
CHAPTER II
BACKGROUNDS AND LITERATURE REVIEW

2.1 Chromium

C h r o m i u m  i s  a  n a t u r a l l y  o c c u r r i n g  e l e m e n t  f o u n d  i n  a n i m a l s ,  r o c k s ,  p l a n t s ,  

s o i l ,  a n d  i n  v o l c a n i c  d u s t  a n d  g a s e s .  C h r o m i u m  i s  p r e s e n t  i n  t h e  e n v i r o n m e n t  i n  

s e v e r a l  d i f f e r e n t  f o r m s .  T h e  m o s t  c o m m o n  f o r m s  a r e  c h r o m i u m  ( 0 ) ,  c h r o m i u m  ( I I I ) ,  

a n d  c h r o m i u m  ( V I ) .  A l l  o f  c h r o m i u m  d o e s  n o t  h a v e  t a s t e  o r  o d o r .  C h r o m i u m  ( I I I )  

o c c u r s  n a t u r a l l y  i n  t h e  e n v i r o n m e n t  a n d  i s  a n  e s s e n t i a l  n u t r i e n t .  C h r o m i u m  ( V I )  a n d  

c h r o m i u m  ( 0 )  a r e  g e n e r a l l y  p r o d u c e d  b y  i n d u s t r i a l  p r o c e s s e s .  T h e  m e t a l  c h r o m i u m ,  

w h i c h  i s  t h e  c h r o m i u m  ( 0 )  f o r m ,  i s  u s e d  f o r  m a k i n g  s t e e l .  C h r o m i u m  ( V I )  a n d  

c h r o m i u m  ( I I I )  a r e  u s e d  f o r  c h r o m e  p l a t i n g ,  d y e s  a n d  p i g m e n t s ,  l e a t h e r  t a n n i n g ,  a n d  

w o o d  p r e s e r v i n g .  T h e  t o x i c i t y  o f  c h r o m i u m ;  b r e a t h i n g  h i g h  l e v e l s  o f  c h r o m i u m  ( V I )  

c a n  c a u s e  i r r i t a t i o n  t o  t h e  n o s e ,  s u c h  a s  r u n n y  n o s e ,  n o s e b l e e d s ,  a n d  u l c e r s  a n d  h o l e s  

i n  t h e  n a s a l  s e p t u m .  I n g e s t i n g  l a r g e  a m o u n t s  o f  c h r o m i u m  ( V I )  c a n  c a u s e  s t o m a c h  

u p s e t s  a n d  u l c e r s ,  c o n v u l s i o n s ,  k i d n e y  a n d  l i v e r  d a m a g e ,  a n d  e v e n  d e a t h .  S k i n  c o n t a c t  

w i t h  c e r t a i n  c h r o m i u m  ( V I )  c o m p o u n d s  c a n  c a u s e  s k i n  u l c e r s .  A l l e r g i c  r e a c t i o n s  

c o n s i s t i n g  o f  s e v e r e  r e d n e s s  a n d  s w e l l i n g  o f  t h e  s k i n  h a v e  b e e n  n o t e d .  T h e n ,  m a n y  

f é d é r a i s  o f  m a n y  c o u n t r y  r e a l i z e  t o  t h e  h a z a r d o u s  o f  c h r o m i u m  f o r  e x a m p l e  E P A  h a s  

s e t  a  l i m i t  o f  1 0 0  p g  c h r o m i u m  ( I I I )  a n d  c h r o m i u m  ( V I )  p e r  l i t e r  o f  d r i n k i n g  w a t e r  

( 1 0 0  p g / L ) . T h e  O c c u p a t i o n a l  S a f e t y  a n d  H e a l t h  A d m i n i s t r a t i o n  ( O S H A )  h a s  s e t  l i m i t s  

o f  5 0 0  p g  w a t e r  s o l u b l e  c h r o m i u m  ( I I I )  c o m p o u n d s  p e r  c u b i c  m e t e r  o f  w o r k p l a c e  a i r  

( 5 0 0  p g / m 3 ) ,  1 , 0 0 0  p g / m 3 f o r  m e t a l l i c  c h r o m i u m  ( 0 )  a n d  i n s o l u b l e  c h r o m i u m  

c o m p o u n d s ,  a n d  5 2  p g / m 3 f o r  c h r o m i u m  ( V I )  c o m p o u n d s  f o r  8 - h o u r s  w o r k  s h i f t s  a n d  

4 0 - h o u r s  w o r k  w e e k s  ( B e n o i t ,  1 9 8 6 ) .
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Table 2.1 T h e  p r o p e r t y  o f  c h r o m i u m  i n  t h e  w a s t e w a t e r  ( R a i  e t  a h ,  1 9 8 7 )
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O x i d a t i o n

S t a t e

O x i d e C a t i o n A n i o n C h a r a c t e r i s t i c s

6 C r 0 3 -

C r 0 4 2 ‘  ( c h r o m a t e )

C r 2 0 7 2 ’

( d i c h r o m a t e )

o x i d e  a c i d i c  

a n i o n s  s t a b l e

3 C r 2 0 3 C r 3 +  ( h y d r a t e d )

[ C r ( O H ) f

( c h r o m a t e )

o x i d e  a m p h o t e r i c  

c a t i o n  s t a b l e

o x i d e  b a s i c ,

2 ( C r O ) C r 2 +  ( h y d r a t e d )
c a t i o n  e a s i l y  

o x i d i z e d

G e n e r a l l y ,  t h e  f o r m  o f  c h r o m i u m  ( V I )  i n  t h e  s o l u t i o n  i s  C r C > 4 2 '  o r  H C r C V  .  

T h e s e  f o r m s  d e p e n d  o n  p H  v a l u e  a n d  t h e  c o n c e n t r a t i o n  o f  c h r o m i u m  s o l u t i o n .

