
CHAPTER I
INTRODUCTION

1 .1  M o t i v a t i o n

Titanium dioxide (TiCb) is one of the most interesting nanostructured 
materials at the present time, since it possess superb catalytic properties and excellent 
stability after chemical reaction. It is generally used in industry as a photocatalyst. 
Properties effecting the photocatalytic activity of TiC>2 particles have been reported to 
include surface area, crystallite size and crystal structure (Ding and Liu, 1997; Salim 
et ah, 2000). Consequently, the manipulation of microstructure, especially for 
nanocrystalline powders, is crucial to optimize photocatalytic efficiency in order to 
apply this nanosized particle in contaminant removal using chemical reaction in 
environmental application. For TiC>2, the mainly polymorphs among others are 
anatase and rutile. It is generally accepted that anatase is the most active photocatalyst 
due to its wider bandgap than rutile (3.23 eV for anatase and 3.1 eV for rutile), and 
that a combination of high crystallinity and large specific surface area improves 
photocatalytic performance (Moon et ah, 2001; Ovenstone, 2001). These physical 
properties are controlled by the preparation method.

There are many methods to synthesize TiC>2 nanoparticles, such as chemical 
vapor deposition (CVD) (Ayllon et ah, 1999), the sol-gel technique (Poniatowski et 
ah, 1994), hydrolysis (Park et ah, 1997) and the microemulsion method (Kim and 
Hahn, 2001). Sol-gel technique is the most common method of producing TiC>2 

nanoparticles and it is accepted to be the practical process to control the structure of a 
material on a nanometer scale (Hench and West, 1990)

This study was focused on preparation and characterization of TiC>2 

nanoparticles using sol-gel method for photocatalysis process in treating heavy metals 
from industrial wastewater. To ensure that the synthesized nanoparticles can be used 
efficiently in heavy metals removal, an evaluating of performance and a determinatioh 
of photocatalytic activity in selected heavy metal removal was also investigated.

In this work, the selected contaminant was chromium (VI), the most toxiè 
specie and frequently found heavy metal in industrial waste streams. Chromium (VI)



has been classified as the most employed heavy metal in many industrial processes in 
Thailand. Therefore, the appearance of this heavy metal in the improper discharge of 
effluent streams from chrome plating, electronic, timber and leather tanning industries 
could be found. These effluents must be treated and the chromium (VI) concentration 
must be removed from the waste stream according to its relatively high toxicity and 
mobility. It was reported that chromium (VI) has been shown to be carcinogenic by 
inhalation and is corrosive to tissue (Fu et al., 1998). The United Nations Food and 
Agriculture Organization recommended maximum level of this heavy metal for 
irrigation water is lOOpg/L. The limitation of chromium (VI) in treated effluent 0.25 
mg/L is regulated by the Pollution Control Department, Thailand.

In general, the practical way to remove chromium (VI) is a photocatalytic 
process (Kajitvichyanukul, 2002; Kajitvichyanukul, 2003). The commercial Ti02 
powder used in the previous work exhibited the limitation in the active surface area, 
and the improper crystallinity as high amount of rutile presented in crystal structure. 
Thus, aim of this work was to synthesize the novel nanoparticle TiC>2 with superb 
properties for better efficiency in chromium (VI) removal using photocatalysis 
process as indicated above.

1 . 2  O b j e c t i v e s

Major objective of this work was to synthesize and characterize a novel 
nanoparticle TiÛ2 with proper properties (high surface area, small nanocrystal size, 
high porosity, and proper crystal structure) and high photocatalytic activity in 
chromium (VI) removal application.

Minor objectives in this study included:
• to investigate the effect of stabilizing agents on properties of 

nanoparticle TiC>2

• to investigate the effect of molar ratios of TiC>2 to stabilizing agent on
■ *

properties of nanoparticle TiC>2

• to investigate the effect of calcination temperatures on properties of 
nanoparticle TiC>2
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1.3 Hypotheses

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

T i Û 2 w a s  c o n t r o l l e d  b y  T i 0 2  p r o p e r t i e s .

•  S t a b i l i z i n g  a g e n t s :  d i e t h y l e n e  g l y c o l  ( D E G )  a n d  p o l y e t h y l e n e  g l y c o l  

( P E G )  c h a n g e d  t h e  p r o p e r t i e s  o f  T i 0 2 ,  w h i c h  l e a d  t o  e i t h e r  i n c r e a s i n g  o r  

d e c r e a s i n g  p r o c e s s  e f f i c i e n c y .

•  M o l e  r a t i o s  o f  T T i P  t o  s t a b i l i z i n g  a g e n t  a n d  c a l c i n a t i o n  t e m p e r a t u r e s  w e r e  

t h e  m a j o r  f a c t o r s  c o n t r o l l i n g  T iC >2 p r o p e r t i e s  i n  p r e p a r a t i o n  o f  n a n o p a r t i c l e  

T i 0 2 .

1.4 Scopes 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  t h e  l a b o r a t o r y  s c a l e .  T h e  

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

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

2 .  T w o  s t a b i l i z i n g  a g e n t s :  D E G  a n d  P E G ,  w i l l  b e  u s e d  t o  c o n t r o l  t h e  p r o p e r t i e s  

o f  n a n o p a r t i c l e  T iC >2 .

3 .  C h a r a c t e r i s t i c s  o f  n a n o p a r t i c l e s  T i (>2 s t u d i e d  a r e  b a s e d  o n  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 .  M a j o r  p r o p e r t i e s  t o  b e  s t u d i e d  i n c l u d e  s u r f a c e  a r e a ,  p o r o s i t y ,  

p o r e  v o l u m e ,  a n d  r a t i o  o f  a n a t a s e  t o  r u t i l e .

4 .  P h o t o c a t a l y t i c  a c t i v i t y  o f  n a n o p a r t i c l e s  T iC >2 w i l l  b e  m e a s u r e d  u s i n g  

c h r o m i u m  ( I V )  i n  s y n t h e s i s  w a s t e w a t e r  w i t h  t h e  c o n c e n t r a t i o n  5 0  m g / L ,  w h i c h  

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

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

1.5 Expected Outcome
•  O b t a i n  n a n o p a r t i c l e  T i Û 2 w i t h  n o v e l  p r o p e r t i e s  b e n e f i c i a l  t o  t h e  p h o t o a c t i v i t y .

•  G a i n  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  r o l e  o f  t y p e s  a n d  a m o u n t  o f  s t a b i l i z i n g  

a g e n t s  o n  p r o p e r t i e s  o f  n a n o p a r t i c l e  T i 0 2 .

•  G a i n  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  e f f e c t  o f  m o l a r  r a t i o s  o f  T i Û 2 t o  s t a b i l i z i n g  

a g e n t  o n  p r o p e r t i e s  o f  n a n o p a r t i c l e  T i 0 2 .

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

p r o p e r t i e s  o f  n a n o p a r t i c l e  T iC >2 .
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