
CHAPTER V
SYNTHESIS OF SULPHUR BENTONITE FERTILIZER

5.1 Abstract

B e n to n ite  c la y  w as m o d ifie d  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  
(P C H ), re sp e c tiv e ly . E a c h  c lay  w as m ix ed  w ith  liq u id  su lp h u r  to  o b ta in  e lem en ta l 
su lp h u r fe rtiliz e r: su lp h u r  b e n to n ite , su lp h u r-o rg a n o c la y , an d  su lp h u r-P C H , w ith  
c o n te n t o f  c lay s  1 0 -3 0  w t% . M ix tu re  w as m ix e d  a t 1 4 0 -1 5 0 ° c  fo r 2 h. A fte r  tha t the  
m ix tu re  fo rm ed  th e  s tru c tu re  o f  th e  p rill b y  d ip p in g  p a ss  th o u g h  th e  h o ld  w ith  2 m m  
d ia m e te r  an d  c o n tin u o u s ly  d ip p e d  o n  th e  c o o lin g  p la te , th e  d ro p le ts  w e re  q u ick ly  
co o led  on  a c o o lin g  p la te . T h e  p e lle tiz in g  p ro c e ss  w as su c c e ss fu lly  p ro d u c e d  su lp h u r 
b e n to n ite  w ith  b e n to n ite  c o n te n ts  o f  10, 20 , an d  30  w t% . In  th e  c a se  o f  su lp h u r-P C H , 
th e  fo rm u la s  w e re  su c c e ss fu lly  sy n th e s iz e d  o n ly  fo r c o n te n ts  o f  P C H  in the ran g e  o f  
7 to  12 w t% .

T h e  su lp h u r  b e n to n ite  w as c h a ra c te r iz e d  b y  u s in g  sc a n in g  e lec tro n  
m ic ro sc o p e  (S E M ). W h en  th e  b en to n ite  c o n te n t in c re a se d  fro m  10 to  30  w t% , the 
b e n to n ite  p h ase  w as  c le a rly  o b se rv ed . T h e  d isp e rs io n  o f  b e n to n ite  an d  P C H  in the 
su lp h u r  m a tr ix  w as re la tiv e ly  u n ifo rm  an d  free  fro m  a g g re g a tio n . In th e  case  o f  
su lp h u r-P C H , S E M  m ic ro g ra p h s  w ere  d iffe re n t b e c a u se  a  p o rtio n  o f  su lp h u r  m atrix  
g o in g  in s id e  p o re  an d  v o id  o f  P C H  and  so m e  o f  a su lp h u r  p o rtio n  re m a in  co a ted  on 
th e  su rface  o f  P C H . T h e  e v id e n t o f  S E M -E D X  im ag es  an d  th e  d e n s ity  m ap  sh o w ed  
th e  co m b in a tio n  o f  s ilic o n  and  su lp h u r.

5.2 Introduction

T h e  w o rld  d em an d  o f  su lp h u r fo r a g r ic u ltu ra l u se  h as  g ro w n  ra p id ly  in 
re c e n t y ea rs , as  fa rm e rs  seek  to  re p la c e  th e  su lp h u r  th a t w a s  p re v io u s ly  d e p o s ite d  as 
‘free  n u tr ie n t ' fro m  th e  a tm o sp h e re . E v ery  y ea r, c ro p  is h a rv e s te d , a p o rtio n  o f  the  
a v a ilab le  su lp h u r  is  d e p le te d  an d  a p o rtio n  is re tu rn e d  to  so il as re s id u e  and 
co n v e rted  in to  o rg a n ic  m atte r. B ut in  th e  c ro p p in g  sy s te m , it te n d s  to  rem o v e  m ore  
su lp h u r  th an  b e in g  re p la c e d  (S ch e re r, 2 0 0 1 ). S o  th e  su lp h u r  fe rtiliz e rs  a re  req u ired
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fo r so il su p p le m e n t. E le m e n ta l su lp h u r, a lth o u g h  a v a ila b le  in  la rg e  q u a n titie s , can n o t 
be  u sed  as a  n u tr ie n t m a in ly  b ecau se  it is n o t so lu b le  in  w a te r . A  g ra n u le  o f  e lem en ta l 
su lp h u r, th e re fo re , tak e s  a  v e ry  long  tim e  b e fo re  it a c tu a lly  re le a se s  in to  th e  soil 
(R iley  et a l ,  2 0 0 0 ). T h e  so lu tio n  fo r th is  p ro b le m  is to  c o m b in e  e le m e n ta l su lp h u r 
w ith  b en to n ite , a  ty p e  o f  c lay  th a t in c re a se s  its  v o lu m e  b y  a  fa c to r  o f  3 to  5 w h en  it 
co m es in to  c o n ta c t w ith  w ate r. F o r p re p a rin g  su lp h u r  b e n to n ite , a  m o lte n  su lp h u r has 
b een  m ix ed  w ith  b en to n ite  to  fo rm  a  safe  an d  easy  to  a p p ly  p ro d u c t. T h e  p rin c ip le  is 
th a t w h en  th e  c lay  ab so rb s  w a te r  and  sw e ll, it m ak es  p r ill fra c tu re  an d  d isp e rse s  to 
sm all p a rtic le s  o f  s u lp h u r (B o sw e ll et al . , 1988).

