
C H A P T E R  II  
L I T E R A T U R E  R E V I E W

2.1 H ig h  I n te r n a l-p h a s e  E m u ls io n s  (H I P E s )

A  h ig h  in tern a l-p h a se  e m u ls io n  (H IP E s) p o ly m e r iz a tio n  p r o c e ss  to 
m an u factu re  m icro ce llu la r , p o ly m e r ic  foam  sy s te m  w a s p a ten ted  b y  U n ile v e r  (B arb y  
et al., 1 9 8 2 ). T h is  p aten t d is c lo s e s  a p o ly m e r iz a tio n  p ro c e ss  that o ccu rs  in  a  w a ter-in -  
o il e m u ls io n s  in w h ic h  the d isp ersed  p h ase  o c c u p ie s  m ore than  74%  o f  the v o lu m e . 
T h e c o n tin u o u s  o rg a n ic  p h ase , w h ic h  g e n e r a lly  c o n s t itu te s  le s s  than 26%  o f  th e  fin a l 
v o lu m e , can  c o n ta in  m o n o m ers  (sty ren e ), c r o ss lin k in g  c o m o n o m e r s  (d iv in y l 
b e n z e n e )  and o rg a n ic  so lu b le  su rfactan t (sorb itan  m o n o o le a te )  (E lm e s  et al., 19 88 ). 
A  p o ly H IP E  is  a m icro p o ro u s  m ateria l p ro d u ced  b y  the p o ly m e r iz a tio n  o f  the 
m o n o m e r s  in th e  co n tin u o u s  p h a se  o f  a H IPE. M icro p o ro u s  fo a m s o f  very  h ig h  v o id  
fra ctio n s  (p o r o s it ie s  o f  up to 97 % ) can  be m a d e  th rou gh  p o ly H IP E  sy n th e s is . T h e  
d isp e r se d  a q u e o u s , co n ta in in g  a w a te r -so lu b le  in itia to r  (p o ta ss iu m  p ersu lfa te ) and  
sta b iliz e r  (c a lc iu m  ch lo r id e )  (W a lsc h  et al., 1 9 9 6 ). S u b seq u en t r em o v a l o f  the 
a q u eo u s p r o d u c e s  a h ig h ly  p o ro u s m ateria l, as sh o w n  in  F ig . 1. T h e  fo a m s  are o p e n 
c e ll;  th erefore  th e  large  sp h erica l c a v it ie s  in  the m ateria l are term  c e lls . T h e  circu lar  
h o le  c o n n e c t in g  ad jacen t c e lls  are referred  to as w in d o w s . In a d d itio n , fea tu re o f  the 
m o r p h o lo g y  su ch  a s  c e ll s iz e , in terco n n ec tin g  h o le  s iz e  and  p o ro sity  ca n  be  
e f f ic ie n t ly  c o n tro lled .

Figure 2.1 SEM micrographs of PolyHIPEs. (Neil R. Cameron, 2005)
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In 1 9 9 6 , N e i l  R. et al. sy n th e s iz e d  and  ch a ra cth er ized  o f  P o ly (a r y l ether su l-  
fo n e )P o ly H IP E  m ateria l. A  m a le im id e -te r m in a te d  ary l e th er  s u lfo n e  m a c r o m o n o m e r  
w a s c o p o ly m e r iz e d  w ith  s ty ren e , D V B , in  the c o n tin u o u s  p h ase  o f  a  H IP E . F urther
m o re , a n o v e l, n o n a q u eo u s H IP E  m e th o d o lo g y  w a s  e m p lo y e d , s in c e  o n ly  d ip o lar  
ap rotic  s o lv e n ts  w ere  ab le  to  c o s o lu b il iz e  the p o ly m e r ic  p recu rsor  and su rfactant. 
H IP E s o f  p etro leu m  ether, d isp e r se d  in  a d ip o lar  a p ro tic  s o lu t io n  o f  m a le im id e -  
term in ated  P E S , P E O -P P O -P E O  b lo c k  c o p o ly m e r  su rfa cta n ts , c o m o n o m e r , and  
A IB N , w e r e  s u c c e s s fu lly  prepared  and p o ly m e r iz e d . T h e  ce llu la r  stru ctu res and p o 
r o s itie s  o f  th e  resu ltin g  m ater ia ls  w er e  ch a ra cter ized  b y  S E M , m ercu ry  p o ro sim etry , 
and a B r u n a u er -E m m ett-T e ller  (B E T ) treatm ent o f  n itro g en  a d so rp tio n  resu lts. A ll  
w ere  sh o w n  to  p o sse s s  an o p e n -c e llu la r  m o r p h o lo g y  an d  a se c o n d a r y  p ore structure  
w ith in  th e  p o ly m e r  w a lls . T h erm o g ra v im etr ic  a n a ly s is  (T G A ) o f  th e  m ater ia ls  in d i
ca ted  that cr itica l d egra d ation  occu rred  at h ig h er  tem p era tu res than in  
p o ly (s ty r e n e /D V B )  P o ly H IP E s but lo w e r  than  the P E S  m a c r o m o n o m e r  precursor.