Figure 2.1 The scattered chromium in the varied pH solution (Ku and Jung, 2001)
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Figure 2.2 D i a g r a m  s h o w s  t h e  p o t e n t i a l  o f  T i C >2 a n d  c h r o m i u m  a t  p H  3 ,  p H  7  a n d  p H  

1 1 .  ( A d a p t e d  f r o m  C h e n t h a m a r a k s h a n  e t .  ฝ . ,  2 0 0 0 )



2.2 Photocatalytic process
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P h o t o c a t a l y t i c  p r o c e s s  i s  a p p l i e d  i n  a  l a r g e  v a r i e t y  o f  r e a c t i o n s .  F o r  i n s t a n c e ,  

t o t a l  o x i d a t i o n s ,  d e h y d r o g e n a t i o n ,  h y d r o g e n  t r a n s f e r ,  d e u t e r i u m - a l k a n e  i s o t o p i c  

e x c h a n g e ,  m e t a l  d e p o s i t i o n ,  w a t e r  d e t o x i f i c a t i o n ,  a n d  g a s e o u s  p o l l u t a n t  r e m o v a l  

( H e r r m a n n  e t  a l . ,  1 9 9 9 ) .  I n  t h e  t w o  l a t t e r  p o i n t s ,  i t  c a n  b e  c o n s i d e r e d  a s  o n e  o f  t h e  

n e w  ‘ a d v a n c e d  o x i d a t i o n  t e c h n o l o g i e s ’  ( A O T )  f o r  a i r  a n d  w a t e r  p u r i f i c a t i o n  t r e a t m e n t .  

P h o t o c a t a l y s i s  c a n  b e  d e f i n e d  a s  “ a  c a t a l y t i c  r e a c t i o n  i n v o l v i n g  l i g h t  a b s o r p t i o n  b y  a  

c a t a l y s t  o r  a  s u b s t r a t e ”  ( D i n g  e t  a l . ,  2 0 0 1 ) .  O t h e r  d e f i n i t i o n s  a r e  a s  f o l l o w :  “ C a t a l y s i s  

i s  t h e  a c t i o n  o f  a  c a t a l y s t ” ;  a n d  a  “ C a t a l y s t ”  ( C d S ,  T i Û 2 ,  Z n O ,  W O 3 a n d  e c t . )  i s  a  

s u b s t a n c e  t h a t  i n c r e a s e s  t h e  r a t e  o f  r e a c t i o n  w i t h o u t  m o d i f y i n g  t h e  o v e r a l l  s t a n d a r d  

G i b b s  e n e r g y  c h a n g e  i n  t h e  r e a c t i o n ”  ( H e r r m a n n ,  1 9 9 9 )  T h e  b a s i c  p r i n c i p l e s  o f  

p h o t o c a t a l y t i c  p r o c e s s  a r e  t h e  a d s o r p t i o n  o f  s u b s t r a t e s  o n  c a t a l y t i c  s u r f a c e s  a n d  t h e  

i r r a d i a t i o n  p r o c e s s .

2.2.1 The adsorption

T h e  a d s o r p t i o n  p r o c e s s  c o n s i s t s  o f  p h y s i c a l  f o r c e  ( V a n d e r  W a a l ’ s  F o r c e  a n d  

E l e c t r o s t a t i c  F o r c e )  a n d  c h e m i c a l  f o r c e .

T h e  V a n d e r  W a a l ’ s  F o r c e  i s  t h e  a t t r a c t i o n  o f  f r e e  a t o m s  o r  t h e  n e u t r a l  

m o l e c u l e s .  T h i s  p h e n o m e n o n  c a n  a p p e a r  c a u s e  o f  f r e e  d r i v i n g  o f  e l e c t r o n  e f f e c t  t o  t h e  

d e n s i t y  o f  e l e c t r o n s  i n  a t o m s  o r  m o l e c u l e s  a r e  n o t  s t a b l e  a n d  t h e s e  p r o m o t e  t h e  p o l a r  

a t o m  o r  m o l e c u l e .  T h u s ,  a d s o r p t i o n  i s  a b l e  t o  a p p e a r .  V a n d e r  W a a l ’ s  F o r c e  h a s  l o w  

e f f i c i e n c y  f o r  a t t r a c t  a n o t h e r  s o  t h e  d e s o r p t i o n  i s  n o t  d i f f i c u l t  t o  o c c u r  a n d  t h i s  p o i n t  i s  

t h e  b e n e f i t  f o r  r e g e n e r a t i o n  o f  t h e  a d s o r b e n t .  I n  a d d i t i o n ,  a d s o r p t i o n  p r o c e s s  c o n t a i n e d  

b y  t h e  c a t a l y s t  f o r  a d s o r b  a n o t h e r  m o l e c u l e  i s  a d s o r b e n t  a n d  a n o t h e r  m o l e c u l e  t h a t  

a d s o r b e d  i s  a d s o r b a t e .  T h e  a d s o r p t i o n  p r o c e s s  i s  c a u s e d  b y  L o n d o n  D i s p e r s i o n  

F o r c e s ,  a  t y p e  o f  V a n  d e r  W a a l s  F o r c e  w h i c h  e x i s t s  b e t w e e n  m o l e c u l e s .  T h e  f o r c e  

a c t s  i n  a  s i m i l a r  w a y  t o  g r a v i t a t i o n a l  f o r c e s  b e t w e e n  p l a n e t s .  L o n d o n  D i s p e r s i o n



F o r c e s  a r e  e x t r e m e l y  s h o r t  r a n g e d  a n d  t h e r e f o r e  s e n s i t i v e  t o  t h e  d i s t a n c e  b e t w e e n  t h e  

a d s o r b e n t  s u r f a c e  a n d  t h e  a d s o r b a t e  m o l e c u l e  ( E p l i n g  a n d  L i n ,  2 0 0 2 ) .

T h e  e l e c t r o s t a t i c  f o r c e  i s  t h e  a t t r a c t i o n  o f  t h e  p o l a r  m o l e c u l e  b e t w e e n  t h e  

p o l a r - p o l a r  o r  n o n  p o l a r  -  n o n  p o l a r  o r  p o l a r - n o n  p o l a r  m o l e c u l e .  M o r e o v e r ,  t h i s  f o r c e  

c o n s i s t  o f  m a n y  a t t r a c t i o n  c h a r a c t e r s  f o r  e x a m p l e ;  O r i e n t a t i o n  E f f e c t ,  D i s p e r s i o n  

E f f e c t ,  I n d u c t i o n  E f f e c t .