5.3 Experimental
** Sl

5.3.1 M a te r ia ls
S u lp h u r  (9 9 .9 9 % ) w as c o lle c te d  fo rm  T h a io il p la n t fro m  T-haioil C o ., 

T td . N a -B e n to n ite , (M a c -G e l®  G R A D E  S A C ), w as  o b ta in e d  fro m  T h a i N ip p o n  
C h em ica l In d u s try  C o ., L td . T h e  ca tio n  e x c h a n g e  c a p a c ity  (C E C ) o fb e n to n ite is  100 
m m ol/lO O g o f  c lay . P C H  an d  O rg an o c lay  p re p a re d  fro m  m o d if ic a tio n  o f  b en to n ite .

5 .3 .2  P re p a ra tio n  o f  S u lp h u r B en to n ite  F e r tiliz e r
T h e re  w ere  3 fo rm u la s  o f  su lp h u r b e n to n ite : (1 ) b e n to n ite + su lp h u r  

(B S °), (2 ) o rg a n o c la y + su lp h u r  (O S °), (3 ) P C H + su lp h u r  (P C H S °). T h e  sy n th es is  o f  
o rg an o c lay  and  P C H  w as d e sc rib ed  in  c h a p te r  IV  o f  th is  rep o rt. E a c h  fo rm u la  w as 
d iv id ed  in to  3 c o m p o s itio n s  o f  c lay : 10, 20 , 30 %  o f  c la y  (พ /พ ).

C la y s  and  su lp h u r  m ix tu re  w as  s tirred  b y  m ix in g  s tir re r  in  a  m ix in g  
c h a m b e r at 1 4 0 °c  (C a ld w e ll, 1979) fo r  2 h. T h en  d ro p le t o f  th e  m ix tu re  w as fo rm ed  
im m ed ia te ly , th e  d ro p le ts  o f  m ix tu re  w a s  d ip p ed  on  a  s ta in le s s  stee l p la te  to  o b ta in ed  
su lp h u r b e n to n ite  fe rtilize r.
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M ix ed  an d  1 4 0 °c  fo r 2 h.

Figure 5.1 P re p a ra tio n  p ro ced u re  o f  su lp h u r b e n to n ite  fe rtilize r.

Figure 5.2 M ix in g  c h a m b e r p e rfo ra ted  w ith  h o le  d ia m e te r  o f  2 m m .



3 4

Figure 5.3 M ix in g  c h a m b e r w ith  tem p e ra tu re  c o n tro lle r  se t (a ) an d  fo rm in g  su lp h u r 
b e n to n ite  p r ills  on  s ta in le ss  s tee l p la te  (b).

5 .3 .3  C h a ra c te riz a tio n
X -ray  d iffra c tio n  p a tte rn s  w ere  m easu red  -on a  R ig a k u  M o d e l D m ax  

2 0 0 2  d if f ra c to m e te r  w ith  N i-fd te re d  C u K a ra d ia tio n  o p e ra ted  at 40  k v  an d  30 m A . 
T h e  p o w d e r  sa m p le s  w ere  o b se rv ed  on th e  29  ran g e  o f  2 - 1 0  d eg ree  w ith  a scan  
sp eed  o f  2 d e g re e /m in  an d  a  scan  s tep  o f  0 .02  d eg ree .

S c a n n in g  e lec tro n  m ic ro sco p y  (S E M ) and  E n e rg y -d isp e rs iv e  x -ray  
sp e c tro sc o p y  (E D X ) w ere  p e rfo rm ed  on  H itach i ร -4 8 0 0  m o d e l. T h e  sp ec im en s  w ere  
co a ted  w ith  p la tin u m  u n d e r v a c u u m  to m ake th e m  e le c tr ic a lly  c o n d u c tiv e .

