
C H A P T E R  II 
B A C K G R O U N D  A N D  L IT E R A T U R E  S U R V E Y

T h is  re se a rch  re la te s  to  th e  se p a ra tio n  o f  n o rm a l p a ra ff in s  fro m  h y d ro ca rb o n  
m ix tu re  h a v in g  10 to  20  ca rb o n  a to m s p e r  m o le c u le  an d  c o n ta in in g  n o rm a l p a ra ffin s  
an d  n o n -n o rm a l h y d ro c a rb o n s  by  se le c tiv e  a d so rp tio n  o f  th e  n o rm a l p a ra ffin s  in  
a d so rb e n t w h ic h  is a  c ry s ta llin e  zeo litic  m o le c u la r  s iev e  m a te ria l. T h e  feed  m ay  
c o n ta in  e ith e r  o r  b o th  k e ro se n e  o r gas oil.

K e ro se n e  m ay  be  b ro ad ly  d e fin e d  as  a  h y d ro c a rb o n  m ix tu re  h av in g  an  in itia l 
b o ilin g  p o in t a c c o rd in g  to  th e  A m erican  S o c ie ty  o f  T e s tin g  M a te r ia ls  (A S T M ) o f  
ab o u t 275° F an d  an  A S T M  fin a l b o ilin g  p o in t b e lo w  600° F. K e ro se n e  c o n ta in s  
b e tw e e n  a b o u t 10 to  4 0  m o l p e rc e n t n o rm al p a ra ff in s  h a v in g  10 to  15 c a rb o n  a to m s 
p e r  m o le c u le ; th e se  p a r tic u la r  n o rm a l p a ra ff in s  a re  u sed  as  raw  m a te r ia ls  fo r 
d e te rg e n t m an u fa c tu re .

G as o il m ay  be  b ro a d ly  d e fin ed  as  a  h y d ro c a rb o n  m ix tu re  h av in g  a n  in itia l 
b o ilin g  p o in t a c c o rd in g  to  th e  A S T M  o f  a b o v e  400° F an d  an  A S T M  fina l b o ilin g  
p o in t b e lo w  700° F. G a s  o il c o n ta in s  b e tw e e n  a b o u t 10 to  40  m o l p e rc e n t n o rm a l 
p a ra ffin s  h a v in g  13 to  20  c a rb o n  a to m s p e r  m o lecu le .

It is k n o w n  th a t c ry s ta llin e  z e o litic  m o le c u la r  s ie v e s  m ay  be u sed  fo r 
se lec tiv e  a d so rp tio n  o f  n o rm a l p a ra ff in s  fro m  a d m ix tu re  w ith  n o n -n o rm a l. T h e  
d e ta ils  o f  z e o lite  m o le c u la r  s iev e  w ill be  d e sc r ib e d  b e lo w . S o m e  te c h n iq u e s  and  
p rev io u s  w o rk  re la ted  to  th is  re se a rch  w ill a lso  be  d e sc r ib e d  in  th is  c h a p te r  as  w ell.

2.1 Z e o lite  (m o le c u la r  s iev e )

Z e o lite s  a re  th re e -d im e n s io n a l c ry s ta llin e  m e ta l a lu m in o s ilic a te s  h a v in g  th e  
b asic  fo rm u la :

M2/n0 :Al2 0 3:xSi0 2 :yH20

Where M represent an exchangeable cation and ท its valence. In general, a particular
crystalline zeolite will have values for X and y that fall within a definite range
(Avery, 1969).
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Z e o litic  m o le c u la r  s iev e  h av e  p o re  o p e n in g  o f  u n ifo rm  d im e n s io n s  as 
c o n tra s ted  w ith  c o n v e n tio n a l ad so rb en t. F o r n o rm a l p a ra ff in s  ex trac tio n  th e  
m o le c u la r  s ie v e  m u st h av e  p o re  s ize  la rg e  e n o u g h  to  a llo w  n o rm a l p a ra ff in  m o lecu le s  
b u t to o  sm all fo r  th e  n o n -s tra ig h t ch a in  h y d ro c a rb o n s  to  p a ss  in to  th e  in n e r cag ew o rk  
fo r a d so rp tio n . T h u s  th e  m o le c u la r  s iev e  se le c tiv e ly  ad so rb s  n o rm a l p a ra ff in s  fro m  
th e  h y d ro c a rb o n  feed  an d  re je c ts  th e  la rg e r  n o n -s tra ig h t c h a in  h y d ro c a rb o n  
c o m p o n e n t o f  feed .

