
CHAPTER III 
EXPERIMENTAL

3.1 Materials

T h e  n a tu ra l zeo lite  (c lin o p tilo lite )  u sed  in  th is  s tu d y  w a s  p u rc h a se d  from  
M a rin e la n d  (M o o rp a rk , C A ). T o  o b ta in  th e  d e s ire d  p a r tic le  s ize  o f  0 .4 2 -0 .8 3  m m , 
c lin o p tilo lite  w as  g ro u n d  an d  s iev ed  by  u s in g  20  an d  4 0  m esh . T h e  sp e c if ic  su rface 
a re a  o f  c lin o p tilo lite  w as  d e te rm in e d  fro m  th e  10 -p o in ts  a d so rp tio n  iso th e rm  o f  N 2 
g as  o n  c lin o p tilo lite  u s in g  a  B E T  su rface  an a ly ze r. F ro m  th e  B E T  re su lts , it w as 
fo u n d  th a t th e  su rfa c e  a re a  o f  c lin o p tilo lite  is 10.15 m 2/g . C e ty l tr im e th y l am m o n iu m  
b ro m id e  o r  C T A B  (C i9H 42B rN ) an d  d iso d iu m  h e x a d e c y l d ip h e n y lo x id e  d isu lfo n a te  
o r  D O W F A X  8 3 9 0  (C iôH 33C i2H 7 0 (S 0 3 N a )2) w ere  u se d  as  th e  su rfa c e  m o d ify in g  
a g e n ts  to  m o d ify  c lin o p tilo lite  su rface . C T A B  w ith  a  p u rity  o f  9 6 %  is  pu rchased  
fro m  A ld ric h  (M ilw a u k e e , W I) an d  D O W F A X  8 3 9 0  w ith  a c tiv e  in g re d ie n ts  o f  36%  
is p u rc h a se d  fro m  D O W  C h em ica l (M id lan d , M I). B o th  c h e m ic a ls  w ere  u se d  w ithou t 
fu rth e r p u r if ic a tio n  to  รณd y  a d so rp tio n  c h a ra c te r is tic  o f  S M Z  fo r  h e a v y  m eta l and  
to x ic  o rg an ic . T h e  m o d e l h e a v y  m e ta ls  u sed  w ere  c a d m iu m  an d  lead . T o lu en e  w as 
u se d  as  m o d e l to x ic  o rg an ic  co n tam in an ts . C a d m iu m  c h lo r id e  ( C d C E ^ Z F L O )  and  
to lu e n e  (C 6H 5C H 3) w ith  a  p u rity  o f  9 9 .5 %  w ere  p u rc h a se d  fro m  C a rlo  E rb a  (M ilan , 
Ita ly ). L ead  c h lo r id e  (P b C b ) , w ith  a  p u rity  o f  9 9 .0 % , w as  p u rc h a se d  fro m  A PS 
(N S W , A u stra lia ) .

3.2 Experimental .

3.2 .1  P re p a ra tio n  o f  S u rfa c ta n t-M o d if ie d  Z e o lite  (S M Z )
T h e  firs t s tep  o f  su rface  m o d if ic a tio n  is c a tio n ic  su rfa c ta n t adso rp tion . 

C T A B  w as  u se d  to  rep la c e  th e  c o u n te rio n  on  th e  e x c h a n g e  s ite s  o f  th e  c lin o p tilo lite , 
th u s  c o n v e rtin g  th e  c lin o p tilo lite  su rface  to  b e c o m e  s tro n g ly  h y d ro p h o b ic . 
C lin o p tilo lite  w a s  in itia lly  tre a te d  w ith  C T A B  so lu tio n  a t a n  e q u ilib r iu m  C T A B  
c o n c e n tra tio n  su ff ic ie n t to  p ro v id e  a  c o m p le te  m o n o la y e r  a d so rp tio n  o f  C T A B  on  
c lin o p tilo lite . T h e  se c o n d  s tep  is an io n ic  su rfa c ta n t ad so rp tio n . C T A B -m o d ified
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c lin o p tilo lite  o b ta in e d  fro m  th e  f irs t s tep  w a s  re a c te d  w ith  D O W F A X  8 3 9 0 , w hich  
c a n  be  a n c h o re d  o n to  th e  C T A B -m o d if ie d  c lin o p tilo lite  su rfa c e  th ro u g h  h y d ro p h o b ic  
in te rac tio n . T h e  D O W F A X  8 3 9 0  c o n c e n tra tio n  w as u se d  b y  v a r io u s  fro m  1 to  10 
tim e s  o f  C T A B  co n cen tra tio n .

