
CHAPTER I
INTRODUCTION

1.1 Motivations

R ecently , an in novation  tech n o logy , relating to p h otocatalysis process in 
aqueous so lu tion  o f  sem icond u ctors w hich  w as received  considerab le attention in  
v ie w  o f  light en ergy  con v ersion  (Z hang and Crittenden, 1994). T h is photocatalytic  
process exh ib its rapid and h igh  e ffic ien cy  in  destroying in the environm ental 
pollutants m ain ly  found in  w astew ater and air.

P hotocatalytic  p rocesses have been  o f  continuous interest in  the treatment and 
purification o f  air and w ater s in ce  they can com p lete the reduction o f  m etal ions. 
Furthermore, organ ic sp ec ies  can be com p letely  m ineralized  to  carbon d iox id e or 
b ecom e n on tox ic  m aterials (Fu et al., 1998). Titanium  d io x id e  (TiC>2) has been  w id ely  
used as a p h otocatalyst due to its activ ity , photostability , n on -to x ic ity  and com m ercial 
availab ility  (O ppenlander, 2 0 0 3 ). Several techniques (Srikanth et al., 2 0 0 1 ) have been  
develop ed  to im m o b ilize  TiC>2 o n  different substrates w ith  su itable properties to  
propose a h ig h ly  active  surface area and photoactiv ity. T he p ost treatment o f  
suspended TiC>2 after treatm ent p rocess can be avoided  by attaching a layer o f  TiC>2 on  
the solid  support v ia  the so l-g e l m ethod in producing thin film  TiC>2 . Thus, in the real 
application stream  f lo w  can a lso  be irradiate and the p h otocata lysis p rocess can occur  
along the w ater path. For this research, the prototype m od el o f  p h otocatalysis, w h ich  
produced by thin  film  TiC>2 to rem ove h exava len ce chrom ium  (V I), w as innovated.

C hrom ium  (V I) is  a h ig h ly  to x ic  heavy m etal as w e ll as h igh ly  solub le  
substance over a w id e  range o f  pH  conditions. It is  used  in  a variety o f  industrial 
processes, co n sisted  o f  w o o d  treating, plating, and tanning as w e ll as in  the pow er  
industry. N aturally  chrom ium  occurs in  the trivalent form , C hrom ium  (III), and has 
lim ited  so lu b ility  (ex cep t in  extrem ely  acid ic con ditions). Failure to treat Chrom ium  
(V I) contam ination  in  a quick  m anner, results in larger future expenditures as



g r o u n d w a t e r  p l u m e s  c o n t i n u e  t o  s p r e a d ,  u n l e s s  r e m e d i a t e  ( T h o m a s s e r  a n d  R o u s e ,

2 0 0 1 ) .  A l l  o f  t h e m  a r e  v e r y  h a z a r d  t o  t h e  h u m a n - b e i n g  l i f e .  F u r t h e r m o r e ,  r e c e n t l y  

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

r e a c t o r  i n  o n e  c h o i c e  f o r  t h i s  i m p l e m e n t .

I n  t h i s  r e s e a r c h ,  R o t a t i n g  D i s c  p h o t o c a t a l y t i c  r e a c t o r  w a s  s e l e c t e d  a s  a n  

i m p l e m e n t  m e t h o d .  R o t a t i n g  D i s c  r e a c t o r  i n  t h i s  w o r k  i n c o r p o r a t i n g  T i C >2 c a t a l y s t  a n d  

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

t h i s  r e s e a r c h  R D P R  w a s  e x p e c t e d  t o  r e m o v e  C h r o m i u m  ( V I )  a n d  t h e  o p e r a t i o n  

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

w a s t e  s t r e a m  f l o w  r a t e ,  r o t a t i n g  d i s c  s p e e d ,  a m o u n t  o f  T i C >2 c o a t i n g  s u r f a c e  a r e a  a n d  

t h e  i n i t i a l  c o n c e n t r a t i o n  o f  c h r o m i u m .
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1.2 Objectives

T h e  m a i n  o b j e c t i v e  o f  t h i s  r e s e a r c h  w a s  t o  i n v e s t i g a t e  e f f e c t  o f  o p e r a t i n g  

p a r a m e t e r s  o n  c h r o m i u m  ( V I )  r e m o v a l  e f f i c i e n c y  u s i n g  R D P R .  T h e  s p e c i f i c  

o b j e c t i v e s  w e r e :

1 . 2 . 1  T o  i n n o v a t e  t h e  p r o t o t y p e  m o d e l  o f  p h o t o c a t a l y s i s  f o r  c o m p l e t e l y  

r e m o v e s  c h r o m i u m  ( V I )  f r o m  w a s t e w a t e r .