2 .1 .1  F actor E ffe c t iv e  P rop erties o f  P o ly H IP E
C h a racter istics o f  th e  o b ta in ed  p o ly H IP E  c o u ld  be a f fe c te d  by se v e r a l  

factors su c h  as a d d itio n  o f  p o r o g e n ic  so lv e n ts , c r o s s - lin k in g  a g e n t, and ratio o f  
m ix e d  su rfa cta n ts to  the m o n o m e r  p h ase .

2 .1.7.1 Porogenic Solvent
P o r o g e n  is  inert d ilu e n ts  or n o n -p o ly m e r isa b le  so lv e n t  su ch  as  

to lu e n e , c h lo r o b e n z e n e , 2 -c h lo r o e th y lb e n z e n e , and l-c h lo r o -3 -p h y n y l-p r o p a n e . T h e  
typ e  o f  p o r o g e n  added  to th e  c o n tin u o u s  p h a se  o f  p o ly H IP E s  resu lt in  the form a tio n  
o f  p ores w ith in  the p o ly m e r  p h ase  (B arb etta  et ai, 2 0 0 4 ) ,  as sh o w n  in  F igure 2 .2 . 
T h e w a lls  o f  the r esu ltin g  p o ly H IP E  are s im ila r  to  m o r p h o lo g y  o f  p erm an en tly  
p oro u s p o ly m e r  beads. T h e se  m a y  b e m ic r o - , m e s o - , or m a cro p o res  d ep e n d  o n  nature  
o f  the p o ro g e n .
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F ig u r e  2 .2  S E M  m icro gra p h  o f  p o ly H IP E  p rep ared  w ith  p o r o g e n s . (B arb etta  et al,, 
2000)

T h e nature o f  the p o r o g e n  h as a stron g in f lu e n c e  o n  th e su rface  
area, an d  th is is s tr o n g ly  rela ted  to the so lv e n t  ty p e . N e tw o r k , or so lv e n t  w ith  better- 
s o lv e n ts  for the g r o w in g , g iv e  r ise  to  h ig h er  su r fa ce  areas (C a m ero n  et al., 1 9 9 6 ).

I f  a g o o d  s w e l l in g  so lv e n t  is  se le c te d  p h a se  sep ara tio n  o f  the  
p o ly m e r  g e l p h ase  w il l  b e  d e la y e d  un til late in  th e  p o ly m e r iz a tio n . T h is  w ill  p rod u ce  
a la rge  nu m ber o f  sm a ll m icro p a rtic les , w h ic h  rem ain  d isc r e te  until c o m p le te  
c o n v e r s io n  is  o ccu red . S in c e  th e  resid u a l m o n o m e r  is lo w , th is  w ill resu lt in a  
m ateria l o f  h ig h  su rfa ce  area. A  le s s  e f f ic ie n t  s w e l l in g  so lv e n t , h o w e v e r , c a u se s  
p rec ip ita tio n  o f  p o ly m e r  m icro p a rtic les  at an ea r lier  s ta g e  w h e n  m o n o m er  le v e ls  are 
h ig h er . T h is  resid u al m o n o m er  w ill lo ca te  in  the p o ly m e r  g e l p h a se  and c a u se  “ f ill in g  
in ” o f  th e  gap s b e tw e e n  m icro p a rtic le s  as it p o ly m e r iz e s . T h e resu lt is  a lo w e r  su rfa ce  
area m ateria l (R a b e lo  et al., 1 9 9 4 ).

