
CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

5.1.1 Removal Study

T h e  o b je c t iv e s  o f  r e m o v a l s tu d ie s  w e r e  u tiliz a tio n  o f  b a g a s s e  and b a g a sse  fly  
a sh  as r e m o v a l m a ter ia ls  fo r  lead  and ch rom iu m . T h e  f o l lo w in g  c o n c lu s io n s  h av e  
b e e n  d raw n  fro m  th e  a b o v e  in v estig a tio n s:

1. T h e  e f f ic ie n c ie s  o f  lead  a d so rp tio n  o n to  b a g a sse  and  b a g a s s e  f ly  ash  w e r e  
fo u n d  to  b e  b e tw e e n  0 .0 5  to  9 5 .6  % and 2 5 .7  to  9 9 .5  % , r e sp e c t iv e ly .

2. C o n ta c t t im e , in itia l co n cen tra tio n , so lu tio n  p H , and a d so r b e n t d o se  a ffe c te d  
lea d  r e m o v a l e f f ic ie n c y . L ea d  rem o v a l e f f ic ie n c y  in cr e a se d  w ith  in c r e a s in g  co n ta c t  
t im e , so lu t io n  p H , and  a d so rb en t d o se  but d e c rea sed  w ith  in c r e a s in g  in itia l 
c o n cen tra tio n . In  a d d it io n , th e y  w e r e  a ffe c te d  lead  a d so r p tio n  c a p a c ity , a d so rp tio n  
c a p a c ity  in c r e a se d  w ith  in c r e a s in g  co n ta c t  t im e , so lu t io n  p H  an d  in it ia l c o n c e n tr a tio n  
b u t d e c r e a se d  w ith  in c r e a s in g  ad so rb en t d o se .

3. T h e  m a x im u m  lea d  rem o v a l e f f ic ie n c y  occu rred  at in itia l c o n c e n tr a tio n  o f  5 
m g /L  at so lu t io n  p H  6 , it w a s  9 5 .6  and 9 9 .5 %  for b a g a sse  and b a g a sse  f ly  ash , 
r e sp e c t iv e ly . T h e  m a x im u m  lead  a d so rp tio n  c a p a c ity  w a s  a c h ie v e d  at in itia l 
c o n c e n tr a tio n  o f  8 0  m g /L  at so lu t io n  p H  6 , it w a s  4 .1  and 7 .9  m g /g  fo r  b a g a sse  and  
b a g a s s e  f ly  ash , r e sp e c tiv e .

4 . A t c o n d it io n  o f  so lu t io n  p H  6 and in itia l c o n c e n tr a t io n  w a s  8 0  m g /L , th e  
lea d  r e m o v a l e f f ic ie n c y  b e c a m e  a lm o st  c o n sta n t at 10 g /L  fo r  b o th  ad so rb en ts .

5. L ea d  a d so rp tio n  iso th erm  can  b e  d escr ib ed  b y  F r e u n d lic h  eq u a tio n . T h e  
r e c o m m e n d e d  eq u a tio n , lo g  x /m  =  5 .4 3  lo g  C e  -  7 .5 3  and lo g  x /m  =  0 .8 5  lo g  C e  +
1 .03  fo r  b a g a sse  and  b a g a s s e  f ly  ash , r e sp e c tiv e ly . In p ra c tice , P b  r e m o v a l rea c to r  can  
b e  d e s ig n e d  u s in g  th is  e q u a tio n .
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6. B a g a s s e  f ly  a sh  w a s  a b etter  lead  a d so rb en t c o m p a r in g  to  b a g a sse . It m a y  b e  

d u e  to  h ig h e r  p o r o s ity , p o r e  sp e c if ic  v o lu m e , and s p e c if ic  su r fa c e  area  o f  b a g a sse  f ly  
ash . T h e se  ch a ra c te r is tic s  a f fe c te d  th e  rem o v a l e f f ic ie n c y  and  a d so r p tio n  ca p a c ity  in  
su ch  a  w a y  th a t h ig h  v a lu e  c a u se  h ig h  rem o v a l e f f ic ie n c y  and  c a p a c ity .