3.2.1.1 Adsorption o f  Cetyl Trimethyl Ammonium Bromide (CTAB) on 
Clinoptilo lite
A n  a d so rp tio n  iso th e rm  w as c o n s tru c te d  fro m  b a tc h  ad so rp tio n  

d a ta  to  d e te rm in e  th e  C T A B  so rp tio n  o n  c lin o p tilo lite  a t v a r io u s  C T A B  
c o n c e n tra tio n s . 0 .2  g  o f  c lin o p tilo lite  w as  m ix e d  w ith  20  m l o f  C T A B  aqueous 
so lu tio n  in  2 4 -m l sc rew -cap  g lass  v ia l. T h e  in itia l C T A B  c o n c e n tra tio n s  w e re  used  in  
th e  ra n g e  o f  5 0 -6 0 0 0  p M . V ia ls  w e re  e q u ilib ra te d  o n  a  sh a k e r  a t 150 rp m  a t 30°c fo r 
2 4  h o u rs , w h ic h  w e re  fo u n d  to  be  su ff ic ie n t to  a c h ie v e  e q u ilib riu m . A fter 
e q u ilib ra tio n , th e  su p e rn a ta n t w as  se p a ra te d  f ro m  th e  m ix tu re  by  sy r in g e  filte r. T he 
a d so rp tio n  o f  C T A B  o n to  c lin o p tilo lite  w as  q u a n tif ie d  by  m e a su rin g  th e  su rfac tan t 
c o n c e n tra tio n  b e fo re  a n d  a fte r  e q u ilib ra tio n  u s in g  a  to ta l o rg a n ic  c a rb o n  analyzer 
(S h im a d z u , m o d e l 5 0 0 0  A ). A  s im p le  m a ss  b a la n c e  w a s  u se d  to  d e te rm in e  th e  
a m o u n t o f  C T A B  ad so rb e d  o n to  th e  c lin o p tilo lite . T h e  a d so rp tio n  iso th e rm  w as 
c o n s tru c te d  b y  p lo ttin g  th e  a m o u n t o f  C T A B  a d so rb e d  o n  c lin o p tilo lite  (p m o l/g ) 
v e rsu s  th e  e q u ilib r iu m  c o n c e n tra tio n  o f  C T A B  in  th e  so lu tio n  (p M ).

3.2.1.2 Adsorption o f  Disodium Hexadecyl Diphenyloxide Disulfonate 
(D O W FAX8390) on CTAB-Modified Zeolite
F irs tly , c lin o p tilo lite  w a s  in itia lly  tre a te d  w ith  C T A B  so lu tio n  a t 

th e  e q u ilib r iu m  C T A B  c o n c e n tra tio n  su ff ic ie n t to  p ro v id e  a  c o m p le te  m ono layer. 
T h e  m ix tu re  o f  c lin o p tilo lite  an d  C T A B  so lu tio n  w e re  a g ita te d  a t 3 0 ° c  an d  150 rpm  
fo r 24  h o u rs  u n til re ach in g  e q u ilib riu m . A fte r  th a t, a  b a tch  a d so rp tio n  w as 
c o n s tru c te d  to  d e te rm in e  D O W F A X  8390 so rp tio n  o n  C T A B -m o d if ie d  c lin o p tilo lite  
a t v a r io u s  D O W F A X  8390 c o n c e n tra tio n s  fro m  1 to  10 t im e s  o f  C T A B  co n cen tra tio n  
(m o le  ra tio ). 0 .2  g  o f  m o d if ie d -c lin o p tilo lite  w a s  m ix e d  w ith  20  m l o f  D O W F A X  
8390 a q u e o u s  so lu tio n  in  2 4 -m l sc re w -c ap  g la ss  v ia l. T h e  m ix tu re s  o f  C T A B - 
m o d if ie d  c lin o p tilo lite  an d  D O W F A X  8390 so lu tio n  w e re  a g ita te d  a t 3 0 ° c  and  150 
rp m  fo r 2 4  h o u rs . T h e  a d so rp tio n  o f  D O W F A X  8390 w a s  q u a n tif ie d  b y  m easu rin g
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th e  su rfa c ta n t c o n c e n tra tio n  b e fo re  an d  a fte r  e q u ilib ra tio n  u s in g  a  U V -V IS  
sp e c tro p h o to m e te r  (P e rk in  E lm e r L a m d a  10) a t th e  w a v e le n g th  275  n m . A  sim ple 
m a ss  b a la n c e  w as  p e rfo rm e d  to  d e te rm in e  th e  a m o u n t o f  D O W F A X  8 3 9 0  adsorbed  
o n  th e  C T A B -m o d if ie d  c lin o p tilo lite .

