
CHAPTER VI
C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S

6 .1  C o n c lu s io n s

F rom  th e  p r e v io u s  ch ap ters , the p h y s ic a l p ro p er tie s  o f  th e  co m m e r c ia l 
ad so rb en ts , c o n s is t in g  o f  th e  sta tic  ad sorp tion  c a p a c ity  and th e  c r y s ta llin ity  patterns, 
w e r e  d e term in ed . A d d it io n a lly , th e  la b o ra to ry -sca led  g a s  a d so rp tio n  sy s te m  w a s  
c o n stru c ted  in  ord er  to  in v e s t ig a te  th e  w a ter  v a p o r  r e m o v a l fro m  th e n atural ga s feed  
u s in g  th e  m u lt i- la y e r  adsorber. A s  th e  resu lts  o f  th e  ad so rp tio n  ex p e r im e n ts , the  
w a ter  a d so rp tio n  b reak th rou gh  c u rv es  w er e  e s ta b lish e d  and  th e  e f fe c t s  o f  th e  
h u m id ity  le v e ls  and  th e  co n ta c t t im e  on  th e b reak th ro u gh  c u r v e s  ( t im e ) w ere  
o b se r v e d . M o r e o v e r , th e  L a m gm u ir  m o d e l and  th e  L in ea r  m o d e l w e r e  u sed  to  
e s ta b lish  th e  e q u ilib r iu m  a d so rp tio n  iso th erm , co m p a red  to  th e  e x p er im en ta l data. 
T h e eq u ilib r iu m  a d so rp tio n  iso th erm  ob ta in ed  from  th e a d so rp tio n  o f  th e  en tire b ed  
at v a r io u s  h u m id ity  le v e ls  w a s  a lso  e m p lo y e d  in  th e  m a th em a tica l a d so rp tio n  m o d e ls .

B a se d  o n  th e  resu lts  from  th e e x p er im en ts  u n d er sp e c if ic  c o n d it io n s  and the  
m a th e m a tic a l m o d e ls , th e  c o n c lu s io n s  w e r e  as fo llo w s:

F ir stly , th e  s i l ic a  g e l a d so rb en t had  h ig h e r  a d so rp tio n  c a p a c ity  than the  
M o lS iv  4 A  b e c a u s e  th e  s il ic a  g e l had  h ig h er  p o re  v o lu m e  (H o w e -G r a n t and  
K r o sc h w itz , 1 9 9 2 ). H o w e v e r , th e  s i l ic a  g e l h ad  w e a k e r  a d so rp tio n  fo r c e  co m p a red  
w ith  th e M o lS iv  4 A  b e c a u se  th e  structure o f  th e  s i l ic a  g e l o f fe r e d  le s se r  p o la r ity  
fo rce  to  w a ter , or le s se r  w a ter  a ffin ity . In ad d itio n , th e  w a ter  w a s  d e so r b e d  from  th e  
S il ic a  g e l at th e  lo w e r  tem peratu re than  that o f  th e  M o lS iv  4 A . A s  a resu lt, th e  
M o lS iv  4 A  req u ired  h ig h e r  tem p era tu re for th e  reg e n era tio n  th an  th e  s il ic a  g e l  
ad sorben t.

S e c o n d ly , th e  s iz e  o f  th e  ad so rb en ts p e lle t  d id  h a v e  an e f fe c t  o n  th e h eat  
tran sfer area and  reg e n e r a tio n  tem peratu re. S in c e  th e  sm a lle r  th e  p a r tic le  s iz e  w a s , 
th e  larger th e  h ea t tran sfer  area w a s , and th e  lo w e r  th e  r e g e n era tio n  tem peratu re  
req u ired . T h e re fo re , to  a c h ie v e  b etter  h eat and m a ss  tran sfer  areas, th e  ad sorben t 
sh o u ld  b e  a lw a y s  as sm a ll as p o ss ib le , and c o m p a ra b le  w ith  th e  p ressu re  drop  
lim ita tio n  (C a m p b e ll , 1 9 9 2 ).



