
C H A P T E R  III  
E X P E R IM E N T A L

3.1 M a ter ia ls  a n d  E q u ip m en t

3.1 .1  C h e m ic a ls
Z e o lite  4 A  (N a 2 0 :A l2 0 3 :2 S i0 2 :yFI2 0 ) 1 /16 in ch  ex tru d a te  w as 

p ro v id e d  b y  In s titu t F ran ça is  du  P é tro le  (IF P ), F ran ce .
C a lc iu m  c h lo r id e  d ih y d ra te  (C a C l2.2 H 20 )  o f  9 9 % -1 0 2 %  p u rity  w a s  

o b ta in e d  fro m  C a rlo  E rb a  R e a g e n t C o m p an y .
M a g n e s iu m  c h lo r id e  h e x a h y d ra te  (M g C l2.6 H 20 )  o f  m in im u m  9 9 %  

p u rity  w as o b ta in e d  fro m  S ch a rlau  C h em ie .
S tro n tiu m  c h lo r id e  h e x a h y d ra te  (S rC l2.6 H 20 )  o f  9 9 % -1 0 3 %  p u rity  

w as  o b ta in ed  fro m  F lu k a  C o ., L td ..
N o rm a l d e can e  (C io H 22) o f  9 9 + %  p u rity  w a s  o b ta in e d  fro m  A cro s

O rg an ic s

3 .1 .2  E q u ip m e n t
G as C h ro m a to g ra p h y  (G C ), A g ile n t te c h n o lo g ie s  6 8 9 0 N , s itu a te d  at 

In s titu t F ra n ç a is  d u  P é tro le  (IF P ), F ran ce .
A to m ic  A b so rp tio n  S p e c tro m e te r  (A A S ), V a ria n , M o d e l 3 OOP, 

s itu a te d  a t th e  P e tro le u m  an d  P e tro c h e m ic a l C o lle g e  (P P C ), T h a ilan d .
T h e rm o g ra v im e tr ic  A n a ly z e r, S e ta ru m  T A G  24 , s itu a ted  at In s titu t 

F ra n ç a is  du  P é tro le  (IF P ), F ran ce .
W a te r b a th  sh ak er, G F L  1086, s itu a te d  a t th e  p e tro le u m  an d  

P e tro ch em ica l C o lle g e  (P P C ), T h a ilan d .

3 .2  M o le c u la r  S iev e  P r e p a r a tio n  (w o r k  d o n e  at P P C )

Zeolite 4A or zeolite NaA was ion exchanged with different types of
divalent cation (Ca2+, Mg2+, and Sr2+) in order to give a pore size of zeolite suitable
for paraffins extraction.
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3.2.1 M o le c u la r  S iev e  P re p a ra tio n  P ro c e d u re
T h e  C a C l2 -2 H 2 0 , M g C l2 -6 H 2 0  an d  S rC l2 -6 H 2 0  w e re  m ix ed  w ith  

d e io n ise d  w a te r  to  p re p a re  v a r io u s  c o n c e n tra tio n  so lu tio n  o f  each  ca tio n . T h e  ion  
ex c h a n g e  w e re  c a rried  o u t by  p o u rin g  50  m l o f  c a tio n  so lu tio n  w ith  k n o w n  
c o n c e n tra tio n  in to  g la ss  b o ttle s  co n ta in in g  1 g o f  z eo lite  4 A  an d  le ttin g  th e  sy stem  
e q u ilib ra te  in  w a te r  b a th  sh a k e r  (ca lc iu m  a t 3 0 ° c ,  s tro n tiu m  a t 3 0 ° c ,  m a g n e s iu m  at 
3 0 ° c  an d  90°C ). T h e  e q u ilib r iu m  tim e  w as fo u n d  by  v a ry in g  th e  c o n ta c t tim e  
b e tw e e n  th e  so lid  an d  th e  so lu tio n . T h e  e q u ilib r iu m  w as  a c h ie v e d  w h en  th e  
c o n c e n tra tio n  o f  th e  so lu tio n  w as re la tiv e ly  c o n s ta n t as th e  c o n ta c t tim e  still in c rease .

