
C H A P T E R  III  
E X P E R I M E N T A L

3.1  M a te r ia ls

3 .1 .1  C la y  M in e r a ls
B e n t o n it e  ( B T N )  w a s  s u p p l ie d  b y  T h a i N ip p o n  C h e m ic a l Industry  

C o ., L td .T h e  c a t io n  e x c h a n g e  ca p a c ity  (C E C ) o lB T N  w a s 5 5  m m o l/lO O g  o f  c la y .

3 .1 .2  S u rfa cta n ts
C e ty ltr im e th y la m m o n iu m  [C ]6H 33N +(C H 3) 3] b r o m id e  w a s  su p p lied  by  

F lu k a .D o d e c y la m in e , C12H27N. (9 8 %  p u r if ied , M W = 1 8 5 .3 5 )w a s  su p p lie d  b y  A ld r ich .

3 .1 .3  S il ic a  S o u r c e s
T etra eh ty l o r th o s il ic a te  (T E O S ), S i(O C 2 H j) 3 , (M W = 2 0 8 .3 3 )w a s  

su p p lie d  b y  F lu k a .

3 .1 .4  S o lv e n ts
M e th 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  I ly d r o c h o r ic  ac id  

(H C 1) w a s  su p p lie d  b y  C arlo  Erba.

3 .1 .5  C h e m ic a ls
A c e t ic  a c id  g ra c ia i (C H 3 C O O H )w e r e  su p p lie d  b y  C a rlo  E rb a .S o d iu m  

H y d r o x id e (N a O H ), A m m o n iu m  a ce ta te  (C H 3 C O O N H 4 ), B a r iu m  ch lo r id e  
(B a C l2 .2 Fl2 0 ) an d  P o ta s s iu m  su lfa te  (K ^ SC L jw ere su p p lie d  b y  A ja x  F in e  C h em . 
P o ta ss iu m  p h o sp h a te  ( 0 -5 2 - 3 4 )  and u rea  ( 4 6 - 0 - 0 ) w e r e  su p p lie d  b y  V ik in g ,a n d  
a c tiv a ted  carb o n  w a s  su p p lie d  b y  F luka.

3 .1 . 6  L iq u id S u lp h u r
L iq u id  su lp h u r w a s  su p p lied  b y T h a io i lP lu b lic C o ., Ltd.

3 .2  E q u ip m e n t



14

3 .2 .1  X -r a y  D iffr a c to m e te r  (X R D )
X -ra y  d iffr a c to m e te r  ( X R D )  w a s  u sed  to  o b se r v e  th e  d -v a lu e  o f  

o r g a n o c la y , P C H sa n d  to  in v e s t ig a te  th e  crysta l stru ctu re o f  c la y s . X -r a y  d iffra c tio n  
pattern s w e r e  m ea su r e d  o n  a X -ra y  d iffr a c tio n  p attern s w e r e  m e a su r e d  on  a B ru k er  
A X S  m o d e l D 8  D is c o v e r  d iffr a c to m e te r  w ith  N i-f i lte r e d  C u  K a rad ia tio n  op 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 er e  o b se r v e d  on  th e 2 0  range o f  1 -1 0  
d e g r e e  w ith a  sc a n  sp e e d  o f  0 .5  s e c /s te p  and a in crem en t 0 .0 2  d e g r e e /s te p .

3 .2 .2  S u r fa c e  area A n a ly z e r  ( S A A )
N2 a d so r p tio n -d e so r p tio n  iso th e r m s w e r e  o b ta in e d  at -196°c on  a 

Q u a n ta c h o m e A u to so r b -1 .S a m p le s  w e r e  d e g a sse d  at 15 0 °C d u 'r in g l2  h in a v a cu u m  
fu rn ace prior to  a n a ly s is . S u r fa ce  area W'ere c a lc u la te d  u s in g  th e B E T  eq u a tio n . T h e  
p ore s iz e  d is tr ib u tio n s  w e r e  c o n stru c ted  b a sed  on  B arrett. J o y n e r  an d  H a len d a  (B J H )  
m eth o d  u s in g  th e  a d so rp tio n  branch o f  th e  n itro g en  w a so th e r m .