7 . T h e  r em o v a l o f  C r(V I) b y  b a g a sse  and b a g a s s e  f ly  a sh  m a y  in v o lv e d  tw o  
p r o c e s s e s , n a m e ly , re d u c tio n  o f  C r(V I) to  C r(III) and a d so r p tio n  o f  C r (V I)  and Cr 
(III). B a g a s s e  can  r e m o v e  C r(V I) m o re  than  b a g a sse  f ly  a sh  b u t, it ca n  r e m o v e  to ta l 
Cr le s s  th a n  b a g a sse  f ly  ash . B a g a ss e  can  r e m o v e  C r (V I)  v ia  r e d u c tio n  m o re  than  
a d so rp tio n . O n  th e  o th er  hand , b a g a sse  f ly  ash  can  r e m o v e  C r (V I)  b y  a d so rp tio n  m ore  
than  red u ctio n . T h e  h y d r o x y l g r o u p s  in  c e llu lo s e  stru ctu re o f  b a g a s s e  w a s  fou n d  m ay  
b e  th e  m a in  r e d u c tio n  s ite  fo r  C r(V I) sp e c ie s .

8 . C o n ta c t t im e , in itia l co n cen tra tio n , so lu t io n  p H , and m ater ia l d o s e  a ffe c te d  
to ta l c h r o m iu m  and C r(V I) rem o v a l e ff ic ie n c y . T o ta l c h r o m iu m  and  C r (V I)  rem o v a l  
e f f ic ie n c y  in c r e a se d  w ith  in c r e a s in g  co n ta c t t im e  and a d so rb en t d o s e  b u t d ecrea sed  
w ith  in c r e a s in g  in itia l c o n c e n tr a tio n  and so lu tio n  pH .

9 . T h e  e f f ic ie n c ie s  o f  C r(V I) rem o v a l b y  b a g a sse  and  b a g a s s e  f ly  a sh  w e r e  
fo u n d  to  b e  b e tw e e n  8 0  to  1 0 0  %  and 0 .5  to  93 % , r e sp e c t iv e ly . F o r  to ta l ch ro m iu m  
r e m o v a l e f f ic ie n c ie s  w e r e  fou n d  to  b e  b e tw e e n  7 .3  to  2 0 .8  % and 0 .2  to  7 9 .5  % b y  
b a g a sse  and  b a g a sse  f ly  ash , r e sp e c tiv e ly .

10. A t  c o n d it io n  o f  so lu t io n  p H  1 and in itia l c o n c e n tr a t io n  w a s  8 0  m g /L , 
b a g a sse  d o s e s  o f  m o re  than  2 0  g /L  w e r e  en o u g h  to  c o m p le te  th e  r e m o v a l o f  Cr(VT) 
w ith in  6 0  m in  b ut b a g a sse  f ly  a sh  w a s  u n a b le  to  r e m o v e  C r (V I)  c o m p le te ly  and m ore  
than 2 5  g /L  d o s a g e  w a s  required .

11. T h e  C r(V I) r e m o v a l rea c tio n  can  b e  d e sc r ib e d  b y  L a n g m u ir -H in sh e lw o o d  
m o d e l. T h e  r ea c tio n  rate (r) w a s  r =  -0 .0 2 3  c  /  1 -  0 .2 0 3 5  c  and r =  0 .0 0 3 7  c / l  — 
0 .1 3 1 5  c  fo r  b a g a sse  and b a g a sse  f ly  ash , r e sp e c tiv e ly . In  p r a c tic e , C r (V I)  rem ov a l 
rea c to r  ca n  b e  d e s ig n e d  u s in g  th is  reac tio n  rate.
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5.1.2 Solidification/Stabilization Study (ร/ร Study)

T h e  ร /ร  s tu d ie s  ca n  c o n c lu d e  as fo llo w :

1. T h e  P ortlan d  c e m e n t h yd ra tion  is  in h ib ited  b y  b a g a sse  and  b a g a sse  f ly  ash  
w h ic h  a d so rb ed  or  n o n -a d so rb ed  h e a v y  m eta l.

2 . C o m p r e ss iv e  stren g th  w a s  n o t e f fe c t  b y  ty p e  o f  b a g a s s e  and b a g a sse  f ly  ash  
(a d so rb ed  or n o n -a d so r b e d  h ea v y  m eta l) . M e a n w h ile , w /c  ra tio  and p ercen t  
r e p la c e m e n t e f fe c t  c o m p r e ss iv e  strength .

