
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3 .1 .1  C a ta ly st P reparation  M ateria ls
T itan iu m  d io x id e  w a s  ob ta in ed  from  J.J. D e g u ssa  H ills  (T ) C o. 

Ltd. P la tin u m  (II) 2 ,4 -p en ta n ed io n a te , P t(C 5H 70 2 ) 2, (4 9 .8 % P t) w a s  o b ta in ed  
from  A lfa  A esa r . T etraeth y lo rth o titan a te  (T E O T ) (100 % ) w a s  su p p lied  b y  
F lu k a. A n h y d ro u s eth a n o l w ith  9 9 .8 8 %  p urity  w a s  su p p lied  b y  C A R G O  E R B A  
R E A G E N T I. N itr ic  ac id  (70% , an a ly tica l grad e) w a s  su p p lied  b y  L a b -S can . 
A ll c h e m ic a ls  w ere  u sed  as rece iv ed . D is t i lle d  w a ter  w a s  u sed  th rou gh ou t th is  
stu d y.

3 .1 .2  R eactan t G a ses
H ig h  p u rity  n itrog en  (N 2) and air zero  grade w er e  o b ta in ed  from  

T h ai In d ustria l G as (P u b lic )  C o ., Ltd. L iq u id  b en zen e  w ith  99 .8 %  p u rity  u sed  
as the p o llu ta n t so u rce  w a s  p u rch ased  from  C A R G O  E R B A  R E A G E N T I.

3.2 Catalyst Preparation

C a ta ly sts  u sed  in  th is  w o rk  w ere  prepared b y  d ip p in g  g la s s  w o o l u sed  
as th e  c a ta ly st  support in  a slurry o f  a co m m erc ia l T iC >2 (D e g u ssa  P 2 5 ) or so l-  
g e l T iÛ 2. T h e g la s s  w o o l w a s  p retreated  to  rem o v e  a ll u n d es ira b le  m atters  
su ch  as w a x  and b in d er b y  ca lc in a tio n  at 4 5 0 °C  for 2 .5  h. T h e treated  g la ss  
w o o l w a s  th en  cu t to  the s iz e  o f  3 x 3 .5  cm 2.

T o p repare D e g u ssa  P 25  co a ted  on  g la ss  w o o l , D e g u s s a  P 25  slurry  
w a s prepared  b y  m ix in g  0 .6  g o f  D e g u ssa  P 25  w ith '2 9 .4  c m 3 o f  d is t ille d  w ater. 
T h e g la ss  w o o l w a s  then  im m ersed  in  th is  slurry for 5 m in  and dried  in  an 
o v e n  at 10 0  ๐C for 15 m in . T h e co a ted  g la ss  w o o l w a s  an n ea led  in  a furnace at 
3 0 0 °C  for 3 h , and c o o le d  to room  tem perature w ith  a c o o lin g  rate o f
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50  ๐c /m in . T h e ca ta ly st  w a s w h ite  after a n n ea lin g . T h e am ou n t o f  TiC>2 

lo a d in g  w a s  ab out 0 .0 1 2 6  g.
F or g la s s  w o o l co a ted  w ith  s o l-g e l  TiC>2, TiC>2 slurry w a s  prepared  b y  

m ix in g  1.5 g  o f  T itan iu m  (IV ) e th o x id e  (T E O T ) w ith  2 0  c m 3 o f  e th a n o l and  
6 drops o f  70%  n itr ic  acid . T he co a tin g  p roced u re  w a s  the sam e as the  
p rev io u s  m eth o d  d escr ib ed  ex ce p t u s in g  o n ly  400°c and 5 h in stea d  o f  3 0 0 ° c  
and 3 h for an n ea lin g .

T o p repare 1% P t /T i0 2, 0 .0 0 5  g o f  P t(C 5H 70 2)2 and 2 .8 3  g  o f  T E O T  
w er e  d is s o lv e d  in  3 8 .0 7  c m 3 o f  e th an ol and 14 drops o f  70%  n itr ic  acid . T he  
sa m e co a tin g  and ca lcu la t io n  p roced u res w ere  carried  ou t as d escr ib ed  ab o v e .

3.3 Catalyst Characterization

S u rfa ce  areas o f  the prepared  c a ta ly sts  w er e  d eterm in ed  b y  
a Q u an tach rom  su rfa ce  area an a lyzer  (A u to so r b -1 ). T h e sa m p les  w ere  
d e g a sse d  at 2 0 0  ° c  o v ern ig h t b e fo re  the a n a ly s is . N itr o g e n  w a s  u sed  as 
a p rob e g a s . A  ca ta ly st  sa m p le  w a s  d ried  and o u tg a ssed  in  th e sa m p le  c e ll  at 
2 0 0  ° c  for at lea st  4  h b e fo re  ad sorp tion . T h e s p e c if ic  area o f  each  c a ta ly st  
w a s c a lcu la ted  from  the 5 p o in ts  ad sorp tion  iso th erm . T h e resu lts  w ere  
a n a ly zed  b y  th e  A u toso rb  A N A G A S  so ftw a re  v e r s io n  2 .1 0 .