3 .2 .3  F ou rier  T ra n sfo rm  Infrared  S p e c tr o sc o p y  (F T -1 R )
T h e  F T -IR  sp ectra  o f  o r g a n o c la y s , P C H sa n d  M a g n e t ic  P C H sw 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 tr o m e te r  in th e  fr e q u e n c y  ran ge o f  
4 0 0 0 - 4 0 0  c m ’ 1 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  th e  p rep ara tio n  o f  p o w d e r  sa m p le s . T h e  in c o r p o r a tio n  o f  o rg a n ic  grou p  
in to  s il ic a te  n e tw o r k  w a s  in v e s t ig a te d  b y  u s in g  FT1R.

3 .2 .4  T h e r m o g r a v im e tr ic  A n a ly s is  (T G A )
T G -D T A  c u r v e s  w e r e  c o l le c te d  o n  a  P e r k in -E lm e r  P yr is  D ia m o n d  

T G /D T A  in stru m en t. T h e  c la y  sa m p le  w a s  lo a d e d  o n  th e  p la tin u m  p an  and h eated  
from  3 0 ° c  to  9 0 0 ° c  at a h e a tin g  rate o f  1 0 ° c /m in  u n d er  N 2 f lo w  o f  1 0 0  m L /m in . For  

n a n o c o m p o s ite s , th e  sa m p le  w ere  h ea ted  from  3 0 ° c  to  5 0 0 ° c  at a h e a tin g  rate o f  

10 ° c /m in  u n d er  N 2 f lo w  o f  10 0  m L /m in .
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3 .2 .5  S c a n n in g  E lec tro n  M ic r o sc o p e  (S E M )
S c a n n in g  e le c tr o n  m ic r o sc o p y  w a s  p er fo rm ed  o n  H ita ch i ร - 4 8 0 0  

m o d e l to  o b se r v e  su r fa ce  m o r p h o lo g y  o f  P C H . T h e  s p e c im e n s  w e r e  c o a te d  w ith  
p la tin u m  u n d er  v a c u u m b e fo r e  o b se r v a t io n to  m a k e  th em  e le c tr ic a lly  c o n d u c tiv e .

3 .2 .6  C H N S  A n a ly z e r
C H N S  A n a ly z e r  w a s  reco rd ed  o n  T r u S p e c ®  su lp h u r M o d u le fo r  

d ete r m in a tio n  o f  su lp h u r  c o n te n t in  m ateria l. T h is  in stru m en t o p era ted  at 1 ,3 5 0  ° c ,  
the h ig h  h ea t resistan t c r u c ib le  w a s  required .

3 .2 .7  U V /V is  S p e c tr o p h o to m e te r
U V /V I S  S p e c tr o p h o to m e te r  w a s  reco rd ed  o n  a U V /v is s p e c tr o -  

p h o to m e te r  U V - 1 8 0 0  ( ร h im a d z u )  sc a n n in g  in p h o to m e tr ic  m o d e  at a w a v e le n g th  o f  
4 2 0  n m  at r o o m  tem p era tu re . E x p e r im e n ts  w er e  p er fo rm ed  in a liq u id  c u v e tte .

3.3 Methodology

3 .3 .1  P u r if ic a tio 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  

th e  p a s s in g  part w a str e a te d  w ith  1 0 0 0  m l o f  0 .5  M -H C 1 so lu t io n  at ro o m  tem p era tu re  
for 2 4  h. A fte r  that, th e  so lid  part w a s  sep ara ted  b y  c e n tr ifu g a tio n  and th en  w a sh ed  
w ith  d is t i l le d  w a ter  u n til th e  p H  v a lu e  n ear 7 . T h e  s a m p le s  w a s  d r ied  in 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.

3 .3 .2  S y n t h e s i s o f  O r g a n o c la y
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 ary  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 ro m id e . In first  
c o n ta in er , 1 0 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  for  2 4  h , and in  se c o n d  
co n ta in er  p rep are 0.1 M  o f  C T A B  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  until 
it b e c a m e  tran sp aren t. T h e n  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 iltered  and  w a sh e d  w ith  m ix tu re  o f
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m e th a n o l and  w a te r  (1:1  v /v )  sev era l t im e s . It w a s  d ried  in  a v a c u u m  o v e n  at 80°c 
u n til it dried .

