
CHAPTER II
THEORETICAL BACKGROUND AND LITERATURE REVIEW

2.1 Elemental Sulphur Fertilizers

S u lp h u r  is  e s se n t ia l for p ro te in  sy n th e s is  and th e  fo r m a tio n  o f  c h lo r o p h y ll . 
S u lp h u r  is  req u ired  in  the d e v e lo p m e n t o f  le a v e s , s te m s , an d  f lo w e r s  and m u st be  
p resen t for g o o d  n o d u le  d e v e lo p m e n t on  b ean  r o o ts . S u lp h u r  d e f ic ie n c y  sy m p to m s  
vary  b e tw e e n  c ro p s . T h e  d e f ic ie n c y  s y m p to m s  m a y  b e g in  a s  e a r ly  as th e  o n e  le a f  
s ta g e , w ith  th e n e w e s t  le a v e s  tu rn in g  y e l lo w is h  g reen  w ith  dark  v e in  co lo r a tio n . 
F lo w e r s  and le a v e s  are sm a ll and p a le . U n d er  m ild  su lp h u r d e f ic ie n c y , th ere  m a y  b e  
g o o d  v e g e ta t iv e  g r o w th , but f lo w e r s  and p o d s  w il l  b e  u n d e r d e v e lo p e d .

A n  e le m e n ta l su lp h u r fer tilizer  is  a k in d  o f  su lp h u r  fer tilizer . It is  s lo w  
r e le a se  fe r tiliz e r s , c o n ta in in g  h ig h  su lp h u r c o n te n ts . T h ey  are n o t p op u la r  in  a w id e ly  
u sed  (bu t g r o w in g ) . H o w e v e r , th e se  c ir c u m sta n c e s  m a y  c h a n g e  r e c o g n iz e d  a n eed  to  
fin d  m e th o d s  o f  a d d in g  su lp h u r to  a w id e ly  u sed  fe r t il iz e r s  u rea  and  trip le  
su p erp h o sp h a te . T h is  w o u ld  p rob ab ly  in v o lv e  m ix tu r e s  o f  th e  fe r t il iz e r s  w ith  su lphur.

E le m e n ta l su lfu r  h as b e e n  o x id iz e d  to  su lfa te  b e fo r e  it c a n  b e  ta k en  up by  
p la n ts . T h e  o x id a t io n  rate d e p e n d s  on  the su r fa c e  area o f  th e  p a r tic le s  o f  su lp h u r  
a v a ila b le  to  b e  u se d  b y  o x id iz in g  m ic r o -o r g a n ism s  in  th e  s o i l .  F or th e  rap id  o x id a tio n  
req u ires  f in e  su lp h u r  p a r tic le  s iz e  (e .g . w ith  1 - 2  p m  p a r tic le s  in  slu rry , o x id a t io n  is  
p ra c tic a lly  in s ta n ta n e o u s , (B e tta n y  and  J a n zen , 1 9 8 4 ). H o w e v e r , v e r y  f in e  p artic le s  
o f  su lp h u r  are d if f ic u lt  to  u se  and to  a p p ly  a s  a fe r tiliz e r , it d a m a g e s  to th e  e y e s  and  
lu n g s , and it e a s y  to  lo s s  b y  w in d  or lo s s  b y  w a te r  (H ila l, A b d e l-F a tta h  an d  K orkor, 
1 9 9 0 ). B u t, th e  m o s t  s e r io u s ly , f in e  p a r tic le s  o f  su lp h u r rep resen t a fire  and  e x p lo s iv e  
h azard  (R o th b a u m  and  G ro o m , 1 9 6 1 ).

