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APPENDICES

Appendix A Introduction of Sulphur

E lem en ta l S u lp h u r
S u lp h u r o r S u lfu r is th e  ch em ica l e le m e n t th a t h as  th e  a to m ic  n u m b e r  16 and  

the s tan d a rd  a to m ic  w e ig h t 32 .0 7 . It is d e n o te d  w ith  th e  sy m b o l ร . T h e re  a re  a large  
n u m b e r o f  a llo tro p e s  o f  su lp h u r. T h e  m o st c o m m o n  fo rm  fo u n d  in  n a tu re  is y e llo w  
o r th o rh o m b ic  c ry s ta llin e  a -su lp h u r , w h ich  c o n ta in s  p u c k e re d  r in g s  o f  S8, as  it is 
th e rm o d y n a m ic a lly  s tab le  at o rd in a ry  tem p e ra tu res .

Figure A1 S tru c tu re  o f  C y c lo o c ta su lp h u r  (a -su lp h u r) , S8.

S u lp h u r  is v ita l to  m o d e m  life as o n e  o f  th e  m o s t v e rsa tile  an d  e ssen tia l raw  
m a te ria ls . It ex is ts  in  food  and  m ed ic in e , w h ich  is a  b u ild in g  b lo c k  o f  life  fo r p lan ts  
and  a n im a ls , an d  is u sed  in  m o st m a n u fa c tu rin g  an d  in d u s tr ia l w o rld w id e . E lem en ta l 
su lp h u r so u rces  m o s tly  o b ta in e d  from  the  n a tu ra l gas p ro c e ss in g , o r  w e re  reco v e red  
fro m  th e  re f in in g  o f  h ig h -su lp h u r  c ru d e  o il an d  h eav y  o il, th ro u g h  
h y d ro d e su lfu r iz a tio n . A n  ad d itio n a l sm all a m o u n t o f  su lp h u r  p ro d u c tio n , re co v e red  
fro m  th e  sm e ltin g  o f  m e ta llic  su lp h id es  an d  th e  ro a s tin g  o f  z in c -su lp h id e  
c o n c e n tra te s , w a s  in  th e  fo rm  o f  su lp h u ric  ac id  a n d  liq u e fie d  su lp h u r  d io x id e .

Figure A2 C ry s ta llin e  E lem en ta l S u lphu r.
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T h e  C h a ra c te ris tic s  an d  P ro p ertie s  o f  S u lp h u r
A t ro o m  te m p e ra tu re , su lp h u r is a so ft, b r ig h t-y e llo w  so lid . E lem en ta l 

su lp h u r h as  o n ly  a fa in t o d o r, s im ila r to  th a t o f  m a tc h e s . T h e  o d o r  a sso c ia te d  w ith  
ro tten  eg g s  is d u e  to  h y d ro g e n  su lp h id e  an d  o rg an ic  su lp h u r  c o m p o u n d s  ra th e r  th an  
e lem en ta l su lp h u r. S u lp h u r  b u rn s  w ith  a  b lu e  flam e th a t e m its  su lp h u r d io x id e , 
n o tab le  fo r its  p e c u lia r  su ffo ca tin g  o d o r d u e  to  d is so lv in g  in  th e  m u c o sa  to  fo rm  
d ilu te  su lp h u ro u s  acid . S u lp h u r  i ts e lf  is in so lu b le  in  w a te r , b u t so lu b le  in  ca rb o n  
d isu lfid e .

Table A1 P h y sica l P ro p e rtie s  o f  E lem en ta l S u lp h u r

Properties - *
P hase S o lid
D en sity  (a -su lp h u r) 2 .0 7  g 'c m -3
E iq u id  d e n s ity  @  m e ltin g  po in t 1 .819  g e m -3
M eltin g  p o in t 115.21 ° c
B o ilin g  p o in t 4 4 4 .6  ° c
S p ec ific  h ea t c ap a c ity  @  25 ° c 2 2 .7 5  J - m o f ’- K '1

C o m m o n  o x id a tio n  sta tes  o f  su lp h u r in c lu d e  - 2 ,  + 2 , + 4  an d  +6 . S u lp h u r 
fo rm s stab le  c o m p o u n d s  w ith  all e lem en ts  ex cep t th e  n o b le  g ases . S u lp h u r in th e  
so lid  s ta te  o rd in a r ily  e x is ts  as cy c lic  c ro w n -sh a p e d  S8 m o le c u le s . T h e  
c ry s ta llo g ra p h y  o f  su lp h u r  is co m p lex . D e p e n d in g  on  th e  sp e c if ic  c o n d itio n s , th e  
su lp h u r a llo tro p e s  fo rm  sev era l d is tin c t c ry s ta l s tru c tu re s , w ith  rh o m b ic  and  
m o n o c lin ic  S8 b e s t k n ow n .