1 . 2 . 2  T o  i n v e s t i g a t e  t h e  e f f e c t  o f  i n i t i a l  p H  o f  w a s t e w a t e r ,  w a s t e  s t r e a m  f l o w  

r a t e ,  r o t a t i n g  d i s c  s p e e d ,  T i C >2 c o a t i n g  s u r f a c e  a r e a  a n d  i n i t i a l  

c o n c e n t r a t i o n  o f  c h r o m i u m  ( V I )  o n  p h o t o c a t a l y t i c  a c t i v i t y  o f  c h r o m i u m  

( V I )  r e m o v a l .



1.3 Hypotheses
3

R o t a t i n g  D i s c  P h o t o c a t a l y t i c  R e a c t o r  ( R D P R )  c a n  e f f i c i e n t l y  r e m o v e  

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

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

o f  T i C >2 c o a t i n g  s u r f a c e  a r e a  a n d  i n i t i a l  c o n c e n t r a t i o n  o f  c h r o m i u m  ( V I )  s o l u t i o n  a r e  

t h e  m a j o r  f a c t o r s  a f f e c t i n g  t h e  e f f i c i e n c y  o f  R D P R .

1.4 Scope of the study

A l l  e x p e r i m e n t s  i n  t h i s  r e s e a r c h  w e r e  c o n d u c t e d  o n  l a b o r a t o r y  s c a l e .  T h e  s c o p e s  

o f  t h i s  w o r k  w e r e  a s  f o l l o w s :

1 . 4 . 1  R D P R  w a s  d e s i g n e d  a n d  s e t  u p .

1 . 4 . 2  T i C >2 t h i n  f i l m s  w e r e  p r e p a r e d  b y  s o l - g e l  d i p - c o a t i n g  t e c h n i q u e .

1 . 4 . 3  T h e  t h i n  f i l m  c h a r a c t e r i s t i c s  w e r e  m e a s u r e d  f o r  p h o t o c a t a l y s i s  p u r p o s e s  

o n l y .  T h i s  c h a r a c t e r i s t i c  ร ณ d y  w a s  n o t  i n v o l v e d  o p t i c a l  o r  

e l e c t r o c h e m i c a l  a s p e c t s .

1 . 4 . 4  S y n t h e t i c  i n d u s t r i a l  w a s t e w a t e r  w i t h  a  c o n c e n t r a t i o n  o f  c h r o m i u m  ( V I )  

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

1 . 4 . 5  T h e  p h o t o r e d u c t i o n  o f  c h r o m i u m  ( V I )  w a s  t e s t e d  w i t h  m a j o r  o p e r a t i n g  

p a r a m e t e r s  o f  R D P R  i n c l u d i n g  i n i t i a l  p H  o f  w a s t e w a t e r ,  f l o w  r a t e  o f  

c o n t i n u o u s  m o d e ,  r o t a t i n g  d i s c  s p e e d  o r  r p m ,  T i C >2 c o a t i n g  s u r f a c e  a r e a  

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



1.5 Benefits of this work
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R e s u l t s  f r o m  t h i s  r e s e a r c h  c a n  b e  f u r t h e r  u s e d  t o  p r e p a r e  1 ไ ( ว 2  t h i n  f i l m  o n  

s t a i n l e s s  s t e e l  d i s c s  p l a t e  b y  s o l - g e l  t e c h n i q u e .  M o r e o v e r ,  t h e y  c a n  b e  a p p l i e d  t o  

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

t r e a t m e n t  c o n t a i n i n g  c h r o m i u m  ( V I )  b y  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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