
CHAPTER I

1.1 Research Motivation

L o w -w a s te  o r  w a s te -fre e  te c h n o lo g ie s  a re  w id e ly  u se d  in  th e  d e v e lo p ed  
co u n trie s . T h e se  c o u n tr ie s  a lso  k eep  se a rc h in g  fo r w a s te  tre a tm e n t m e th o d s  th a t 
w o u ld  be  f r ie n d ly  to  th e  e n v iro n m e n t an d  h e lp fu l in  re c o v e rin g  e n e rg y  fro m  w aste . In 
c o n ju n c tio n , th e  c e m e n t in d u s try  a lso  p a rtic ip a te s  in  th e  e ffo r ts  to  fin d  a  so lu tio n  fo r 
th e  e n v iro n m e n ta l p ro b le m  in  w as te  m a n d a g e m e n t. T h e  e n e rg y - in te n s iv e n e ss  o f  
c e m e n t p ro d u c tio n  p ro c e sse s  an d  in c re a s in g  fue l p r ic e s  fo rc e  th e  c e m e n t in d u s try  to  
se a rc h  fo r  te c h n o lo g ie s  b a se d  o n  w a s te -d e r iv ed  a n d  a lte rn a tiv e  fu e ls  (M o k rzy ch i, 
2 0 0 3 ).

D isp o s in g  o f  h a z a rd o u s  w aste  in th e  k iln  o f  c e m e n t p ro d u c tio n  is th e  n ew  
te c h n o lo g y  b a se d  o n  w a s te -d e r iv e d  an d  a lte rn a tiv e  fu e ls . T h is  w a s te  m ig h t su b s titu te  
th e  m a te r ia l o r  th e  fu e l in  th e  p ro d u c tio n  p ro c e ss  o r  it c a n  p re s e n t a s  th e  ad d in g  
m a te r ia l fo r  c e m e n t m a n u fa c tu r in g  w ith o u t a n y  a d v a n ta g e  fo r  p ro c e ss . T o  u tiliz e  
w a s te  in  c e m e n t fa c to ry  fo r th e  d isp o sa l p u rp o se , e ffe c t o f  e a c h  ty p e  o f  w a s te  o n  th e  
c e m e n t p ro d u c t b o th  in  c iv il  w o rk s  a n d  e n v iro n m e n ta l a sp e c ts  m u s t b e  k n o w n . 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  c o n ta m in a n t e i th e r  d o e s  n o t a p p e a r  in  th e  
e m iss io n  fro m  s ta c k  o r  le a c h  fro m  c e m e n t p ro d u c t to  e n v iro n m e n t. W ith  th e se  
c o n s id e ra tio n s , a n y  c e m e n t p ro d u c t d e riv in g  fro m  th e  c o -b u rn in g  o f  h a z a rd o u s  w aste  
e sp e c ia lly  h e a v y  m e ta l h a s  to  b e  te s ted . T h e re  a re  m a n y  w o rk s  s tu d y  o n  e m iss io n  o f  
h e a v y  m e ta l f ro m  s ta c k  b u t th e re  a re  a  few  w o rk  s tu d ie d  o n  le a c h in g  o f  h e a v y  m eta l 
fro m  c em en t.

R a n g e  o f  c o -b u rn in g  h a z a rd o u s  w a s te  is e x tre m e ly  w id e . N o t o n ly  liq u id  
w a s te s  c a n  b e  u se d  a s  a  c o m p le m e n ta ry  fu e l in  c e m e n t k iln s , b u t a lso  so m e  so lid  
w a s te  c a n  b e  u ti l iz e d  (H a n se n , 1992 , 1990; G reco , 1997). N o rm a lly , h a za rd o u s  
w a s te s , w h ic h  a re  u se d  a s  a lte rn a tiv e  fu e l o r  a d d in g  m a te r ia l, in c lu d e  u se d  o il, sp en t
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so lv e n t, tire s , p la s tic , an d  s lu d g e  from  w a s te w a te r  tre a tm e n t p lan t. T h ese  w astes  
c o n s is t o f  h e av y  m e ta l su c h  as  co b a lt, c ad m iu m , lead , z in c , n ick e l, an d  ch ro m iu m  
(W illits c h  an d  S tu rm , 2003; S erc le ra t et ah , 2000). It is n o ted  th a t th e  to ta l m eta l 
c o n te n t is n o t s ig n if ic a n tly  a ffec ted  by  th e  co -fir in g  o f  w a s te  d e r iv e d  fu e ls  (W D F ), 
e x c e p t i f  a  w a s te  e x h ib its  a  level o f  o n e  m eta l e sp e c ia lly  h ig h e r  th a n  th e  av e rag e  
c o n te n t o f  th e  ra w  m a te r ia l (S e rc le ra t e t a l., 2000). T h is  is m a in ly  th e  c a se  fo r z in c  in  
o ld  tire s , c h ro m iu m  an d  n ick e l in  s lu d g e  from  w a s te w a te r  tre a tm e n t p lan t. T h u s, th e  
e ffe c t o f  th o se  h e a v y  m e ta ls  o n  th e  q u a lity  o f  c e m e n t p ro d u c t in  en v iro n m e n ta l 
a sp e c ts  is v e ry  v a lu a b le  to  b e  in v es tig a ted .