3 .2 .2  S M Z  C h a ra c te riz a tio n
Id e n tif ic a tio n  o f  su rfa c ta n t b o u n d  o n  th e  c lin o p tilo lite  su rface  w as 

d o n e  b y  F o u rie r  T ra n s fo rm  In fra red  S p e c tro p h o to m e te r  (T h e rm o  N ic o le t, N exus 
670) w ith  32 sc a n  a t re so lu tio n  o f  4 c m ' 1 in  th e  f re q u e n c y  ra n g e  o f  4000-400 c m '1. 
A p p ro x im a te ly , 0.005 g o f  a  d rie d  sam p le  an d  0.065 g o f  a n  o p tic a l-g ra d e d  K B r 
p o w d e r  u se d  as  a  s ta n d a rd  w e re  m ix e d  an d  g ro u n d  to g e th e r. P r io r  to  th e  ana lysis , the  
sp e c im e n s  w e re  p re s se d  to  o b ta in  a  tra n sp a re n t th in  p e lle t. T o  re f le c t th e  ex ten t o f  
a d so rp tio n  a n d  th e  o r ie n ta tio n  o f  ad so rb e d  su rfa c ta n t o n  c lin o p tilo lite , th e  surface 
p o te n tia l o f  c lin o p ti lo li te  w a s  m e a su re d  b y  z e ta  m e te r  (Z e ta  m e te r , m o d e l 3.0+ unit).

3.2.3 A d so rp tio n  E x p e rim e n ts  fo r H e a v y  m e ta ls  a n d  O rg a n ic  co n tam in an t
3.2.3.1 Adsorption o f  Heavy Metals in Single-Metal System

B a tc h  a d so rp tio n  e x p e rim e n ts  w e re  p e rfo rm e d  to  d e te rm in e  the  
h e a v y  m e ta l (c a d m iu m  o r  le ad ) ad so rp tio n . In itia l c o n c e n tra tio n s  o f  h e a v y  m e ta l used  
w e re  in  a  ra n g e  o f  0.25 to  5.0 m M . 0.2 g o f  S M Z  a n d  20 m l o f  h e a v y  m e ta l so lu tion  
w e re  m ix e d  in  2 4 -m l sc re w -c ap  g la ss  v ia l. T h e  p H  o f  th e  so lu tio n  w as  ad ju s ted  to  5 
b y  u s in g  0.2 M  o f  HC1 an d  0.2 M  o f  N aO H . T h e  tu b e s  w ere  sh a k e n  fo r  24  hours at 
30°c a n d  150 rp m . T h e  su p e rn a ta n t w as  w ith d ra w n  fo r  th e  a n a ly s is  o f  h e av y  m etal 
b y  u s in g  A to m ic  A b so rp tio n  S p e c tro m e te r  (V A R JA N , m o d e l 300/400). S orp tion  o f  
h e a v y  m e ta l w a s  c a lc u la te d  fro m  th e  d iffe re n t b e tw e e n  in itia l an d  f in a l co n cen tra tio n . 
T h e  a d so rp tio n  iso th e rm  w as c o n s tru c te d  b y  p lo ttin g  th e  a m o u n t o f  h e av y  m etal 
ad so rb e d  o n  S M Z  (m m o l/g )  v e rsu s  th e  e q u ilib r iu m  c o n c e n tra tio n  o f  h e a v y  m etal in  
th e  so lu tio n  (m M ). F o r  h e a v y  m e ta l a d so rp tio n  u s in g  c lin o p tilo lite , th e  p rocedures 
w e re  p e rfo rm e d  in  th e  sam e  m a n n e rs  as S M Z .

3.2.3.2 Adsorption o f  Heavy Metals in Mixed-Metals System
B a tc h  a d so rp tio n  e x p e rim e n ts  w e re  p e rfo rm e d  to  d e te rm in e  the  

m ix e d  h e av y  m e ta l (c a d m iu m  a n d  le ad ) a d so rp tio n . In itia l c o n c e n tra tio n s  o f  bo th



