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B u rn in g  o f  h a z a rd o u s  w as te  in  cem en t k iln  is th e  n e w  te c h n o lo g y  b a se d  on  
w a s te -d e r iv ed  an d  a lte rn a tiv e  fuels. B es id e s  b e in g  th e  a lte rn a tiv e  w a y  to  d e s tro y  
h a z a rd o u s  w as te , th is  m e th o d  p ro v id es  a lte rn a tiv e  m a te r ia l as ra w  m a te r ia l o r  th e  fuel 
in  th e  cem e n t p ro d u c tio n  p ro cess . T h is  d isp o sa l m e th o d  c a n  b e  a p p lie d  i f  th e  
co n ta m in a n t e ith e r d o es  n o t ap p ea r in  th e  e m iss io n  o r  le a c h  fro m  ce m e n t to  
en v iro n m en t. T h is  re s e a rc h  fo cu sed  o n  th e  le ach in g  b e h a v io r  o f  h e a v y  m e ta ls  from  
cem en t. T h e  s tu d ie d  h e a v y  m e ta ls  w e re  ch ro m iu m , z in c , an d  n ick e l. T o  s tu d y  th e  
leach in g  b e h a v io r , M ic ro w a v e -a s s is te d  leach  m e th o d  3051 A , A v a ila b ility  leach in g  
te s t (N E N  7 3 4 1 ), an d  p H  sta tic  leach  te s t w e re  u sed . R e su lts  sh o w e d  th a t c h ro m iu m  
an d  z in c  w e re  lik e ly  to  b e  leach ed  from  th e  cem en t th a t m o re  th a n  8 0%  o f  th e m  can  
b e  le ach ed  to  th e  en v iro n m en t. In  co n tras t, ap p ro x im a te ly  3 %  o f  n ic k e l can  b e  leach ed  
to  en v iro n m en t. F ro m  th e  p H  s ta tic  leach  test, c h ro m iu m  w a s  e ffe c tiv e ly  le ach ed  at 
p H  ran g e  4 -1 0 . Z in c  an d  n ick e l w ere  e ffec tiv e ly  le ach ed  at p H  4  an d  th e  le a c h a b ility  
o f  th e m  d e c re a sed  w h e n  th e  p H  increased . In  th is  re se a rch , T o x ic ity  c h a rac te ris tic  
leach in g  p ro c e d u re  (T C L P ) an d  N o tif ic a tio n  o f  M in is try  o f  In d u s try  N o . 6  B .E . 2 540  
w e re  a lso  u se d  to  id e n tify  th e  cem en t as h a za rd o u s  w a s te  o r  n o n -h a z a rd o u s  w aste . T h e  
re su lts  sh o w ed  th a t ra w  m a te ria l d o p ed  w ith  c h ro m iu m  m o re  th a n  0 . 1  w t.% , th e  
cem e n t w as  c la ss if ie d  as h a za rd o u s  w aste . In  co n tra s t, th e  ra w  m a te r ia l d o p e d  w ith  
n ick e l and  z in c  u p  to  2  w t.% , th e  cem en t w as  n o t c la ss if ie d  as h a z a rd o u s  w aste .

F ie ld  o f  s tu d y  E n v iro n m e n ta l M an ag em en t S tu d e n t’s s ig n a tu re .. . ^luf?.1. . . บ' . Ŷ ^ |l̂ ~
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study .



CONTENTS

A B S T R A C T  IN  T H A I....................................................................................................................     iv

A B S T R A C T  IN  E N G L IS H ........................................................................................................................y

A C K N O W L E D G M E N T S .............................      vi

C O N T E N T S ....................................................................1.............................................................................. vii

L IS T  O F  T A B L E S ................................................................................................................................... X

L IS T  O F  F IG U R E S .............................................. .........................................................................................xi

N O M E N C L A T U R E ...........................................................    x iii