50

T h ird ly , th e  eq u ilib r iu m  a d so rp tio n  iso th erm  in  F ig u re  5 .7  for w a ter  o n  th e  
m u lti- la y e r  ad so rb er  sh o w e d  a s lig h t  u p w ard  c u r v e  p a ss  th e  p la tea u  rep resen tin g  
m o n o la y e r  c o v e r a g e . T h is  a d so rp tio n  iso th erm  resu lt  sh o u ld  b e  m a in ly  con trib u ted  
from  and d o m in a te d  b y  th e 9 6  % b y  v o lu m e  o f  M o lS iv  4 A . S in c e  th e  ad sorp tion  
iso th erm  w a s  a n a lo g o u s  to  th e  T y p e  n  B ru n au er iso th erm , it in d ic a te d  that there w a s  
a c o n tin u o u s  p r o g r e s s io n  w ith  in c r e a s in g  lo a d in g  from  m o n o la y e r  to  m u lt ila y er  and  
th en  to  c a p illa r y  c o n d e n sa t io n  (R u th v en , 1 9 8 4 ). F u rth erm ore, th e  s lig h t  upw ard  
a d so rp tio n  iso th e r m  c u rv e  p resen t at h ig h er  h u m id ity  sh o u ld  b e  an  e f fe c t  o f  th e  S ilic a  
g e l d u e  to  its  h ig h e r  ad so rp tio n  c a p a c ity  at h ig h er  h u m id ity . F in a lly , th e  L a m gm u ir  
m o d e l and th e  L in ea r  m o d e l w e r e  s u c c e s s fu lly  a d o p ted  to  e s ta b lish  th e  eq u ilib r iu m  
ad so rp tio n  iso th e r m  to  b est  fit  th e  ex p er im en ta l d ata  at th e  h u m id ity  o f  lo w e r  than  
52 % R H  and  a b o v e  5 2 % R H , r e sp e c tiv e ly .

F o u rth ly , it w a s  fou n d  that th e  w a ter  b reak th ro u gh  w a s  a c c e le r a te d  w ith  an  
in crea se  in  th e  h u m id ity  le v e l  o f  th e  fe e d  in le t an d /o r  w ith  a d e c r e a se  in  th e  con tact 
t im e . T h is  a c c e le r a t io n  o f  th e  b reak th rou gh  t im e  resu lte d  from  h ig h e r  w a te r  lo ad in g .