In 2 0 0 0 , B arb etta  et al. p repared  h ig h ly  p o ro u s o p e n -c e ll  
p o ly D V B  fo a m s in th e  p resen ce  o f  v a r io u s p o r o g e n ic  so lv e n t , e ith er  a s  s in g le  
c o m p o n e n ts  or m ix tu res , c o n ta in in g  to lu e n e  (T ), c h lo b e n z e n e  (C B ) , 2 -
c h lo r o e th y lb e n z e n e  (C E B ), and l-c h lo r o -3 -p h y n y l-p r o p a n e  (C P P ). T h e n ature o f  the 
so lv e n t  h as a p ro fou n d  in f lu e n c e  o n  th e fo a m  m o r p h o lo g y  on  b o th  a large  an d  sm all 
sc a le . F rom  S E M , C B  w a s  fou n d  to red u ce  th e fo a m  ce ll s iz e  (h ig h  su r fa ce  area) 
co m p a r e d  to T , w h e r e a s  C E B  and C P P  se e m e d  to d estr o y  the ch ara cter istic  
P o ly H IP E  ce llu la r  m o r p h o lo g y , H o w e v e r  from  th e  m o r p h o lo g y  d escr ib ed  a b o v e , th is  
m ateria l w a s  m e c h a n ic a lly  v ery  w e a k  and w a s  n ot lik e ly  to  b e  u sa b le  in an y  p ractica l
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situ a tio n . T h is  situ a tio n  can  b e rem ed ied  b y  e m p lo y in g  m ix e d  p o r o g e n s . T h e  su rface  
areas o f  th e  resu ltin g  m a ter ia ls  w er e  n o t p red ic ta b le  in  a s im p le  fa sh io n  from  the 
v a lu e s  o f  fo a m s  p rod u ced  from  their in d iv id u a l c o m p o n e n ts .

2.1.1.2 Addition o f Cross-linking Agent
T h e e m p lo y m e n t o f  an in crea sin g  fraction  o f  c r o s s - lin k in g  

m o n o m er  g e n e r a lly  lea d s to  p orou s stru ctu res w ith  larger su rfa ce  a rea s and sm aller  
p ore s iz e s . T h e  p h ase  sep ara tio n  tak es p la c e  at a lo w e r  m o n o m e r  c o n v e r s io n  for  
sy s te m s  w ith  a h ig h  fraction  o f  cro ss - lin k e r  (A lb r ig h t et a i, 1 9 8 6 ).

In 1 9 9 0 , W illia m s  et al. ex ten d  th eir  ear lier  w ork  to in c lu d e  o il p h a ses  
c o m p r ise d  o f  100%  sty ren e  or 100%  d iv in y lb e n z e n e . In ad d itio n , th e y  h a v e  stu d ied  
th e  in f lu e n c e  o f  d eg ree  o f  c r o ss lin k in g  on  the m icrostru ctu re  an d  c o m p r e ss iv e  
p rop erties o f  th e  fo a m s. T h e y  fin d  that d iv in y lb e n z e n e  h e lp s  to r e d u ce  the c e ll  s iz e .  
T h e D V B  le v e l has a trem en d o u s e f fe c t  OI1 c e ll  s iz e . C e lls  are n o n e x is te n t  at 100%  
sty ren e , are 2 0 -1 0 0  pm  in  d ia m eter  w ith  2 .5 %  D V B  p resen t, and are 1 0 -5 0  pm  in  
d ia m eter  at 100%  D V B