T h e  rate o f  o x id a t io n  is d e term in ed  b y  th e  a c t iv ity  o f  th e  su lp h u r -o x id is in g  
m ic r o o r g a n ism  in  s o i l ,  w h ic h  in f lu e n c e d  b y  (a ) s o i l  p ro p er tie s  e s p e c ia l ly  s o i l  aeration  
and tem p era tu re  w h ic h  o x id a t io n  rate in crea se  w ith  in c r e a s in g  tem p era tu re  and (b)  
fe r tiliz e r  p ro p er tie s , w ith  o x id a t io n  rate in c r e a se  w ith  d e c r e a s in g  su lp h u r  p artic le
s iz e .
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2.2 Sulphur Bentonite Mixture

M ix tu re  o f  su lp h u r and b en to n ite  c la y  and b e n to n ite  c la y  o f fe r  a m eth o d  o f  
a p p ly in g  su lp h u r  in  h ig h  c o n cen tra tio n  ( e .g . 7 0 -9 0 %  ร )  o f  f in e  to  m o d e r a te ly -fm e  
p a rtic le  s iz e  in a sa fe -h a n d lin g  (d u st-fr e e )  p rod u ct. S u lp h u r  b e n to n ite  m ix tu r e s  can  b e  
prep ared  a s  dry m ix e s  o f  grou n d  su lp h u r and c la y  w h ic h  are th en  gra n u la ted  or as 
w e t  m ix e s  o f  m o lte n  su lp h u r and b en to n ite  c la y . T h e la tter m ix e s  m a y  b e  gran u lated  
or f la k ed  or p r illed  b y  o n e  o f  sev era l m e th o d s . W h en  w e tte d  th e b e n to n ite  tak e up  
w a ter  and th e  c la y  d isp e r se s  ( i .e . the prill b reak s d o w n ) to  r e le a se  th e  su lp h u r for  
o x id a tio n

M o st  c o m m e r c ia l ly  a v a ila b le  su lp h u r b e n to n ite s  are p rep ared  a s  w e t  m ix e s  
90 %  su lp h u r and  ab o u t 10%  b en to n ite . In w e t  m ix  p rod o cts,! th e  su lp h u r  fo rm s th e  
stru ctu re o f  th e  p r ill, th e  e x p a n d in g  b e n to n ite  c la y  is  m ix e d  w ith in  it, w h e n  w etted  
th e  b e n to n ite  e x p a n d  and fractu res th e  su lp h u r su rrou n d in g  it. T h e  e x te n t  o f  the  
sh a tter in g  o f  th e  su lp h u r  d e p e n d s  o n  th e  b e n to n ite  u se d , th e  p ro p o rtio n  o f  b en to n ite  
in th e  m ix tu re , and the h o m o g e n e ity  o f  th e  m ix in g . S o d iu m  b e n to n ite  s w e l ls  to  14 
t im e s  its v o lu m e  w h e n  w e tte d , w h ile  c a lc iu m  b e n to n ite  s w e l ls  1 - 2  t im e s  its  v o lu m e .

T h e  rap id  d isp e r s io n  o f  p r ills , r e su lt in g  f in e n e ss  o f  su lp h u r  p a r tic le  s iz e  and  
rate o f  p astu re p lan t u p ta k e  su lfa te  in c r e a se  as the b e n to n ite  c o n te n t  o f  m ix tu re  is  
in crea sed . F or  e x a m p le , th e  p r ills  w ith  4 0 %  b e n to n ite  w e r e  90 %  d isp e r se d  w ith in  4  
m in u te s  o f  w e tt in g , w h e r e a s  th o se  w ith  15%  b e n to n ite  w e r e  ab o u t 55 %  d isp ersed  
after  1 hour. R e su lts  from  a n a ly se s  o f  th e  10%  b e n to n ite  p r ills  (F ig u r e  2 .1 ;  b rok en  
l in e )  in d ica te  that at th is  b e n to n ite  c o n ten t th e  e v e n n e s s  o f  m ix in g  o f  b e n to n ite  w ith in  
th e  p r ills  is  v a r ia b le  and m ay  h a v e  a la rge  e f fe c t  on  th eir  m ea su red  rate o f  d isp ers io n . 
T h e  d isp e r s io n  o f  th e  5%  b e n to n ite  p rod u ct w a s  v e r y  s lo w  r e a c h in g  o n ly  10%  after  8  

d a y s  im m e r s io n . T h e  5%  b e n to n ite  p rod u ct w o u ld  ap p ea r  to  h a v e  litt le  v a lu e  as a 
p ractica l su lp h u r  fe r til iz e r  ( B o s s w e l l  et al., 1 9 8 8 ).



