
CHAPTER IV 
MODIFICATION OF ORGANOCLAY 

AND POROUS CLAY HETEROSTRUCTURES
4.1 Abstract

In th is  w o rk , b e n to n ite  c la y  w a s  m o d if ie d  b y  q u an tern ary  a lk y la m m o n iu m  
c a t io n s  (C T A B )  to  ob ta in  o r g a n o c la y . S u b se q u e n tly , o r g a n o c la y  w a s  rea c ted  b y  c o 
su rfactan t and s i l ic a  so u r c e s  to  ob ta in  p o ro u s  c la y  h e tero  stru ctu res (P C H ). B y  
c a lc in a t io n  m e th o d , th e  su rfa cta n t te m p la te s  w e r e  r e m o v e d  fro m  P C H . P ro d u cts  w ere  
ch a ra c ter ized  b y  N 2 a d so rp tio n -d e so r p tio n , X R D , S E M , an d  F T IR  te c h n iq u e s . T h e  
resu lts  rev ea l that th e  o r g a n o c la y  had B E T  su r fa ce  area  o f  8  m 2 /g , a v e r a g e  p ore*" Sl
d ia m eter  in  th e  ran g e  o f  1 1 .0  n m , and p ore v o lu m e  o f  0 .0 2 2  c c /g , r e s p e c t iv e ly . W h ile  
P C H  had a  resu lt  o f  5 9 4  m 2 /g , a v era g e  p ore d ia m e te r  in  th e  ran g e  o f  5 .0  n m , and p ore  
v o lu m e  o f  0 .7 3 7  c c /g , r e sp e c t iv e ly . F rom  the X R D  r e su lts , o r g a n o c la y  h ad  th e b asa l 
sp a c in g  in c r e a se d  from  th e b e g in n in g  (b e n to n ite  1.21 n m ) to  3 .8 8  nm . T h e  pattern o f  
P C H  w a s  d if fe r e n t  from  o r g a n o c la y  that c o n fir m e d  th e  stru ctu re o f  c la y  w a s  
c h a n g e d . F rom  S E M  im a g e s , b en to n ite  and o r g a n o c la y  e x h ib ite d  a la y ered  or 
p la te lik e  stru ctu re, but th e  structure o f  P C H  w a s  d iffe r e n t from  in itia l m ater ia l. T h e  
p la te  stru ctu re w a s  d isa p p ea red  but th e  rou gh  stru ctu re w a s  p resen ted .

keywords ะ P o r o u s  c la y  h etero stru ctu res (P C H ), O r g a n o c la y , B e n to n ite