5.4 Results and Discussion

5.4.1 F o rm u la tio n  o f  S u lp h u r B en to n ite  P rills
S u lp h u r  and  b en to n ite  w ere  m ix ed  in  th e  c h a m b e r  at 1 4 0 ° c  un til fu lly  

h o m o g e n o u s , a fte r  th a t th e  m ix tu re  w as a llo w ed  to  f lo w  p ass  th o u g h  th e  h o ld  w ith  2 
m m . d ia m e te r  and  c o n tin u o u s ly  d ip p ed  on  th e  c o o lin g  p la te . T h e  m ix tu re  w as  rap id ly  
co o led  b y  th e  ro o m  te m p e ra tu re  to  form  a p rill sh ap e  on  a  s ta in le ss  s te e l p la te . T he 
size  o f  p r ills  d e p e n d e d  on  v isc o s ity  o f  m ix tu re , b e n to n ite  c o n te n t, an d  tem p e ra tu re  
d u rin g  m ix in g  p ro cess . T h e  h ig h e r  v isco sity  o f  m ix tu re , th e  sm a lle r  s ize  o f  p rill w as 
o b ta in ed . D u e  to  th e  lim ita tio n  o f  v isco sity , h ig h  b e n to n ite  c o n te n t c au sed  h ig h  
v isc o s ity  o f  m ix tu re . E x a g g e ra te  h ig h  v isc o s ity  o f  m ix tu re  co u ld  n o t flo w  pass 
th o u g h  th e  p e rfo ra ted  ho le . T h e  b en to n ite  co n te n t d id  no t a ffec t to  v isc o s ity  as m uch
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as P C H  d id , b e c a u se  P C H  h ad  h ig h  su rface  a rea , p o re  v o lu m e , an d  lo w  density . 
W h en  c o n te n t o f  P C H  w as h ig h e r th an  13 w t% , the  m ix tu re  co u ld  n o t f lo w  by  itself. 
C o n se q u e n tly , 3 fo rm u la s  o f  su lp h u r-b e n to n ite  (10 , 2 0 , 30  w t%  b e n to n ite )  and 3 
fo rm u la s  o f  su lp h u r-P C H  (7 , 10, 12 w t%  P C H ) w ere  o b ta in e d . F o rm a tio n  o f  su lp h u r 
and  o rg a n o c la y  w as n o t su ccessfu l d u e  to  th e  ch a n g in g  o f  m ix tu re ’s co lo r fo rm  
b ro w n  to b lack  an d  it re lea se  sm ell d u rin g  fo rm u la tio n  at 140” 1 5 0 °c . T h is  is due  to  
the  p re sen ce  o f  C T A B  in th e  in te r g a lle ry  o f  o rg an o c lay , w h ic h  w a s  s lo w ly  d eg rad ed  
a fte r  m ix in g  fo r 5 m in u te s . T h e re fo re , o rg a n o c la y  w a s  n o t su ita b le  fo r m ak in g  
su lp h u r b e n to n ite  fe rtilize r.

T a b le  5.1 F o rm u la tio n  o f  s u lp h u r b en to n ite  p rill

C lay
C la y ’s c o n te n t 

(w t% )
P rill C o lo r N o te

B en to n ite
10 y b ro w n
20 y b ro w n
30 y b ro w n

O rg an o c lay
10 ✓ b lack

R e lea sed  sm ell20 y b lack
30 y b lack

P C H

7 y b ro w n
10 y b ro w n
12 y b ro w n
20 X b ro w n



3 6

Figure 5.4 S u lp h u r b e n to n ite  p rill, 30 w t%  o f  b e n to n ite  co n ten t.

5 .4 .2  P rill S tru c tu re
S u lp h u r  fo rm ed  the  m a trix  o f  th e  p rill and  th e  a m o u n t o f  b en to n ite  