3 .3 .3  S y n th e s is  o f  P o r o u s  C la y  H etero stru ctu re  (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  for 30 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 ecy l-  
a m in e :T E O S  w a s  1 :2 0 :5 0 ) . T h e  re su lt in g  su s p e n s io n  w a s  stirred  for  furth er 4 h  at 
roo m  tem p era tu re . A fte r  th e  rea c tio n  t im e  th e  so lid  w a s  sep ara ted  from  so lu tio n  
ag a in  b y  filtra tio n  and  d ried  at 80°c u n til d ried . T h e  su rfa cta n t w a s  r e m o v e d  from  
the a s - s y n th e s iz e d  P C H  b y  c a lc in a t io n s . 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 

600°c for  6 h u s in g  a tem p era tu re  ram p rate o f  1 0 ° c /m in .
»- ร1

3 .3 .4  P rep ara tio n  o fS u lp h u r  b e n to n ite  F er tilize rs
T h e e  fo r m u la s  o f  su lp h u r b e n to n ite  w e r e  sy n th e s iz e d ;  (1 )  b e n to n ite + su lp h u r  

(B S ° ) , (2 )  o r g a n o c la y + su lp h u r  (O S °), (3 )  PC H +S.ulphur (P C H S °) . E a ch  fo rm u la  w a s  
d iv id e d  in to  3 c o m p o s it io n s  o f  c la y : 10 , 2 0 , 3 0 , % o f  c la y  (พ /พ ) . A  p r o c e s s  to  
p ro d u ced  p ills  o f  c la y s  and  su lp h u r m ix tu re  w a s  m ix e d  b y  m ix in g  stirrer in a m ix in g  
ch a m b er  at 1 4 0 ° c  fo r  2 h. T h e n  fo r m in g  d r o p le ts  o f  th e  m ix tu r e im m e d ia te ly , the  
d ro p le ts  o f  m ix tu r e  w a s  d ip p ed  o n  s ta in le s s  s te e l p la te  to  o b ta in e d  su lp h u r  b en to n ite  
fer tilizer .

3 .3 .5  D e te r m in a tio n  o f S u lp h u r  C o n te n t in S u lp h u r  b e n to n ite  F ertilize r  
T h e  su lp h u r c o n te n t  w a s  d e te r m in e d  b y  lo s s  o n  ig n it io n . S u lp h u r

b e n to n ite  fe r t il iz e r  w a s  w e ig h t  a p p r o x im a te ly  2 0 0  m g  on  th e  k n o w n  w e ig h t  c ru c ib le . 
T h e  sa m p le  w a s  p la c e d  in to  T r u S p e c ®  su lp h u r  m o d u le  fu rn a ce  at 1 3 5 0  ° c .  A fte r  5 
m in u te s , su lp h u r  w a s  c o m p le te ly  burn up. A fte r  that th e  c r u c ib le  w a s  r e m o v e d  from  
th e  o v e n  and th e n  th e  c r u c ib le  w a s  c o o le d  at r o o m  tem p era tu re  fo r  1 0  m in u te s  or 
u n til th e  tem p era tu re  o f  c r u c ib le  w a s  eq u a l to  th e  ro o m  tem p era tu re . T h e  sa m p le  in  
th e  c r u c ib le  w a s  r e w e ig h te d  a g a in . T h e  lo s t  w e ig h t  w a s  th e  w e ig h t  o f  su lp h u r.
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3 .3 .6  D is p e r s io n  o f  S u lp h u r b e n to n ite P r ill in  W a ter
S m a ll c o la n d e r  o f  a p p r o x im a te ly  10 c m  d ia m e te r  and  7 c m  h e ig h t  

w e r e  m a d e  fro m  s ta in le s s  s te e l m e sh  o f  ab o u t 1 m m  aperture. F o r  p r ills  o f  ea ch  
su lp h u r /b en to n ite  ratio  d isp e r s io n  te s ts  w e r e  carr ied  o u t s im u lta n e o u s ly  in  1 2  