A  n o te w o rth y  p ro p e rty  o f  su lp h u r is th a t its  v isc o s ity  in  its  m o lte n  s ta te , 
u n lik e  m o st o th e r  liq u id s , in c reases a b o v e  te m p e ra tu re s  o f  2 0 0  ° c  d u e  to  th e  
fo rm a tio n  o f  p o ly m e rs . T h e  m o lten  su lp h u r a ssu m e s  a  d a rk  red  c o lo r  ab o v e  th is  
te m p e ra tu re . A t h ig h e r  tem p era tu res , h o w e v e r , th e  v isc o s ity  is  d ec rea sed  as 
d e p o ly m e riz a tio n  occu rs . A m o rp h o u s  o r "p las tic "  su lp h u r  can  b e  p ro d u c e d  th ro u g h  
th e  rap id  c o o lin g  o f  m o lte n  su lphur. X -ray  c ry s ta llo g ra p h y  s tu d ie s  sh o w  th a t the
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a m o rp h o u s  fo rm  m ay  h a v e  a  h e lica l s tru c tu re  w ith  e ig h t a to m s  p e r  tu rn . T h is  fo rm  is 
m e ta s ta b le  at ro o m  te m p e ra tu re  and  g rad u a lly  re v e rts  b ack  to  c ry s ta llin e  fo rm . T h is  
p ro cess  h a p p e n s  w ith in  a m a tte r  o f  h o u rs  to  d ay s  b u t can  b e  rap id ly  ca ta ly zed . 
S u lp h u r p h a se  d ia g ra m  is  sh o w n  in F ig u re  A 3.

Figure A3 S u lp h u r P h ase  D iag ram .

S u lp h u r  D e riv e d  fro m  O il R e fin e ry  P ro cess 
T h e  C lau s  p ro c e ss  is th e  m o st s ig n ific an t gas d e su lfu r iz in g  p ro cess , 

re c o v e rin g  e le m e n ta l su lp h u r  fro m  g aseo u s  h y d ro g e n  su lp h id e  fo u n d  in  raw  n a tu ra l 
gas an d  fro m  th e  b y -p ro d u c t g ases co n ta in in g  h y d ro g e n  su lp h id e  d e r iv e d  from  
re fin in g  c ru d e  o il an d  o th e r in d u stria l p ro cesses. T h e  b y -p ro d u c t g a se s  m a in ly  
o rig in a te  fro m  p h y s ic a l and  ch em ica l gas tre a tm e n t u n its  in  re fin e rie s , n a tu ra l gas 
p ro c e ss in g  p la n ts  an d  g a s if ic a tio n  o r sy n th es is  gas p lan ts . T h e se  b y -p ro d u c t gases 
m ay  a lso  c o n ta in  h y d ro g e n  cy an id e , h y d ro c a rb o n s , su lp h u r  d io x id e  o r am m o n ia . A 
sch em a tic  p ro c e ss  f lo w  d iag ram  o f  a  b a s ic  3 -b ed  C lau s  u n it is sh o w n  in F ig u re  4.

H y d ro g e n  su lp h id e  p ro d u ced , fo r ex am p le , in  th e  h y d ro -d e su lfu r iz a tio n  o f  
re fin e ry  n a p h th a s  an d  o th e r  p e tro leu m  o ils , is co n v e rted  to  su lp h u r  in C la u s  p lan ts . 
T h e  H 2S g as  is re a c ted  w ith  th e  O 2 and  co n v e rted  in to  S O 2 . T h e n , th e  H 2S an d  S O 2 

are c o n v e rte d  in to  ร. T h e  o v era ll m a in  reac tio n  eq u a tio n  is:



65

Furnace Catalytic Section

Ï
Q: ๐

๐ 0  c 0° * ๐ §

1

.Tail
‘ Gas

รLiquid Sulfur

Figure A 4  S c h e m a tic  F lo w  D iag ram  o f  S u lp h u r P ro d u c tio n  by  the  C lau s  P rocess.