C H A P T E R  I IN T R O D U C T IO N ........ ............................................     1
1.1 R e se a rc h  m o t iv a t io n ........... ........................ ............................. .............................. ............1
1.2 R e se a rc h  o b je c t iv e s .................................................    2
1.3 H y p o th e se s ..........................    3
1.4 S c o p e  o f  s tu d y ........................................ ..... ........ ..................................................... ...... ....3
1.5 A d v a n ta g e  o f  th is  w ork ....................................................... ................................... .............3

C H A P T E R  II L IT E R A T U R E  R E V IE W .......................................................... .... ..............................4
2.1 G e n e ra l ........ ........       4
2 .2  C e m e n t p ro d u c tio n  p ro cess ...................................................................................................4
2 .3  K iln  sy s te m  chem istry ...... ............................   6

2 .4  R a w  m a te r ia ls ........ .... ....................          7
2 .5  C h e m ic a l c o m p o u n d s  o f  c e m e n t c lin k e r ....................     8

2 .6  H a z a rd o u s  w a s te  a s  a  su p p le m e n ta l fu e l a n d  ra w  m a te r ia l ..................................11
2 .7  C la s s if ic a tio n  o f  a lte rn a tiv e  fu e l an d  a lte rn a tiv e  ra w  m a te r ia l ........................ 12
2 .8  C h ro m iu m , n ick e l, an d  z in c .. . ..............................................................................  14

2.8 .1  C h ro m iu m ... .................    14
2 .8 .2  N ic k e l ........................  15
2 .8 .3  Z in c ...................    16

Page



Vlll

2 .8 .4  H e a v y  m e ta ls  in  c e m e n t..... .................................................................... ....16
2 .9  L e a c h in g  te s ts ........................................................................................................................ 18

2.9 .1  T o x ic ity  c h a ra c te ris tic  le ach in g  p ro c e d u re  (T C L P ).........................19
2 .9 .2  N o tif ic a tio n  o f  M in is try  o f  In d u s try  N o . 6  B .E . 2 5 4 0  (1 9 9 7 ) .......19
2 .9 .3  A v a ila b ility  leach in g  te s t (N E N  7 3 4 1 ) ................................................... 21
2 .9 .4  p H  s ta tic  leach  te s t ........................................................ ..................................... 22

C H A P T E R  III M A T E R IA L  A N D  M E T H O D S ................................................................ ...........23
3.1 R a w  m a te r ia ls ...............................................   23
3 .2  E x p e r im e n ta l P ro c e d u re s ........................................ ..........................................—...... ....23

3.2 .1  C e m e n t p re p a ra tio n ............ ............ .................................... ........................... 2 4
3 .2 .1 .1  In v e s tig a tio n  o f  b u rn in g  te m p e ra tu re  fo r

c lin k e r  sy n th es is  in  th e  la b o ra to ry .........................................24
3 .2 .1 .2  In v e s tig a tio n  o f  b u rn in g  tim e  fo r c lin k e r

sy n th es is  in the  la b o ra to ry ..................... .................... .............25
3 .2 .1 .3  E ffe c t o f  h eav y  m e ta l o n  c l in k e r ........ .................... .............27

3 .2 .2  L e a c h in g  te s ts ............ .......................................... ......................................... ....28

3 .2 .2 .1  M ic ro w av e  a ss is te d  a c id  d ig e s tio n  o f  s ilic e o u s
an d  o rg an ica lly  b a se d  m a tr ic e s— .....—..............................28

3 .2 .2 .2  M ic ro w a v e -a s s is te d  le ach  m e th o d  3 0 5 1 A ............ ...........29
3 .2 .2 .3  T o x ic ity  c h a ra c te r is tic  le a c h in g  p ro c e d u re .......................30
3 .2 .2 .4  N o tif ic a tio n  o f  M in is try  o f  In d u s try  N o . 6 ------ ---------- 31
3 .2 .2 .5  A v a ila b ility  le a c h in g  te s t-------------- --------------------------32
3 .2 .2 .6  p H  s ta tic  leach  te s t ....... ...........—------ ------------- ---- ------- 33

