
CHAPTER I 
INTRODUCTION

E n v iro n m en ta l p ro b lem  is a g lo b a lly  co n ce rn ed  to p ic . S ev era l w astew a te rs  
a re  d e riv ed  fro m  the  in d u stria l p ro cesses. O rgan ic  co m p o u n d s , su ch  as p h en o l, are 
m a in  co n ta m in a n ts  in the  industria l w astew ate r. T h e  e fflu en ts  c a n  be  d isch arg ed  
from  in d u s tr ie s  su ch  as p e tro leu m  re fin in g , dy estu ff, s tee l, coa l ta r, sy n th e tic  resin s 
and  liq u e fa c tio n  (S a rav an an  e t a l ., 2 009 ). B esides, p h en o l an d  p h e n o lic  co m p o u n d s 
can  be  a c h ie v e d  fro m  d a ily  life, su ch  as d is in fec tan ts  and  v e te r in a ry  m ed ic in e  
(L u en lo i e t a l., 2011). H o w ev er, p h en o l and  p h en o lic  c o m p o u n d s  h av e  b een  rep o rted  
to  have  a  h ig h  s tab ility , h ig h  en v iro n m en ta l tox ic , an d  can  d am a g e  h u m an  h ea lth  
(G u o  et a l., 2 0 0 6 ). T hus, th e  en v iro n m en ta l p ro tec tio n  ag en cy  (E P A ) h as  lim ited  the  
phen o l c o n c e n tra tio n  is s tan d ard  su rface  w a te r to  less  th a n  1 p a rt p e r  b illio n  (ppb) 
(B u sca  et a l.,  2008 ).

