
CHAPTER IV
RESULTS AND DISCUSSION

4.1 Dispersed Butanediois-Silicone Rubber on Porous Polysulfone

P e r m e a b i l i t i e s  o f  p r o p y le n e ,  p r o p a n e ,  a n d  n i t r o g e n  w e r e  d e t e r m in e d  fr o m  

s t e a d y - s t a t e  p e r m e a t io n  r a te s  o f  e a c h  g a s  th r o u g h  m i x e d  m a t r ix  m e m b r a n e  a t  

r o o m  t e m p e r a tu r e .  T h e  e x p e r im e n t a l  r e s u lt s  a r e  d e m o n s t r a t e d  in  T a b le  4 .1 .

Table 4.1 P e r m e a b i l i t i e s  o f  g a s e s  th r o u g h  m ix e d  m a t r ix  m e m b r a n e  p r e p a r e d  

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

M  e m  b r a n e
P e r m e a b i l i t y  ( c m 3/ c m 2 - s e c - c m H g )
n 2 C 3 H 6 C 3 H 8

S R / P S 1 . 8 7 1 7 * 1  0 " 6 7 . 1 8 9 6 *  1 0 " 5 7 . 6 6 2 9 *  1 0 ' 5
S R  +  P E G / P S 5 . 1 2 0 8 *  1 0 ' 8 2 . 2 2 4 9 *  1 0 ' 7 1 . 1 5 8 0 *  1 0 ' 7
S R + 1 2 B D / P S 1 . 1 6 7 1 * 1  O ' 6 3 . 8 3 5 7 *  1 0 ' 5 3 . 1  0 5 5 *  1 0 ' 5
S R  +  1 4 B D / P S 6 . 9 3 2 4 *  1 0 ' 7 1 . 2 0  1 2  * 1 O ' 5 1 . 3 8 8 7 *  1 0 ' 5
S R  +  2 3 B D / P S 2 . 1 4  8  1 * 1 O ’6 4 . 1  1 2 6 *  1 0 ' 5 3 . 6 0 9 1  * 1 0 ' 5
S R + 1 3 B D / P S 3 . 8 4 6 6 *  1 0 ‘7 6 . 2 9 8 4 *  1 0 ’7 8 . 4 6 1 8 *  1 0 ‘7

S i l i c o n e  r u b b e r  i s  r u b b e r y  p o ly m e r ,  o f  w h ic h  t h e  s e g m e n t s  o f  b a c k b o n e s  

c a n  r o ta te  f r e e ly  a r o u n d  th e ir  a x is ;  t h is  m a k e s  th e  p o ly m e r  s o f t  a n d  r u b b e r y .  
T r a n s p o r t  o f  g a s  th r o u g h  r u b b e r y  p o ly m e r  i s  p o s t u la t e d  t o  o c c u r  w h e n  th e r e  is  

a  tr a n s ie n t  g a p  o f  s u f f i c i e n t  s i z e  t o  a c c o m m o d a t e  t h e  p e n e tr a n t .  T h e s e  

t r a n s ie n t  g a p s  fo r m  a n d  fa d e  t h r o u g h o u t  th e  p o ly m e r  m a tr ix  d u e  t o  th e r m a lly  

in d u c e d  m o t io n  o f  th e  p o ly m e r  s e g m e n t s .
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Figure 4.1 G a s  d i f f u s io n  th r o u g h  t r a n s ie n t  g a p  fo r m e d  b e t w e e n  p o ly m e r  

c h a in .

I n  a d d it io n ,  s i l i c o n e  r u b b e r , r u b b e r y  p o ly m e r ,  p r e f e r e n t ia l ly  p e r m e a t e s  

t h e  la r g e r  m o r e  c o n d e n s a b le  g a s e s ,  p r o p y le n e  a n d  p r o p a n e ,  o v e r  t h e  s m a l le r  

n o n c o n d e n s a b le  g a s e s ,  n i t r o g e n  a n d  m e t h a n e  ( Y a n g  a n d  H s u ie ,  1 9 9 8 ) .  A s  it  is  

s e e n  in  t h e  T a b le  4 .1  th a t  th e  p e r m e a b i l i t i e s  o f  p r o p y le n e  a n d  p r o p a n e  a re  