4 .2  I n tr o d u c t io n

R e c e n t ly , th e  d isc o v e r y  o f  a n e w  c la s s  o f  p o ro u s  m a ter ia ls  k n o w n  a s p orou s  
c la y  h etero stru ctu res (P C H ) h as b een  p ro p o sed  (G a larn ea u  et al., 1 9 9 5 ). T h is  p orou s  
m ateria l w a s  prep ared  b y su rfa cta n t-d irected  a s s e m b ly  o f  s i l ic a  in th e  tw o  
d im e n s io n a l in ter la y er  sp a c in g  o f  c la y s  (P ires  et al., 2 0 0 4  and  P o lv e r e ja n  et al., 2 0 0 0 ). 
T h e  P C H s m a ter ia ls  h a v e  im p ortan t p rop erties su ch  as e x h ib it in g  h ig h  su rfa ce  areas  
w ith  u n ifo rm  an d  s p e c if ic  p ore s iz e s  in the rarely  o b se r v e d  su p erm icro p o re  to  sm all 
m e so p o r e  re g io n  (P o lv e r e ja n  et al, 2 0 0 2 ) . In th e  sy n th e s is  o f  P C H . la yered  c la y s  w er e
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first in terca la ted  w ith  c a t io n ic  su rfactan ts. N eu tra l a m in e  co -su r fa c ta n t m o le c u le s  
w er e  th en  in terca la ted  a lo n g  w ith  s il ic a  s p e c ie s  w h ic h  le a d s  to  th e  p o ly m e r iz a tio n  o f  
s ilo x a n e  n e tw o r k  su rrou n d in g  the su rfactan t m ic e l le s  in  th e  c la y  g a lle r ie s . T h en , an  
o p e n -fr a m e w o r k  o f  s i l ic a  w a s  form ed  in  th e  g a lle r ie s  a fter  su rfactan t rem o v a l (Z h u  et 
ai, 2 0 0 2 ) .  F rom  th is  v ie w p o in t , th e se  p o ro u s  m a ter ia ls  c o u ld  fin d  a p p lica tio n  in m an y  
f ie ld s . T h e  P C H  su r fa ce  area is  h ig h er  than that o f  o r a g a n o c la y , m a k in g  it su ita b le  for  
e a s i ly  m o d if ie d  b y  fu n c tio n a l grou p  and h ig h er  su r fa ce  area for  s c a v e n g in g  sy stem . 
T h e p r e v io u s  w o rk  (P ra k o b n a  et al, 2 0 0 7 )  sh o w e d  th e  d ra m a tica lly  en h a n c e d  su rface  
area o f  P C H  co m p a red  to  b e n to n ite  and s u c c e s s fu lly  a tta ch ed  th e su r fa ce  o f  P C H  w ith  
m eth y l gro u p . T h e se  m o d if ie d  P C H  e x h ib ite d  th e in c r e a s in g  o f  e th y le n e  ad sorp tion . 
T h e  e x p a n d e d  w o rk  (Srith am m araj et al, 2 0 0 8 )  in v o lv e d  th e m o d if ic a t io n  o f  P C H ’s 
su rfa ce  b y  th io l gro u p  to  e n h a n c e  the c o n d u c tiv e  p ro p erties  o f  th e s e  P C H s. In 2 0 0 9 , a 
P C H  su r fa ce  w a s  m o d if ie d  b y  F e io n s  and th en  b le n d e d  w ith  p o ly la c tid e  for lo w  
o x y g e n  g a s  p e r m e a b ility  in  fo o d  p a c k a g in g  (M atta ya n  et ai, 2 0 0 9 ) .

T h is  w o rk  w a s  fo c u se d  on  an oth er  p o in t o f  v ie w :  th e  PCF1 w a s  prepared  to  
in crea se  th e  su r fa ce  area, p ore  v o lu m e , and p ore d ia m eter  in ord er to lim it the p artic le  
s iz e  o f  su lp h u r  that w a s  m ix e d  w ith  PCF1. T h u s, the co n tro l r e le a se  o f  su lp h u r cou ld  
b e ob ta in ed .

4 .3  E x p e r im e n t a l

4 .3 .1  M a ter ia ls
N a -B e n to n ite , (M a c -G e l®  G R A D E  S A C ), w a s  o b ta in e d  from  T hai 

N ip p o n  C h e m ic a l In d u stry  C o ., Ltd. T h e  ca tio n  e x c h a n g e  c a p a c ity  (C E C ) o f  b e to n ite  
is  10 0  m m o l/lO O g  o f  c la y . C e ty ltr im e th y la m m o n iu m  [C ]6H 33N +( C I l 3 ) 3 ] b rom id e  
(C T A B )  w a s  su p p lie d  b y  F lu k a. D o d e c y la m in e , C 1 2 FE7N , ( M W = 1 8 5 .3 5 ) ,  (98%  
p u r ified ) w a s  su p p lie d  b y  A ld r ic h . T etraeh ty l o r th o s il ic a te  (T E O S ), (M W = 2 0 8 .3 3 ) ,  
w e r e  p u rch a sed  from  F lu k a . M eth a n o l (C H 3 O H ) w a s  su p p lie d  b y  L ab  S ca n  and  
H y d r o c h o r ic  a c id  (H C 1) w a s  su p p lied  b y  C arlo  Erba.
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4 .3 .2  P u r if ic a t io n  and  p H  A d ju stm e n t o f  B e n to n ite
B e n to n ite  w a s  p u lv e r iz e d  and s ie v e d  th o u g h  3 2 5  m e sh . T h e  1 0 0 -g  o f  