3.3 C h e m ic a l a n a ly s is ............... ........................ — ...................... .......................— ..... — 35
3.3 .1  A n a ly s is  o f  free  l im e ............-................... .... ......-.......................................35
3 .3 .2  A n a ly s is  o f  h eav y  m eta l c o n c e n tra tio n s  ...---------------------------------35
3 .3 .3  p H  m e a su re m e n t.............................-........................................................... - 35

Page



IX

C H A P T E R  IV  R E S U L T S  A N D  D IS C U S S IO N ............................................................................36
4.1 O p tim u m  c o n d itio n  fo r c lin k e r sy n th e s is ....... .......................................................... 36
4 .2  E ffe c t o f  h e a v y  m e ta ls  to  free  lim e ...................................... ........................................42
4.3 L e a c h in g  b e h a v io r  o f  c h ro m iu m ......................................... ......................................... .44
4 .4  L e a c h in g  b e h a v io r  o f  n ic k e l ................................................................................. .......... 51
4 .5  L e a c h in g  b e h a v io r  o f  zinc.»...............................................................................................56

C H A P T E R  V  C O N C L U S IO N S ............... .................... ...... ................    63
5.1 C o n c lu s io n s ..............................................................................................................................63
5 .2  R e c o m m e n d a tio n s ............................  - .6 4

R E F E R E N C E S .................        6 6

A P P E N D IC E S ................ ...........       70
A p p e n d ix  A .......................        71
A p p e n d ix  B ...................................................... ........................................ .... ........................... — 78

B IO G R A P H Y ........... .......................................................... ...........................---------------------- ----------- 79

Page



LIST OF TABLES

T a b le  P age

2.1 T y p ica l c o m p o s itio n s  (%  w e ig h t) o f  so m e  ra w  m a te ria l an d  ra w  m ea l.................7
2.2 M a jo r  c o m p o u n d s  o f  P o rtla n d  c e m e n t...................................................................................8
2.3 E x a m p le s  o f  w a s te  use  as a lte rn a tiv e  raw  m ate ria l an d  a lte rn a tiv e  fu e l............. 12
2.4 A c c e p ta b le  ra n g e  o f  h eav y  m e ta ls  in h a z a rd o u s  w a s te  fo r  c e m e n t in d u s try .....17
3.1 C o m p o s it io n s  o f  ra w  m ate ria l..................................................................................................23
3.2 A n a ly s is  s e tt in g s  o f  X R D ...................................................................................24
3.3 C o m p a r iso n  o f  le a c h in g  te s ts ....................................................................................... ...........34



LIST OF FIGURES
XI

2.1 C e m e n t p ro d u c tio n  p ro c e s s .........................................................................................................6

2.2  S tru c tu re  m o d e l o f  m a jo r  c o m p o n e n ts  o f  c lin k e r  (a) C 3 S (b ) C 2 S
(c) C 3A  (d ) C 4 A F ..................................................     10

2.3 E x a m p le s  o f  th e  w a s te  d isp o se  in  c e m e n t k i ln ...............................................................11
3.1 S tep s  o f  f in d in g  su ita b le  b u rn in g  te m p e ra tu re .................................................................25
3 .2  S te p s  o f  f in d in g  su ita b le  b u rn in g  tim e ........................................................... ........................26
3.3 S tru c tu re  a n a ly s is  fro m  X R D  o f  c lin k e r  fro m  c e m e n t in d u stry ................................ 26
3 .4  S tep s  o f  p re p a ra tio n  o f  c lin k e r  w ith  h e a v y  m e ta l - .................   27
3 .5  C e m e n t m o rta rs  (a ) b e fo re  tak e  o f f  (b ) a fte r  ta k e  o ff..................................................28
3 .6  M ic ro w a v e  a s s is te d  a c id  d ig e s tio n  o f  s ilic eo u s  a n d  o rg a n ic a lly  b a se d

m a tr ic e s  e x tra c tio n  p ro c e d u re ..........................    29
3 .7  M ic ro w a v e -a s s is te d  le ach  m e th o d  3 0 5 1 A  e x tra c tio n  p ro c e d u re ............................3 0
3 .8  T o x ic ity  c h a ra c te r is tic  le ach in g  p ro c e d u re ....................................................................... 31
3 .9  N o tif ic a tio n  o f  M in is try  o f  In d u s try  N o . 6  le a c h in g  p ro c e d u re ................... — .....3 2
3 .1 0  A v a ila b il i ty  le a c h in g  te s t procedure........................ ............... ........ ...................................3  3