3 .2 .2  C a tio n  E x c h a n g e  A n a ly s is
A fte r  th e  sy s tem  rea c h e d  its  e q u ilib r iu m , th e  g la ss  b o ttle s  w ere  

re m o v e d  fro m  th e  c o n s ta n t te m p e ra tu re  b a th  an d  filte red . T h e  c a tio n  c o n te n ts  in  th e  
so lu tio n  p h a se  w e re  d e te rm in e d  by  a to m ic  a b so rp tio n  sp e c tro m e te r . C a lib ra tio n  
cu rv es  o f  A A S  a re  sh o w n  in  A p p e n d ix  B. T h e  a m o u n t o f  th e  c a tio n  ex c h a n g e d  in to  
ze o lite  c a n  be  c a lc u la ted  by  d o in g  a  m a ss  b a la n c e  o f  th e  c a tio n  in  so lu tio n  (see  
A p p e n d ix  A ). T h e  lev e l o f  e x c h a n g e  w as re c h e c k ed  by  d is so lu tio n  o f  z eo lite  a fte r  
io n -e x c h a n g e  w ith  ac id  (1 0 %  v o lu m e  o f  co n e  H N O 3 in  w a te r). T h e  c a tio n  c o n te n ts  in  
th e  ac id  so lu tio n  w e re  a lso  d e te rm in e d  by  a to m ic  a b so rp tio n  sp e c tro m e te r . F in a lly , 
th e  sam e  lev e l o f  e x c h a n g e d  z e o lite s  o f  e a c h  d iv a le n t c a tio n  (C a 2+, M g 2+ an d  S r2+) 
w as c h o sen  as  ad so rb e n ts  fo r se p a ra tio n  o f  n o rm a l p a ra ffin  an d  th e  e ff ic ie n cy  o f  each  
a d so rb e n t w as  th e n  co m p ared .

3.3 Paraffin Adsorption (work done at IFP)

3.3.1 F eed  M o d e l
In  th is  re se a rch , n o rm a l d e c a n e  w a s  u sed  as  a  re p re se n ta tiv e  o f  

n o rm a l p a ra ff in s  in  a  c a rb o n  ran g e  o f  C 1 0 -C 1 4 .

3 .3 .2  T h e rm o g ra v im e tr ic  A n a ly se s
T h e  te m p e ra tu re  p ro g ra m  d e so rp tio n  (T P D ) o f  n o rm a l d ecan e  in each  

fo rm  o f  d iv a le n t m e ta l z e o lite  A  w as p e rfo rm e d  in  th e  th e rm o b a la n c e  ap p ara tu s . T h is
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e x p e rim e n t w a s  d iv id e d  in to  tw o  sec tio n s: sa tu ra tio n  o f  sa m p le s  w ith  n o rm al d ecan e  
an d  te m p e ra tu re  p ro g ra m  d e so rp tio n  in th e  th e rm o b a la n c e . F irs t, the  z eo lite s  w ere  
a c tiv a te d  b y  h e a tin g  u p  to  4 0 0 ° c  o v e r a  p e rio d  o f  2 h o u rs  u n d e r  d ry  n itro g e n  flo w  
an d  th en  p la c e d  d irec tly  in to  liq u id  n o rm al d e can e  fo r 24  h o u rs . A fte r  e a c h  sam p le  
w as sa tu ra te d , a p p ro x im a te ly  50  m g  o f  e a c h  sam p le  w e re  tra n s fe rre d  in to  th e  
th e rm o b a la n c e  a p p a ra tu s  u n d e r  d ry  h e liu m  a tm o sp h e re . M a ss  c h a n g e  o f  so lid s  w as 
d e te c te d  a s  a  fu n c tio n  o f  te m p e ra tu re  an d  tim e  in  th is  in s tru m e n t. S am p le s  w ere  
h ea ted  fro m  ro o m  te m p e ra tu re  to  1 2 0 °c  w ith  a  h e a tin g  ra te  o f  1 0 °c /m in  an d  k ep t 
c o n s ta n t a t th is  te m p e ra tu re  fo r  2 h o u rs  in  o rd e r  to  p u rg e  o u t n o rm a l d e c a n e  w h ich  
ad so rb e d  o n ly  o n  th e  su rfa c e  o f  so lid s  an d  in  th e  m a c ro p o re s . A fte r  2 h o u rs , th e  
te m p e ra tu re  w a s  th en  in c re a se d  a g a in  a t th e  sam e  ra te  to  8 0 0 ° c  in  o rd e r  to  see th e  
te m p e ra tu re  p ro g ra m  d e so rp tio n  o f  n o rm al d e c a n e  w h ic h  is ad so rb e d  w ith in  th e  
m ic ro p o re  o f  th e  m o le c u la r  s iev e . T h e  te m p e ra tu re  p ro file  o f  th e  e x p e rim e n t is 
sh o w n  in F ig u re  3.1.

Time (sec)

F ig u re  3.1 T e m p e ra tu re  p ro f ile  u sed  to  s tu d y  T P D  o f  n o rm a l d ecan e .