the p a s s in g  part w a s  treated  w ith  1 0 0 0  m l o f  0 .5  M -H C 1 s o lu t io n  at ro o m  tem p era tu re  
for 2 4  h. A fte r  that, th e  s o l id  part w a s  sep a ra ted  b y  c e n tr ifu g a tio n  and th en  w a sh e d  
w ith  d is t ille d  w a ter  u n til th e  pH  v a lu e  n ear 7. T h e  sa m p le s  w a s  d ried  in  an o v e n  
o v e r n ig h t and a g a in  p u lv e r iz e d  in a m ortar.

Bentonite
S ie v e d  th o u g h  3 2 5  m e sh

T rea ted  w ith  1 0 0 0  m l o f  0 .5  M -H C 1  
▼  at ro o m  tem p éra tu re  for  4 8  h.

J  C en tr ifu g e d  

Solid part

1
1

W a sh e d  w ith  d is t i l le d  w a ter , p H ~ 7  

D r ie d  in  o v e n  o v e r  n ig h t

Purified- bentonite
Figure 4.1 D ia g r a m  o f  p u r if ic a tio n  o f  b en to n ite .

4 .3 .3  S y n th e s is  o f  O r g a n o m o d if ie d  B e n to n ite
E a ch  p u r if ie d -b e n to n ite  w a s  c o n v e r te d  in to  a q u atern a ry  a m m o n iu m  

e x c h a n g e  form  b y  io n  e x c h a n g e  w ith  c e ty ltr im e th y la m m o n iu m  b r o m id e . In first  
co n ta in e r , 10 0  g  o f  N a -b e n to n ite  w a s  s w o lle n  in 2  L o f  w a ter  fo r  2 4  h, and in se c o n d  
co n ta in e r  0.1 M  o f  C T A B  w a s  prep ared  for 2 0 0 0  m l. T h e  s o lu t io n  w a s  h ea ted  at 
5 0 ° c  u n til it b e c a m e  tran sp aren t. T h en  s o lu t io n s  o f  tw o  c o n ta in e r s  w e r e  m ix e d  for 2 4  
h at 5 0 ° c  4 0 0  rpm . T h e  o r g a n o m o d if ie d  b e n to n ite  w a s  f ilte r e d  and w a sh e d  w ith  
m ix tu re  o f  m eth a n o l and  w a ter  (1:1 v /v )  se v era l t im e s . It w a s  d r ied  in  a v a c u u m  o v e n  
at 8 0 ° c  u n til c o m p le te ly  d ried .
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I D r ied  in  a v a c u u m  o v e n  at 8 0 ° c
’  u n til dried

Organomodified bentonite

Figure 4;2 D ia g r a m  o f  p rep area tio n  o f  o r g a n o m o d if ie d  b e n to n ite .

4 .3 .4  S y n th e s is  o f  P o r o u s  C la y  H etero stru c tu re s  (P C H )
T h e  o b ta in in g  o r g a n o c la y  w a s  stirred  in  d o d e c y la m in e  fo r  3 0  m in  at 