3.11 p H  s ta tic  le a c h  te s t  p ro c e d u re ____ __________              3 4

4.1 F re e  lim e  c o n te n t a s  a  fu n c tio n  o f  b u rn in g  te m p e ra tu re ----------------------------- 3 7
4 .2  X R D  p a tte rn s  o f  c l in k e r  a t d iffe re n t b u rn in g  te m p e ra tu re  a n d  c lin k e r  fro m

in d u s try .................................................     38
4 .3  F re e  lim e  c o n te n t as  a  fu n c tio n  o f  b u rn in g  t im e ...............................  39
4 .4  X R D  p a tte rn s  o f  c l in k e r  at d iffe re n t b u rn in g  p e r io d  an d  c lin k e r  fro m

industry ......................... ........................................... ....................................._...................... ..........40
4 .5  P h a se  a n a ly s is  b y  S E M  (a) c lin k e r fro m  in d u s try  3 5 0 X  (b ) s im u la te d  c lin k e r

3 5 0 X  (c ) c l in k e r  f ro m  in d u s try  1300X  (d ) s im u la te d  c lin k e r  1300X --.—— ....41
4 .6  S h a p e  o f  m a jo r  p h a se s  o f  c linker. ----------------------------------------------------------------------42
4 .7  F re e  lim e  c o n te n t o f  c lin k e r  d o p ed  w ith  c h ro m iu m .............. ...........     43
4 .8  F re e  lim e  c o n te n t o f  c lin k e r  d o p e d  w ith  n ic k e l...............       43
4 .9  F re e  lim e  c o n te n t o f  c lin k e r  d o p e d  w ith  z in c -----------      4 4