T h e  c h e m i c a l  f o r c e  o c c u r  w h e n  t h e  a d s o r b e n t  r e a c t  w i t h  a d s o r b a t e  t o  p r o d u c e  

n e w  c h e m i c a l  c o m p o u n d  s u c h  a s  t h e  a d s o r p t i o n  b e t w e e n  f u n c t i o n a l  g r o u p  a n d  

t r a n s i t i o n a l  m e t a l  a t  t h e  s u r f a c e  o f  t h e  a d s o r b e n t  b y  u s e d  e l e c t r o n  t o g e t h e r ,  b a r t e r  

e l e c t r o n  o r  d o n a t e d  e l e c t r o n .  T h e n ,  t h e  a t t r a c t i o n  b e t w e e n  t h e  a d s o r b e n t ’ s  i o n s  a n d  t h e  

a d s o r b e n t ’ s  f u n c t i o n a l  g r o u p  w i l l  o c c u r .  T h i s  f o r c e  i s  t h e  i r r e v e r s i b l e .
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2.2.2 Irradiation Process

T h e  i r r a d i a t i o n  i n  t h e  p h o t o c a t a l y t i c  p r o c e s s  u s e s  u l t r a v i o l e t  l i g h t  ( U V )  a s  a  

s o u r c e  o f  l i g h t  f o r  i r r a d i a t i o n  o n  t h e  c a t a l y s t  s u r f a c e .  G e n e r a l l y  c a t a l y s t  w i d e l y  u s e d  i n  

p h o t o c a t a l y s i s  i s  s e m i c o n d u c t o r s  w h i c h  h a v e  t w o  b a n d  s t r u c t u r e s ;  t h e  v a l e n c e  b a n d ,  

t h e  h i g h  e l e c t r i c  p o w e r s ,  a n d  t h e  c o n d u c t i o n  b a n d  w h i c h  d o e s  n o t  h a v e  e l e c t r i c  p o w e r .  

S e e  t h e  F i g u r e  2 . 2  b e l o w ,  w h e n  i r r a d i a t e d  c a t a l y s t s  t h e  e l e c t r o n  t r a n s f e r s  f r o m  v a l a n c e  

b a n d  t o  c o n d u c t i o n  b a n d .  T h i s  c a n  p r o m o t e  c a t a l y s t  t o  h a v e  h i g h  p r o d u c t i v i t y  o f  

e l e c t r o n  d o n o r  o r  e l e c t r o n  a c c e p t e r  w i t h  a n o t h e r  i o n  i n  t h e  s o l u t i o n .

Figure 2 . 3  R e a c t i o n  w h e n  i r r a d i a t e d  c a t a l y s t s  ( F u j i s h i m a ,  1 9 9 9 )



T h e  b a n d  g a p  b e t w e e n  v a l a n c e  b a n d  a n d  c o n d u c t i o n  b a n d  i s  s p e c i f i c a l l y  f o r  

e a c h  c a t a l y s t  a s  s h o w e d  i n  t h e  F i g u r e  2 . 3 .  T h e  b a n d  g a p  i s  t h e  i m p o r t a n t  p o i n t  i n  

c h o o s i n g  t h e  c a t a l y s t  i n  p h o t o  r e a c t i o n .  C a t a l y s t  w h i c h  h a s  s m a l l  b a n d  g a p  w i l l  n o t  

s t a b l e ,  e l e c t r o n  f r o m  v a l e n c e  b a n d  c a n  j u m p  t o  c o n d u c t i o n  b a n d  a n d  t h e  

r e c o m b i n a t i o n  c a n  o c c u r .  O t h e r  w a y ,  c a t a l y s t  w h i c h  h a s  l a r g e  b a n d  g a p  n e e d s  m o r e  

e n e r g y  f o r  p h o t o c a t a l y s i s  p r o c e s s .
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Figure 2 . 4  B a n d  g a p  f o r  e a c h  c a t a l y s t  ( F u j i s h i m a ,  1 9 9 9 ) .

T h e  q u a l i f i c a t i o n  o f  T i C >2 i s  a  n e u t r a l  p o l a r ,  w h e n  d o  n o t  h a v e  e x c i t e d  

s t a t e .  T h e  p o l a r  o f  T i Û 2  d e p e n d s  o n  t h e  e n v i r o n m e n t a l .  F o r  e x a m p l e ,  T i Û 2 i n  t h e  l o w  

p H  s o l u t i o n  ( a c i d i c  s o l u t i o n )  p r e s e n t s  i n  p o s i t i v e  p o l a r .  I n  c o n t r a s t ,  T i Û 2  i n  t h e  h i g h  

p H  s o l u t i o n  ( b a s i c  s o l u t i o n )  p r e s e n t s  i n  n e g a t i v e  p o l a r .  F r o m  t h i s  c h a r a c t e r i s t i c ,  T i C >2 

i s  a n  a l t e r n a t i v e  w a y  f o r  w a s t e w a t e r  t r e a t m e n t  e s p e c i a l l y  i n  h e a v y  m e t a l  a n d  o r g a n i c  

p o l l u t a n t  b a s e d  o n  t h e  r e d o x  r e a c t i o n  o f  p h o t o c a t a l y t i c  p r o c e s s .
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Figure 2 . 5  R e d u c t i o n  P o t e n t i a l  o f  h e a v y  m e t a l  a n d  T i Û 2 a t  p H  1  ( L i t t e r ,  1 9 9 9 )

P h o t o c a t a l y t i c  p r o c e s s  i s  w e l l  e s t a b l i s h e d  b y  t h e  i r r a d i a t i o n  o f  T i 0 2  w i t h  l i g h t  

e n e r g y  g r e a t e r  t h a n  t h e  b a n d  g a p  e n e r g y  o f  t h e  s e m i c o n d u c t o r  (hv> E g  = 3 . 2  e V ) ,  

c o n d u c t i o n  b a n d  e l e c t r o n s  ( e ' )  a n d  v a l e n c e  b a n d  h o l e s  ( h + )  a r e  g e n e r a t e d .  A f t e r  t h i s  

p r i m a r y  e v e n t ,  p a r t  o f  t h e  p h o t o g e n e r a t e d  c a r r i e r s  r e c o m b i n e  i n  t h e  b u l k  o f  t h e  

s e m i c o n d u c t o r  w i t h  h e a t  e m i s s i o n ,  w h i l e  t h e  r e s t  r e a c h  t h e  s u r f a c e  w h e r e  t h e  h o l e s  a s  

w e l l  a s  t h e  e l e c t r o n s  a c t  a s  p o w e r f u l  o x i d a n t s  a n d  r e d u c t a n t s  r e s p e c t i v e l y .  T h e  

p h o t o g e n e r a t e d  e l e c t r o n s  r e a c t  w i t h  t h e  a d s o r b e d  m o l e c u l a r  ( ว 2  o n  t h e  T i  ( I V ) - s i t e s  

r e d u c i n g  i t  t o  s u p e r o x i d e  r a d i c a l  a n i o n  อ 2 * ' ,  w h i l e  t h e  p h o t o g e n e r a t e d  h o l e s  c a n  