w as he ld  w ith in  it. W h e n  b en to n ite  c o n te n t in c reased  fro m  10 to  30  w t%  (F ig u re  5.5 
(a) (1)), th e  b e n to n ite  p h a se  w as c lea rly  o b se rv ed . F ro m  th e  e v id e n t o f  S E M -E D X  
im ag es  (F ig u re  5 .6  (a )-(f)) , a lm o st all o f  o u r e v id e n c e  su g g e s ts  th a t the  d isp e rs io n  o f  
b en to n ite  a n d  P C H  in th e  su lp h u r m e tric  w as  re la tiv e ly  u n ifo rm  and  free from  
ag g reg a tio n . S u lp h u r  m a tr ix  and  b en to n ite  w as  c le a r ly  se p a ra te d  and  su lp h u r m atrix  
ju s t  c o v e re d  a ro u n d  th e  b e n to n ite  p artic le .
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Figure 5 .5  S E M  im ag es  o f  (a) an d  (b ) su lp h u r b e n to n ite  (1 0  w t%  o f  b e n to n ite ) , (c) 
and  (d ) su lp h u r  b e n to n ite  (20  w t%  o f  b e n to n ite ) , (e) an d  (f) su lp h u r  b e n to n ite  (30  
พ t%  o f  b e n to n ite )  w ith  m a g n if ic a tio n  x 3 0 0  and  x l5 0 0 .  re sp e c tiv e ly .
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(e) (0
Figure 5 .6  E D X  d e n s ity  m a p  o f  su lp h u r b e n to n ite  p rill sh o w ed  s ilic o n  (le ft) and  
su lp h u r ( r ig h t)  , w h ic h  c o n ta in  (a) an d  (b) 10 w t%  o f  b e n to n ite , (c ) an d  (d ) 20  w t%  o f  
b e n to n ite , (e ) an d  (f) 30  w t%  o f  b en to n ite  w ith  m a g n if ic a tio n  x700 .

In  th e  case  o f  S u lp h u r-P C H , m ic ro g ra p h s  w e re  d iffe re n t and  a  p o rtio n  
o f  su lp h u r m a tr ix  w a s  in s id e  th e  p o re  and  v o id  o f  P C H . T h e  o th e r  p o rtio n  o f  th e  
re m a in in g  c o v e re d  on  th e  su rfa c e  o f  P C H  (F ig u re  5 .7 (a )-(f)) . T h e  ev id e n t o f  S E M - 
E D X  im ag es  (F ig u re  5 .8 (a )-(f)) , re p re se n ts  th e  d e n s ity  m a p  sh o w in g  th e  
c o m b in a tio n  o f  Si an d  ร.
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Figure 5 .7  S E M  im ag e  o f  (a) and  (b) su lp h u r-P C H  (1 0  w t%  o f  P C H ), (c ) and  (d) 
S iilphur-P C H  (20  w t%  o f  P C H ), (e) and  (f) su lp h u r-P C H  (3 0  w t%  o f  P C H ) w ith  
m ag n ific a tio n  x 3 0 0  an d  x l5 0 0 .  re sp ec tiv e ly .
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Figure 5.8  E D X  d e n s ity  m ap  o f  su lp h u r-P C H  p rill sh o w ed  s ilic o n  (le ft)  an d  su lp h u r 
(r ig h t)  , w h ich  c o n ta in  (a) and  (b ) 10 w t%  o f  P C H , (c) an d  (d )  2 0  w t%  o f  P C H , (e) 
and  (f) 30 w t%  o f  P C H  w ith  m ag n ific a tio n  x 7 0 0 .
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5.5 Conclusion

T h e  p e lle tiz in g  p ro c e ss  w as lim ited  by  b e n to n ite  c o n te n ts , p o re  v o lu m e  o f  
c lay , and  v isc o s ity  o f  m ix tu re . T h is  w o rk  su c c e ss fu lly  p re p a re d  n o v e l su lp h u r 
b en to n ite  fe r til iz e r  an d  su lp h u r-P C H  fe rtiliz e r  in  p e lle t fo rm . W h ile , th e  su lp h u r- 
o rg an o c lay  w as  n o t su c c e ssfu lly  p rep a red  b ecau se  o f  th e  d e g ra d a tio n  o f  ex is tin g  
su rfac tan t. C o n se q u e n tly , 3 fo rm u la s  o f  s u lp h u r-b e n to n ite  (1 0 , 20 , 30  w t%  b en to n ite ) 
and  3 fo rm u la s  o f  su lp h u r-P C H  (7, 10, 12 w t%  P C H ) w ere  o b ta in ed . F e rtiliz e rs  
d e riv ed  by  su lp h u r  b e n to n ite  an d  su lp h u r-P C H  req u ire  te s tin g  th e  p h y s ic a l p ro p ertie s , 
th e  d isp e rs ib ility  an d  th e  co n tro l re lease  o f  su lp h u r in  th e  n e x t w o rk s .
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