5 0 ° c  fo l lo w in g  w h ic h  T E O S  w a s  ad d ed  (at m o la r  ratio  o f  o r g a n o c la y :d o d e c y la m in e  
:T E O S  w a s  1 :2 0 :5 0 ) . T h e  r e su lt in g  s u sp e n s io n  w a s  stirred  for  furth er 4  h  at room  
tem p era tu re . A fte r  th e  r e a c tio n  t im e  th e  s o l id  w a s  sep a ra ted  fro m  s o lu t io n  ag a in  b y  
f iltra tio n  an d  d ried  at 8 0 ° c  u n til dried . T h e  su rfactan t w a s  r e m o v e d  fro m  th e  as-  
s y n th e s iz e d  P C H  b y  c a lc in a t io n , T h e  a s -s y n th e s iz e d  P C H  w a s  c a lc in e d  at 6 0 0 ° c  for
6  h u s in g  a tem p era tu re  ram p rate o f  1 0 ° c  /m in .
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Organoclay
d o d e c y la m in e

Stirred  fo r  30 m in  at .50 ° c

T E O S
Stirred  fo r  furth er 4  h at 50 °c

F iltra ted  and  d ried  at 8 0 ° c  un til 
dried

As-synthesized PCH
C a lc in e d  at 6 0 0 °c  for  6  h  
(rate 10 °c /m in )(rate

Calcined as-synthesized PCH

Figure 4 .3  D ia g r a m  o f  sy n th e s is  o f  P C H .

4 .3 .5  C h a ra c ter iza tio n
X -r a y  d if fr a c tio n  p attern s w er e  m e a su r e d  o n  a B ru k er  A X S  m o d e l D 8  

D is c o v e r  d if fr a c to m e te r  w ith  N i-f i lte r e d  C u  K a rad ia tion  o p era ted  at 4 0  k V  and 4 0  

m A . T h e  p o w d e r  sa m p le s  w e r e  o b se r v e d  on  th e 2 9  ran g e  o f  1 -1 0  d e g r e e  w ith  a sca n  
sp e e d  o f  0 .5  s e c /s t e p  an d  an  in crem en t 0 .0 2  d e g r e e /s te p .

N 2 a d so r p tio n -d e so r p tio n  iso th e r m ร w e r e  o b ta in e d  at -196°c o n  a 

Q u a n ta c h o m e  A u to so r b -1 . P o w d e r  sa m p le s  w e r e  d e g a s s e d  at 1 5 0 ° c  d u rin g  12 h 
u nder v a c u u m  p rior to  a n a ly s is . S u r fa ce  areas w e r e  c a lc u la te d  u s in g  the B E T  
e q u a tio n . T h e  p o re  s iz e  d is tr ib u tio n s  w e r e  co n str u c te d  b a se d  o n  B arrett, J o y n er  and  
H a len d a  (B J H ) m e th o d  u s in g  th e a d so rp tio n  b ran ch  o f  th e  n itr o g e n  iso th erm .

S c a n n in g  e le c tr o n  m ic r o s c o p y  w a s  p e r fo r m e d  o n  H ita ch i ร - 4 8 0 0  
M o d e l. T h e  s p e c im e n s  w e r e  c o a ted  w ith  p la tin u m  u n d er  v a c u u m  to  m a k e  th em  
e le c tr ic a lly  c o n d u c tiv e .

F T -IR  sp ectra  o f  b e n to n ite , o r g a n o c la y , and  P C H  w e r e  o b ta in ed  u s in g  
a N ic o le t  N e x u s  6 7 0  F T -IR  sp e c tro m eter  in th e  fr e q u e n c y  ran g e  o f  4 0 0 0 —100 c m ’ 1
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w ith  3 2  sc a n s  at a r e so lu tio n  o f  2 c m '1. K B r p e lle t  te c h n iq u e  w a s  a p p lied  in  the  
p rep ara tion  o f  p o w d e r  sa m p le s . T h e  in co rp o ra tio n  o f  o r g a n ic  gro u p  in to  s il ic a te  
n etw o rk  w a s  in v e s t ig a te d  b y  u s in g  F T IR  tech n iq u e .

