
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3 .1 .1  C a ta ly st P rep aration  M a ter ia ls
T ita n iu m  d io x id e  (1 0 0 %  p u rity) w a s  o b ta in ed  from  J.J. D e g u s s a  H ü ls  

(T ) C o . L td. P la tin u m (II)2 ,4 -p e n ta n e d io n a te , P t(C 5H 7C b )2 (4 9 .8 % P t)  w a s  ob ta in ed  
fro m  A lfa  A esa r . T e traeth y lo rth o titan a te  (T E O T ) (1 0 0 %  p u rity ) w a s  su p p lied  b y  
F lu k a . E th a n o l w ith  9 9 .7 %  p u rity  w a s  su p p lied  b y  B D H . N itr ic  a c id  (6 5 % ) w a s  
su p p lie d  b y  L a b -S ca n . A l l  c h e m ic a ls  w ere  u sed  as r e c e iv e d . D is t i l le d  w a ter  w a s  
u sed  th ro u g h o u t th is  stu d y .

3 .1 .2  R ea cta n t G a ses
H e liu m  (H e ) w ith  9 9 .9 5 %  purity  and O x y g e n  (O 2) w ith  99.5% p u rity  

w e r e  o b ta in e d  fro m  T h a i Industria l G as (P u b lic )  C o ., L td. E th y le n e  ( C 2 H 4 ) w ith  
9 9 .9 9 %  p u rity  w a s  o b ta in ed  from  N a tio n a l P e tro ch em ica l (P u b lic )  C o ., Ltd.

3.2 Catalyst Preparation

C a ta ly sts  u se d  in  th is  w ork  w e r e  prepared  b y  d ip p in g  a g la s s  r in g  or g la ss  
w o o l  as th e  c a ta ly s t  su p p ort in  a slurry o f  a c o m m e r c ia l TiO ? (D e g u s s a  P 2 5 )  or so l-  
g e l T i 0 2. T h e  g la s s  r in g  w a s  7 m m  O D , 5 m m  ID , and  10 m m  lo n g . T h e  in tern al 
su r fa ce  o f  th e  g la s s  r in g  w a s  e tch ed  b y  H F b efo re  c o a ted  w ith  th e c a ta ly s t . T h e  g la ss  
w o o l  w a s  p retrea ted  to  r e m o v e  all u n d esira b le  m atters su ch  as w a x  an d  b in d er  b y  
c a lc in a t io n  at 450°c for  2 .5  h. T h e treated  g la ss  w o o l w a s  th en  cu t to  th e  s iz e  o f  3 x 3  

c m 2.
T o  p rep are D e g u s s a  P 25  co a te d  o n  a g la ss  r in g  or g la s s  w o o l ,  D e g u s s a  P 25  

slurry w a s  p rep ared  b y  m ix in g  0 .6  g  o f  D e g u ssa  P 25  w ith  2 9 .4  m l o f  d is t i l le d  w ater. 
T h e g la s s  r in g  or g la s s  w o o l w a s  th en  im m ersed  in  th is  slurry for 5 m in  and  d ried  in  
an o v e n  at 10 0  °c for  15 m in . T h e  p roced u re  w a s  rep ea ted  8 t im e s  fo r  th e  g la s s  ring
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and o n e  t im e  for th e  g la s s  w o o l. T h e  c o a ted  g la ss  r in g  or g la s s  w o o l  w a s  an n ea led  in  
a fu rn a ce  at 300°c for  3 h, and c o o le d  to  room  tem p era tu re w ith  a c o o l in g  rate o f  5 0  

° c /m in .  T h e  c a ta ly s t  w a s  w h ite  a fter a n n ea lin g . T h e  am o u n t o f  T iO ? lo a d in g  w a s  
ab o u t 0.003 g for  g la s s  r in g  and 0 .0 0 8  g  for  g la ss  w o o l.

F or  a g la s s  r in g  or g la s s  w o o l co a ted  w ith  s o l -g e l  T i 0 2, T i 0 2 slurry w a s  
p rep ared  b y  m ix in g  1.5 g  o f  T ita n iu m  (IV ) e th o x id e  (T E O T ) w ith  2 0  m l o f  e th a n o l 
and  6  d rop s o f  n itr ic  acid . T h e  c o a tin g  p roced u re  w a s  th e  sa m e  as p r e v io u s ly  
d e sc r ib e d  e x c e p t  u s in g  o n ly  400°c and  5 h  in stead  o f  300°c and 3 h  for  a n n ea lin g .

T o  p rep are 1% P t /T i0 2, 0 .0 0 5  g  o f  PftC jH vC b)? and 2 .8 3  g  o f  T E O T  w ere  
d is s o lv e d  in  3 8 .0 7  m l o f  e th a n o l and 14 d rop s o f  n itric acid . T h e  sa m e  c o a tin g  and  
c a lc u la t io n  p ro ced u res  w er e  carried  ou t as d escr ib ed  a b o v e .

3.3 Catalyst Characterization

S u rfa ce  areas o f  the p repared  ca ta ly sts  w ere  d eterm in ed  b y  a Q u an ta ch rom  
su r fa ce  area a n a ly z e r  (A u to so r b -1 ) . T h e  sa m p le s  w e r e  d e g a sse d  at 2 0 0  °c o v e r n ig h t  
b e fo r e  th e  a n a ly s is . N itr o g e n  w a s  u sed  as a p rob e ga s. A  c a ta ly s t  s a m p le  w a s  d ried  
and  o u tg a sse d  in  th e  sa m p le  c e ll  at 2 0 0  °c for at lea st  4  h b e fo r e  a d so rp tio n . T h e  
s p e c if ic  area o f  e a c h  c a ta ly s t  w a s  ca lc u la te d  from  the 5 p o in ts  a d so r p tio n  iso th erm . 
T h e  resu lts  w e r e  a n a ly z e d  b y  the A u to so rb  A N A G A S  so ftw a r e  v e r s io n  2 .1 0 .