2 .1.1.3 Addition o f Mixed Surfactants to the Monomer Phase
T h e e f fe c t iv e n e s s  o f  a m ix tu re  o f  an a n io n ic , or  a ca tio n ic ,  

su rfactant w ith  an a m p h ip h ilic  c o m p o u n d  for  e m u ls io n  s ta b iliz a t io n  h a s b een  k n o w n  
for  a lo n g  tim e . T h e in ter fa c ia l f ilm  m a d e  b y  th is  m ix tu re  o f  su rfa cta n ts  sh o w s  an  
in crea sed  a b ility  to w ith sta n d  the p ressu re  o f  d rop let c o n ta c ts  (to  preven t  
c o a le s c e n c e )  and to act as a  barrier to th e  p a ssa g e  o f  the d isp e r se d  p h a se  into the  
c o n tin u o u s  p h a se  (to  lim it O stw a ld  r ip en in g ) (T ad ros et al., 19 83 ).

In 2 0 0 4 , B arb etta  et al. ch a n g e d  th e  su rfactan t e m p lo y e d  from  
sorb itan  m o n o o le a te  (S P A N 8 0 )  to  a  3 -c o m p o n e n t  m ix tu re  o f  
c e ty ltr im e th y la m m o n iu m  b ro m id e  (C T A B ), d o d e c y lb e n z e n e s u lfo n ic  a c id  so d iu m  sa lt  
(D D B S S )  and sorb itan  m o n o la u ra te  (S P A N 2 0 )  and the resu lt p ro d u ced  s o m e  further  
in s ig h ts . W ith  th is su rfactant m ix tu re, su r fa ce  area v a lu e s  w er e  m u c h  h ig h er  in  
a lm o st  e v e r y  c a se  than  w ith  S P A N 8 0  (fo r  C B : 6 8 9  co m p a red  to 3 4 6 m 2 g _ l). T h e  
im p r o v e m e n ts  w ere  d u e to th e  m ix tu res o f  io n ic  and n o n - io n ic  su rfa cta n ts  are k n o w n  
to  form  a m o re  robust in terfa c ia l f ilm  arou n d  ea c h  e m u ls io n  d ro p le t, lea d in g  to 
en h a n ced  e m u ls io n  sta b ility .
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In 2 0 0 6 , S e v i l  et al. s u c c e s s fu lly  sy n th e s iz e d  p o ly H IP E  by  
u sin g  d iv in y lb e n z e n e  and sty ren e  as p o ly m e r isa b le  c o n tin u o u s  p h a se , a q u eo u s  p h ase  
c o n ta in in g  p o ta ss iu m  p ersu lp h ate  and c a lc iu m  c h lo r id e  d ih yd ra te , a m ix tu re  o f  
e m u ls if ie r s  (S P A N 2 0 , C T A B  and  D D B S S )  and  to lu e n e  as a p o ro g en . P o ly H IP E  
sa m p le s  w ere  fou n d  to  b e  p oro u s and o p e n -c e ll  m icro stru ctu res w ith  the su rfa ce  area  
o f  3 7 0 - 4 3 0  m 2/g .

2.2 Application of PolyHIPEs

P o ly H IP E s can  be u sed  fo r  m an y  a p p lic a t io n s , e s p e c ia l ly  as ad so rp tio n  and  
filtra tion  m éd ia s.

In 1 9 9 6 , W a lsh  et al. illu stra ted  th e e f fe c t  that tw o  p rop erties o f  the  
e m u lt io n  p rod u ction  p ro cess , w a ter  to m o n o m e r  ratio and m ix in g  tim e , can h ave  on  
the resu ltan t p o ly H IP E . It is  s h o w n  that for an  o p en  fib ro u s ty p e  structure the  
e m u ls io n  m ust h a v e  h ig h  w ater c o n ten t (9 5 % ), and  that the e m u ls io n  m u st b e  m ix e d  
for a reaso n ab le  len g th  o f  t im e , in  th is  c a se  o f  the ord er o f  o n e  hour. S u ch  fo a m s  
h av e  b e e n  sh o w n  to b e  v ery  e f f ic ie n t  at r e m o v in g  fin e  p a rticu la tes  from  g a s  f lo w s ,  
w ith  a ll a tm osp h er ic  a er o so l p a r tic le s  greater th an  1 p m  d ia m eter  b e in g  c o lle c te d .