3 .3 .3  B re a k th ro u g h  C u rv e  E x p e rim e n t
A  sc h e m a tic  o f  th e  g as  ch ro m a to g ra p h y  a p p a ra tu s  u sed  in  th is  s tu d y  

is p re se n te d  o n  F ig u re  3 .2 . A  s ta in le ss  s tee l c o lu m n  (L = 1 0  cm  an d  D=T cm ) w as 
filled  w ith  a  k n o w n  a m o u n t o f  a c tiv a ted  a d so rb e n t p a rtic le s  an d  p la c e d  in to  th e  
c h ro m a to g ra p h  ov en . C o lu m n  te m p e ra tu re  is th u s  re g u la te d  b y  th e  ch ro m a to g ra p h
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re g u la tio n  sy stem . A n  in e rt g as  (n itro g e n )  w as p a sse d  c o n tin u o u s ly  th ro u g h  th e  
co lu m n , so  a s  to  av o id  a d so rb e n t p o llu tio n  by  a ir. N itro g e n  flo w ra te  w a s  c o n tro lled  
by a  m a ss  f lo w m e te r , c a p a b le  o f  d e liv e rin g  0 -1 2 0  cm 3/m in  o f  gas.

A fte r  p a s s in g  th e  flo w m e te r, th e  gas s tream  c a n  e ith e r go  d irec tly  to  
th e  c h ro m a to g ra p h  o r p a ss  th ro u g h  th e  sa tu ra to r, w h e re  it is sa tu ra ted  w ith  the  
se lec ted  h y d ro c a rb o n . T h e  h y d ro c a rb o n  c o n c e n tra tio n  a t th e  sa tu ra to r  w as  c o n tro lled  
by  th e  s a tu ra to r  te m p e ra tu re , re g u la te d  by  a  c ry o sta t. In  th is  e x p e rim e n t, th e  
te m p e ra tu re  o f  th e  sa tu ra to r  w as  fix ed  a t 18°c. W ith  th is  sy s te m , it is p o ss ib le  to  
feed  th e  c o lu m n  w ith  a  c o n s ta n t flo w  o f  h y d ro c a rb o n  a t c o n tro lle d  c o n c e n tra tio n , th e  
lo w es t c o n c e n tra tio n  b e in g  lim ited  by th e  m in im u m  te m p e ra tu re  o f  th e  c ry o sta t.

T h e  e ff ic ie n c y  o f  th e  sa tu ra to r  w a s  ch eck ed : th e  m easu red  
c o n c e n tra tio n  a t th e  o u tle t o f  th e  sa tu ra to r  w as  in  a c c o rd a n c e  w ith  th e  th eo re tic a l 
v a lu e , c a lc u la te d  fro m  th e  liq u id -v a p o r  e q u ilib riu m .

T h e  s ig n a l a t th e  o u tp u t w as  m e a su re d  ev e ry  1.2 se c o n d s  w ith  a 
T h e rm a l C o n d u c tiv ity  D e te c to r  (T C D ). T h e  T C D  w as p re fe rre d  to  th e  F lam e  
Io n iza tio n  D e te c to r  (F ID ), w h ich  is u su a lly  u se d  fo r h y d ro c a rb o n  c o m p o u n d s , 
b ecau se  o f  th e  flo w s  o f  h y d ro c a rb o n s  to  be  d e tec ted : F ID  d e te c to r ’s sa tu ra tio n  level 
is to o  sen s itiv e . P re ssu re  in  th e  c o lu m n  w a s  a lw ay s  a t a tm o sp h e ric  p re ssu re . T h ere  
w as no  p re s su re  re g u la tio n , an d  p re ssu re  d ro p  th ro u g h  th e  c o lu m n  w as fo u n d  to  be  
n eg lig ib le .

B re a k th ro u g h  cu rv e  is a  p lo t o f  n o rm a liz e  c o n c e n tra tio n  as a 
fu n c tio n  o f  tim e . N o rm a liz e  c o n c e n tra tio n  c a n  b e  c a lc u la ted  fo llo w in g  E q u a tio n  3 .1 .

N o rm a liz e d  co ncn . =  —'■———  (3 .1 )
c / - c

w h e re  c s(t) =  th e  s ig n a l v a lu e  a t sp e c if ic  tim e  (t).
Cj =  a v e ra g e  b a se  s ig n a l v a lu e  o f  th e  b re a k th ro u g h  cu rv e  o b ta in ed .
Cf =  a v e ra g e  fina l s ig n a l v a lu e  o f  th e  b re a k th ro u g h  cu rv e  o b ta in ed .
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F ig u r e  3 .2  B re a k th ro u g h  cu rv e  e x p e rim e n ta l se t up.
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