C r y sta llin e  p h a se s  o f  th e  c a ta ly s ts  w er e  d e term in ed  b y  a R ig a k u  X -ray  
d iffr a c to m e te r  (R I N T -2 2 0 0 )  eq u ip p ed  w ith  a grap h ite  m o n o c h r o m a to r  an d  a C u  tu b e  
for g e n e r a tin g  C u K a rad ia tion  (A =  1 .5 4 0 6  °A ) at a gen era to r  v o lta g e  o f  4 0  k V  and a 

gen era to r  cu rren t o f  3 0  raA . A  n ic k e l filter  w a s  u sed  as th e  K a filter . T h e  g o n io m e te r  

p ara m eters w e r e  d iv e r g e n c e  s lit  =  1 ° (2 9 );  sca tter in g  s lit  =  1 ° (2 0 );  an d  r e c e iv in g  s lit  =  
0 .3  m m . T h e  c a ta ly s t  sa m p le  w a s  h e ld  on  a g la ss  s lid e  h o ld er  an d  w a s  e x a m in e d  
b e tw e e n  5 to  9O °(2 0 ) ran ge at a sc a n n in g  sp e e d  o f  5 ° (2 0 ) /m in u te  an d  a sca n  step  o f  
0 .0 2 ° ( 2 9 ) .  T h e  d ig ita l ou tp ut o f  p rop ortion a l X -ra y  d iffra cto r  an d  th e  g o n io m e te r  
a n g le  m ea su r e m e n ts  w e r e  sen t to  an o n lin e  m icro co m p u ter  to  reco rd  th e  data  and  
su b seq u en t a n a ly s is . T h e  X -ray  p attern s o f  th e  ca ta ly s ts  w er e  co m p a r e d  w ith  that o f  
D e g u s s a  P -2 5 .
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3.4 Oxidation Reaction Experiment

S c h e m a tic  d ia g ra m s o f  th e  ex p er im en ta l setu p  and p o w e r  su p p ly  in  th is  w o rk  
are sh o w n  in  F ig u re  3.1 and  3 .2 , r e sp e c tiv e ly . R ea cta n t g a se s , e th y le n e , o x y g e n , and  
h e liu m , c o n tr o lle d  b y  m a ss  f lo w  co n tro ller s , w er e  in trod u ced  in to  th e  first reactor  at 
ro o m  tem p era tu re  an d  a tm o sp h er ic  p ressu re. B e fo r e  the reactan t g a s e s  p a sse d

M a ss  f lo w  co n tro llers

Figure 3.1 S c h e m a tic  d iagram  o f  th e  ex p e r im e n ta l se tu p .
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Figure 3 .2  S c h e m a tic  d iagram  o f  p o w e r  su p p ly .
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through the mass flow controllers, any foreign particles in the feed gases were 
trapped by 0.7 pm in-line filters. The feed mixture was controlled to have 3% 
ethylene and 15% oxygen with helium balance. The four reactors which were made 
of quartz tubes with 10 mm OD and 8 mm ID were arranged in a series. Plasma was 
generated in each reactor via a pair of stainless steel pin and plate electrodes. The 
pin and plate electrodes were located at the center of each reactor. The power used 
to generate plasma was alternative current power, 220V and 50 Hz, which was 
transmitted to a high voltage current. The output voltage was increased up to 130 
times and the signal of the alternative current was a sine form. The glass ring or 
glass wool coated with either the sol-gel TiCb or Degussa P25 was packed in the 
space between the two electrodes as shown in Figure 3.3.

The experiment was started with the feed gas composition analysis by a gas 
chromatograph (Perkin-Elmer, AutoSystem GC) equipped with a thermal 
conductivity detector. The GC conditions used were summarized as follows:

Injection temperature: 160 °c
Oven temperature: 120 °c for 5 min

A ratio of oxygen to ethylene was set constant at 5:1. After the concentration 
of the feed mixture was constant, the supply power unit was turned on. After 30 min, 
the composition of the effluent was analyzed every 30 min until the outlet gas 
composition was constant. Effects of the stage number of the plasma and 
photocatalytic system on the ethylene removal and product selectivities were 
investigated by turning off one by one reactor with the fourth one first. The 
calculation of product selectivities is based on the carbon content of the converted 
ethylene fraction.

Carrier gas:
Carrier gas flow rate: 
Column type: 
Detector temperature:

170 ๐c  (heating rate 10 °c /min) 
for 20  min 
High purity helium 
30 mL/min
Packed column (Carboxen 1000)
200 °c
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Figure 3.3 Schematic diagram of each reactor.

3.5 Studied Conditions
The experiments were divided into 2 main parts: with and without 

photocatalyst. All parameters studied were summarized in Table 3.1. All 
experiments were conducted under ambient conditions.

Table 3.1 Experimental conditions
Effects

Number of 
plasma 

generator(s)
Gas flow rate 

(ml/min)
AC frequency 

(Hz) % TiOz Loading(g)
Plasma 1-4 40-240 50-800 -

Plasma and Photocatalyst 1-4 160 50-200 0.008
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