C ry sta llin e  p h a ses  o f  the c a ta ly sts  w ere  d eterm in ed  b y  a R iga k u  X -ra y  
d iffra c to m eter  (R IN T -2 2 0 0 )  eq u ip p ed  w ith  a grap h ite  m o n o ch ro m a to r  and a 
C u tube for g en era tin g  C u K a rad iation  (A, =  1 .5 4 0 6  °A ) at a gen era tor  v o lta g e  
o f  4 0  k v  and a gen era tor  current o f  30  m A . A  n ic k e l filter  w a s  u sed  as the K a 
filter . T h e g o n io m e te r  p aram eters w ere  d iv erg en ce  s lit  =  1 ° (2 9 );  sca tter in g  s lit  
=  1 °(2 0 );  and r e c e iv in g  s lit  =  0 .3  m m . T he c a ta ly st  sa m p le  w a s  h e ld  on  a g la s s  
s lid e  h o ld er  and w a s  ex a m in ed  b e tw een  5 to 9O °(20 ) ran ge at a sca n n in g  sp eed  
o f  5 ° (2 0 )/m in u te  and a scan  step  o f  O .O 2°(20). T h e d ig ita l ou tp ut o f  
p rop o rtio n a l X -ra y  d iffra cto r  and the g o n io m eter  a n g le  m ea su rem en ts  w ere  
sen t to an o n lin e  m icro co m p u ter  to record  the data and su b seq u en t a n a ly s is . 
T h e X -ray  p attern s o f  the ca ta ly sts  w ere  com p ared  w ith  that o f  D e g u ssa  P -2 5 .
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3.4 Oxidation Experiment

S ch em a tic  d iagram s o f  the ex p er im en ta l setu p  and p o w er  su p p ly  in  
th is  w ork  are sh o w n  in  F ig u res  3.1 and 3 .2 , r e sp e c tiv e ly . R eactan t g a se s  
(b en zen e  va p or and air) c o n tro lled  b y  m a ss f lo w  co n tro llers  (S IE R R A , 8 4 0 L -  
2 0 V 1 -E - V 1 -S 1  and A A L B O R G , G F C 171  ร ) w ere  in trod u ced  in to  a se r ie s  o f  
reactor at roo m  tem perature and a tm osp h er ic  p ressu re . B e fo r e  the reactant 
g a se s  p a ssed  th rou gh  the m a ss  f lo w  co n tro llers , an y  fo re ig n  p a rtic le s  in  the  
feed  g a se s  w er e  trapped b y  0 .7  p m  in - lin e  filters . T he feed  m ix tu re  w a s  
c o n tro lled  to  h a v e  1 ,5 0 0  ppm  o f  b en zen e  in  air b y  c o n tr o llin g  th e  b u b b lin g  rate 
and the ev a p o ra tio n  tem perature o f  a b en z e n e  vap orator u n it. T h e four  
reactors, w h ic h  w er e  m ad e o f  quartz tu b es w ith  10 m m  O D  and 8 m m  ID , w ere  
arranged in  a ser ie s . P la sm a  w a s  gen era ted  in  each  reactor v ia  a pair o f  
s ta in le s s  s te e l p in  and p la te  e lec tro d es . T h e p in  and p la te  e lec tr o d e s  w ere  
lo ca ted  at th e  cen ter  o f  each  reactor. T h e e le c tr ica l p o w er  u sed  to g en era te  
p la sm a  w a s  a ltern a tiv e  current p o w er , 2 2 0 V  and 50  H z, w h ic h  w a s  tran sm itted  
to a h ig h  v o lta g e  current. T h e ou tp ut v o lta g e  w a s  in crea sed  up to  130  tim e s  
and the s ig n a l o f  th e a ltern a tiv e  current w a s  a s in e  form . T h e g la ss  w o o l  
co a ted  w ith  e ith er  th e s o l-g e l  TiC>2 or D e g u ssa  P 25  w a s  p a ck ed  in  the m id d le  
b e tw e e n  th e  p in  and p la te  e lec tro d es  as sh o w n  in  F ig u re  3 .3 .