T h e  a p p ro x im a te  m a x im u m  d im e n s io n  in  A n g s tro m  u n its  o f  th e  m in im u m  
p ro je c te d  c ro ss -se c tio n  fo r sev e ra l m o le c u le s  is as  fo llo w s: b e n z e n e -5 .5 , p ro p an e -4 .9 , 
e th an e -4 .0 , a n d  iso b u tan e -5 .6 . T h ese  are  c a lc u la te d  fro m  b o n d  len g th s , b o n d  a n g le s  
an d  v an  d e r W aa ls  rad ii. T h e  co rre sp o n d in g  m a x im u m  d im e n s io n s  fo r la rg e r n o rm a l 
sa tu ra ted  h y d ro c a rb o n s  su ch  as  n o rm a l te tra d e c a n e  a re  su b s ta n tia lly  th e  sam e  as fo r 
p ro p an e , as  th e  le n g th  o f  th e  m o lecu le  is n o t a  d e te rm in in g  fa c to r  (M ilto n , 1963). 
T h is  m ean s  th e  ze o lite  m o le c u la r  s iev es  m u s t h av e  a  p o re  s ize  o f  fro m  a b o u t 4 .9  to  
ab o u t 5.5 a n g s tro m .

S ilv a  an d  R o d rig u e s  (1 9 9 9 ) in d ica ted  th e  in c re a s in g  h e a t o f  a d so rp tio n  w ith  
n u m b e r o f  c a rb o n  a to m s p e r  m o le c u le  o f  n o rm a l p a ra ffin s .

A m o n g  th e  n a tu ra lly  o c c u rr in g  m o le c u la r  s iev e  su ita b le  fo r p ra c tic in g  th is  
s e p a ra tio n  a re  e ro n ite  c a lc iu m  rich  c h a b a z ite  an d  c e r ta in  fo rm s  o f  m o rd en ite . 
S u itab le  sy n th e tic  zeo litic  m o le c u la r  s iev es  in c lu d e  ze o lite  D , R , ร , T  an d  d iv a le n t 
m e ta l c a tio n -e x c h a n g e d  fo rm s  o f  zeo lite  A  (B e n a z z i e t  a l ,  1994).

Z e o lite  A  is a  c ry s ta llin e  m o le c u la r  s iev e  w h ic h  m ay  b e  re p re se n te d  b y  th e
fo rm u la :

lM 2/n0 :Al203:2 Si0 2 :yH20

In  th is  fo rm u la  M  re p re se n ts  a  m e ta l, ท is a  v a le n c e  o f  M  an d  y  m a y  b e  an y  v a lu e  up  
to  6 d e p e n d in g  on  th e  id e n tity  o f  th e  m e ta l a n d  th e  d eg ree  o f  d e h y d ra tio n  o f  th e  
c ry s ta ls  (A v e ry , 1969).

Z e o lite  A  co n s is ts  b a s ic a lly  o f  a  th ree  d im e n s io n a l fra m e w o rk  o f  SiC>4 and  
A 1 0 4 te trah ed ra . T h e  te tra h e d ra l a re  c ro ss - lin k e d  b y  th e  sh a rin g  o f  o x y g e n  a to m s so 
th a t th e  ra tio  o f  o x y g e n  a to m s  to  th e  to ta l o f  th e  a lu m in u m  an d  s ilic o n  a to m s is eq u a l
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to  tw o . T h e  e le c tro v a len c e  o f  th e  te tra h e d ra  c o n ta in in g  a lu m in u m  is b a lan ced  by  th e  
in c lu s io n  in  c ry s ta l o f  a  c a tio n , fo r ex am p le , an  a lk a li o r  a lk a lin e  ea rth  m eta l ion. 
T h is  b a lan ce  m a y  be e x p re sse d  b y  th e  fo rm u la  A h /C a , Sr, B a, N a 2 , K-2 .