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

T h e  o b t a in e d  r e s u lt s  s h o w  t h e  h ig h e s t  p e r m e a b i l i t i e s  o f  a l l  th r e e  g a s e s  

th r o u g h  m e m b r a n e  p r e p a r e d  fr o m  s i l i c o n e  r u b b e r  in  a b s e n c e  o f  a d d e d  g ly c o l .  
T h e s e  r e s u l t s  a r e  f o u n d  c o n s i s t e n t  w i t h  p r e v io u s  l it e r a tu r e  s t u d ie s  ( Y a n g  a n d  

H s u ie ,  1 9 9 8 ) .  P e r m e a b i l i t i e s  o f  a l l  t h r e e  g a s e s  d e c r e a s e d  w h e n  p o l y e t h y l e n e  

g l y c o l  ( P E G )  a n d  b u t a n e d io l s  w e r e  a d d e d . T h e  a d d e d  g l y c o l s  f i l l e d  u p  th e
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tr a n s ie n t  g a p  b e t w e e n  p o ly m e r  c h a in  a n d  h in d e r e d  t h e  d i f f u s io n  p a th  o f  g a s  

m o le c u l e s .  I n  t h is  r e g a r d , g a s  m o le c u l e  p e r m e a t e s  s lo w e r .
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M e m b ra n e  T y p e

Figure 4.2 P r o p y le n e  t o  p r o p a n e  s e l e c t i v i t y  o f  m i x e d  m a t r ix  m e m b r a n e s  

p r e p a r e d  f r o m  s i l i c o n e  r u b b e r  in c o r p o r a te d  w i t h  P E G  a n d  b u t a n e d io l s  o n  

p o l y s u l f o n e .

F ig u r e  4 .2  s h o w s  t h e  e f f e c t  o f  a d d e d  fo u r  i s o m e r s  o f  b u t a n e d io l  o n  

p r o p y le n e  t o  p r o p a n e  s e l e c t i v i t i e s  o f  m ix e d  m a tr ix  m e m b r a n e s .  S i l i c o n e  

r u b b e r , w i t h  h ig h  p e r m e a t io n  t o  a l l  g a s e s ,  e x h ib i t s  l o w  p r o p y le n e  s e l e c t i v i t y .  
P E G , w h i c h  i s  c o n s i s t e n t  w i t h  t h e  p r e v io u s  w o r k  (S u k a p in t h a ,  2 0 0 0 ) ,  a lt e r  th e  

s e l e c t i v i t y  o f  s i l i c o n e  r u b b e r . B e c a u s e  p r o p y le n e  a n d  p r o p a n e  a r e  s im i la r  in  

th e ir  s i z e ,  t h e  d i f f u s io n  th r o u g h  p o ly m e r  m a tr ix  i s  n o t  d i f f e r e n t .  T h u s ,  th e  

p r o p y le n e  s e p a r a t io n  s h o u ld  n o t  c a u s e d  b y  d i f f u s io n  m e c h a n i s m .  T h e  

s e p a r a t io n  s h o u ld  b e  a t tr ib u te d  t o  t h e  h ig h e r  s o lu b i l i t y  o f  p r o p y le n e  in  P E G .
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The propylene selectivity is found to be highest in SR+PEG/PS  
compared to the membranes prepared from four isomers o f  butanediol. 1,2- 
butanediol and 2 ,3 -butanediol can improve propylene selectiv ity  as w ell 
although the propylene selectivity is not as high as the value obtained in 
SR+PEG/PS. H owever, the propylene selectivity  is not im proved when 1,3-
butanediol and 1,4-butanediol w ere added.

H ~ ( O C H 2 C H 2 ) n ~ O H P E G

c h - c h - c h 2 - c h 3

O H  O H

1 , 2 - B u t a n e d i o l

C H 2 - C H 2 - C H  - C H  ,  

O H  1 h  ’

1 , 3 - B u t a n e d i o l

c h , - c h 2 - c h , - c h  ,  

T h  o 7 h 2

1 , 4 - B u t a n e d i o l

c h 3 - c h - c h  - c h 3

O H  O H

2 , 3 - B u t a n e d i o l

F i g u r e  4.3 Diagram m olecular structure o f  PEG and four isom ers o f
butanediol.
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In PEG, the hydroxyl group is attached to each carbon atom on carbon 
backbones. A  portion o f  1,2-butanediol and 2,3-butanediol m olecules are 
similar to PEG in w hich the hydroxyl group is attached to the adjacent carbon 
atoms. In contrast, the hydroxyl group in 1,3-butanediol and 1,4-butanediol is 
not attached to the adjacent carbon atoms. Therefore, the position o f  hydroxyl 
group on the carbon backbones is postulated to be a control factor for 
propylene separation.
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4 . 2  P E G  A d s o r b e d  N a X  a n d  S i l i c o n e  R u b b e r  o n  P o r o u s  P o l y s u l f o n e