o x i d i z e  e i t h e r  t h e  p o l l u t e  m o l e c u l e s  d i r e c t l y  o r  t h e  O H '  i o n s  a n d  t h e  H 2O  m o l e c u l e s  

a d s o r b e d  a t  t h e  T i Û 2  s u r f a c e  t o  O H *  r a d i c a l s  ( F i g u r e  2 . 4  ( a ) ) .  T h e s e  t o g e t h e r  w i t h  

o t h e r  h i g h l y  o x i d a n t  s p e c i e s  ( p e r o x i d e  r a d i c a l s )  a r e  r e s p o n s i b l e  f o r  t h e  p r i m a r y  

o x i d i z i n g  s t e p  i n  p h o t o c a t a l y s i s  ( P e l i z z e t t i  a n d  M i n e r o . ,  1 9 9 3 ) .  A c c o r d i n g  t o  t h i s ,  t h e  

r e l e v a n t  s t e p s  o f  t h e  p h o t o d e g r a d a t i o n  p r o c e s s  a t  t h e  s e m i c o n d u c t o r  s u r f a c e  c a n  b e  

s u m m a r i z e d  b y  t h e  r e a c t i o n s  i n  F i g u r e  2 . 4  ( b ) .  T h e  O H *  r a d i c a l s  f o r m e d  o n  t h e  

i l l u m i n a t e d  s e m i c o n d u c t o r  s u r f a c e  a r e  v e r y  s t r o n g  o x i d i z i n g  a g e n t s  w i t h  a n  o x i d a t i o n  

p o t e n t i a l  o f  2 . 8  V .  T h e s e  c a n  e a s i l y  a t t a c k  t h e  a d s o r b e d  p o l l u t e  m o l e c u l e s  o r  t h o s e



located  c lo se  to  the surface o f  the catalyst, thus fin a lly  lead in g  to  their com plete  
m ineralization . (P o u lio s et ฝ ., 1999)
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conduction band (cb )

Ti02 + h v ------ ►  e- + h+

M n+ ♦  e* ------♦  M (n'l)+
Ti(lV)-OH + h * ------»ท (IV)OH-
TKIVJ-HtO + h+------»Ti(lV)OH- + H*
R + h+------ >R(owdized)

(a) Cb)

Figure 2 .6  (a) T h e T i0 2 /so lu tion  interface under U V - illum ination
(b ) R eactions on  the TiC>2 surface under U V -illu m in a tion  
(P o u lio s  et ah, 1999)

2.3 Titanium Dioxide

T itanium  is  a com m on  constituent o f  m inerals, occurring in  ign eou s rocks e .g ., 
BaTiC>3 , in  s ilica tes  (o liv in es, p yroxenes), and iron-titanium  o x id es . T itanium  dioxide  
(TiC>2 ) has b een  w id ely  used in  industry during the four last d ecad es. The vast 
m ajority o f  its traditional applications exp lo it its very large d ielectric  constant and 
refractive in d ex . N o v e l applications are instead based  on  its surface and catalytic 
properties.

T i 0 2 is a  catalyst w h ich  has been  ex ten sive ly  studied  due to its photocatalytic  
activ ity under U V  radiation, m oreover its high surface activ ity , in so lu b le  in  diluted  
acid, n on -to x ic ity , nature friendly and corrosion stability . U nder favorab le conditions, 
a w id e range o f  organic and inorganic com pounds can be m in era lized  to m ineral acids, 
carbon d io x id e  and w ater or transformed into harm less sp ec ie s  (W en g  et ah, 1997;



Litter, 1999). T iÛ 2 appears in  nature in three crysta llin e  m od ifica tion s, rutile 
(tetragonal), anatase (b od y centered tetragonal), and b rookite (orthorhom bic). 
S p ec ifica lly  in  the form  o f  anatase prom ote h igh  activ ity  in  the photocatalyst. U pon  
increasing tem perature, all polym orphs transform  to rutile w h ich  is  the m ost stable 
structure. In particular, anatase and brookite transform  to  rutile i f  heated  to  7 0 0 ° c  and 
900°c, resp ective ly . TiC>2 as used in the photocatalysis p rocess a lw ays ex ists  in  tw o  
form s, on e  is  the suspended  form w hich is fin e particles spread in  aqueous solution, 
and the other is  the im m obilized  form as in thin film s. A lth o u g h  the suspended TiC>2 

can be u sed  w ithout any preparation techniques, it is  asso cia ted  w ith  the d ifficult 
problem  o f  separation to elim inate the used T iÛ 2 , ณ rbidity e ffec t and recycle  the 
catalysts after use.
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OS4.593Â 
0=2.959 i

Eg = 3 . lev 
p  =4.250 g /cm* 

AGf =-2l2.6kcol/moU

Figure 2.7 C on ven tion al prim itive ce lls  o f  R utile and A n atase. B lack  and w hite  
spheres represent titanium  and o x y g en  atom , resp ec tiv e ly  (L in seb ig ler  et. 
ฟ., 1995)



Table 2.2 Property of Rutile and Anatase (Fujishima et al., 1999)
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Property R utile A natase

C rystalline form O rthorhom bic O rthorhom bic
B and gab en ergy  (eV ) 3 .030 3 .2 0 0
H ardness (M oh s) 6 .0 -7 .0 5 .5 -6 .0
D en sity  (g /cm 3) 4 .2 5 0 3 .8 9 4
G ibbs free energy , AGf° 
(k ca l/m o le)

-2 1 2 .6 -2 1 1 .4

L attice constant, a (A °) 4 .593 3 .7 8 4
L attice constant, c  (A 0) 2 .9 5 9 9 .515
M elting  point 1 8 5 8 ° c C hanges to rutile at 

high  tem perature
~ 8 0 0 ° c

Application of Titanium Dioxide in water/wastewater treatment:

W en g et al. (1 9 9 7 ) investigated  the adsorption o f  chrom ium  (V I) w ith  TiC>2 as 
a catalyst. T he results sh ow ed  that the pH  o f  so lu tion  w a s the k ey  factor affectin g  the 
adsorption characteristics. The chrom ium  (V I) adsorption  w a s favorable under acidic  
con d ition s and the adsorbed ability  is decreased  w h en  in creasin g pH  and surface 
loading. B es id es , d ecreasing temperature and ion ic  strength resulted in  increasing  
adsorption capacity.