In 2 0 0 2 , K a tso y ia n n is  et al. m o d if ie d  o f  p o ly m e r ic  m a ter ia ls  (p o ly s ty r e n e  
and p o ly H IP E ) b y  c o a tin g  th eir  su r fa ce  w ith  iron  h y d r o x id e s  in  order to rem o v e  
in o rg a n ic  arsen ic  a n io n s  from  co n ta m in a ted  w a te r  so u r c e s , a m o n g  the e x a m in e d  
m a ter ia ls , p o ly H IP E  w a s  fou n d  to  b e  m ore  e f fe c t iv e  in  th e  rem o v a l o f  a rsen ic , 
b e c a u se  th ey  w e r e  ca p a b le  in h o ld in g  m u ch  grea ter  a m o u n ts o f  iron  h y d r o x id e s , due  
to th e ir  p orou s structure. T h is  en a b le d  the a d so rb in g  a g e n ts  to  p en etrate  in to  the  
in terior  o f  the m ater ia l, w h ic h  in  c o m b in a tio n  w ith  the su r fa ce  c o a tin g  p ro v id ed  a 
h ig h er  su rfa ce  area a v a ila b le  for ad sorp tion .

2.3 Polysulfone

P o ly su lfo n e  d e sc r ib e s  a fa m ily  o f  th erm o p la stic  p o ly m e r s . T h e se  p o ly m e r s  
are k n o w n  for their  to u g h n e ss  and  sta b ility  at h ig h  tem p era tu res. T h ey  c o n ta in  the  
su b -u n it a r y l-S Û 2 -ary l, the d e fin in g  fea tu re o f  w h ic h  is  th e  su lfo n e  group.
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P o ly s u lfo n e s  w e r e  in trod u ced  in  1965 b y  U n io n  C arb id e. D u e  to the h ig h  c o s t  o f  raw  
m a teria ls  and  p r o c e ss in g , p o ly s u lfo n e s  are u sed  in  sp e c ia lty  a p p lic a t io n s  and o ften  
are a su p erior  r ep la cem en t for  p o ly ca rb o n a te s .

Figure 2 .3  P o ly su lfo n e  rep ea tin g  unit.

2 .3 .1  C h em ica l an d  p h y sica l p ro p erties  o f  p o ly s u lfo n e
P o ly su lfo n e  is  a rig id , h ig h -stren g th , and  transparent, reta in in g  its  

p rop erties  b e tw e e n  - 1 0 0  ๐c  and 150 °c. It h as v e r y  h ig h  d im e n s io n a l s ta b ility , the  
s iz e  c h a n g e  w h e n  e x p o se d  to b o ilin g  w a ter  or 150  ๐c  air or s tea m  g en era lly  fa lls  
b e lo w  0 .1% . Its g la ss  tran sition  tem p era tu re is  185 °c.

P o ly su lfo n e  is  h ig h ly  res is ta n t to  m in era l a c id s , a lk a li, and  e le c tr o ly te s , 
in  pH  ran g in g  from  2  to  13. It is resistan t to  o x id iz in g  a g en ts , th erefore  it can  be  
c le a n e d  b y  b le a c h e s . It is  a lso  resistan t to  su rfa cta n ts  and  h yd ro carb on  o ils . น is n o t  
resistan t to  lo w -p o la r  o rg a n ic  so lv e n ts  (e g . k e to n e s  an d  ch lo r in a ted  h y d ro ca rb o n s), 
and  arom atic  h yd ro carb on s. M e c h a n ic a lly , p o ly s u lfo n e  has h ig h  c o m p a c tio n  
res is ta n c e , r e c o m m e n d in g  its  u se  under h ig h  p ressu res. It is  a lso  s ta b le  in a q u eo u s  
a c id s  and b a se s  and m a n y  n o n -p o la r  so lv e n ts ;  h o w e v e r  it is  so lu b le  in 
d ich lo r o m e th a n e  and m eth y lp y rro lid o n e .