Figure 2.1 E ffe c t  o f  b e n to n ite  c o n te n t o n  the rate o f  d isp e r s io n  o f  p r ills  in w ater, 
B o s s w é ll  et al., 1 9 88 .

T h e  p a r tic le  s iz e  o f  S u lp h u r d istr ib u tio n  a fter  d isp e r s io n  in  w a ter , W h e n  th e  
c o n ten t o f  b e n to n ite  in cr e a se d  from  5 to  4 0  w t% , th e p a r tic le  s iz e  o f  su lp h u r  ten d  to 
d e c r e a se  fro m  5 to  4 0  w t%  o f  b e n to n ite , r e s p e c t iv e ly  (F ig u r e  2 .2 ) .
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Figure 2.2 Sulphur particle size distribution after dispersion in water, Bosswéll et
a i ,  1988.
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2.3 Effect of Different Forms of Sulphur Fertilizers to Crop’s Yield

Z h a o  et al. ( 2 0 0 0 )  co m p a red  th e d if fe r e n t  fo r m s  o f  su lp h u r fer tilizer  
b e tw e e n  su lp h u r b e n to n ite  and m ic r o n iz e d  su lp h u r. T h e  resu lt s h o w e d  that th e  su lfa te  
c o n ten t o f  th e  s o il in  first and  se c o n d  h arv est w e r e  g rea ter  in  m ic r o n iz e d  su lp h u r  
m o re  than  su lp h u r  b e n to n ite  b e c a u se  m ic r o n iz e d  su lp h u r  h a s sm a lle r  p a r tic le  s iz e , 
e a sy  to  d isp e r se  an d  h a s m a x im iz e  su rfa ce  area for  o x id a t io n . In co n tra st, th e  su lphur  
b e n to n ite  p r ills  w e r e  s ti ll v is ib le  on  th e s o i l  su r fa c e  at le a s t  2  m o n th s  after  
a p p lic a tio n . T h e  e x p e c te d  s w e l l in g  o f  b e n to n ite  u p o n  w a te r  a b so r p tio n  w a s  not 
s u ff ic ie n t  to  sh atter  and  d isp e r se  su lp h u r in th e  p r ills . T h e  d isp e r sa l o f  su lp h u r  
b e n to n ite  p r ills  w a s  p o o r  and  th e ex tern a l p h y s ic a l fo r c e  w a s  n e c e s sa r y  to  en su re  
d isp e r sa l, th e  su lp h u r  b e n to n ite  p r ills  w er e  s till to o  large fo r  rapid  o x id a t io n , but the 
in c r e a s in g  th e p ro p o rtio n  o f  b e n to n ite  im p ro v ed  d isp e r sa l o f  su lp h u r  and m o re  rapid  
r e le a se  o f  a v a ila b le  su lfa te .