S ev era l co n v en tio n a l m eth o d s h av e  been  d e v e lo p e d  to  e lim in a te  p h en o lic  
co m p o u n d s  in  w astew a te r, such  as p h y sica l m e th o d s  (a d so rp tio n ), ch em ica l 
o x id a tio n , an d  b io lo g ica l trea tm en t. H o w ev er, th e  c o n v e n tio n a l p ro cesses  for 
tre a tm en t o f  th e se  e ff lu en ts  are  in su ffic ien t to  pu rify  a  la rg e  q u an tity  o f  w astew a te rs  
g en e ra ted  fro m  d iffe ren t o p e ra tio n s  o f  p o llu tan ts . S o m e  m e th o d s , such  as 
co ag u la tio n , e lec tro c h em ic a l o x id a tio n , and  ac tiv e  s lu d g e , h av e  recen tly  b een  
ex am in ed  an d  p ro v ed  to  be  e ffec tive . O th e r  m eth o d s, su ch  as f lo ccu la tio n , reverse  
o sm o sis , an d  ad so rp tio n  o n  ac tiv a ted  ca rb o n , have  a lso  b een  in v e s tig a te d  (H in d a  et 
a l., 2002). T h e  d raw b ack  o f  th ese  m e th o d s, ho w ev er, is an  in c o m p le te  d e s tru c tio n  o f  
the  p o llu tan t c o m p o u n d s , since  th ey  ju s t  tran sfe r th e  c o m p o u n d s  p re se n t from  the  
aq u eo u s to  a n o th e r  p h ase , thus cau s in g  seco n d ary  p o llu tio n  p ro b lem . R ecen tly , 
ch em ica l o x id a tio n  in v o lv in g  ad v an ced  o x id a tio n  p ro c e sse s  (A O P s) is one o f  the  
la test te c h n iq u e s  to  tre a t th e  effluen ts . T h is  tech n iq u e  n o rm a lly  u ses  s tro n g  o x id iz in g  
agen ts , su ch  as  o zo n e , h y d ro g en  p e ro x id e , ch lo rin e , an d  p o ta ss iu m  p e rm an g an a te , to  
fo rce  d e g ra d a tio n  o f  m o re  re s is tan t o rg an ic  m o lecu les ; h o w ev er, it is ex p en siv e  and  
o f  lim ited  sca le  (A m ar, 2 007). T hus, p h o to ca ta ly s is  te c h n o lo g y  h a s  been  w id e ly  
in v estig a ted  as an  a lte rn a tiv e  and  e ffic ien t A O P  fo r p o llu ta n t e rad ica tio n , w ith  an  
em p h asis  o n  th e  d e v e lo p m e n t o f  e ffec tiv e  p h o to ca ta ly s ts  (P u a n g p e tc h  e t a l., 2008).
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H ete ro g e n e o u s  p h o to ca ta ly s is  u sin g  TiC>2 as p h o to c a ta ly s t ap p ears  as an 
em erg in g  d e s tru c tiv e  te ch n o lo g y  due  to  its severa l ad v an tag es . F irs tly , it d e s tro y s  th e  
p o llu tan ts  by  d e c o m p o s in g  o r tran sfo rm in g  in to  less h a rm fu l su b stan ces  in the  
p resen ce  o f  u v  and  n ea r-U V  illu m in a tio n . S econd ly , n o n -to x ic  m a te ria l can  be u sed  
as se m ic o n d u c to r p h o to ca ta ly s t, su ch  as titan iu m  d io x id e  (T iC b). T h ird ly , th is  
p ro cess can  be o p e ra ted  at room  tem p e ra tu re  and  a tm o sp h e ric  p ressu re . F o u rth ly , it 
leads to  th e  to ta l m in e ra liz a tio n  o f  m ost o f  o rg an ic  p o llu tan ts . F in a lly , the  
p h o to ca ta ly tic  p ro c e ss  is rece iv in g  in c rea s in g  a tten tio n  b ecau se  o f  its low  co st d u e  to 
the use  o f  su n lig h t as  th e  source  o f  irrad ia tion . M o reo v er, TiC >2 p h o to ca ta ly s t is 
la rg e ly  a v a ilab le , in ex p en siv e , and  n o n -to x ic , and  sh o w s re la tiv e ly  h igh  ch em ica l 
s tab ility , a lso  im p ly in g  an en v iro n m en ta lly  fr ien d ly  p ro cess . T h e  p rim ary  
p h o to ca ta ly tic  p ro cesse s  occu r upon  irrad ia tio n  o f  lig h t w ith  e n e rg y  g rea te r th an  o r 
equal to  th e  b an d  gap  o f  p h o to ca ta ly s t, and  the  e lec tro n s  and  h o le s  are  th en  g en e ra ted  
and  tra p p e d  o n  th e  p h o to ca ta ly s t su rface , su b seq u en tly  p ro d u c in g  reac tiv e  o x y g en  
spec ies , su ch  as O H ' an d  (ว2 * rad ica ls , to  d eco m p o se  o rg an ic  p o llu tan ts .

T iC >2 has p ro v en  to be the m o st w idely  u sed  p h o to c a ta ly s t due  to  its s trong  
o x id iz in g  p o w er, n o n -to x ic ity , and  lo n g -te rm  p h o to s ta b ility  (P irk an n iem i e t a l ., 
2002). H o w ev e r, th e  ph o to ca ta ly tic  e ffic ien cy  o f  T iÛ 2  to  rem o v e  o rg an ic  
co n ta m in a n t d e c rea ses  su b stan tia lly  b ecau se  o f  th e  h ig h  rec o m b in a tio n  ra tio  o f  
p h o to -in d u c e d  e lec tro n s  (e") and  h o les  (h+) (H an  e t a l ,  2 0 0 9 ). T h ere fo re , severa l 
e ffo rts  h av e  b een  s tu d ie d  to d ev e lo p e  h e te ro g en eo u s  p h o to c a ta ly s ts  tha t can  be 
e ff ic ien tly  u se d  fo r d e g rad a tio n  o f  o rg an ic  co n tam in an t. O ne o f  th e  m o st p ro m is in g  
p h o to ca ta ly s ts  is s tro n tiu m  titan a te  (S rT iC b) b ecau se  o f  its su p e rio r  p h y s ico ch em ica l 
p ro p e rtie s , su ch  as e x c e lle n t th e rm a l s tab ility , h ig h  p h o to c o rro s io n  re s is tib ility , and 
good  s tru c tu re  s tab ility  as  the  host fo r m eta l ion  d o p in g  (O h n o  e t a l., 2005).