In 2 0 0 1 , R e id  et al. s tu d ied  g a s  p erm ea b ility  p rop erties  o f  p o ly su lfo n e  
m em b ra n es  and en h a n ced  th e  g a s  p er m e a b ility  ch a ra c ter is tic s  o f  a h ig h -p er fo rm a n ce  
p o ly s u lfo n e  w ith  a d d itiv e  (M C M -4 1 ) . T h e y  fou n d  that p o ly s u lfo n e  is  m ore  
se le c t iv ity , e s p e c ia lly  ca r b o n d io x id e  (C O 2 ) w h ic h  h a v e  the h ig h e s t  v a lu e  from  the  
tab le .

2 .3 .2  A p p lic a t io n s  o f  p o ly su lfo n e
P o ly su lfo n e  is  u sed  as a  d ie le c tr ic  in  ca p a c ito rs . P o ly s u lfo n e  a l lo w s  

e a sy  m an u factu rin g  o f  m em b ran es, w ith  rep ro d u c ib le  p rop erties  and  co n tr o lla b le  s iz e  
o f  p ores. S u ch  m em b ra n es can  b e  u sed  in  a p p lic a t io n s  lik e  h e m o d ia ly s is , w a ste  w ater
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r e c o v e r y , fo o d  and  b e v e r a g e  p r o c e s s in g , and  g a s  sep ara tion . T h e se  p o ly m e r s  are a lso  
u sed  in  th e  a u to m o tiv e  and  e le c tr o n ic  in d u str ies . P o ly su lfo n e  ca n  b e re in fo rced  w ith  
g la ss  fib ers . T h e r esu ltin g  c o m p o s ite  m ateria l h a s tw ic e  the te n s i le  stren g th  and  three  
t im e  in crea se  o f  its m o d u lu s . P o ly su lfo n e  h as th e  h ig h e st  s e r v ic e  tem peratu re o f  all 
m e lt-p r o c e ssa b le  th er m o p la st ic s . Its r e s is ta n ce  to h ig h  tem p era tu res g iv e s  it a  ro le  o f  
a f la m e  retardant, w ith o u t  c o m p r o m is in g  its strength  that u su a lly  resu lts  from  
ad d itio n  o f  f la m e retardants. Its h ig h  h y d r o ly s is  sta b ility  a l lo w s  its u se  in m ed ica l 
a p p lic a tio n s  req u irin g  a u to c la v e  and stea m  ster iliza tio n . H o w e v e r , it h a s lo w  
r e s is ta n c e  to  so m e  s o lv e n ts  and u n d e r g o e s  w ea th er in g ; th is  w ea th e r in g  in s ta b ility  can  
b e o f fs e t  b y  ad d in g  o th er  m ater ia ls  in to  the p o ly m er .

2.4 Gasification processes

G a sif ic a tio n  is  a p r o c e ss  that c o n v e r ts  c a rb o n a ceo u s  m a ter ia ls , su ch  a s  c o a l, 
p e tro leu m , or b io m a ss , in to  carb on  m o n o x id e , carb on  d io x id e , and h yd ro gen  by 
rea c tin g  th e raw  m ateria l at tem p era tu res a b o v e  700°c w h e n  th e ca rb o n a ceo u s  
m a ter ia ls  are a llo w e d  to  react w ith  a g a s if ic a t io n  a g en t su ch  a s  o x y g e n , air, or  steam .