4.4 Results and Discussion

4 .4 .1  F T IR  R e su lts
B e n to n ite , O r g a n o c la y , and P C H  w e r e  in it ia lly  ch a r a c te r iz e d  b y  u s in g  

F T IR  m e th o d  to  c o n fir m  th e  p r e se n c e  o f  su rfa cta n t in  o r g a n o c la y  and th e  c h a n g e  o f  
stru ctu re o f  P C H . T h e  b road  p ea k  arou n d  3 5 0 0  c m "1 w a s  a s s ig n e d  to  th e  stre tch in g  
v ib ra tio n  o f  th e  s ila n o l a s so c ia te d  w ith  the s i l ic a  stru ctu re. T h e  p ea k  at 1 1 0 0 , 1 0 0 0 , 
and 8 0 0  c m ' 1 w er e  a s s ig n e d  to  th e  s tre tch in g  v ib r a tio n  o f  th e  SiC >4 u n its , the  
a sy m m e tr ic  and  sy m m e tr ic  s tre tch in g  v ib ra tio n s  o f  th e  S i-O -S i lin k a g e , r e sp e c tiv e ly . 
T h e sh arp  p e a k s  at 2 9 3 5  and 2 8 6 0  c m ' 1 in o r g a n o c la y  w e r e  a s s ig n e d  to  a sy m m etr ic  
and sy m m e tr ic  v ib r a t io n s  o f  m e th y l and m e th y le n e  g ro u p s  o f  su rfa cta n t. T h e  FT IR  
sp ectra  o f  P C H  w a s  m u ch  d ifferen t from  startin g  b en to n ite , in d ic a te d  b y th e  sh ift  o f  
p eak  at 1 0 0 0  c n f ’to  1 1 0 0  c m ' 1 and th e a b sen t o f  p e a k s  2 9 3 5  and 2 8 6 0  c m ''w e r e  
c o n fir m e d  that th e  su rfa cta n t w a s  r e m o v e d  a fter th e  c a lc in a t io n .

Figure 4.4 F T IR  sp ec tra  o f  b e n to n ite  (a ), o r g a n o c la y  (b )  and  P C H  (C ).
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F ig u r e  4 .5  X R D  p attern s o f  : (a ) b en to n ite , (b )  o r g a n o c la y , ( c )  P C H .

T a b le  4 .1  B a sa l sp a c in g  o f  B e n to n ite , O r g a n o c la y , and  P C H

S a m p le 2 0  ( d e g r e e ) d - v a lu e  (n m )
B e n to n ite 7 .3 2 1 . 2 1

O r g a n o c la y 2 .2 8 3 .8 8
P C H 2 . 2 1 3 .8 2

4 .4 .2  X R D  R e su lts
T h e  X R D  p attern s o f  b e n to n ite , o r g a n o c la y , an d  P C H  are sh o w n  in  

F ig u re  4 .5  and T a b le  4.1  p resen ted  that th e  b a sa l sp a c in g  o f  B T N  is  1.21 nm . A fter  
b e n to n ite  w a s  treated  w ith  c e ty ltr im e th y l-a m m o n iu m  b r o m id e  (C T A B )  to  ob ta in  
o r g a n o c la y , th e  p e a k  o f  sta rtin g  c la y  at 2 9  =  7 .3 2 °  (d = 1 .21 n m ) d isa p p ea red  (F ig u re  
4 .5 (b ) ) . T w o  str o n g  p ea k s  w e r e  o b se r v e d  at lo w e r  a n g le  a s  a re su lt  o f  th e  su c c e s s fu l  
in terca la tio n  o f  c a t io n ic  su rfactan t in the in ter la y er  o f  b e n to n ite . T h e  c la y  g a lle r ie s
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w ere  first o p e n e d  u p  b y  th e  in te rca la tio n  o f  th e  su rfa c ta n t c e ty ltr im e th y -la m m o n iu m  
ca tio n . S u b se q u e n tly , n eu tra l am in e  co -su rfa c tan t w as  th en  in te rc a la te d  b e tw een  c lay  
lay e rs  to  fo rm  m ic e lle  tem p la te s . T h en  s ilic a  so u rce s  (T E O S ) w as  in tro d u ced  to  
p o ly m e riz e  su rro u n d in g  th e  su rfac tan t m ic e lle s  in  th e  g a lle r ie s  o f  c lay . B y 
ca lc in a tio n  m e th o d , th e  su rfac tan t te m p la te s  w ere  rem o v e d  fro m  a s -sy n th es ized  
P C H s, re su ltin g  in the  fo rm a tio n  o f  p o ro u s s tru c tu res .