3 . T h e  c o m p r e s s iv e  stren g th  and r e la tiv e  c o m p r e s s iv e  s tre n g th  d e c r e a se  w ith  
in c r e a s in g  o f  p er c e n t rep la c e m e n t o f  b a g a sse  or  b a g a sse  f ly  ash .

4 . T h e  o p tim a l v a lu e s  o f  w /c  ratio for  c o m p r e ss iv e  s tre n g th  w e r e  0 .4 - 0 .5  and
0 .4 - 0 .6  fo r  b a g a sse  and  b a g a sse  f ly  ash  r e p la cem en t, r e sp e c tiv e ly .

5. T h e  c o m p r e s s iv e  stren g th s in crea sed  w ith  h y d ra tio n  t im e  and  a fter  a 3 -d ay  
c u r in g  tim e , c o m p r e s s iv e  stren g th  w e r e  en o u g h  to  m e e t  th e  lan d  f i l l in g  standard  (3 .5  
k sc )  fo r  5 and 10%  r e p la c e m e n t w ith  b a g a sse  and b a g a sse  f ly  ash , r e sp e c tiv e ly .

6. T h is  p r o c e s s  is stro n g ly  im m o b iliz e d  o f  lea d  and c h ro m iu m . C o n cen tra tio n  
o f  lea d  and  c h r o m iu m  in  le a c h a te  w e r e  b e lo w  th e  lim its  (5  m g /L )  e s ta b lish e d  b y  th e  
M in is tr y  o f  In d u str ie s  N o .6 , B .E . 2 5 4 0  (1 9 9 7 ) .

5.1.3 Construction Material Study

T h e  o b je c t iv e s  o f  co n stru c tio n  m ateria l s tu d y  w e r e  u t i l iz a t io n  o f  b a g a sse  f ly  
a sh  (a d so r b e d  and  n o n -a d so r b e d ) as partia l c e m e n t r e p la c e m e n t m ateria l. T h e  
c o n c lu s io n s  as fo llo w :

1. T h e  p ro p o rtio n  1 : 1.1 : 1 .9  o f  c e m e n t : san d  : cru sh ed  s to n e  g a v e  th e  
h ig h e s t  c o m p r e s s iv e  stre n g th  ( 4 0 0  k sc).

2 . C o m p r e ss iv e  stren g th s o f  c o n c r e te  w e r e  a ffe c te d  b y  p e r c e n ta g e  o f  
r e p la c e m e n t, w /c  ratio , and cu rin g  tim e . C o m p r e ss iv e  s tre n g th  in crea sed  w ith  
d e c r e a s in g  p ercen t r e p la c e m e n t, and cu rin g  t im e  and h ig h e s t  at w /c  ratio  o f  0 .4 .
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3. C o n c e n tr a tio n s  o f  lea d  and ch rom iu m  in  le a c h a te  w e r e  b e lo w  th e  lim its  (5  

m g /L ) e s ta b lish e d  b y  th e  M in is try  o f  In d u stries N o .6 , B .E . 2 5 4 0  ( 1 9 9 7 ) .  T h is  p r o c e ss  
a c c o m p lis h e s  th is  ta sk  w h ile  at th e  sam e t im e  h elp  to  p r o v id e  a sa fe  so u n d  m e th o d  o f  
d is p o s in g  h e a v y  m e ta l h aza rd ou s w a ste .

4 . T h e  re la tio n sh ip  b e tw e e n  p ercen t r ep la cem en t, w /c  ra tio , and c o m p r e ss iv e  
s tre n g th  can  b e  d e sc r ib e d  b y  G a u ss ia n  eq u ation . T h e  p e r c e n t o f  error o f  r e c o m m e n d  
G a u ss ia n  eq u a tio n s  sh o w e d  a g o o d  ag reem en t b e tw e e n  p r e d ic te d  stren g th  and actu a l 
stren g th , le s s  th a n  10 % error in  ran g e  o f  0 -1 5  % r e p la cem en t.

5.1.4 Economic Benefit Study

1. T h e  o p e r a tio n  c o s t  o f  acid  treated  b a g a sse  b y  0. I M  H C1 w a s  0 .0 1 2  B a h t/g  
o f  b a g a sse . W a ste w a te r  o f  so lu t io n  p H  2 , 1 m 3 ad ju sted  b y  6 N  N a O H  to  p H  6  u s e  5 7 .6  
B a h t. In  real p ra c tice , c o m m e r c ia l-g r a d e  HC1 m a y  b e  u se d  in s te a d  in  o rd er  to  sa v e  th e  
c o s t  o f  c h e m ic a l.