F ig u r e  P a g e



4 .1 0  A v e ra g e  e x tra c te d  c o n c e n tra tio n s  o f  c h ro m iu m  fro m  M 3 0 5 1 A .............................45
4.11 A v e ra g e  e x tra c te d  co n c e n tra tio n s  o f  c h ro m iu m  fro m  M 3 0 5 2 .................................. 46
4 .1 2  A v e ra g e  le a c h e d  c o n c e n tra tio n s  o f  c h ro m iu m  fro m  A  VLT..................................... 46
4 .13  C o m p a riso n  o f  M 3 0 5 2 , M 3 0 5 1 A , a n d  A  V L T ............................................................... 47
4 .1 4  X R D  p a tte rn  o f  c lin k e r  d o p e d  w ith  c h ro m iu m ................................................... ........... .48
4 .15  A v e ra g e  le a c h e d  c o n c e n tra tio n s  o f  c h ro m iu m  fro m  p H  s ta tic  le ach  te s t .......... 4 9
4 .1 6  A v e ra g e  le a c h e d  c o n c e n tra tio n s  o f  c h ro m iu m  fro m  T C L P ........................................ 50
4 .1 7  A v e ra g e  le a c h e d  c o n c e n tra tio n s  o f  c h ro m iu m  fro m  N F M I...................................  50
4 .18  A v e ra g e  e x tra c te d  co n c e n tra tio n s  o f  n ick e l fro m  M 3 0 5 1A ........................................51
4 .1 9  A v e ra g e  e x tra c te d  c o n c e n tra tio n s  o f  n ick e l fro m  M 3 0 5 2 ..............  5 2
4 .2 0  A v e ra g e  le a c h e d  c o n c e n tra tio n s  o f  n ic k e l fro m  AVLT................................................ 52
4.21 C o m p a riso n  o f  M 3 0 5 2 , M 3 0 5 1 A , an d  A V L T ..................................................................53
4 .2 2  S h a p e  o f  M gN iC >2 in  o b ta in e d  c lin k e r ............................................. .............. .....................54
4 .23  X R D  p a tte rn  o f  c lin k e r  d o p e d  w ith  N i...... ...... ........... ...........................................— ..... 54
4 .2 4  A v e ra g e  le a c h e d  c o n c e n tra tio n s  o f  n ic k e l f ro m  p H  s ta tic  le a c h  te s t ....................55
4 .2 5  A v e ra g e  le a c h e d  c o n c e n tra tio n s  o f  n ic k e l f ro m  N F M I ................................... ...........56
4 .2 6  A v e ra g e  e x tra c te d  c o n c e n tra tio n s  o f  z in c  fro m  M 3 0 5 1A .......................................   57
4 .2 7  A v e ra g e  e x tra c te d  c o n c e n tra tio n s  o f  z in c  fro m  M 3 0 5 2 ...............-............... -........... 57
4 .2 8  A v e ra g e  le a c h e d  c o n c e n tra tio n s  o f  z in c  fro m  A V L T .... .......... ...................... .............58
4 .2 9  C o m p a riso n  o f  M 3 0 5 2 , M 3 0 5 1 A , an d  A V L T ........................-............................ ...........59
4 .3 0  A v e ra g e  le a c h e d  c o n c e n tra tio n s  o f  z in c  fro m  p H  s ta tic  le a c h  t e s t ........................60
4.31 A v e ra g e  le a c h e d  c o n c e n tra tio n s  o f  z in c  fro m  T C L P ..................................................... 61
4 .3 2  A v e ra g e  le a c h e d  c o n c e n tra tio n s  o f  z in c  fro m  N F M I.................................................. 62

Xll

F ig u r e  P a g e



X lll

A S T M
A V L T
C 2S
C 3S
c 3a

c 3a f

C r
D I
IC P
L O I

M 3 0 5 1 A
M 3 0 5 2

M E P
N F M I
N i
R C R A
T C L P
X R D
Z n
L in

NOMENCLATURE

=  A m e ric a n  S o c ie ty  fo r T e s tin g  an d  M a te r ia ls  
=  a v a ila b ility  le a c h in g  te s t (N E N  7 3 4 1 )
=  d ic a lc iu m  silica te  
=  tr ic a lc iu m  silica te  
=  tr ic a lc iu m  a lu m in ite  
=  te tra c a lc iu m  a lu m in o fe rrite  
=  c h ro m iu m  
=  d e io n iz e d  w a te r
=  in d u c tiv e ly  c o u p le d  p la sm a  o p tica l e m is s io n  sp ec tro sco p y  
=  lo ss  o n  ig in itio n (% ) d e fin ed  by  A S T M  C 3 11 as th e  w e ig h t 

f ra c tio n  o f  m a te ria ls  th a t is lo s t by  h e a tin g  th e  o v en  d ried  
sa m p le  a t 750 °c

=  m ic ro w a v e -a ss is te d  leach  m e th o d  3 0 5 1 A  
=  m ic ro w a v e  a ss is te d  ac id  d ig e s tio n  o f  s ilic e o u s  an d  

o rg a n ic a lly  b a se d  m a tric e  (บ .ร . E P A  m e th o d  3 0 5 2 )
=  m u ltip le  e x tra c tio n  p ro c e d u re
=  N o tif ic a tio n  o f  M in is try  o f  In d u s try  N o .6 B .E . 2 5 4 0  (1 9 9 7 ) 
=  n ic k e l
=  R e so u rc e  C o n v e rsa tio n  an d  R e c o v e ry  A ct 
=  T o x ic ity  C h a ra c te ris tic  L each in g  P ro c e d u re  
=  X -ra y  D iffra c to m e te r  
=  z in c  
=  in te n s ity


	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai) 
	Abstract (English) 

	Acknowledgements


	Contents


	Abbreviations 