T h e  X R D  p a tte rn s  o f  P C H  are  sh o w n  in F ig u re  4 .5 (c ) . P C H  p eak  w as 
o b se rv ed  b o ard  peak  a t 2 9  =  2.21 ° {d -  3 .82  n m ) and  th e  p a tte rn  w a s  d iffe re n t from  
o rg an o c lay . A  p o ss ib le  rea so n  m ig h t be d u e  to  th e  d iso rd e re d  s tru c tu re  o f  s ilic a  
fram ew o rk  w h ic h  w as fo rm e d  in the  g a lle rie s  o f  c lay  sh ie ld in g  a  h ig h ly  reg u la r  
in te rs tra tif ic a tio n s  o f  th e  c lay  lay e rs  b u t it s till h ad  so m e  p a tte rn  o rd e r  s tru c tu re  th a t 
p re se n tin g  in  P C H . " '

4 .4 .3  N? A d so rp tio n -D e so rp tio n  R esu lts
T h e  N 2 a d so rp tio n -d e so rp tio n  re su lts  a re  p re se n te d  in  F ig u re  4 .6  and  

T ab le  4 .2 . T h e  iso th e rm  o f  B en to n ite  sh o w s a c h a ra c te r is tic  o f  n o n -p o ro u s  so lid  
in d ica tin g  lo w  a d so rp tio n  a m o u n t o f  n itro g en  and  p re sen t a  p la te a u  e x a c tly  p a ra lle l to  
th e  p re ssu re  ax is . M o reo v e r, the  B E T  su rface  a rea  o f  b e n to n ite  w a s  55 m 2/g. A fte r  
m o d if ic a tio n  o f  o rg a n o c la y , it sh o w ed  a  d e c rea se  in  su rface  a re a  an d  p o re  v o lu m e; 
h o w e v e r an  in c rea se  in p o re  d iam e te r w as o b se rv ed . A  p o ss ib le  re a so n  m ig h t be  d u e  
to  th e  p re sen ce  o f  su rfa c ta n t in  the  in te rlay e r c lay , it b lo c k e d  N 2 g as  to  ad so rb  in to  
th e  po re . A fte r  m o d if ic a tio n  o f  P C H , th e  su rface  a re a  P C H  w as  s ig n ific an tly  
in c reased  to  594  m 2/g  th a t co n firm ed  th e  s tru c tu re  o f  c la y  w as  c h a n g e d  fro m  p la te  
s tru c tu re  to  p o ro u s  s tru c tu re .

T a b le  4 .2  P o ro s ity  c h a ra c te r is tic s  o f  b en to n ite , o rg a n o c la y , an d  P C H

S am p le
M u ltip o in t B E T  

su rface  a rea  (m 2/g )
A v e ra g e  p o re  
d ia m e te r  (n m )

T o ta l po re  
v o lu m e  (cc /g )

B en to n ite 55 8.7 0 .1 2 0
O rg an o c lay 8 11.0 0 .022

P C H 594 5.0 0 .737
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Figure 4.6 N 2 a d so rp tio n -d e so rp tio n  iso th e rm s o f  (a ) o rg a n o c la y , (b ) b en to n ite , (c) 
P C H .