c o la n d e r s  (3  r e p lic a te s , 4  t im e  in terv a ls). O n e  gram  o f  p r il ls  w a s  w e ig h e d  in to  ea ch  
o v e n  dried  co la n d e r  and  th e  c e l ls  w e r e  p la c e d  in  a  tray o f  w a te r  at 2 5 ° c  at 2 
m in u te s in te r v a ls . A fte r  t im e  in terva l 1, th e  first c o la n d e r  w a s  r e m o v e d  and the  
m ateria l c a r e fu lly  and q u ic k ly  w a sh e d  w ith  1 0 0  m l o f  w a ter  to  f lu sh  from  the  
c o la n d er  th o se  p a r tic le s  d isp e r se d  to  d im e n s io n s  le s s  th an  1 m m . T h e  o th er  tw o  
r ep lica te s  for  th e  t im e  in terva l w e r e  s im ila r ly  r e m o v e d  an d  r in se d  at 2  m in u te s  
in terva ls . A fte r  w a sh in g , th e  c e l l s  and th e re ta in ed  p a r t ic le s  w e r e  o v e n -d r ie d .fo r  5 h  at 
8 5 ° c  and r e w e ig h e d . T h e  t im e  in terv a ls  c h o s e n  ran g ed  w id e ly  fro m  2  m in u te s  u p  to  
35  m in u te s  d e p e n d in g  o n  th e b en to n ite  c o n ten t; but for  e a c h  m ix tu r e  th e  fou r t im e s  
u sed  c o v e r e d  a w id e  d isp ersa l range

3 .3 .7  P u r if ic a tio n  and pH  A d ju stm e n t o f  S o il
S a n d y -so il  w a s  s ie v e d  p a ss  1 m m  s ie v e s ,  a fter  th at It w a s  w a sh e d  w ith  

d is t ille d  w a ter  m a n y  t im e s  u n til s o il p H  a p p r o x im a te ly  6 .5  b y  n e u tr a liz in g  s o i l  u s in g  
0.1 N  HC1 or  0.1 N  N a O H . T h e  s o il w a s  d e te r m in e d  su lp h u r  c o n te n t  in  s o il b y  u s in g  
T r u S p e c ®  su lp h u r M o d u le  b e fo re  and a fter  w a sh e d  w ith  d is t i l le d  w a ter . T rea ted  so il  
w a s  dried  in  air  for 5 d a y s  or u n til it c o m p le te ly  d ried .

3 .3 .8  O x id a tio n  o f  S u lp h u r F er tilize rs
T h e  e q u iv a le n t  o f  2 .5  k g  a ir-d ried  s o i l  w a s  w e ig h e d  an d  p la ced  in a 3 -  

litre  b la c k  p la st ic  b a g  w ith  d ra in a ge  h o le s . T h ere  w e r e  8  trea tm e n ts  o f  su lp h u r  
fertilizer: (1 )  co n tro l (n o  su lp h u r), (2 )  e le m e n ta l su lp h u r, ( 3 -5 )  su lp h u r  b e n to n ite  10, 
2 0 , 3 0  w t%  o f  b e n to n ite  c o n ten t, r e s p e c t iv e ly , ( 6 - 8 ) su lp h u r -P C H  7 , 10 , 12w t%  o f  
P C H  co n te n t, r e s p e c t iv e ly .T h e  q u a n titie s  o f  su lp h u r  fe r t il iz e r  w e r e  w e ig h e d  b a se  o n  
5 0 0  m g  o f  su lp h u r  c o n te n t. E a ch  su lp h u r fe r t iliz e r  w a s  put o n  th e su r fa c e  o f  s o i l ,  and  
ea c h  p ot w a s  w a tered  2 5 0  m l per d ay  u n til d a y  4 5 . 2 0  gra m s o f  s o il sa m p le  w a s  
c o lle c te d  b y  d ig g in g  d o w n  2  in c h e s  d e e p , a fter that s o i l  s a m p le s  w e r e  o v e n -d r ie d  at 
6 0 ° c  for 2 4  h .T h e  w a ter  so lu b le  su lfa te  in  s o il w a s  d e te r m in e d  b y  th e  e x tra c tio n  o f
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su lfa te  from  s o il .  A fte r  that the ex tra cted  su lfa te  s o lu t io n  w a s  d e te r m in e d  th e  
c o n c e n tr a tio n  o f  su lfa te  b y  u s in g  U V /V is  sp e c tr o sc o p y  te c h n iq u e .