A lth o u g h  th e re  are  a  n u m b e r o f  c a tio n s  th a t m ay  be  p re se n t in  zeo lite  A  it is 
p re fe rred  to  fo rm u la te  o r  sy n th e s iz e  th e  so d iu m  fo rm  o f  th e  c ry ta l (z eo lite  4 A  o r 
zeo lite  N a A ) s in c e  th e  re a c tan ts  a re  read ily  a v a ila b le  an d  w a te r  so lu b le . A n y w ay  th is  
z e o lite  N a A  are  n o t su ita b le  fo r th is  re se a rch  d u e  to  sm a ll p o re  s ize  o f  ab o u t 4 
an g s tro m  w h ic h  w ill n o t a d so rb  n o rm a l p a ra ff in s  h a v in g  m o re  th an  fo u r c a rb o n  
a to m s p er m o le c u le , n o r an y  b ra n c h e d  c h a in  an d  cy c lic  h y d ro c a rb o n s .

T h e  N a A  can  b e  re p la c e d  by  v a r io u s  o th e r  c a tio n s  o r  by  h y d ro g e n  ion . T h e  
c o m m e rc ia l ty p e  3 A  z e o lite  is fo rm e d  by  e x c h a n g in g  N a + w ith  K +, re su ltin g  in  a 
sm a lle r  e f fe c tiv e  a p e r tu re  s ize  d u e  to  th e  la rg e  K +. T h e  a p e rtu re  s ize  o f  th e  so d iu m  
fo rm  can  a lso  be  in c re a se d  by  ex c h a n g in g  N a + w ith  C a + o r  M g +, s in ce  2 N a + are  
re p la c e d  b y  o n e  d iv a le n t c a tio n . T h e  fo rm  o f  th e  e x c h a n g e d  C a 2+ o r M g 2+ is ty p e  5A  
w ith  ra th e r u n o b s tru c te d  an d  la rg e r a p e rtu re s  (Y an g , 1997).

A s  a lre a d y  in d ica ted , a  su ita b le  fo rm  o f  z e o lite  A  is d iv a le n t m e ta l c a tio n - 
ex c h a n g e d  fo rm s such  as c a lc iu m , s tro n tiu m , an d  m a g n e s iu m . T h ese  d iv a le n t 
c a tio n ic  m e ta l fo rm s h a v e  la rg e r p o res  th an  th o se  in  so d iu m  z e o lite  A  an d  can  ad so rb  
la rg e r m o le c u le s  o f  n o rm a l p a ra ffin s  b u t still ex c lu d e  o th e r  n o n -n o rm a l 
h y d ro c a rb o n s . T h ese  fo rm s  o f  zeo lite  A  c a n  be  p re p a re d  by  ion  e x c h a n g e  
tech n iq u es .

Ion  e x c h a n g e  o f  th e  so d iu m  fo rm  o f  z e o lite  A  o r o th e r  fo rm s o f  z e o lite  A  
m ay  be  a c c o m p lish e d  by  co n v e n tio n a l io n  ex c h a n g e  m e th o d s . A  p re fe rre d  
c o n tin u o u s  m e th o d  is to  p ack  zeo lite  A  in to  a  se rie s  o f  v e rtic a l c o lu m n s  w ith  su ita b le  
su p p o rts  a t th e  b o tto m ; and  c h a n g e  th e  f lo w  fro m  th e  f irs t b ed  to  th e  seco n d  b ed  as 
th e  zeo lite  in  th e  firs t b ed  b e c o m e s  io n  e x c h a n g e d  to  d e s ire  ex ten t.