4 .4 .4  S E M  R e su lts
B e n to n ite  ex h ib ited  a  lay ered  o r p la te lik e  s tru c tu re  in  S E M  im age 

(F ig u re  4 .7 (a ) - (b ) ) ,  th e  p la te s  w ere  tig h tly  o v e rla p p e d  th a t c o n firm e d  by  d -v a lu e  o f  
X R D . A fte r  m o d if ic a tio n  o f  o rg an o c lay , th e  p la te  s tru c tu re  w as  still o b se rv ed , it 
co u ld  n o t fin d  th e  d iffe re n ce  o f  s tru c tu re  by  u s in g  o n ly  S E M  im ag e  b ecau se  
o rg a n o c la y  h ad  w id e r  sp ac in g  th an  b en to n ite .

A fte r  m o d if ic a tio n  o f  P C H , the  s tru c tu re  o f  c la y  w as d iffe re n t from  
in itia l m a te ria l. T h e  p la te  s tru c tu re  w as d isa p p e a re d  b u t th e  ro u g h  s tru c tu re  w as 
p re se n te d , d u e  to  th e  rep laced  o f  s ilic a  so u rce  b e tw e e n  in te r la y e r  o f  c lay . S in ce  the  
in te rla y e r w as  e x p a n d e d  and  th e  n ew  fo rm u la tio n  o f  s ilic a  n o t s tro n g  en o u g h , it 
co lla p se d  d u rin g  m o d if ic a tio n  o f  P C H  fo rm u la tio n  p ro c e ss  an d  c ru sh in g  p ro cess .



28

Figure 4.7 S E M  im ag es  o f  (a ) and  (b ) b e n to n ite , (c ) an d  (d ) o rg an o  c lay , (e ) and  ( 0  
P C H  w ith  m a g n if ic a tio n  1 8 .000X  and  5 0 .0 0 0 X , re sp e c tiv e ly .
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4.5 Conclusions

N a -b e n to n ite  c lay  w as d e riv ed  to  o rg a n o c la y  an d  p o ro u s  c lay  
h e te ro s tru c tu re s  (P C H ), re sp ec tiv e ly . W h en  b e n to n ite  w a s  tre a ted  w ith  C T A B  to  be 
o rg an o c lay , th e  d is tan ce  b e tw e e n  c lay  lay e rs  in c re a se d  as in v e s tig a te d  by  X R D . 
F u rth e rm o re , th e re  w a s  o b v io u s  b o ard  p eak  o b se rv e d  in  th e  X R D  p a tte rn s  o f  P C H  
d u e  to  th e  d iso rd e re d  s tru c tu re  o f  s ilica  f ram ew o rk  w h ic h  w as fo rm ed  in  th e  g a lle rie s  
o f  c lay  sh ie ld in g  a h ig h ly  re g u la r  in te rs tra tif ic a tio n s  o f  th e  c lay  lay e rs , b u t it rem a in  
h ad  so m e p a tte rn  o rd e r s tru c tu re  th a t p re se n tin g  in  P C H . F ro m  th e  an a ly s is  o f  N 2

a d so rp tio n -d e so rp tio n  d a ta , th e  re su lts  sh o w ed  th a t P C H s h ad  th e  h ig h e s t su rface  
a rea  o f  594  m 2/g . T h e  iso th e rm s  o f  PCFI b e lo n g  to  ty p e  IV , c o rre sp o n d in g  to  
m e so p o ro u s  ad so rb en ts . F ro m  S E M  im ag es , b e n to n ite  an d  O rganoclay  ex h ib ited  a 
lay e red  o r p la te lik e  s tru c tu re , b u t the  s tru c tu re  o f  P C H  w as m u c h  d iffe re n t from  
in itia l m a te ria l. T h e  p la te  s tru c tu re  w as d isa p p e a re d  b u t th e  ro u g h  s tru c tu re  W'as 
p resen ted . A b o v e  d a ta  p ro v id e s  the  p o ten tia l o f  PCFI w h ic h  o w n s  h ig h  su rface  a rea  
and  h ig h  p o ro u s  fo r su lp h u r  b en to n ite  p rep a ra tio n .
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