M atthew s (1 9 9 9 ) settle TiC>2 to  a stationary support so  as to av o id  filtration  
and resu sp en sion  in  a water purification process. In th is research , 4 0 0  m g  o f  TiC>2 w as  
suspended in  80  cm 3 o f  water and then sucked into a b orosilica te  spiral g lass tube. 
The end o f  the spiral w as c lo sed  and vacuum  applied  w h ile  w arm  air w as b low n  
around the spiral. T h is process w as repeated to produce a su cc e ss iv e  layer o f  TiC>2 on  
the in sid e surface o f  the tube. The e ffec t o f  the am ount o f  TiC>2 on  the tube surface 
w as studied  by application  o f  50  pM  o f  500  cm 3 sa licy lic  acid  so lu tion  through the 
reactor at 120 cm 3 m in '1. In the presence o f  a 25 m g  TiC>2 layer, an ob v io u s decrease  
in  concentration  occurred w ith  illum ination  tim e. Further in creases in  the th ickness o f  
the TiC>2 layer; 50  m g, 75 m g, 100 m g  and 125 m g, resu lted  in  an increase in the



d ecom p osition  rate but at a d im inish ing rate. F in ally , it w as reported that 
p h otoox id ation  o f  sa licy lic  acid on  T 1O 2 film s fo llo w e d  first-ord er k in etics.
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H ilm i et al. (1 9 9 9 ) used a g lass plate coated  w ith  TiC>2 in  a photocatalytic  
p rocess to rem o v e  lead, copper, m ercury and cadm ium  from  an aqueous solution  
w h ich  con ta in in g  individual m etals and m ixtures. T 1O 2 w a s d ep osited  on  the glass 
plate from  a  su sp en sion  o f  TiC>2 (1.4 g/1). The titanium  su sp en sion  (1 m l) w a s spread 
on  on e sid e  o f  the g la ss and dried in  15 m inutes on  a hot p late at 100°c. T he coated  
glass p iece s  w ere  cured for 2 hours in  an oven  at 400°c. T he results o f  m eta ls rem oval 
dem onstrated that 1 0 0  m l so lution  containing 1 0  ppm  o f  each  m etal cou ld  be treated 
w ith  a 10 cm 2 TiC>2 -coated  plate to leave an undetectable am ount o f  m etal in  on e  hour.

G oeringer et al. (2 0 0 1 ) found the synergism  o f  photoreduction  b etw een  tw o  
m etal ion s [copper (II) and chrom ium  (V I)] beside u v  irradiation o f  2 g/1 TiC>2 . In the 
absence o f  cop p er (II), 800  |iM  chrom ium  (V I) w a s n ot com p lete ly  converted  to 
chrom ium  (III), e v e n  after 4  hours irradiation. W h ile in  the p resen ce o f  8 0 0 |iM  copper
(II) chrom ium  (V I) reduction is com pleted  w ith in  2 0  m inutes. In the sam e w ay, the 
h alf-life  for the photoreduction  o f  60 0  pM  copper (II) d ecreased  from  1 hour w ith  no  
chrom ium  (V I) to 5 m inutes in the presence o f  1.6 m M  chrom ium  (V I).

Schrank et al. (2002) รณdied the photocatalytic p rocess b y  illu m in ate w ith  u v  
light and u sed  T itanium  d iox id e as a  catalyst for rem ove chrom ium  (V I) and d ye w ith  
ind ividual and m ixture solution . In the individual so lu tion , the result fou n d  that both  
chrom ium  (V I) and d ye w ere rem oved in  acid ic pH . In neutral pH , chrom ium  (V I) can  
not rem ove b ecau se  o f  chrom ium  (V I) has lo w  e ffic ie n c y  to  adsorb o n  Titanium  
d iox id e. M oreover, in  the m ixture condition  (chrom ium  m ix ed  w ith  d y e), chrom ium  
have h igher rem oval rate than in the individual so lu tion  sin ce  dye w a s o x id ized  by  
p h oto-excited  h o les  w h ich  prevented e lectron -h ole recom bination  and encouraged  
photoreduction  o f  chrom ium  (V I) on  T iÛ 2 . A nother that, in  the m ixture con d ition  dye
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have higher removal rate than in the individual solution since the result of the
prevention of electron-hole recombination by chromium (VI).

W atcharenw ong (2 0 0 3 ) investigated  the rem oval o f  chrom ium  (V I) from  the 
syn th esis w astew ater by suspend 1 ไ(ว2 . The param eters em p h asized  are pH, 
concentration  o f  chrom ium  (V I) so lution , am ount o f  su spen d  TiC>2 and the e ffect o f  
another io n  w h ich  decrease photocatalytic activ ity. T he resu lts sh ow ed  that, the 
optim um  pH  is  3 w ith  59.4%  treatment e ffic ien cy . It w as found  that increasing the 
concentration  o f  chrom ium  (V I) can decrease Kobs va lue. T h e reaction  rate o f  this 
research is pseudo-first-order. A d d in g o f  form ate io n  can  increase the e ffic ien cy  to  
82.46% . H ow ever , in  the other hand, another ion s such  as ch lorid e, phosphate and 
sulphate can  d ecrease photocatalytic activity.

Z h aolin  and L iang (2 0 0 4 ) investigated  the b en efit o f  N ano-T iC >2 thin film  
p h otocatalytic  coatin g  w ith  illum inate w avelength s shorter than 38 5  nm . T he resulting  
free-radicals and electron  vacancies serve as very p ow erfu l o x id iz in g  sp ecies that 
attack a variety  o f  organic substances. T i0 2  thin film  can anti-bacteria and anti-fo iling  
surfaces and provide pow er su spen sion s for w ater and air p u rification  system s, and 
pow der p ack in g  for form ing porous layers or filters that can b e u sed  as deodorizers.

S ob czy n sk i et al. (2 0 0 4 ) studied the m ech an ism  o f  p h enol photocatalytic  
d ecom p osition  and its interm ediates in the presence o f  illum inated  TiC>2 . W hile  
illu m in atin g TiC>2 , they found that the m ajor interm ediates w ere  hydroquinone, p- 
b en zoq u in on e and catech ol. A fter com p letion  o f  the reaction , o n ly  four com pounds; 
carb on diox id e, water, form ic acid  and acetic acid , w ere id en tified . In addition, the 
reaction o f  p h en o l d ecom p osition  sh ow ed  a first-order behavior.