M ilto n  (1 9 6 3 ) d isc lo se d  th a t at le a s t 4 0 %  o f  so d iu m  ca tio n  in  zeo lite  A  n eed  
to  be  re p la c e d  by  d iv a len t c a tio n s  su ch  as  c a lc iu m  an d  m a g n e s iu m  fo r e ffe c tiv e  
sep a ra tio n  o f  n o rm a l p a ra ff in s  fro m  o th e r  n o n -n o rm a l h y d ro ca rb o n .

B a b ic h  (2 0 0 1 ) fo u n d  th a t, u su a lly , o n ly  a  lim ited  p a r t o f  th e  p ack ed  b ed  is 
u sed  e ffe c tiv e ly . In  h is  e x p e rim e n t, o n ly  6 0 %  o f  th e  so rb e n t c a n  be  u sed  to  reach
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su ffic ie n t s e p a ra tio n  o f  ท- an d  i-p a ra ffin s  (p u rity  o f  th e  e ff lu e n t g as  ab o v e  95% ). 
T h en , th e  se p a ra tio n  p ro c e ss  h as  to  be  s to p p ed , an d  th e  so rb e n t m u s t be  reg en e ra ted .

2 ,2  Io n  E x c h a n g e  in  Z e o li te s  (B re c k , 1984)

T h e  c a tio n  e x c h a n g e  b e h a v io r  o f  z e o lite s  d ep en d s  u p o n  (1 ) th e  n a tu re  o f  th e  
ca tio n  sp ec ie s , th e  ca tio n  size , b o th  a n h y d ro u s  an d  h y d ra ted , an d  c a tio n  ch a rg e ; (2 ) 
th e  te m p e ra tu re ; (3 ) th e  c o n c e n tra tio n  o f  th e  c a tio n  sp ec ie s  in  so lu tio n ; (4 ) th e  an io n  
sp ec ie s  a s so c ia te d  w ith  th e  c a tio n  so lu tio n ; (5 ) th e  so lv e n t (m o s t e x c h a n g e  has b een  
c a rrie d  o u t in  a q u e o u s  so lu tio n s ) ; an d  (6 ) th e  s tru c tu ra l c h a ra c te r is tic s  o f  th e  
p a r tic u la r  z eo lite . C a tio n  se le c tiv itie s  in  z e o lite s  do  n o t fo llo w  th e  ty p ica l ru le s  th a t 
a re  e v id e n c e d  by  o th e r  in o rg an ic  an d  o rg a n ic  ex c h a n g e s . Z e o lite  s tru c tu re s  h av e  
u n iq u e  fe a tu re s  th a t lead  to  u n u su a l ty p e s  o f  c a tio n  se lec tiv ity  an d  siev in g .

2.2 .1  Io n  E x c h a n g e  T h e o ry  (K a rg e  an d  W e itk a m p , 2 0 0 2 )
C o n s id e r in g  as  a n  ex a m p le  a  b in a ry  ex c h a n g e  in v o lv in g  c a tio n  A  an d  

B , th e  re a c tio n  e q u a tio n  is u su a lly  w ritte n  as:

z a B Zb + z bA Za < ->z a B Zb + z 0 Â ZA (2 .1 )

w h e re  ZA , ZB are  th e  ch a rg e  o f  th e  ex c h a n g e  c a tio n s  A  an d  B an d  th e  
o v e rb a rs  d e n o te  th e  zeo lite  p h ase . T h e  p re fe re n c e  d isp la y e d  by  th e  zeo lite  fo r o n e  ion  
o v e r a n o th e r  is th en  d e sc r ib e d  by  a  se le c tiv ity  co e ffic ien t.

k A /B
Ca Cp
c ; b cb

*  k x =  ^  r a / b
Xa CgA
XB c ;