A n  ex p er im en t w a s  started w ith  the feed  ga s c o m p o s it io n  a n a ly s is  b y  a 
ga s ch rom atograp h  (P erk in -E lm er, A u to  S y stem  G C ) eq u ip p ed  w ith  p a ra lle l 
ch an n el to ea ch  d etec to r  w h ic h  is  a therm al c o n d u c tiv ity  d e tec to r  (T C D ) and a 
f la m e  io n iz e d  d e tec to r  (F ID ). T h e T C D  ch an n el u sed  th e  p a ck ed  co lu m n  
(C arb o xen  1 0 0 0 )  for sep ara tin g  th e p roduct g a se s , w h ic h  w er e  n itro g en  (N 2), 
o x y g e n  ( 0 2), and C 1-C 2 h yd rocarb on s. F or the F ID  ch a n n e l, the ca p illa ry  
co lu m n  (D B -5 )  w a s  u sed  for b en zen e  and b y -p ro d u ct a n a ly s is . T h e G C  
c o n d it io n s  u sed  w ere  su m m arized  as fo llo w s:

T C D  in je c tio n  tem perature: 12 0  ๐c
F ID  in je c tio n  tem perature: 150  ๐c
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O v en  tem perature:

C arrier gas:
C arrier ga s f lo w  rate:

70  °c for 6 m in
170 °c (heating rate 10  °c/min)
H ig h  p u rity  h e liu m  
3 0  cm 3/m in  (in  T C D  ch a n n el)
14 .2  p s ig  ( in  F ID  ch a n n e l)

C o lu m n  type: P ack ed  co lu m n  (C arb o xen  1 0 0 0 ) in  T C D  ch an n el
and C a p illary  c o lu m n  (D B -5 )  in  F ID  ch an n el

D e te c to r  tem perature: 190 °c  in  T C D  and 2 8 0  ๐c  for FID

F low
m eter

V ent

F low
m eter

Figure 3.1  S ch em a tic  d iagram  o f  th e ex p er im en ta l setup .



17

A C

50 H z  
2 2 0  V

2 3 0 V
D C Pow er Trans-P ow er D C  ^A m plifier A C  ^

Supply ±  80 V 500 พ oc-'-o former

N eo n  
H Transform er

2 3 0  VFunction Generator
23.0 V

A C DC
Power D C  „

Pow er
A m plifier A C  ฯ Trans-

50 H z ' Supply ± 8 0 V 50 0  พ 0-70  ^ former

N eo n
Transform er

N eo n
> Transform er

N eo n  
2 3 0  V  Transform er

Stage 1 
(f30 ,000  V

Stage 2 
0 0 0 ,0 0 0  V  

Stage 3
o t o ,o o o  V

Stage 4
000,000 V

Figure 3.2 S ch em a tic  d iagram  o f  p o w er  su p p ly .

O n ce  the b en zen e  con cen tra tio n  o f  the feed  m ix tu re  w a s  con sta n t  
(1 ,5 0 0  p p m ), the su p p ly  p o w er  un it w a s turned  on . A fte r  3 0  m in , th e  
c o m p o s it io n  o f  th e e ff lu e n t  w a s  a n a ly zed  ev er y  16 m in  u n til th e  o u tle t  gas  
c o m p o s it io n  w a s  con stan t. E ffe c ts  o f  th e s ta g e  nu m ber o f  th e p la sm a  and  
p h o to c a ta ly t ic  sy stem  on  the b en zen e  rem o v a l and p rod u ct s e le c t iv it ie s  w ere  
in v e s tig a te d  b y  turn ing  o f f  each  reactor o n e  b y  o n e  w ith  the fou rth  o n e  first.

Quartz tube 
Pin electrode

G lass W ool 
T i0 2

Figure 3.3 S ch em a tic  d iagram  o f  ea ch  reactor.
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3.4 Studied Conditions

T h e ex p er im en ts  w ere  d iv id e d  in to  2 m ain  parts. O n e w a s  carried  out 
in  p la sm a  c o u p le d  w ith  p h o to ca ta ly st  and the o th er w a s  under p la m a  o n ly . A ll  
p aram eters stu d ied  w ere  su m m arized  in  T a b le  3 .1 . A ll ex p er im en ts  w ere  
co n d u cted  u n der am b ien t co n d itio n s .

Table 3.1  E x p er im en ta l c o n d itio n s

E ffe c ts
N u m b er  o f  

p la sm a  
gen era to r(s)

G as f lo w  
rate

(c m 3/m in )

A C
freq u en cy

(H z)

A C
V o lta g e

(K V )

% T i 0 2 
L o a d in g  

(g )
P la sm a 1-4 5 0 0 5 0 -7 0 0 1 2 -2 4 -

P la sm a  and  
P h o to ca ta ly st

1-4 6 0 -1 6 0 5 0 0 -6 0 0 1 2 -2 4
0 .0 0 4 -
0 .0 2 0
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