2.4 Process for Forming Prill for Sulphur and Bentonite

A  p r o c e s s  for  p r illin g  a m ix tu re  o f  su lp h u r  and  b e n to n ite  to  p r o d u ce  a  w ater-  
d eg ra d a b le  prill in c lu d e s  a d d in g  dry b e n to n ite  in  p o w d e r e d  in to  a m o lte n  su lp h u r at a 
tem p era tu re  to  p r o v id e  a m o lte n  su lp h u r -b e n to n ite  m ix tu r e  (a b o v e  the m e lt in g  p o in t  
o f  su lp h u r and b e lo w  1 4 0 °C ) (R o s s o  and T e s  V e a u x , 1 9 5 0 ). T h e  m ix tu re  fo rm in g  
in to  a d ro p le t fo r m , fo r  q u e n c h in g  so lu t io n , w a ter  ca n n o t b e  u se d  b e c a u se  th e  su lp h u r  
b e n to n ite  d o e s  n o t p e lle t iz e  in  w a ter  but rather d e g r a d e , p r o v id in g  a q u e n c h in g  
so lu t io n  o f  e ith er  so d iu m  c h lo r id e , so d iu m  su lp h a te , p o ta s s iu m  c h lo r id e  or p o ta ss iu m  
su lp h a te  at a tem p era tu re  lo w  en o u g h  to s o l id ify  th e  su lp h u r -b e n to n ite  m ix tu re , 
d ip p in g  th e d ro p le t in to  the q u e n c h in g  s o lu t io n , p a s s in g  th e  d r o p le ts  th ro u gh  the 
q u e n c h in g  so lu t io n  for  a t im e  and at a tem p era tu re  o f  th e  q u e n c h in g  so lu t io n  
su ff ic ie n t  to  a n n ea l th e  d ro p le ts  in to  p r ills , th en  r e m o v in g  th e  a n n e a le d  p r ills  from  
th e  q u e n c h in g  s o lu t io n  and d ry in g  th e  p r ills  to  a s p e c if ie d  tem p era tu re  and  m o istu re  
c o n te n t (Z a h a rk o , 1 9 8 6 ).

F or s o m e  a n o th er  c o m m e r c ia l p r o c e s s , th e y  m ix e d  m o lte n  su lp h u r and  
b e n to n ite  w ith  c o n t in u o u s  and th rou gh  m ix in g  at an e le v a te d  tem p era tu re  b e tw e e n
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115-140°c, p o u r in g  th e u n ifo rm  m ix tu re  o n to  a m o v in g  w e t  s ta in le s s  s te e l b e lt, 
a l lo w in g  th e m ix tu r e  to  c o o l  to  a th ic k n e ss  o f  o n e-q u a rter  to  o n e - h a lf  in c h , cu r in g  th e  
c o o le d  m ix tu r e , c o m m in u t in g  th e m ix tu re  and sc r e e n in g  an d  se p a r a tin g  the gra n u les  
to h a v e  a s p e c if ie d  p a r tic le  s iz e  (C a ld w e ll et al., 1 9 7 9 ).

2.5 Clay Minerals

C la y  m in e r a ls , or p h y llo s il ic a te , c o n s is t  o f  s i l ic a te  la y e r  h e ld  to g e th e r  by  
w e a k  io n ic  fo r c e . G e n e r a lly , it ca n  b e  c la s s if ie d  in to  m a n y  ty p e s  a c c o r d in g  to  
d if fe r e n c e s  in  stru ctu res an d  c o m p o s it io n . O w in g  to  th e ir  c h e m ic a l c o m p o s it io n  and  
cry sta l stru ctu re, th e y  are d iv id e d  in to  fou r m a in  g ro u p s  w h ic h  are il l ite , sm e c tite ,  
v e r m ic u lité , an d  k a o lite . A m o n g  th e se , th e  o n e  that is  fo u n d  to  be u se fu l in th e  f ie ld  
o f  p o ly m e r  c o m p o s ite s  is  a  gro u p  o f  e x p a n d a b le  c la y  k n o w n  a s sm e c t i te  c la y .