*  k .  =^  K A/B
TT-< ZB zE a Cg
T? z A ^  zE b c /

(2 .2 )

w h e re  Ca , Cb  are  th e  ca tio n  c o n c e n tra tio n s  in  so lu tio n  (m o l d m '3) and  
th e  c o rre sp o n d in g  c o n c e n tra tio n s  in  th e  m o le c u la r  s iev e  a re  in d ic a te d  w ith  an  o v e rb a r  
(eq u iv  kg"1 d ry  ex ch an g e r). T h e  d e fin itio n  o f  kA/B is c o n s is te n t w ith  IU P A C  
re c o m m e n d a tio n s  b u t is n o t v e ry  c o n v e n ie n t fo r z e o lite s  b e c a u se  o f  th e  s ig n ific a n t
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w a te r  co n ten t. k * /0 an d  k  ̂ 0 a re  se lec tiv ity  c o e ff ic ien ts  in  w h ic h  th e  zeo lite  p h ase

c a tio n  c o n c e n tra tio n s  a re  d e fin e d  in  te rm s  o f  th e  m o le  fra c tio n  an d  e q u iv a le n t 
frac tio n  E, re sp ec tiv e ly :

> 
1 II o 
1

JM
" o 
1

(2 .3 )

E a — Z ^ C A /^ jC i (2 .4 )

W h en  Z A  =  Z b  =  Z j ,  th en  e q u iv a le n t an d  m o le  fra c tio n s  a re  n u m e ric a lly  
id en tica l a n d  k * /B =  k ^ 0 . O th e rw ise , th e se  fu n c tio n s  a re  n o t n u m e ric a lly  id en tica l.

In p ra c tic e , k  ^ 0 has b een  u se d  m o st e x te n s iv e ly  fo r s tu d ie s  o n  zeo lite s .

2 .2 .2  E x ch an g e  C a p a c ity  (B reck , 1984)
T h e  u ltim a te  b a se  ex c h a n g e  c a p a c ity  o f  a  z e o lite  d e p e n d s  o n  th e  

ch em ica l c o m p o s itio n ; a  h ig h e r  ex c h a n g e  c a p a c ity  is o b se rv e d  w ith  z e o lite s  o f  lo w  
S i0 2 /A 1 2 0 3  ra tio . In  a q u e o u s  so lu tio n , th e  re le v a n t c a p a c ity  is th a t o f  th e  h y d ra te d  
zeo lite . In  m a n y  ca se s  th e  m e a su re d  e x c h a n g e  c a p a c itie s  d e v ia te  fro m  th e se  v a lu e s  
d u e  to  im p u ritie s  (as in  m in e ra l z eo lite s )  o r  v a r ia tio n  in  c h em ica l co m p o sitio n . T h e  
sp ec if ic  e x c h a n g e  c a p a c itie s  v a ry  w ith  th e  e x c h a n g e  ca tio n . T h e  e x c h a n g e  c a p a c ity  
h as  b een  m e a su re d  as  p a r t o f  c h a ra c te r iz a tio n  p ro c e d u re  in  d e te rm in in g  io n  ex c h a n g e  
eq u ilib ria . E x c h a n g e  c a p a c ity  o f  so m e  z e o lite s  a re  sh o w n  in  T a b le  2 .1 .

T a b le  2.1 E x c h a n g e  c a p a c ity  o f  v a r io u s  z e o lite s

Z e o lite S i/A l
M illie q u iv /g
A n h y d ro u s

M illie q u iv /g
H y d ra ted

P o w d e r P e lle t P o w d er P e lle t
Z e o lite  A 1 7.0 5.6 5.5 4 .4
Z e o lite  X 1.25 6 .4 5.1 4 .7 3.8
Z eo lite  Y 2 5.0 4 .0 3 .7 3.0
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2 .2 .3  Io n  E x c h a n g e  o f  Z e o lite  A
Z e o lite  A  d isp la y s  a  d o u b le  io n -s ie v e  ac tio n . O n ly  sm a ll c a tio n s  can  

p e n e tra te  th e  s in g le  6 -rin g s  in to  B -cages. L a rg e  o rg a n ic  c a tio n s  c a n n o t p e n e tra te  th e  
8 -rin g s  in to  th e  a -c a g e s . In  th e  ty p ica l z e o lite  A , 12 u n iv a le n t io n s  a re  lo ca ted  in  each  
p se u d o -c u b ic  u n it  cell o f  24(A 1, S i ) 0 4 te trah ed ra .

cage

Figure 2.1 P se u d o  u n it  ce ll an d  ca tio n ic  s ite s  o f  z e o lite  A .