T h is th esis  addressed the optim um  conditions in  treating ch rom ium  (V I) 
w astew ater u sin g  photocatalytic reaction from  the stud ied  o f  W atcharenw ong (200 3). 
T hen, the op tim u m  con d ition  in  treating chrom ium  (V I) from  syn thetic  w astew ater  
w as u sed  to fin d  the operating param eters o f  R D P R  in  th is w ork .
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2.4 Sol-Gel process

T he so l-g e l p rocess is a versatile technique for form in g various am orphous 
m aterials, sp e c if ic a lly  ceram ics and glasses (silica ). T h is p rocess is  a lso  accepted  as a 
tech n o lo g y  for form in g thin film s and coatings (V o ssen  and K ern, 1991). In general, 
the so l-g e l p rocess in v o lv es  the transition o f  a  system  from  a m olecu lar  precursor 
state through the form ation o f  nan o-sized  bricks during the so l p h ase into a g e l phase  
and fin a lly  transitions into a dried ceram ic m aterial. A  so l is  a co llo id a l (~ 1 -1 0 0 0  nm .) 
su sp en sion  o f  so lid  particles w ith in  a liquid phase. A  g e l is  a  substance w hich  
con tains a porous three-d im ensionally  interconnected so lid  netw ork  throughout a  
liqu id  phase. T he g e l can  be form ed by polycon d en sation  or b y  rapid evaporation o f  
the so lv en t during film  or fiber preparation to obtain  x ero g e l, w h ich  is  dried under 
norm al con d itio n s, and aerogel, w h ich  is  dried under supercritical con d ition s such  as 
in  an au toclave (B rinker and Scherer, 1990).T his derived  m ateria ls as com p onen ts for 
nanostructured en ergetic  com p osite  m aterials. A p p ly in g  the so l-g e l p rocess, it is  
p o ssib le  to  fabricate ceram ic or g lass m aterials in  a w id e  variety  o f  form s: ultra-fine 
or spherical shaped  pow ders, thin film  coatings, ceram ic fibers, m icroporous  
inorganic m em branes, m on olith ic  ceram ics and g la sses , or extrem ely  porous aerogel 
m aterials. T h is m eth o d o lo gy  is  used  to m ake p yrotechnic m aterials w ith  superior 
perform ance than ex istin g  form ulations, w h ile  incorporating all the sa fety  and lo w  
to x ic ity  con sideration s o f  water or other en viron m en ta lly  acceptab le  p rocessin g  
so lven t-b ased  system s.

T he so l-g e l technique is  the m ost w id e ly  u sed  to  prepare TiC>2 thin film s  
b ecau se o f  its advantages: g o od  h om ogen eity , large area coa tin g  and good  
photocatalytic  properties (K lein , 1991). The quality o f  T iC M h in  film s obtained  from



th is techn iqu e is  con trolled  b y  the type o f  m etal a lk o x id e , so lv en t to a lk oxid e ratio, 
type o f  catalyst and calcin ations temperature (A rabatzia et a l., 20 0 2 ; V icen te  et al., 
20 01 ; Y u  et a l., 2 0 0 1 ).
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Application of Sol-Gel method:

P on gpom  (2 0 0 5 ) syn th esized  thin film  T i 0 2 for ch rom ium  (V I) rem oval by 
p h otocata lysis process. In con clu sion , the optim um  co n d itio n  for g la ss- T i 0 2 thin film  
w as in  the con d ition  ratio in  titanium  (IV ) butoxide: ethanol: HC1: acety laceton e o f  1: 
30: 0.5: 1 as a calcin ations temperature 500 ° c  and coa tin g  c y c le s  o f  3 film s.

P ecch i et. al. (2 0 0 1 ) studied the p h otocata ly tic  degradation o f  
pentachlorophenol u sin g  T i 0 2 as catalysts. T he cata lysts prepared b y  the so l-gel 
m ethod  u sed  d ifferent gelation  pH  values and d ifferent ca lc in a tio n s tem peratures. The 
coating so lu tio n s con sisted  o f  titanium  (IV ) eth o x id e , H 20  and d ifferent hydrolysis 
catalysts (3-H C1, 5 -C H 3 C O O H , and 9 -N H 4 O H ) that w ere carried out at d ifferent pH  
va lu es. T he resu lt w as found that the reaction fo llo w e d  as a first-order reaction and 
the k in etic  constant va lu es changed sligh tly  w ith  the p H  o f  gela tion  and more 
sig n ifican tly  w ith  the calcin ations temperature.

A o  et. al. (2 0 0 3 ) d evelop ed  the synthetic p h otocata lyst w ith  T i 0 2 b y  using the 
so l-g e l m eth od  for photodegradation o f  typical in d oor p ollu tan ts (C O , C 0 2, N 0 2, and 
w ater vapor) w ith  d irection  to the com m ercial p h otocata lyst T i 0 2  (P 2 5). T he synthetic  
p h otocatalyst w as prepared from  TT iP, ethanol and P E G 6 0 0  in  the m olar ratio o f  
TTiP: ethanol: P E G 600 at 1:15:10. The catalyst w a s f ix e d  o n  g lass fiber by dip
coating. S u bsequently , the g lass fiber w as dried at 1 0 0 ° c  for 2 hours and then  
calc in ed  at 4 5 0 ° c  for 2  hours. The P25 catalyst w a s f ix e d  o n  g la ss  fiber b y  dipping it 
into a T i 0 2  su sp en sion  and ca lcin ed  at 1 2 0 °c  for 1 hour. T h e resu lts sh ow ed  that the 
synthetic ph otocata lyst had a h igher activity than P 25 for th e degradation o f  N O , 
to luene, ethy lb en zen e, o -x y len e  (B T E X ) and b en zen e.



T akahashi et al. (2 0 0 1 )  investigated  in  synthetic o f  th in  film  TiC>2 by so l-ge l 
m ethod  in  the con d ition  o f  titanium  tetraisopropoxide (TTIP): ethanol: H 2O ะ H N O 3 as 
1 : 1 : 1 0 : 1  and 1 : 1 : 50  : 1 w ith  the d ifference d ip -coatin g rates, w h ich  e ffec t to the 
differen ce in  th ick n ess and am ount o f  anatase crytal.
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D o u g la s  et al. (2 0 0 1 ) prepared a thin film  o f  TiC>2 by u sin g  the so l-g e l m ethod  
w h ich  dip  coa tin g  and spin  coating. The so l contained  5 gram s o f  titanium  
tetra isopropoxide (T T IP ), 4 0  m L o f  ethanol, 2 .5  gram s o f  P E G 60 0  and 2.5gram s o f  
D E G . T hin  f ilm s  from  dip-coated  and sp in-coated  w ere ca lc in ed  at 4 5 0 ° c  for 30  
m inutes in  the furnace. T he result present that, photocatalytic  activ ities  o f  both film s  
w ere not d ifferent.