T h e  m a jo r  p u rp o se  o f  th is  s tu d y  w as to in v e s tig a te  e ffe c t o f  h e a v y  m e ta ls  on  
th e  le a c h in g  b e h a v io r  o f  c e m e n t p ro d u c t. In th is  s tu d y , th e  in v e s tig a te d  h eav y  m eta ls , 
c h ro m iu m  (III), n ic k e l (II) an d  z in c  (II) in an  o x id e  fo rm , w ere  in jec ted  to  the  raw  
m a te r ia l to  p ro d u c e  c lin k e r. A fte r  c lin k e r p re p a ra tio n  p ro c e ss , th e  le a c h in g  te s ts  w ere  
p e rfo rm e d  to  e x a m in e  th e  le ach  ab ility  o f  each  h eav y  m e ta l fro m  c e m e n t p ro d u c t. T h e  
le a c h in g  te s ts  in c lu d e d  M ic ro w a v e -a s s is te d  leach  m e th o d  3051 A , T o x ic ity  
C h a ra c te ris tic  L e a c h in g  P ro c e d u re  (T C L P ), 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 ), a v a ila b ility  le ach in g  te s t, and  p H  s ta tic  le a c h  te s t (H o h b e rg  e t ฝ . ,
2 0 0 0 ). R e su lts  f ro m  th e se  te s ts  w ere  u sed  to  e v a lu a te  th e  le a c h in g  b e h a v io r  o f  each  
h e a v y  m e ta l.

1.2 Research Objectives

The major objective of this study was to investigate the leaching behaviors of 
each heavy metal (chromium (III), nickel (II) and zinc (II)) from cement by standard 
leaching tests. There are three specific objectives in this research.

1. To investigate effects of types and initial concentrations of heavy metal on the 
leaching behavior.

2. To classify the cement derived from co-buming of heavy metal whether it is a 
hazardous waste or non-hazardous waste by toxicity characteristic leaching 
procedure (TCLP) test.

3. To study the leaching behavior of each heavy metal in different pH solution.
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1.3 Hypotheses

Heavy metal mixed with raw material and co-burning in cement process can be 
leached out from cement product. The leaching behavior of each type of heavy metal can be 
investigated by leaching standard test, which are toxicity characteristic leaching procedure 
(TCLP), availability leaching test, pH static leach test, microwave-assisted leach method 
3051 A, and Notification of Ministry of Industry No.6 .

1.4 Scope of study

1. T h e  f iv e  le a c h in g  te s ts  im p le m e n te d  in  th is  s tu d y  in c lu d ed : m ic ro w a v e - 
a s s is te d  le a c h  m e th o d  3051 A ; to x ic ity  c h a ra c te r is tic  le a c h in g  p ro ced u re  
(T C L P ); N o tif ic a tio n  o f  M in is try  o f  In d u s try  N o .6; a v a ila b il i ty  le a c h in g  test; 
a n d  p H  s ta tic  le a c h  test.

2 . T h e  s tu d ie d  h e a v y  m e ta l c o n ta in in g  in  h a z a rd o u s  w a s te  w e re : ch ro m iu m , 
n ic k e l a n d  z in c . T h e  c o n c e n tra tio n s  o f  e a c h  m e ta l w e re  0 .1 , 0 .5 , 1, an d  2 
p e rc e n t b y  w e ig h t.

3. C h ro m iu m , n ic k e l an d  z in c  in  o x id e  fo rm  w ere  a d d e d  in d iv id u a lly  to  the  
c lin k e r  ra w  m a te r ia l b e fo re  b u rn in g  s te p  in  sy n th e tic  c e m e n t p ro cess . T h e  
le a c h in g  b e h a v io r  o f  e a c h  ty p e  o f  h e av y  m e ta l w a s  d is c u sse d  sep a ra te ly .

4 . In  th is  s tu d y , th e  p h y s ic a l c h a ra c te r is tic s  o f  c e m e n t fo r  c o n s tru c tio n  p u rp o se s , 
su c h  a s  s tre n g th  o r  s e ttin g  tim e  e tc ., a re  o f  no  co n ce rn .

1.5 Advantage of this work

T h e  re su lt  o b ta in e d  fro m  th is  re se a rch  c a n  b e  b e n e fic ia l fo r  d isp o s in g  h a z a rd o u s  
w a s te  c o n ta in in g  h e a v y  m e ta ls  in  c e m e n t m a n u fa c tu rin g . I t c a n  b e  u sed  to  e s ta b lish  
th e  in itia l c o n c e n tra tio n  lev e l o f  e a c h  h e av y  m e ta l th a t th e  c e m e n t is n o t c la ss if ied  as 
h a z a rd o u s  w as te . In  a d d itio n , it c an  b e  ap p lie d  fo r th e  a p p ro p r ia te  u se  o f  th e  cem en t 
p ro d u c t w h e n  c o n ta c tin g  w ith  w a te r  in  d iffe re n t pH .
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