Io n  e x c h a n g e  e q u ilib r ia  in  z e o lite  A  in v o lv e d  m o s tly  u n iv a le n t an d  
d iv a le n t c o u n te r  ions. A tte m p ts  to  e x c h a n g e  w ith  tr iv a le n t c e riu m  io n s  w ere  
u n su c c e ss fu l (W ie rs  e t  a l ,  1982).

T h e  o rd e r  o f  d e c re a s in g  se le c tiv ity  fo r  u n iv a le n t io n s  is:
A g  >  T i >  N a  >  K  >  N H 4 >  R b  >  L i >  C s 

F o r d iv a le n t io n s, th e  o rd e r  o f  d e c re a s in g  se le c tiv ity  is:
Z n  >  S r >  B a  >  C a  >  C o  >  N i >  C d  >  H g  >  M g  

W h ile  th e  o rd e r  o f  d iv a le n t c a tio n  size  is:
H g  >  B a  >  C d  >  S r >  Z n  >  N i >  C o  >  C a  >  M g  

B a riu m  io n  e x c h a n g e  in  z e o lite  A  is p o ss ib le  w ith o u t d is ru p tio n  o f  
th e  s tru c tu re  i f  th e  ze o lite  is n o t d eh y d ra tio n  (S h e rry  an d  W alto n , 1966).

2.3 Normal Paraffins Extraction Conditions

Separating normal paraffins in a hydrocarbon mixture in the vapor phase
has many advantages over liquid phase separation (Brodbeck, 1966). Working with
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th e  v a p o r p h a se  p e rm its  in c rea sed  m a ss  tra n s fe r  ra te s  an d  ease  o f  m o v e m e n t o f  
m ate ria ls .

V a p o r  p h ase  o p e ra tio n  a lso  h e lp  re d u c in g  n o n se le c tiv e  c o m p o n e n t h o ld -u p  
b e tw een  a d so rb e n t p a r tic le s  (M azzo tti, 1996).

Y o u n g  e t  a l .  (1 9 6 7 ) d isc o v e re d  th a t e v e n  w h en  o p e ra tin g  a t a d so rp tio n  and  
d e so rp tio n  te m p e ra tu re  ab o v e  th e  d e w  p o in t o f  th e  h y d ro c a rb o n  feed  m ix tu re  is 
em p lo y ed , re la tiv e ly  p o o r  a d so rp tio n  an d  d e so rp tio n  ra te s  a re  o b ta in e d  u n le ss  the  
te m p e ra tu re  is m a in ta in e d  a t le a s t 40° c an d  m o re  p re fe rab ly  a t 50° c ab o v e  th e  d ew  
p o in t te m p e ra tu re  o f  th e  feed . A lth o u g h  th e  im p o rta n c e  o f  m a in ta in in g  th e  
te m p e ra tu re  ab o v e  th is  m in im u m  w as  n o t e n tire ly  u n d e rs to o d  a t th a t tim e , it w as 
b e liev ed  th a t it w as  at le a s t p a r tia lly  a ttr ib u ta b le  to  cap illa ry  c o n d e n sa tio n  o c c u rrin g  
in  th e  s iev e  w h ic h  m ay  e x is t a t lo w e r te m p e ra tu re .

L a te r  on  th is  h y p o th e s is  w as  co n firm e d . F u d e re r  (1 9 8 3 ) d isc lo se d  th a t th e  
sep a ra tio n  p ro c e ss  sh o u ld  be  c a rried  o u t a t te m p e ra tu re  ab o v e  th e  d e w  p o in t o f  
h y d ro c a rb o n  feed  an d  su ff ic ie n tly  h ig h  to  av o id  cap illa ry  co n d e n sa tio n . H o w ev e r, 
to o  h ig h  te m p e ra tu re  re su lt in  ex c e ss iv e  c ra c k in g  o f  th e  v a p o r  feed  an d  d e a c tiv a tio n  
o f  m o le c u la r  s ieve .