S m e c tite  c la y  is  a grou p  o f  c la y  m a in ly  c o m p o s e d  o f  m o n tm o r illo n ite  
(M M T ) that is  a n a tu ra lly  o ccu rr in g  2:1 p h y llo s i l ic a te .  w h ic h  h a s  la yered  and  
c r y s ta llin e  stru ctu re . M o n tm o r illo n ite , w h ic h  is  th e  m a in  c o n s t itu e n t  o f  b e n to n ite s , is  
a m a in ly  s p e c ie s  o f  sm e c t ite  c la y . T h e stru ctu re o f  M M T  is  m a d e  o f  se v era l sta ck ed  
la y e r s , w ith  a la y e r  th ic k n e ss  around  0 .9 6  n m  and a la tera l d im e n s io n  o f  1 0 0 - 2 0 0  n m  
(L e r tw im o ln u m  and  V e r g n e s , 2 0 0 5 ) .  Its cry sta l la tt ic e  c o n s is t s  o f  a cen tra l octah ed ra l 
sh e e t  o f  a lu m in a  fu se d  b e tw e e n  tw o  ex tern a l s i l ic a  te trah ed ra l sh e e ts  ( in  su ch  a w a y  
that th e  o x y g e n  fro m  th e  octa h ed ra l sh e e t  a lso  b e lo n g  to  th e  s i l ic a  te tra h ed ra l), as  
sh o w n  in  F ig u re  2 .3 . T h e s e  la y e r s  o r g a n iz e  t h e m s e lv e s  in  a p a ra lle l fa sh io n  to form  
s ta c k s  w ith  a regu lar  ga p  b e tw e e n  th em , c a lle d  in ter la y er  or g a lle r y  (M a n ia s  et al., 
2 0 0 1 ) .  M o r e o v e r , th e  s ta c k s  o f  c la y  la y er  are h e ld  tigh t to g e th e r  b y  V a n  d er W aa ls  
fo r c e s .

Iso m o r p h ic  su b stitu tio n  w ith in  th e  la y ers  ( fo r  e x a m p le , A l3+ rep la ced  b y  
M g 2+ or F e 2+, o r  M g 2+ r e p la c e d  b y  L i1+) g e n e r a te s  n e g a t iv e  c h a r g e s  that are c o u n te r ­
b a la n c e d  b y  a lk a li and  a lk a lin e  earth c a t io n s  s itu a ted  in s id e  th e  g a lle r ie s . T h is  ty p e  o f  
la y ered  s il ic a te  is  ch a r a c te r iz e d  b y  a m o d era te  su r fa c e  c h a r g e  k n o w n  as th e  ca tio n  
e x c h a n g e  c a p a c ity  (C E C ), and  g e n e r a lly  e x p r e s se d  a s  m e q u iv /1 0 0  g m . T h is  ch a rg e  is  
n ot lo c a l ly  c o n s ta n t, but v a r ie s  from  la y er  to  la y er , an d  m u st b e  c o n s id e r e d  a s  an
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a v era g e  v a lu e  o v e r  th e  w h o le  cry sta l (M a n ia s  et a l,  2 0 0 1 ;  S in h a  R a y  O k a m o to .,
2 0 0 3 ) .

Q.

#

T etrah ed ral

M O ctrah edra l

^ T etrah ed ral

Figure 2.3 S tru ctu re o f  m o n tm o r illo n ite  (M o r la t et a l, 2 0 0 4 ) .4

B e n to n ite  is  a c la y  g en era ted  fr e q u e n tly  fro m  th e  a ltera tio n  o f  v o lc a n ic  ash . 
c o n s is t in g  p r e d o m in a n tly  o f  sm e c tite  m in e r a ls , u su a lly  m o n tm o r il lo n ite . D e p e n d in g  
o n  th e  n atu re o f  th e ir  g e n e s is ,  b e n to n ite  c o n ta in s  a v a r ie ty  o f  a c c e s s o r y  m in era ls  in  
a d d itio n  to  m o n tm o r illo n ite . T h e se  m in e r a ls  m a y  in c lu d e  q u artz , fe ld sp a r , c a lc ite , 
g y p su m , and  o th er  m e ta l o x id e . T h e  p r e se n c e  o f  th e se  m in e r a ls  ca n  im p a ct the  
in d u str ia l v a lu e  o f  a  d e p o s it , red u c in g  or in c r e a s in g  its  v a lu e  d e p e n d in g  on  the  
a p p lic a tio n .