A ir  is  o n e  o f  th e  m a in  b a s ic  e le m e n ts  o f  life . A ir  p o llu tio n  im p lie s  the p resen ce  
o f  h arm fu l su b sta n ces  in  th e  air (n itr o g e n  o x id e s , p articu la te m atter, su lp h u r d io x id e ,  
h y d ro ca rb o n s, carb on  m o n o x id e , o z o n e , e tc .) . T h e se  su b sta n ces  n e e d le s s  to sa y  ca u se  
bad  se r io u s  e f fe c ts  o n  ou r h ea lth . A d so r p tio n  p r o c e s se s  h av e  b e c o m e  u se fu l to o ls  to 
r e m o v e  p o llu ta n ts  b y  u s in g  m a in ly  carb on  (K a p o o r  et al., 1 9 8 9 ), z e o l ite s  (Ju n  et al, 
2 0 0 2 )  an d  m o d if ie d  s i l ic a  m ater ia ls  (H u a n g  et al., 2 0 0 3 )

In 2001, Z o u  Y o n g  et al. s tu d ied  the a d so rp tio n  ca p a c ity  o f  carb on  d io x id e  on  
h ig h  su r fa ce  area ca rb o n -b a sed  a d so rb en ts  b e fo r e  and after c h e m ic a l m o d if ic a tio n  at 
28°c and  300°c fo u n d  that th e  h ig h  a d so rp tio n  ca p a c ity  a d so rb en ts  for carb on  
d io x id e  at h ig h  tem peratu re h a v e  b e e n  d e v e lo p e d  b y  in tro d u c in g  M g O  and S -C a O -  
M g O  o n  ca rb o n -b a sed  ad so rb en ts . T h e ir  ad so rp tio n  c a p a c it ie s  for carb on  d io x id e  
w e r e  0.28 and 0.22 m m o l/g  at 300°c, 1 B ar, r e sp e c tiv e ly .

In 2 0 0 2 , Jun et al. sh o w e d  th e  z e o l ite  a d so rb en ts  u sed  for  th e  g a s  a d so rp tio n  
p r o c e s se s . E sp e c ia lly , a s  th e  ratio  o f  S iC V A h C E  in crea ses , the a d so rb ed  am o u n t o f  
m o istu re  is  red u ced  w h ile  the ad so rb ed  a m o u n ts  o f  stron g a d so rb a tes  lik e  a c id  g a se s
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are litt le  red u ced . A s  a resu lt , th e  s e le c t iv e  a d so rp tio n  o f  acid  g a s e s  c o e x is t in g  
to g e th e r  w ith  m o istu re  b e c o m e s  p o ss ib le . It is  k n o w n  that th e  ad so rb in g  p erfo rm an ce  
o f  z e o l it e  is  rem ark ab ly  d eter iora ted  b e c a u se  A1 in  the n etw o rk  o f  S i-O -A l  
c o n stitu tin g  the crysta l structure reacts w ith  a c id  g a se s  ab so rb ed  on  z e o l it e  and it is  
r e le a se d  from  th e crysta l la ttice .

In 2 0 0 5 , L id ia  s tu d ied  in f lu e n c e  o f  m eth o d  and c o n d it io n s  o f  sp en t  
P d /A c tiv a te d  C arb on s ca ta ly st reg en era tio n  o n  its ca ta ly tic  ac tiv ity . It h a s b een  stated  
that su p ercr itica l f lu id  e x tra c tio n  (C O 2 ) fo l lo w e d  b y h ea tin g  in  h y d ro g en  a tm osp h ere  
is  an  e f fe c t iv e  m e th o d  o f  that ca ta ly st regen era tion . T h e  resu lts  o f  F T IR  and X P S  
in v e s t ig a t io n s  in d ica te  that reg en era tio n  o f  a  sp en t P d /A c tiv a te d  C arb on s ca ta lyst, 
ir resp e c tiv e  o f  th e  reac tio n  in  w h ic h  it h a s b een  u sed , sh o u ld  b e b a sed  on  the  
c o m p le te  rem o v a l o f  b y -p ro d u cts  and c le a n in g  the ca ta ly st su rface  as w e ll  as on  
resto r in g  the o r ig in a l form  o f  th e  p a llad iu m .
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