2 H 2S +  0 2 -»• ร 2 +  2 H 20

T h e  C la u s  te c h n o lo g y  can  be d iv id ed  in to  tw o  p ro c e ss  s tep s , th e rm a l and
ca ta ly tic .

S u lp h u r  S p ec if ic a tio n
S u lp h u r  h as  b e c o m e  a  b a s ic  n ecess ity  in  m an y  in d u s tr ie s , m o st im p o rtan tly , 

th e  ch em ica l in d u s try . T h e  m o st im p o rtan t in d u stria l u ses  o f  su lp h u r are:
■  C h e m ic a l In d u s try  - m a n u fa c tu r in g  o f  c o m p o u n d s  lik e  su lp h u ric  acid , 
su lp h a te
■  F o o d  In d u s try
■  P h a rm a c e u tic a l In d u s try
■  A g ric u ltu ra l In d u stry
■  T y re  an d  R u b b e r  In d u stry
■  P a p e r and  C e llu lo se  In d u stry
■  P ig m e n ts , C o lo ran ts  an d  P a in t M a n u fa c tu r in g  In d u s try
■  D e te rg en t M a n u fa c tu r in g  Industry
■  M e ta llu rg ic a l In d u s try  
■ Etc.

S u lp h u r  sp e c if ic a tio n  w as  v aried  b y  th e  su lp h u r  p ro d u c t fo rm  and the  
ap p lic a tio n  u sed . F ro m  an  o b se rv a tio n , th e  su lp h u r  p u rity  w a s  sp e c if ie d  in  the  range
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M olten Sulphur (Liquid Sulphur)

fro m  th e  m in im u m  99 .5  to  9 9 .9 9 % , w ith  le a s t a m o u n t o f  o rg an ic  an d  m in e ra l m atte r,
an d  lo w  m o is tu re  co n ten t. T h e  su lp h u r p ro d u c t an d  sp e c if ic a tio n  fro m  co m p an ie s
w ere  p re se n te d  as  fo llo w s:

E x am p le :

Properties " i

A p p lic a tio n
C h e m ic a l in d u s tr ie s -su lp h u ric  acid  

p ro d u c tio n
P u rity  o f  su lp h u r 9 9 .9 9 %
M o is tu re  co n ten t < 0 .0 1 7 %
M in era l m a tte r < 0 .0 0 5 %
O rg an ic  m a tte r < 0 .0 0 5 %
A cid ity < 0 .0 0 0 3 %

source: Thai O il Public Co., Ltd. - laboratory test report 

P ow der Sulphur

H S C ode: 2 5 0 3  S u lp h u r  o f  all k in d s  (o th e r  th an  su b lim e d  o r p re c ip ita te d  su lp h u r, 
co llo id a l su lp h u r)
P u rity  o f  su lp h u r  9 9 .5 -9 9 .9 %
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E x am p le :
Properties (d u s tin g  su lp h u r)

A p p lic a tio n

C h e m ic a l in d u s tr ie s  
M a tc h  in d u s try  

E x p lo s iv e  in d u s try  
F u n g ic id e  - p o w d e ry  m ild ew

C o lo r  an d  a p p e a ra n ce B rig h t y e llo w  p o w d e r
P u rity  o f  su lp h u r 9 9 .5 %  m in im u m
A sh 0 .2 %  m a x im u m
M o is tu re 0 .1 %  m a x im u m
A c id ity 0 .0 0 3 %  m a x im u m

- M in e ra l m a tte r
A rse n ic , S e le n iu m  an d  T e llu riu m  

C o m m e rc ia lly  F ree

A p p lic a tio n
R u b b e r  tire s  

V u lc a n iz a tio n  
L a tex  in d u s tr ie s

C o lo r  an d  a p p e a ra n c e B rig h t Y e llo w  P o w d er
P u rity  o f  su lp h u r 9 9 .8 %  m in im u m
A sh 0 . 1%  m a x im u m
M o is tu re 0 . 1%  m a x im u m
A c id ity 0 .0 0 3 %  m a x im u m

M in e ra l m a tte r
A rse n ic , S e le n iu m  an d  T e llu riu m  

C o m m e rc ia lly  F ree

source: F ast Track Trading Co., h ttp://w w w . fasttrackt.com /specifications.h tm l

Lump Sulphur

http://www
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H S  C o d e : 2 503  S u lp h u r  o f  all k in d s  (o th e r th a n  su b lim e d  o r  p re c ip ita te d  su lp h u r,
c o llo id a l su lp h u r)
P u rity  o f  su lp h u r 9 9 .5 -9 9 .9 %