2 .6  Organoclay

J in -H o  et al. ( 1 9 9 7 )  p repared  o r g a n o c la y  c o m p le x e s  e x h ib it in g  h y d r o p h ilic  
a s w e ll  as o r g a n o -p h ilic  n atu res b y  u s in g  se v e r a l k in d s  o f  q u an tern ary  
a lk y la m m o n iu m  c a t io n s  w ith  d ifferen t m o le c u la r  stru ctu re an d  fu n c tio n a l gro u p s, 
te a r y ld im e th y l a m m o n iu m  c h lo r id e  ( D M D S ) , m e th y ltr ie th a n o ld ip a lm ity le s te r -  
a m m o n iu m  m e th y l-su lfa te  (D C E M ), m o n o s te a r y ltr im e th y la m m o n iu m  c h lo r id e  
(O D E M ), and  m e th y l-tr ie th a n o lp a lm ity le s te r a m m o n iu m  m e th y lsu lfa te  (D H M C ),  
w er e  in co rp o ra ted  in to  in ter la y er  sp a c e s . X -ra y  d if fr a c tio n  p a ttern s for the d ried  
o r g a n o -c la y  c o m p le x e s . U p o n  in terca la tio n , th e  b a sa l sp a c in g  o f  D E 1M C -M  e x p a n d ed  
up to 6 6  Â , in d ic a t in g  th e  in co rp o ra tio n  o f  la rge  su rfa cta n t m o le c u le s .  O n  the b a s ic
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o f  X -ra y  d if fr a c tio n  p attern s an d  in frared  sp ectra , th e  in te r la y e r  p a c k in g  stru ctu res  
w er e  p r o p o se d , a s  sh o w n  in  F ig u re  2 .4 . A m o n g  th em , th e  fo rm a tio n  o f  a regu lar  
in terstra tified  stru ctu re fo r  D H M C  m o le c u le s  (F ig u r e  2 .4 d )  m ig h t  b e  d u e  to  the  
c o e x is t e n c e  o f  D C E M  m o le c u le s  in  th e  sta rtin g  m a ter ia l a s  a c o m p e t in g  g u est  
sp e c ie s .

Figure 2.4 S c h e m a tic  d ia g ra m s o f  th e  p o s s ib le  in ter la y er  stru ctu re  o f  ea c h  
q u aternary  a lk y la m m o n iu m  d er iv a tiv e : (a ) D M D S -M , (b ) O D T M -M , ( c )  D C E M -M  
and (d ) D H M C -M  (J in -H o  et al. 1 9 9 7 ).

2.7 Porous Clay Heterostructure (PCH)

A  v a r ie ty  o f  ord ered  m e so p o r o u s  m a ter ia ls  h a v e  b e e n  sy n th e s iz e d  by  
su r fa c ta n t-tem p la ted  m eth o d s. P o ro u s  c la y  h etero stru ctu re  (PC F1) is  a recen t c la s s  o f  
so lid  p o ro u s  m a te r ia ls  fo rm ed  b y  th e in terca la tio n  o f  su rfactan t w ith in  the  
in tra g a ller ie s  o f  c la y s . V a r io u s  ty p e s  o f  e x p a n d a b le  c la y  c o u ld  b e  e m p lo y e d  su ch  as
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h ec to r ite , v e r m ic u lite , sy n th e tic  sa p o n ite  and  m o n tm ir il lo n ite  for  th e  sy n th e s iz e d  o f  
th e se  h ig h ly  p o r o u s  c la y s .

P o lv e r e ja n  et al, ( 2 0 0 0 )  prepared  p o ro u s  c la y  h etero stru ctu re  fro m  sy n th e tic  
sa p o n ite  c la y  w ith  targeted  layer  ch arg e  d e n s it ie s  in  th e  ran g e  o f  X =  1 .2 - 1 .7  e' u n its  
per Q +T[M g 6] ( S i 8-.ïAl.v) 0 2 o(O H ) 4  u n it c e ll . T h e  to ta l a c id ity  ( 0 ,6 4 - 0 .7 7  m m o l/g )  
in crea sed  w ith  th e  sa p o n ite  layer  ch arg e  d e n s ity  (x ) , in d ic a tin g  that th e  a c id ity  is  
corre la ted  w ith  th e n u m b er o f  p orton s b a la n c in g  th e  c la y  la yer  ch a rg e  after  
ca lin a tio n . T h e  B E T  su rfa ce  areas o f  8 0 0 - 9 2 0  m 2/g  and  p ore v o lu m e  o f  0 .3 - 0 .4 4  
c m 3/g  w er e  o b ta in e d . T h e se  m a ter ia ls  sh o w e d  th e  u n iq u e  p ore  stru ctu re in  the  
su p erm icro p o re  to  sm a ll m e so p o r e  rang ab o u t 1 .5 - 2 .3  n m , as ca n  b e  s e e n  in T E M  
im a g e  (F ig u re  2 .5 )  and th e  th erm al sta b ility  is  up  to  at le a s t  7 5 0 ° c .