R ecen tly  c o -m o d ific a tio n  o f  tw o  co m p o n en ts  fo r TiC>2 to  p rep a re  th ree- 
co m p o n e n t ju n c tio n  p h o to ca ta ly s ts  has a ttra c tiv e  in te res t, b ecau se  th ese  
p h o to ca ta ly s ts  e x h ib it h ig h e r p h o to ca ta ly tic  a c tiv ity  and  sp ec ia l c h a rac te ris tic s  in 
c o m p a riso n  w ith  p u re  TiC>2 and TiC>2 m o d ified  by  o n e  c o m p o n e n t (H an  et a l., 2009). 
K h u n ra ttan ap h o n  et a l. (2 0 1 1 ) in v estig a ted  the sy n th es is  o f  S rT ixZ r i . x 0 3  (x  = 0-1) 
p h o to ca ta ly s ts  and  p h o to ca ta ly tic  a c tiv ity  in  ac id  b lack  (A B ) d iazo  dye u sed  as  a 
m odel c o n ta m in a n t in  tex tile  w astew ate r. T h e  e ffec ts  o f  v a ry in g  T i- to -Z r  m o la r ra tio
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(as e x p re ssed  by  X  in  the  S rT ixZ r |.xC>3 ), c a lc in a tio n  c o n d itio n s , an d  P t lo ad in g  w ere 
in v estig a ted . It w as  found  th a t a  su itab le  T i-to -Z r m o la r  ra tio  p ro v id e d  the 
p h o to c a ta ly s t w ith  co m p ara tiv e ly  h ig h  p h o to ca ta ly tic  e ff ic ien cy . T h e  P t lo ad in g  w ith  
an  a p p ro p ria te  co n te n t co u ld  fu rth e r enhance  th e  p h o to c a ta ly tic  e ffic ien cy .

In  th is  w ork , m e so p o ro u s-a ssem b led  S rT ixZ n i . x 0 3  n an o cry sta l
p h o to ca ta ly s ts  w ere  sy n th esized  by  a  so l-gel p ro cess  w ith  th e  a id  o f  a  s tru c tu re ­
d irec tin g  su rfac tan t. T h e  m etal load ings on th e  sy n th es ized  m e so p o ro u s-a ssem b led  
SrTixZni-xCb p h o to c a ta ly s ts  w ere  ca rried  ou t by  a  p h o to ch em ica l d e p o s itio n  m ethod . 
E x p e rim en ta l in v es tig a tio n  w as p erfo rm ed  on  the  p h o to ca ta ly tic  d e g ra d a tio n  o f  
p h en o l as a m o d e l co n tam in an t in  w astew ate r. T h e  e ffe c ts  o f  v a rio u s  syn the tic  
p a ram e te rs , in c lu d in g  T i-to -Z n  m o lar ra tio , c a lc in a tio n  c o n d itio n s  fo r the 
p h o to ca ta ly s t p rep a ra tio n , and  A g , Cu, and  P t load ings, w e re  in v es tig a ted  on  the 
p h o to ca ta ly tic  p h en o l d eg rad a tio n  p erfo rm an ce . T h e re fo re  th e  e ffec t o f  d isso lv ed  
o x y g en  in  case  o f  flo w  N 2  an d  o ?  w ere u sed  to  im p ro v e  p h en o l d eg rad a tio n  
p erfo rm an ce .
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