It w as found from the previous work that PEG em ulsified  silicone  
rubber m ixed matrix membrane, though it has capability o f  altering selectivity  
o f  silicone rubber, lost their stability due to PEG leakage. In this study, N aX  
adsorbent w as used to prevent the leak out o f  PEG by adsorbing it into N aX  
pores before incorporated in silicone rubber. Table 4 .2  show s the 
perm eabilities o f  propylene, propane, and nitrogen through m ixed matrix 
membranes prepared from N aX  and PEG-adsorbed N aX .

T a b l e  4 . 2  Perm eabilities o f  gases through m ixed matrix membrane prepared
from silicone rubber and N aX  and PEG-adsorbed N aX  
on polysulfone.

M em b ran e P erm eab ility  (c m 3/c m 2-se c -c m H g )
n 2 C 3H 6 c 3h 8

SR /P S 1 .8 7 1 7 * 1 0 ”6 7 .1 8 9 6 * 1  O'5 7 .6 6 2 9 *  10’5
S R + P E G /P S 5 .1 2 0 8 *  10”8 2 .2 2 4 9 * 1  O'7 1 .1 5 8 0 *  10"7
S R + [P E G -N a X ]/P S 5 .0 4 5 8 *  10'7 3 .5 6 0 4 *  10‘6 2 .3 2 4 3 *  10'6
S R + N a X /P S 5 .6 0 3 6 *  10‘7 7 .0 9 5 3 *  10'6 7 .1 7 9 4 * 1 0 ‘6

N a X  in corp orated  s i l ic o n e  rubber m em brane ex h ib its  low er  
perm eabilities for all three gases, compared to silicone rubber. Kulpratipanja 
and Kulkarni,1988 believed that gases were adsorbed into the pores o f  N aX  
zeolite and led to the saturation o f  pore. Consequently, a tim e lag for reaching 
steady-state permeation occurred.
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Perm eabilities o f  solid N aX  incorporated silicone rubber membrane are 
found to be higher than the values obtained from liquid PEG em ulsified  
silicone rubber membrane since gas d iffuse harder through v iscous PEG which  
filled  up the gap between polym er chains. L ikewise, this reason is contributed 
to the higher perm eabilities o f  m ixed matrix membrane prepared from PEG- 
adsorbed N aX , compared to PEG em ulsified  silicone rubber membrane.

In comparison o f  N aX  incorporated silicone rubber membrane with 
m ixed matrix membrane prepared from PEG-adsorbed N aX , the latter is less 
perm eable to all three gases due to the presence o f  PEG in N aX  pores which  
hindered the path o f  gas diffusion.

The com parison o f  propylene to propane selectiv ities o f  m ixed matrix 
membrane prepared from PEG-adsorbed N aX  and N aX  are illustrated in Fig 
4.4.

1.92

SR/PS SR+PEG/PS SR+[PEG-NaX]/PS SR+NaX/PS

Membrane type

F i g u r e  4 . 4  Propylene to propane selectiv ities o f  m ixed matrix membrane 
prepared from silicone rubber and N aX  and PEG-adsorbed N aX  on 
polysulfone.

1 1  fc ‘& ฅ 5  1 2.
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It can be seen that m ixed matrix membrane prepared from PEG- 
adsorbed N aX  has the capability o f  altering selectivity  o f  silicone rubber 
although the propylene se lec tiv ity  is not as high as the value obtained from  
PEG em usified  silicone rubber membrane. The controlling m echanism  which  
is involved in the se lec tiv ity  enhancement com prises the presence o f  PEG in 
N aX  pores. Propylene passes through m ixed matrix membrane prepared from  
PEG-adsorbed N aX  at a more rapid rate due to the higher solubility o f  
propylene in PEG compared with propane. M ixed matrix membrane prepared 
from N aX  is not selective to either propylene or propane. Thereby, the 
selectivity  enhancem ent is attributed to PEG in the pore o f  N aX .
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