2 . T h e  c o s t  o f  c e m e n t w a s  1 8 .3 6  and 4 .7  B a h t fo r  10  an d  30 %  rep la c e m e n t  
w ith  b a g a sse  and  b a g a sse  f ly  a sh  1 k g , r e sp e c tiv e ly  w h ic h  s o l id if ie d  p ro d u ct can  
d isp o se d  v ia  la n d f il l in g  (c o m p r e ss iv e  stren g th  m o re  th an  3 .5  k sc ) . T h e  c o s t  o f  
c o n c r e te  b lo c k  d e c r e a se d  w ith  in cr e a s in g  partial cem e n t r e p la c e m e n t  w ith  b a g a s s e  f ly  
ash.

3. Pb r e m o v a l in  w a s te w a te r  from  F a cto ry  A  th at 3 0  m g /L  o f  P b  and  s o lu t io n  
p H  o f  6 , o p era tio n  c o s t  o f  c o n v e n tio n a l p r o c e ss  (p r e c ip ita tio n  b y  p H  a d ju stm en t b y  
N a O H  and H 2S O 4) w a s  lo w e r  than  a ltern a tive  p r o c e ss  (a d so rb  b y  b a g a s s e  or  b a g a sse  
f ly  a sh ). H o w e v e r , th e  a ltern a tiv e  p r o c e ss  is o n e  o f  c h o ic e  fo r  le a d  rem o v a l. W a s te  
trea tm en t b y  o th er  w a s te  fro m  o th er  fac tory  is  c h a lle n g in g  an d  sh o u ld  b e  su sta in a b le  
d e v e lo p m e n t.

4 . W a ste  r e m o v a l fro m  su gar F actory  A A , th e  a lte r n a tiv e  p r o c e s s , b a g a sse  f ly  
a sh  w a s  u se d  as a d so rb en t fo r  lea d  a ce ta te  and u sed  th e  sp e n t  m ater ia l a s  c o n c r e te  
b lo c k  w h ic h  p artia l c e m e n t  rep la cem en t u p  to  30% . In a d d it io n , re s id u a l b a g a s s e  f ly  
a sh  w a s  n o t  tran sfer  to  f i l l  o n  earth  or  p lantation; th ey  w e r e  u se d  a s  c o n c r e te  b lo c k . A t  
le a s t , fa c to ry  A A  w i l l  sa v e  a p p ro x im a te ly  4 0 ,2 5 0  B a h t/y ear .
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5.2 Recommendations

1. E ffe c t  o f  m ix tu re  o f  v a r io u s  h e a v y  m e ta ls  o n  r e m o v a l e f f ic ie n c y , a d so rp tio n  
c a p a c ity , and c o m p r e s s iv e  s tre n g th  o f  m ortar and c o n c r e te  sh o u ld  b e  further stu d ied .

2. A ll c o n d it io n  o f  c o n str u c tio n  m ateria l stu d y  sh o u ld  b e  r ep ea ted  fo r  te s ts  o f  
d u rab ility , te n s i le  stren g th , e la s t ic  m o d u lu s , and m o d u lu s  o f  rupture.

3 . In th e  se c t io n  o n  c o n stru c tio n  m ateria l s tu d y , m o r e  v a r ia tio n  o f  p ercen t  
r e p la cem en t, p red ic ted  c o m p r e s s iv e  stren g th , and w /c  ratio  sh o u ld  b e  s tu d ied  to  
furth er r e fin e  th e  eq u ation .

4 . L o n g -te r m  le a c h in g  te s t  sh ou ld  b e  p er fo rm ed  o n  s o l id if ie d  p ro d u cts  to  
en su re  th at h e a v y  m e ta ls  w i l l  n o t b e c o m e  m o b ile  o n c e  a lk a lin ity  is  le a c h e d  out.

5. E ffe c t  o f  tem p era tu re  in  b o ile r  o n  p h y s ic a l ch a ra c te r is tic  o f  b a g a sse  f ly  ash , 
r em o v a l e f f ic ie n c y  and  c o m p r e s s iv e  stren g th  o f  m ortar or  c o n c r e te  sh o u ld  b e  further  
stu d ied .
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