A rabatzis et al. (2 0 0 2 )  generated T i0 2  thin film s by ap p ly in g  dip coating and 
doctor-b lade d ep ositio n  techniques, using titanium  (IV ) b u tox id e and D egu ssa  P25 
TiC>2 p ow d er as precursors. The results sh ow  that the D eg u ssa  P 25 film s presented  
very g o o d  u n iform ity  crystallization , and properties c lo se ly  related to the starting 
pow der m aterial. T he catalytic  activ ity  o f  the film s tow ards photodegradation  o f  3 , 5- 
d ich lorop h en ol w a s a lso  analyzed . T his w orks sh ow ed  that the f ilm s cou ld  effic ien tly  
purely the pollutant. T he reaction rate constants o f  the D eg u ssa  P 25 film s obtained  
from  the d octor-b lad e technique w ere greater than the f ilm s obtained  from  the sol-gel 
technique.

R ook p u n  et al. (2 0 0 3 )  investigated  the optim um  con d itio n  for the preparation 
thin film s TiC>2 . T itanium  tetraisopropoxide (TTIP) and titanium  d io x id e  (D egu ssa  
P 25) w ere u sed  as the precursors d isso lved  in  ethanol. T he p rov ision al temperature 
w as con tro lled  at 0 ° c ,  the calcination  (at 600°C ) tim e w a s 2 0  m inute and the solution  
w as m ix ed  for 30  m inutes w ith  1 cy c le  o f  so l-g e l coatin g  p rocess. T he results show ed  
that titanium  tetra isopropoxide (TTIP) presented the p h ysica l properties for thin film s



better than titan ium  d io x id e  (D egu ssa  P25). The optim um  con d ition s o f  titanium  
tetra isopropoxide (TTIP): ethanol: H 2 O: H N O 3 as 1:50:1:0 .2.
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From  the studied  o f  P ongpom  (20 0 5 ), the results sh o w  the optim um  conditions  
for produce thin  film  T i0 2  w h ich  can rem ove chrom ium  (V I) b y  photoreduction. 
Therefore, the preparation o f  thin  film  T iÛ 2 rotating d iscs p la tes used  in  R D P R  in this 
w ork w a s prepared fo llo w in g  P on g p o m ’ ร work.

2.5 Rotating Disc Photocatalytic Reactor (PRDR)

R eactor d esig n  can re lieve  som e o f  the tox ic  p ollu tant’s problem s and this can  
increase the e ff ic ie n c y  o f  the ph otocatalysis process. M any w orks incorporated the 
use o f  f ix e d  f ilm s  in  order to reduce the need o f  filtration. E arly in  th is decade, it w as  
em p h asized  that in  order to  ach ieve com m ercialization  o f  photocatalytic  techn ology , 
m any researchers in  this fie ld  need  to d esign  ph otocata lytic  reactors w hich  can  
ach ieve  h igher e ffic ien c ie s  o f  light u tilization  and exh ib it c o s t  com p etitiven ess w hen  
com pared to  other treatm ent tech n o log ies (O llis et al. 1993).

R otating D isc  P hotocatalytic R eactors (R D P R ) h av e b een  used  for several 
applications in clu d in g  the preparation o f  thin film s, ch em ica l syn thesis, catalysis, and 
the d isso lu tio n  o f  so lid s  into so lven ts (D io n ysio u  et a l., 1 9 99 ). R ecently , the rotating 
d isc  reactor incorporating TiC>2 catalyst and u v  radiation w as used  for the 
p h otocatalytic  degradation o f  to x ic  pollutants in  the water.

The major advantages of RDPR

T he m ajor advantages o f  R D P R  follow ed:

- B y  u sin g  im m ob ilized  TiC>2 in this reactor typ e, the post-treatm ent in 
separation  o f  u sed  catalyst from  water is not required.



- T h is type o f  reactor provides h igh  p erform an ce according to the 
photoreaction  is occurring throughout the liqu id  thin film  on  the catalyst 
d isc.

- T h is type o f  reactor reactor provides a go od  m ix in g  o f  w astew ater by the 
rotating o f  disc.

S m all s ize  and ease  to adjust the active surface area by adding thin film  
catalyst d iscs as required.

T his th esis w ill be focu sed  on  the develop ed  a n o v e l photocatalytic reactor: the 
R otating D isc  P hotocatalytic Reactor (R D PR ). T he degradation  o f  tox ic  com pounds 
can  be carried out in  continuous manner. M ix in g  o f  the so lu tio n  w as ach ieved  by 
rotation o f  the d iscs  w h ile  the photocatalytic reactions occu red  on  the UV -irradiated  
com p o site  TiC>2 based  catalyst in  the form  o f  suspended  w a s  u sed  as the im m obilized  
p h otocatalyst on  the rotating d isc  surface. T his R otating D isc  P hotocatalytic Reactor  
(R D P R ) can  b e used  for sim ultaneous degradation o f  to x ic  pollutant in  both liquid and 
gas p h ases w h en  the reactor is  c lo sed  at the top ( H am ill et a l., 20 0 0 ). It is  anticipated  
that the p rocess w ill be suitable for the degradation o f  chrom ium  (V I) w h ich  do not 
lead them  to  purification  using conventional adsorption  (e .g ., activated carbon  
adsorption) and ox id ation  (e .g ., O 3 ) p rocesses, as w e ll as for d isin fection  (Jacoby et al., 
1998). In a con tin u ou s m ode o f  R D PR , the degradation rates o f  the pollutant can be  
con trolled  b y  m any operating parameters including the illu m in ated  surface area o f  the 
catalyst, the rotational speed  o f  the d isc, the liquid  f lo w  rate, the liquid  carry capacity  
o f  d iscs and the lev e l o f  the aqueous solution  in  the reaction  v e sse l (D io n y sio u  et al.,
2 0 0 2 ). In th is reactor, the rem oval o f  chrom ium  (V I) can  b e carried out in  continuous  
manner. T he degradation rates o f  the chrom ium  (V I) can  b e controlled  by m any  
operating param eters including initial pH  o f  w astew ater, the liquid  f lo w  rate and the  
rotational sp eed  o f  the d isc  and the initial concentration o f  chrom ium  (V I).
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A p p lic a tio n  o f  R o ta tin g  D isc  P h o to ca ta ly tic  R e a c to r  (R D P R ):
22