18

h e a v y  m e ta l u se d  w e re  in  a  ran g e  o f  0 .25  to  3 .0  m M  a t th e  e q u a l-m o la r  ra tios o f  
c a d m iu m  an d  lead . 0 .2  g o f  S M Z  and  20  m l o f  m ix e d  h e a v y  m e ta l so lu tio n  w ere  
m ix e d  in  2 4 -m l sc re w -c ap  g lass  v ia l. T h e  p H  o f  th e  so lu tio n  w as  a d ju s te d  to  5 by  
u s in g  0 .2  M  o f  HC1 an d  0 .2  M  o f  N aO H . T h e  tu b es  w ere  sh a k e n  fo r  24  h o u rs  a t 30°c 
an d  150 rp m . T h e  su p e rn a tan t w a s  w ith d ra w n  fo r th e  a n a ly s is  o f  e a c h  h eav y  m etal 
io n s  by  u s in g  A to m ic  A b so rp tio n  S p e c tro m e te r (V A R IA N , m o d e l 3 0 0 /4 0 0 ). Sorp tion  
o f  e a c h  h e a v y  m e ta l w as  ca lcu la ted  fro m  th e  d iffe re n t b e tw e e n  in itia l and  final 
c o n c e n tra tio n . T h e  a d so rp tio n  iso th e rm  w as c o n s tru c te d  by  p lo ttin g  th e  am o u n t o f  
h e a v y  m e ta l a d so rb e d  o n  S M Z  (m m o l/g ) v e rsu s  th e  e q u ilib r iu m  co n cen tra tio n  o f  
h e a v y  m e ta l in  th e  so lu tio n  (m M ).

3.2.3.3 Adsorption o f  Toluene in Single-Solute System
A d so rp tio n  o f  o rg an ic  c o n ta m in a n t w as  s tu d ie d  by  m ix in g  0.2 g 

o f  S M Z  an d  20  m l o f  o rg an ic  so lu te  ( to lu e n e )  in  2 0 -m l c rim p -to p  g la ss  v ia ls  seal 
w ith  T e flo n -lin e d  se p ta  w ith  a  m in im u m  th e  h ea d sp a c e . T h e  in itia l o rg an ic  so lu te 
c o n c e n tra tio n s  w e re  u se d  in  th e  ran g e  o f  500  to  5 5 0 0  p M . T h e  v ia ls  w e re  sh ak en  fo r 
48  h o u rs  a t 3 0 ° c  a n d  150 rpm . T h e  su p e rn a ta n t w as  w ith d ra w n  fo r an a ly sis  o f  
o rg a n ic  so lu te  b y  u s in g  H ead sp ace  G as C h ro m a to g ra p h y  (A g ile n t, 6 8 9 0 N ). T he 
so rp tio n  o f  to lu e n e  w as d e te rm in e d  fro m  th e  d iffe re n t b e tw e e n  in itia l an d  final 
c o n c e n tra tio n .

3.2.3.4 Adsorption o f  Heavy Metals in Mixed-Solute System
A d so rp tio n  o f  h eav y  m e ta l (c a d m iu m  o r  lead ) an d  organic

c o n ta m in a n t ( to lu e n e )  w as  s tu d ie d  by  m ix in g  0 .2  g o f  S M Z  a n d  2 0  m l o f  o rgan ic  
so lu te  ( to lu e n e )  in  2 0 -m l c rim p -to p  g la ss  v ia ls  sea l w ith  T e flo n -lin e d  se p ta  w ith  a  
m in im u m  th e  h ea d sp a c e . In itia l c o n c e n tra tio n s  o f  h eav y  m e ta l u s e d  w e re  in  a  range 
o f  0 .2 5  to  5 .0  m M  a n d  fix ed  to lu e n e  c o n c e n tra tio n  a t 4 0 0 0  p M . T h e  p H  o f  the  
so lu tio n  w as  a d ju s te d  to  5 by  u s in g  0 .2  M  o f  HC1 an d  0 .2  M  o f  N aO H . T he 
su p e rn a ta n t w a s  w ith d ra w n  fo r th e  an a ly s is  o f  h e a v y  m e ta l b y  u s in g  A tom ic 
A b so rp tio n  S p e c tro m e te r  (V A R IA N , m o d e l 3 0 0 /4 0 0 ). S o rp tio n  o f  h eav y  m e ta ls  w as 
c a lc u la te d  fro m  th e  d iffe re n t b e tw e e n  in itia l an d  fin a l c o n c e n tra tio n . T h e  ad so rp tio n  
iso th e rm  w as c o n s tru c te d  by  p lo ttin g  th e  a m o u n t o f  h e a v y  m e ta l a d so rb e d  on  SM Z  
(m m o l/g )  v e rsu s  th e  eq u ilib r iu m  c o n c e n tra tio n  o f  h e av y  m e ta l in  th e  so lu tio n  (m M ).
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T h e  su p e rn a ta n t w as  w ith d ra w n  fo r a n a ly s is  o f  o rg a n ic  so lu te  by  u s in g  H ead sp ace  
G as C h ro m a to g ra p h y  (A g ilen t, 6 8 9 0 N ). T h e  a m o u n t o f  to lu e n e  so rb ed  w as 
d e te rm in e d  fro m  th e  d iffe re n t b e tw e e n  in itia l an d  fin a l co n c e n tra tio n .
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