an d  p a ra ffin  sep a ra tio n . In 
1 9 9 7 ,  th e  s i l i c o n e  r u b b e r - g r a f t - p o ly ( a c r y l ic  a c id )-Ag+ ( S R - g - A A - v f g +) 
m e m b r a n e s  w e r e  p rep a red  fo r  c 4 o le f in /p a r a ff in  sep a ra tio n . E x p e r im e n ta l  
resu lts  in d ic a te d  that th e  sep a ra tio n  fa c to rs  in crea sed  an d  th e  p e r m e a b ility  
c o e f f ic ie n t  d e c r e a se d  w ith  an in c r e a se  in  A A %  g ra fted  (Y a n g  an d  H s iu e ,
1 9 9 7 ) .

S w o l l e n  c o m p l e x  m e m b r a n e  o f  l in e a r  l o w  d e n s i t y  
p o ly e th y le n e -g r a f t -p o ly (a c r y lic  a c id )-y fg +(L L D P E -g -A A -y 4 g -+) w e r e  s tu d ied  
and c o m p a r e d  w ith  S R - g - A A - / f g + and P T M S P - g - A A - ^ g +. T h e  g ly c e r o l  in  
th e se  m e m b r a n e s  fu n c tio n s  as a p la s t ic iz e r  for  p o ly m e r  c h a in s  an d  m o re  
im p o rta n tly  as an a c tiv a to r  for  A A -Ag+ c o m p le x e s . T h e  P T M S P -g -A A -y fg + 
c o m p le x  m em b ra n e  w a s  fo u n d  to  rea ch  h ig h  g a s  p e r m e a b ility  an d  h ig h  
o le f in /p a r a ff in  s e le c t iv ity  (Y a n g  an d  H s iu e , 1 9 9 8 ).
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2 .3 .3  M ix e d  M a tr ix  M em b ra n e
T h e  m ix e d  m atrix  m em b ra n e  h ad  b e e n  d e v e lo p e d  in  th e  la te  

1 9 8 0 ’ร. T h e  d es ira b le  ch a ra cter istics  o f  m ix e d  m a tr ix  m em b ra n e  w h ic h  m u st  
b e  p o s s e s s e d  b y  th e  m em b ra n es in c lu d e  a h ig h  s e le c t iv ity  o f  o n e  or m o r e  g a s e s  
from  o th er  g a s e s  as w e l l  as a r e la t iv e ly  h ig h  f lu x . M a n y  o f  th e  m em b ra n es  
w h ic h  h a v e  b e e n  u t il iz e d  for  th is  sep a ra tio n  p r o c e s s  p o s s e s s  e ith er  a h ig h  
s e le c t iv ity  or a h ig h  f lu x  (K u lp ra th ip an ja  et al, 1 9 8 8 ) . C e llu lo s e  a ce ta te  (C .A .)  
is  o n e  o f  th e  m em b ra n e  m a ter ia ls  a p p lie d  to  sep a ra te  o f  C 0 2  from  H 2. It h as  
b e e n  k n o w n  that a p la in  c e l lu lo s e  a ce ta te  m em b ra n e  h a s a grea ter  p e r m e a b ility  
for  H 2  w h e r e a s  a s i l ic a lite  h as a grea ter  a d so rp tiv e  a ff in ity  fo r  C 0 2. T h e  m ix e d  
m atr ix  m em b ra n e  c o m p r is in g  c e l lu lo s e  a ce ta te  h a v in g  s i l ic a l ite  as th e  so lid  
p a rtic ip a te  a d so rb en t s h o w e d  a r ev ersed  s e le c t iv ity  fo r  C 0 2  o v e r  H 2  co m p a red  
to  a p u re c e l lu lo s e  a ce ta te  m em b ra n e  (K u lp ra th ip a n ja  et al, 1 9 9 2 ) .