3 .3 .9  S o y b e a n  P lan tation
T h e  e q u iv a le n t  o f  2 .5  k g  a ir-d ried  s o i l  w a s  w e ig h e d  and p la c e d  in  a 3 -  

litre b la ck  p la st ic  b a g  w ith  d ra in a ge  h o le s .T h e r e  w e r e  9  trea tm e n ts  o f  su lp h u r  
fer tilizers: (1 )  co n tr o l (n o n  n u tr ien t), (2 )  N P K  fe r tiliz e r  o n ly , (3 )  N P K  p lu s  
A m m o n iu m  su lfa te , ( 4 - 6 )  N P K  p lu s su lp h u r b e n to n ite  10 , 2 0 , 3 0  w t%  o f  b e n to n ite  
c o n ten t, r e s p e c t iv e ly , ( 7 - 9 )  N P K  p lu s  su lp h u r-P C H  7 , 10 , 1 2 w t%  o f  P C H  c o n ten t, 
r e sp e c t iv e ly . E a ch  treatm en t w a s  p la n ted  3 p o d s  p er  trea tm en t. T h e  q u a n titie s  o f  
su lp h u r fe r tiliz e r  w e r e  w e ig h e d  b a se  o n  2 0 0  m g  o f  su lp h u r c o n te n t, th e  su lp h u r  
fer tilizer  w a s  put o n  th e  so il su rfa ce . E ach  p o t e x c e p te d  co n tr o l trea tm e n t (n o n  
n u trient) r e c e iv e d  a N P K  fe r tiliz e r  d r e ss in g  o f  2 4 0  m g  p o ta s s iu m  p h o sp h a te  
(K H 2P O 4) and 162  m g  o f  urea ((TJI 1 2 ) 2 0 0 ) .E a ch  p o d , 3 s e e d s  o f  so y b e a n  w er e  b u ried  
under s o il su r fa ce  d ep th  1 cm . P o ts  w e r e  arran ged  o rd er ly  o n  b e n c h e s  in  a m o sq u ito  
net w ith  c o n tr o lle d  en v ir o n m e n ta l c o n d it io n s . T h e  p o ts  w e r e  w a tered  w ith  w a ter  to  
the so il su r fa c e  to  a l lo w  th e fer tilizers  to  p er c o la te  th o u g h  th e  s o i l .  H e ig h t , a m o u n t o f  
le a v e s  and  s e e d s  d ata  w er e  c o l le c te d  ev e r y  10 d a y s . T h e  p la n ts  w e r e  h a rv e ste d  at 
m atu rity  (6 0  d a y s  a fter  p la n tin g ) b y  r e m o v in g  san d  and w a s h in g  w ith  d e io n ise d  
w a ter  u n til ro o ts  c o m p le te ly  c lea n . S o y b e a n s  ( sh o o t  and ro o t) w e r e  sep ara ted  in to  
le a v e s , s te m , roo t, an d  se e d s . A l l  so y b e a n  parts w e r e  o v e n  d r ied  at 80°c for  7 2  h to  
r e m o v e  m o is tu r e , a fter  that ea ch  d ried  part w e r e  w e ig h e d  an d  c o l le c te d  dry w e ig h t  
data.

3 .3 .1 0 S u lp h u r  U p ta k e  o f  S o y b e a n
E ach  part o f  so y b e a n  in c lu d in g  o f  le a v e s , ro o t, s te m , and se e d s  w e r e  

o v e n  d ried . A fte r  that a n a ly z e d  sa m p le s  W'ere cu t, p u lv e r iz e d  an d , gro u n d  to  p a ss  a 
N o . 100  (1 5 0  m ic r o n )  s ie v e , r e sp e c tiv e ly . T h e  p rep ared  s a m p le s  w e r e  d e term in ed  
su lp h u r c o n te n t  b y  u s in g  T r u S p e c ®  su lp h u r M o d u le . T h e  su lp h u r  u p tak e  o f  ea ch  part 
ca lc u la te d  b y  th e  p rod u ct su lp h u r c o n te n t o f  e a c h  part and  d ried  w e ig h t .
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