E x am p le :
Properties (b ro k e n  lu m p  su lp h u r)

A p p lic a tio n

C h e m ic a l in d u s tr ie s  
D e te rg e n t &  su lp h o n a tio n  
S u lp h u ric  a c id  p ro d u c tio n  

S u g a r  re f in e r ie s
C o lo r an d  a p p e a ra n c e B rig h t y e llo w  su lp h u r  lu m p s
P u rity  o f  su lp h u r 9 9 .8 %  m in im u m
A sh 0 .5 %  m a x im u m
M o is tu re 0 . 1%  m a x im u m
A c id ity 0 .0 0 3 %  m a x im u m

M in e ra l m a tte r
A rsen ic , S e le n iu m  an d  T e llu riu m  

C o m m e rc ia lly  F ree

source: F ast Track Trading Co., http://www.fasttrackt.com /specifications.htm l 

G ranular Sulphur

E x am p le :

H S  C o d e : 2503  S u lp h u r  o f  all k in d s  (o th e r  th a n  su b lim e d  o r p re c ip ita te d  su lp h u r,
c o llo id a l su lp h u r)
P u rity  o f  su lp h u r  9 9 .5 -9 9 .9 %

http://www.fasttrackt.com/specifications.html
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Properties (su g a r  in d u s try  su lp h u r)
A p p lic a tio n S u g a r  in d u s try
C o lo r an d  a p p e a ra n ce B rig h t Y e llo w  S u lp h u r  (G ran u le )
P u rity  o f  su lp h u r 9 9 .5 %  m in im u m
A sh 0 .0 5 %  m a x im u m
H y d ro c a rb o n 0 .0 5 %  m a x im u m
A cid ity 0 .0 0 2 %  m a x im u m

M in era l m a tte r
A rsen ic , S e le n iu m  an d  T e llu riu m  

C o m m e rc ia lly  F ree

source: F ast Track Trading Co., h ttp://w w w .fasttrackt.com /specificatw ns.h tm l
* \

P rilled  Sulphur

H S C ode: 2 5 0 3  S u lp h u r  o f  all k in d s  (o th e r  th an  su b lim e d  o r p re c ip ita te d  su lp h u r, 
co llo id a l su lp h u r)
P u rity  o f  su lp h u r  9 9 .5 -9 9 .9 %
E x am p le :

Properties (d o m e s tic  g rad e )

A p p lic a tio n
A g ric u ltu ra l in d u s try  

F o o d  in d u s try  
S u g a r  re f in e r ie s

P u rity  o f  su lp h u r 9 9 .8 %  m in im u m
C arb o n 0 . 1%  m a x im u m
A sh 0 . 1%  m a x im u m
M o istu re 5%  m a x im u m

http://www.fasttrackt.com/specificatwns.html
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Properties (d o m e s tic  g rad e )

M in era l m a tte r
A rse n ic , S e le n iu m  an d  T e llu r iu m  

le ss  th a n  2 0  p p m

A p p lic a tio n
A g ric u ltu ra l in d u s try  

F o o d  in d u s try  
S u g a r  re f in e r ie s

P u rity  o f  su lp h u r 9 9 .9 %  m in im u m
C arb o n 0 .0 5 %  m a x im u m
A sh 0 .0 5 %  m a x im u m
M o is tu re 0 .5 %  m a x im u m

M in era l m a tte r
A rse n ic , S e le n iu m  an d  T e llu riu m  

C o m m e rc ia lly  F ree

source: D evco A ustralia H oldings P ty Ltd\ http://w w w .sulphur.com .au 

Pastelle Sulphur

H S C o d e : 2 8 0 2  S u lp h u r, su b lim ed  o r p rec ip ita ted ; c o llo id a l su lp h u r
P u rity  o f  su lp h u r  9 9 .8 %  m in im u m
E x am p le :

Properties

A p p lic a tio n

C h e m ic a l in d u s tr ie s  
D e te rg e n t &  su lp h o n a tio n  
S u lp h u ric  a c id  p ro d u c tio n  

S u g a r re f in e r ie s
C o lo r and  a p p e a ra n ce B rig h t Y e llo w  P a s tille s  (D u st free)
P u rity  o f  su lp h u r 9 9 .8 %  m in im u m

http://www.sulphur.com.au
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Properties
A sh 0 . 1%  m a x im u m
M o is tu re 0 . 1%  m a x im u m
A cid ity 0 .0 0 3 %  m a x im u m