C o n c e rn in g  th e  p re ssu re , it is w e ll k n o w n  th a t in c re a s in g  p re ssu re  re su lts  in  
in c rea s in g  c a p a c ity  o f  m o le c u la r  sieve . In  th a t a sp e c t an  in c rea se  in  p re ssu re  is 
d es irab le . H o w e v e r, p re s su re  ab o v e  a tm o sp h e ric  req u ire  sp ec ia l e q u ip m e n t as  w ell 
as  h ig h e r  te m p e ra tu re  to  m a in ta in  th e  sy s te m  in  v a p o r  p h a se  an d , to  th a t d eg ree , a re  
u n d e s ira b le  (B ro d b e c k , 1966).

2 .4  D is p la c e m e n t  P u r g e  A d s o r p t io n  (D P A )

A d so rb a te s  can  b e  re m o v e d  fro m  th e  a d so rb e n t su rfa c e  by  re p la c in g  th em  
w ith  a  m o re  p re fe ren tia lly  ad so rb e d  sp ec ies . T h is  d isp la c e m e n t flu id  sh o u ld  ad so rb  
ab o u t as s tro n g ly  as th e  c o m p o n e n ts  w h ic h  a re  to  be  d e so rb ed . I f  th e  d isp la c e m e n t 
flu id  is ad so rb e d  to o  s tro n g ly  th en  th e re  m ay  b e  su b se q u e n t d iff ic u ltie s  in  re m o v in g  
it from  th e  ad so rb en t.

O n e  ad v a n ta g e  o f  th e  d isp la c e m e n t f lu id  m e th o d  o f  re g e n e ra tio n  is th a t the  
n e t h ea t g e n e ra te d  o r c o n su m e d  in  th e  a d so rb e n t w ill be c lo se  to  ze ro  b ecau se  th e
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h ea t o f  a d so rp tio n  o f  th e  d isp la c e m e n t flu id  is lik e ly  to  be  c lo se  to  th a t  o f  th e  o rig in a l 
ad so rb a te . T h u s  th e  te m p e ra tu re  o f  th e  a d so rb e n t sh o u ld  re m a in  m o re  o r less 
co n s ta n t th ro u g h o u t th e  cy c le . W ith  n e ith e r  p re ssu re  n o r te m p e ra tu re  ch an g e  fro m  
a d so rp tio n  to  d e so rp tio n , re g e n e ra tio n  b y  d isp la c e m e n t p u rg e  d e p e n d s  so le ly  on  th e  
ab ility  o f  th e  d isp la c e m e n t flu id  to  c le a n se  th e  b ed  in  re a d in e ss  fo r th e  n ex t 
ad so rp tio n  step .

In  e ffe c t th e  o rig in a l m ix tu re  o f  (A  an d  B ), w h ic h  w o u ld  h av e  b een  d iff ic u lt 
to  sep a ra te  b y  P S A  o r T S A , is sep a ra te d  b y  th e  " in te rv e n tio n "  o f  a n o th e r  s tro n g ly  
a d so rb ed  c o m p o n e n t D . T h e  ease  o f  s e p a ra tio n  o f  A  fro m  D , an d  B fro m  D , in  th e  
ad d itio n a l d is til la tio n  stag es , is c ru c ia l in  d e te rm in in g  th e  e c o n o m ie s  o f  d isp la c e m e n t 
p u rg e  cy c le  o p e ra tio n .

U su a lly , d e so rp tio n  s ta g e  o f  n o rm a l p a ra ff in s  ( re g e n e ra tio n  s tag e ) is s lo w e r 
th an  a d so rp tio n  stag e  u n d e r  th e  sam e  e x p e rim e n ta l c o n d itio n s  (B ab ich , 2 0 0 1 ). T o  
reach  th e  sa m e  cy c le  tim e , th e  f lo w  ra te  o f  th e  re g e n e ra tio n  s tag e  sh o u ld  be  g re a te r  
th an  th a t o f  th e  a d so rp tio n  stage .
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