F in a lly , th e  r e c e n tly  d e v e lo p e d  m a th e m a tic a l a d so rp tio n  m o d e ls  w ere  
d em o n str a b ly  a ccu ra te  to  p red ict th e  ad so rp tio n  c a p a c ity  and m o d e r a te ly  accep ta b le  
for th e  p r e d ic t io n  o f  th e  b reak th rou gh  t im e  for w a ter  ad so rp tio n  fro m  th e  natural gas  
o n to  th e  m u lt i- la y e r  ad sorb er  u n d er th e ex p e r im e n ta l c o n d it io n s . H o w e v e r , the  
th eo re tica l b rea k th ro u g h  t im e  w a s  fo u n d  to b e  v e r y  se n s it iv e  to  th e  v a lu e  o f  o v era ll  
m a ss  tran sfer  c o e f f ic ie n t  (k  or ke). T h e  resu lts  o f  th e  m a th em a tica l m o d e ls  su g g e s te d  
that th e  ke o f  a p p ro x im a te  1 .0x1  O'4 w a s  p ra c tic a lly  a c c e p ta b le  fo r  a ll ex p er im en ta l 
c a se  sc e n a r io s . A lth o u g h  th e m a th em a tica l m o d e ls  w e r e  a lso  a b le  to  p red ict th e  
a d so rp tio n  c a p a c ity  v e r y  accu ra te ly , th eir  e s tim a tio n  o f  th e  b reak th ro u gh  t im e  w a s  
q u ite  sh orter  th an  that from  th e e x p er im en ts  b y  ab o u t 27 %  in  a v era g e . T h is  
d iffe r e n c e  o f  th e  b reak th rou gh  t im e  from  b e tw e e n  th e  th eo re tica l m o d e ls  and the  
e x p e r im e n ts  c o u ld  b e  fro m  th e errors in  the e x p e r im e n ts , su c h  a s  c h a n n e lin g  e ffe c t , 
th e  a c c u r a c y  and  r e sp o n d in g  t im e  o f  th e  h u m id ity  a n a ly zer , and in a d eq u a te  accu ra cy  
o f  eq u ilib r iu m  a d so rp tio n  iso th erm  d u e  to the lim ita tio n s  o f  th e  apparatus at lo w  
h u m id ity  le v e l. H o w e v e r , th e  th eo re tica l b reak th rou gh  c u rv es  s t i ll illu stra ted  the  
sa m e  trend and p attern  co rr esp o n d in g  to the c u r v e s  from  th e  ex p e r im e n ts . T h is
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in d ica ted  that th e  e x p e r im e n ta l eq u ilib r iu m  a d so rp tio n  iso th e r m  c o n s id e r a b ly  p la y e d  
an im p ortan t ro le  in  c o n tr o llin g  th e  a d so rp tio n  b e h a v io r s  o n  th e  m u lt i- la y e r  adsorber.

6 .2  R e c o m m e n d a t io n s

S in c e , th ere  is  s t i ll ro o m  for im p ro v em en t for th e  fu tu re stu d y  o f  th e  
ad so rp tio n  o f  w a te r  fro m  th e natural g a s  on  th e m u lt i- la y e r  ad sorber. A s  a resu lt, the  
fo l lo w in g  r e c o m m e n d a tio n s  w o u ld  b e  u se fu l for th e  future w o rk .
1) In ord er to  d e v e lo p  th e a d so rp tio n  m o d e ls  to  b e  m o re  r e p r esen ta tiv e  and m ore  

accu ra te , m o re  e x p e r im e n ts  o n  th e  a d so rp tio n  iso th erm  sh o u ld  b e  p erfo rm ed , 
e s p e c ia l ly  at lo w  h u m id ity  le v e l. A  s in g le  a d so rp tio n  iso th erm  e x p la in in g  the  
en tire  c u rv e  sh a ll m a k e  th e  o v e r a ll ad sorp tion  m o d e l m o re  f le x ib le  to  adjust the  
la y er  th ic k n e ss .

2 )  T h e  d isp e r s io n  and  co n ce n tr a tio n  p r o file  in  r and  9  d ir e c tio n s  sh o u ld  b e  tak en  in to  
a cco u n t to  m a k e  th eo re tica l b reak th rou gh  t im e  c lo s e r  to th e  ex p er im en ta l.

3 ) T h e  m o d e l s e n s it iv i ty  a n a ly s is  sh o u ld  b e  d o n e  to  ev a lu a te  o th er  p aram eters that 
m a y  s ig n if ic a n t ly  a ffe c t  o n  th e ch ara cter istic  o f  b reak th ro u gh  c u rv e  or t im e , su ch  
as d if fu s iv ity  c o e f f ic ie n t ,  v o id  fraction , and tem p era tu res.

4 )  A  sp e c ia l a n a ly zer , su ch  as d e w  p o in t  m eter , sh a ll b e  p r o v id e d  to  m easu re  th e  
w a ter  c o n ten t in  th e  e fflu e n t  g a s  so  that th e  a d so rb er  e f f ic ie n c y  ca n  b e  d eterm in ed .

5 ) I f  t im e  a l lo w s , it is  r e c o m m e n d e d  that the d e a c t iv a t io n  te st  b e  c o n d u c te d  in  order  
to  p red ic t th e  l i f e  o f  th e  ad so rb en ts.
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