M in era l m a tte r
A rse n ic , S e le n iu m  an d  T e llu riu m  

C o m m e rc ia lly  F ree

source: Fast Track Trading Co., h ttp:/hvwv.fasttrackt.com /specifications.h tm l



72

Appendix B Specification of Bentonite (Mac-Gel F4/R)

F 4 /R  is an  a c tiv a te d  B en to n ite , p ro c e sse d fro m  h ig h  c o n te n t o f  sp ec ia lly  
se lec ted  m  o n tm o rillo n ite  F 4 /R  is v e ry  su ita b le  and  su p e rio r  c h a ra c te r is tic  fo r all 
k in d s  o f  fo u n d ry  a p p lic a tio n s  (C E C  = 100).

Table A 3  C h e m ic a l P ro p e rtie s  (O n  d ry  b asis  at 105°C )

C h em ica l C o n te n t (%  w t)
S i 0 2 5 5 .0 -6 0 .0

A I2O 3 1 6 .0 -2 0 .0
F e 20 3 7.0--10.0
N a 20 2 .5 -3 .5
L O I 9 .0 -1 2 .0

M g O 2 .0 -3 .0
C aO 2 .0 -3 .0
k 20 0 .1 -0 .5
T i 0 2 0 .3 -0 .6

Table A 4 P h y s ic a l p ro p e rtie s

P h y s ic a l p ro p e rtie s P ro p e rty
M o is tu re  co n te n t 12 %  m ax
5%  S u sp e n s io n , pH 1 0 .0 0 -1 1 .5 0
S w e llin g 25 m l p e r  2 g o f  c la y , M in .
L iq u id  L im it 6 00 % , m in .
m l o f  m e th y le n e  B lu e 45 m l p e r  0 .5  g o f  c lay , M in .
D ry  p a rtic le  s ize 80 %  p a ss  2 0 0  m e sh , M in .
M o n tm o rillo n ite  C o n te n t 80 % , M in .
G reen  C o m p re ss iv e  S tren g th 9 .0 N /c m 2, m in

source: Thai-Nippon C hem ical Industrial Co., Ltd.
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Appendix c  The Prepared Sulphur bentonite fertilizers

F o rm u la r
Prill

S u lp h u r c o n te n t 
D isp e rs io n  ra te  
* C o n v e rs io n  to  su lfa te  
a fte r  4 5 d a y s  c u rin g

Sulphur bentonite (BIO)
9 0 %  su lp h u r, 10%  b e n to n ite

91.74 % w t
0 .70  %  w t /  m in
35.52 mg S04-S/kg o f soil

F o rm u la r
Prill

S u lp h u r c o n te n t 
D isp e rs io n  ra te  
* C o n v e rs io n  to  su lfa te  
a fte r  4 5 d a y s  c u rin g

Sulphur bentonite (B20)
8 0 %  su lp h u r. 2 0 %  b e n to n ite

81.62 %  พ t
5.70 % w t / m in
58.49 mg S04-S/kg of soil
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S u lp h u r co n te n t 
D isp e rs io n  ra te  
C o n v e r s io n  to  su lfa te  
a fte r  4 5 d a y s  c u rin g

71.95 % wt 
1.08 % wt / min 
30.40 mg S04-S/kg of soil

F o rm u la r
P rill

S u lp h u r  co n ten t 
D isp e rs io n  ra te  
* C o n v e rs io n  to  su lfa te  
a fte r  4 5 d a y s  c u rin g

Sulphur-PCH (PCH7)
9 3%  su lp h u r , 7%  P C H

93.90 % wt
N /A
1.99 mg S04-S/kg of soil
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«SBïÿxgÿiiijljlMmÊÊÊÊÊ Sulphur-PCH (PCH10)
_____________________________

F o rm u la r 9 0 %  su lp h u r, 10%  P C H

S u lp h u r c o n te n t 
D isp e rs io n  ra te  . 
^ C o n v e rs io n  to  su lfa te  
a fte r  4 5 d a y s  c u rin g

9 1 .63  %  w t
N /A
0.45 mg S04-S/kg of soil

F o rm u la r
P rill

S u lp h u r c o n te n t 
D isp e rs io n  ra te  
* C o n v e rs io n  to  su lfa te  
a fte r  4 5 d a y s  c u rin g

Sulphur-PCH (PCH12)
88%  su lp h u r, 12%  P C H

88.75 % wt
N /A
0.54 mg S04-S/kg of soil

* C o n v e rs io n  to  su lfa te  b a se  on  500  m g  o f  su lp h u r  fe r til iz e r  p e r 3 k g  o f  so il
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Figure D1 N o n  n u tr ie n t tre a tm en t.