D io n y sio u  et al., (1 9 9 9 ) studied in  the destruction o f  4 -ch lorob en zo ic  acid  (4- 
C B A ) b y  R otating D isc  Photocatalytic Reactor (R D P R ) w ith  im m obilization  o f  T iÛ 2  

nanoparticles on  the d iscs. The results sh ow  that, 288  pM  o f  4 -C B A  w ith  pH  3 can be 
ach ieve  rem oved  in  6  hours beneath 365 nm  o f  u v  lam p and 4  rpm. The liquid  
carrying capacity o f  the catalyst d iscs w ill be increased w h en  increase the d isc  angular 
v e lo c ity  from  2 - 6  rpm, it’s directly e ffect to increasing the reaction  rate base on  the 
p h otocatlysis reaction  w ill occur on ly  on  the thin film  catalyst. In this study  
L angm u ir-H insh elw ood  m od el w as applied to in vestigate the reaction rate constant 
and the adsorption rate constant that equal to 12.5 p m ol/m in  and 7 .0  X 10 ' 3 1/ pm ol. 
T he m ix in g  so lu tion  in  this batch reactor w as sim ilar to an ideal continuously  stirred 
tank reactor or C S T R  ( a  and p are c lo se  to 1), w h ich  has the co effic ien ts  a  and p o f  
the equation (W esterterp et ฟ ., 1984): Cout/Co =  e  P [' (t/T)1 are 1.03 and 0 .98 , 
resp ectively .

H am ill et ah, (2 0 0 0 ) studied the rem oval o f  a  chlorinated v o c ,  3 ,4 -  
d ich lo rob u t-l-en e  b y  a batch rotating p hotocatalytic contactor w ith  thin film  o f  TiC>2 . 
T his paper studied  the e ffect o f  d isso lved  o x y g en  concentration , light in tensity and 
rotation speed  on  the degradation rate. The results sh o w  that the rem oval o f  v o c ,  3, 
4 -d ich lo ro b u t-l-en e  is  the pseudo-first-order. T he pseudo-first-order rate constants 
(kdeg) at the rotation sp eed  o f  5, 67  and 136 rpm are 0 .0 1 2 8 , 0 .0 1 7 7  and 0 .0 2 4 2  m in '1, 
resp ectively . T he d isso lv ed  ox yg en  concentration is  not lim itin g  in  0 -1 0 0  rpm. W hen  
photon  flu x  w as increasing the photonic e ffic ien cy  w as reduced  at all sp eed s, th is is 
because o f  the increased  electron-hole recom bination rate at h igher photon flux w hich  
results in  the fractional order variation in light intensity.

Z hang (2 0 0 0 )  studied the e ffic ien cy  o f  rotating reactor (that is coated  w ith  
TiC>2 pow ders and Pt are im m obilized  on outer surface o f  g la ss drum) for rem ove  
phenol and Total O rganic Carbon (TO C ) b etw een  the irradiation o f  solar light and 
artificial light. T he resu lt sh ow ed  that artificial light has h igher e ffic ien cy  than solar



light in  both contam inants. In both case, phenol has h igher rem oval e ffic ien cy  than 
TO C. T h is resu lt is  responding to the photocatalytic reaction  w h ich  occurs in the 
appropriate w a velen g th  (3 0 0 -4 0 0  nm ) depend on  the ch o sen  catalyst.
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D io n y sio u  et al., (2 0 0 2 ) investigated  3 param eters in cluded  the d isc angular 
v e lo c ity , contam inant concentration and incident light in ten sity  u sin g  a rotating disc  
photocatalytic  reactor on  the degradation o f  organic contam inants. The results show ed  
that, h igh  o f  d isc  angular v e lo c ity  can prom ote the increase o f  photoreaction  rate in  2 - 
20  rpm. T he increasing e ffic ien cy  degradation rate responded to  the in tensity o f  light 
and the in creasin g o f  contam inant concentration. M oreover, the obtained results 
su ggested  the ab sen ce o f  sign ifican t m ass transfer lim itations at d isc  angular 
v e lo c itie s  h igher than 6  rpm.

T he k n ow led ge  from  th ese  papers w as the b asic  princip le o f  R otating D isc  
P h otocatalytic R eactors (R D P R ) in  sm all sca le  o f  batch reactor. The g o a ls  o f  these  
researches lo o k  forward for treatm ent o f  the to x ic  pollutant in  the real industry 
w astew ater.

2.6 Photocatalytic reaction.

2.6.1 Langmuir-Hinshelwood reaction kinetics

L angm u ir-H insh elw ood  k in etics (L -H ) m od el is  com m o m ly  used for 
quantitative d escrip tion  o f  h eterogen eous phase reactions b etw een  tw o  adsorbed  
reactants that take p lace on  the interface o f  tw o  system s (Fernandez et a l., 1999). It 
has a lso  b een  e ffic ien t as a standard quantitative d escrip tion  o f  liq u id -so lid  reactions 
(A l-E kabi et a l., 1988). Extrapolation o f  L-H  m od el for liq u id -so lid  reactions requires 
som e m od ifica tion  for TiC>2 so lid  surface in  aqueous su sp en sion , sin ce hydroxyl 
groups and w ater m o lecu les  cover it.



1) T he reaction  take p lace b etw een  tw o adsorbed reagents;

2 ) T he reaction  occu r b etw een  a redical in  the so lu tion  and the adsorbed  
reagent;

3) T he reaction  take p lace betw een  the radical linked  to the surface and the  
reagents in  the solution;

4 ) The reaction  occurs w ith  both sp ecies in the so lu tion .

Therefore, for the standard L-H  inform ation, it is  assum ed that the reaction  
occurs on  the surface o f  the substrate. In photocatalytic (or photoadsorption) reactions, 
the rate dep en den ce on  reagent concentration that can be approxim ated by the  
equation:
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The competitive analysis of the kinetic in the photocatalytic reduction of

contaminants via irradiated semiconductors, TiC>2 distinguishes four situations:

dC _ kKC (2 . 1 )
dt ~  (l +  £ C )

obs c ( 2 .2 )

c  1
" k 1 kK (2 .3 )

W here r is  the in itial rate o f  disappearance o f  the contam inants, m g/l.m in .

k is  an apparent reaction  rate constants w h ich  is  related to the
adsorption /desorption  affin ity. It depends on  ligh t intensity, m g/l.m in .

K  is the L angm uir constant reflecting the adsorption equilibrium  betw een  
the reagent and the surface o f  the photocatalyst, 1/m g.

c  is  the reactant concentration, m g/1 .

kobs is  the reaction  rate constant, m in '1.
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