F ig u re  2 .5  T E M  o f  sa p o n ite  h eterostru ctu re  im a g e , P o lv e r e ja n  et al,. ( 2 0 0 0 ) .

P o lv e r e ja n  et al, ( 2 0 0 2 )  prepared  th e  p o s t  s y n th e s is  g r a ft in g  o f  a lu m in u m  
in to  the m e s o  stru ctu red  intra g a lle r y  s i l ic a  fra m e w o r k  o f  a P C H  p recu rso r  d er iv ed  
a d so rp tio n , fro m  a sy n th e tic  sa p o n ite  c la y . E le m e n ta l a n a ly s e s , p o w d e r  X -ra y  
d iffr a c tio n , N 2 a d so rp tio n  and 2 7 A 1 M A S  N M R  s p e c tr o s c o p y  w e r e  u sed  to  
ch ara c ter ize  th e  p ro d u cts , w h ic h  d es ig n a te d  A l-S A P /P C H . D e p e n d in g  o n  th e  c h o ic e  
o f  a lu m in u m  rea g en t (A IC I3 or N a A lC >2 ) , th e  A l-S A P /P C H  d e r iv a t iv e s  e x h ib ite d  
b asa l sp a c in g s  o f  3 2 - 3 4 .8  Â , B E T  su rfa ce  a rea s o f  6 2 3 - 9 0 6  m 2 /g , p o re  v o lu m e s  o f  
0 .3 2 - 0 .4 5  c m 2 /g , and p ore  s iz e s  in th e  large  m ic r o p o r e  to  sm a ll m e so p o r e  ran ge ( 1 4 -  
2 5  Â ). T h e  fo r m a tio n  o f  p o ro u s  c la y  h etero stru ctu re  is  p rese n te d  in  F ig u r e  2 .6 .
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F ig u r e  2 .6  S c h e m a tic  rep resen ta tio n  o f  p o ro u s  c la y  h e tero  stru ctu re (P C I I) 
fo r m a tio n  (P o lv e r e ja n  et al. , 2 0 0 2 ) .

T h e  P C H 's  su r fa ce  area is  h ig h e r  than  that o f  o r a g a n o c la y , m a k in g  it 
su ita b le  fo r  e a s i ly  m o d if ie d  b y fu n c tio n a l gro u p  and  h ig h e r  su r fa c e  area for  
s c a v e n g in g  sy s te m . T h e  p r ev io u s  w o rk  (P ra k o b n a  et al, 2 0 0 7 )  sh o w e d  the  
d ra m a tic a lly  e n h a n c e d  su r fa c e  area o f  P C H  co m p a r e d  to  b e n to n ite  and  s u c c e s s fu lly  
attach ed  th e  su r fa ce  o f  P C H  w ith  m eth y l grou p . T h e se  m o d if ie d  P C H  e x h ib ite d  the  
in c r e a s in g  o f  e th y le n e  a d so rp tio n . T h e  c o n tin u o u s  w o rk  (S rith 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  th e  c o n d u c tiv e  
p ro p er tie s  o f  th e se  P C H . In 2 0 0 9 , a P C H  su rfa ce  w a s  m o d if ie d  b y  F e  io n s  and then
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b le n d e d  w ith  p o ly la c t id 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 a tta y a n  et al, 2 0 0 9 ) .
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