B a tta l et al. ( 1 9 9 5 )  s tu d ied  th e  m ix e d  m a tr ix  m em b ra n e  o f  an  
a m o rp h o u s  g la s s y  p o ly m e r  (p o ly e th e r su lfo n e )  an d  h y d r o p h ilic  z e o l i t e  (4 A ) .  
M em b ra n e  c o n ta in in g  z e o l i t e  f ille r  4 A  s h o w e d  a b etter  sep a ra tio n  p e r fo rm a n ce  
than  m em b ra n es  w ith o u t  z e o lite  d u e  to  th e  e n h a n c e m e n t in  p e r m e a b ilit ie s  an d  
s e le c t iv it ie s .  T h e  in c r e a se s  o f  s e le c t iv it ie s  in  th e  m ix e d  m a tr ix  m em b ra n e  d u e  
to  th e  s h a p e -s e le c t iv e  p ro p ertie s  o f  z e o lite s ,  th e  in te r a c tiv e  p o te n tia ls  and  
a d s o r p t iv e  c a p a c it ie s  o f  z e o l i t e s ,  an d  th e  in d u c e d  m ic r o str u c tu r e  o f  
m em b ra n es

A n o th e r  ty p e  o f  m em b ra n e  is  a m ix e d  m a tr ix  m em b ra n e  o f  
s i l ic o n e  ru bber and p o ly (e h ty le n e  g ly c o l )  (P E G ) o n  p o r o u s  su p p o rt p rep ared  
b y  c a s t in g  an d  cu r in g  an e m u ls if ie d  m ix tu re  o f  p o ly  (e th y le n e  g ly c o l )  and  
s i l ic o n e  ru b b er o n  p o r o u s  p o ly s u lfo n e  su p p o rt (K u lp ra th ip a n ja  an d  K u lk arn i, 
1 9 8 6 ). T h e  p e r m e a tio n  rates o f  S 0 2, H 2 ร , N T f ,  C 0 2, H 2, N 2  and  0 2 แ 6  w e r e  
e v a lu a te d  th ro u g h  a d e n se  s i l ic o n e  ru bber m em b ra n e  and s i l ic o n e  ru b b er-P E G  
m ix e d  m a tr ix  m em b ra n e . T h e  r e su lts  s h o w e d  that th e  g a s  p e r m e a n c e  w a s  a 
fu n c tio n  o f  cr itica l tem p eratu re  w h ile  th e  g a s  s e le c t iv it ie s  w e r e  o b se r v e d  to  b e
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s im ila r  for  e a c h  o f  th e  d e n se  s i l ic o n e  ru bber m em b ra n es . F or th e  m ix e d  m atrix  
m em b ra n e , th e  g a s  p e r m e a n c e  s l ig h t ly  d e c r e a se d  w h ile  th e  s e le c t iv it ie s  o f  
p o la r /n o n -p o la r  g a s  w e r e  s ig n if ic a n t ly  im p r o v e d  d u e  to  th e  e n h a n c e m e n t in  
s o lu b il ity  o f  p o la r  g a s  in  P E G . O b se r v e d  g a s  p e r m e a n c e  d e p e n d e n t o n  ty p e  o f  
b a c k in g  fo r  th e  s i l ic o n e  ru b b er-P E G  m ix e d  m a tr ix  m em b ra n e  in d ic a te s  that 
P E G  n o t o n ly  h a s  th e  c a p a c ity  o f  a lter in g  th e  p e r m e a b ility  o f  s i l ic o n e  rubber  
b ut a lso  a c ts  o n  th e  p o ly m e r ic  su p p o rt m a ter ia l b y  s o f te n in g  it an d  c a u s in g  its 
p o r e s  to  sh r in k  (S e r iv a lsa t it , 1 9 9 9 ) .

In  th is  w o rk , n e w  ty p e s  o f  m ix e d  m a tr ix  m em b ra n e  w ith  Ag as  
a carrier w e r e  stu d ied .
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