Appendix D Soil Planted Soybean Plantation

Figure D2 N P K  trea tm en t,
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Figure D 3 A m m o n iu m  su lfa te  trea tm en t.

Figure D 4 S u lp h u r  b e n to n ite  (B IO ) tre a tm e n t
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Figure D 5  S u lp h u r  b e n to n ite  (B 2 0 )  treatm en t.

Figure D6 Sulphur bentonite (B30) treatment.
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Figure D7 S u lp h u r-P C H  (P C H 7 ) treatm ent.

Figure D7 Sulphur-PCH (PCH10) treatment,
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Figure D 7  S u lp h u r -P C H  (P C H 1 2 )  treatm ent.
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Figure D 8  T em p era tu re  and rain fa ll d u rin g  p la n ta tio n  from  2 3 /1 0 /2 0 1 0  to  
2 1 / 2 / 2 0 1 1 .
source: Thai Meteorological Department
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Apendix E Water Planted Soybean Plantation

S an d  p rep ara tion
S a n d y  w a s  s ie v e d  p a ss  1 m m  s ie v e s ,  It w a s  trea ted  w ith  0 .2 5  N  o f  HC1 for  

2 4  hr. A fte r  that it w a s  w a sh e d  w ith  d e io n is e d  w a ter  m a n y  t im e s  u n til sand  pH  
a p p r o x im a te ly  5 . T h e  treated  san d  w a s  n e u tr a liz e d  b y  u s in g  0.1 N  N a O H  un til sand  
pH  a p p r o x im a te ly  6 .5 . It w a s  air dried  for 5 d a y s  or u n til it c o m p le te ly  dry.

F ree  su lp h u r  n u tr ien t so lu tio n
N o n  su lp h u r  n u trien t s o lu t io n  w a s  p rep ared  in  a 2 0 L  o f  g a llo n  for w a ter in g

so y b e a n  in  th e  g r o w in g  se a so n . T h e  s o lu t io n  w a s  p rep ared
fer tiliz e r , it c o m p o s e d  of:

K H 2PO 4 1 m M
KC1 5 0  pM
M g C F 2 5  p M
C a C l2 2 5  p M
H 3BO 3 2 5  p M
M n C l2 2 p M
Z n C l2 2 p M
C u C l2 0 .5  p M .

source: R i le y , N .G . ,  et al, 2 0 0 0  and M e c h te ld , M .A ., et al, 1 9 9 8

P la n tin g  m e th o d

Figure El W ater  p la n ted  so y b e a n  p la n ta tio n  m eth o d .
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Table El T h e  11 trea tm e n ts  o f  w a ter  p la n ted  so y b e a n  p la n ta tio n

S a m p le N o n -  R h iz o b iu m N itr o g e n R h iz o b iu m
N o n -su lp h u r X X X

S u lp h u r X

S u lfa te  fe r tiliz e r X

B IO X

B 2 0 X

B 3 0 X

P C H 7 X

P C H 1 0 - X

P C H 1 2 X

W ater  P la n ted  so y b e a n  p la n ta tio n  resu lts

4 5 . 0  า
4 0 . 0

3 5 . 0  

_ 3 0 . 0  

1 - 2 5 . 0  

§ 2 0 . 0  

* 15.0  H
1 0 . 0

5 . 0

S o i l  p l a n t e d  N o n  n u t r i e n t

---------- S o i l  p l a n t e d  S u l p h u r  b e n t o n i t e  B 2 0

,■ ,.■ 1..1 W a t e r  p l a n t e d  s u l p h u r  b e n t o n i t e  B 2 0

1 0 2 0 2 5 3 5 4 0  D a y s

Figure E2 C o m p a r iso n  th e  gro w th  rate o f  s o y b e a n  o f  s o i l  p la n te d  n o n  n u trien t, S o il  
p la n ted  su lp h u r  b e n to n ite  B 2 0  and w a ter  p la n ted  su lp h u r  b e n to n ite  B 2 0 .
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Figure E 3  W a ter  p la n te d  so y b e a n  p lantation ,
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