
CHAPTER II 
BACKGROUND AND LITERATURE SURVEY

2.1 Basic Principles of Plasma

G a seo u s  p la sm a  c o n s is ts  o f  n e g a tiv e ly  and p o s it iv e ly  ch arg ed  p a rtic le s  
in  an o th e r w ise  neutra l gas. T he p o s it iv e ly  ch arged  p a rtic le s  are m o s t ly  ca tio n s  
but the n e g a t iv e ly  ch arged  p a rtic le s  can  b e  e ith er e lec tro n s  or an ion s. T h e  
neutra l s p e c ie s  m a y  be the m ix tu re  o f  free rad ica l sp e c ie s  w ith  sta b le  neutral 
g a se s . P la sm a  p o s s e s s e s  tw o  im portant p rop erties (E lia s so n  and K o g ie sc h a tz , 
1 9 9 1 ).

1) Q u asi-n eu tra l property
T h e to ta l d en s ity  o f  n e g a tiv e  ch arge carriers m u st b e  eq u a l to  the tota l 

d e n s ity  o f  p o s it iv e  ch arge  carriers.
2 )  In teraction  w ith  e lec tro m a g n etic  f ie ld s
P la sm a  can  h a v e  so m e  in tera ctio n s u p on  the a p p ly in g  o f  an  

e lec tr o m a g n e tic  f ie ld  due to the fact that th ey  c o n s is t  o f  ch arged  p a rtic le s .
N o r m a lly , p la sm a  can  occu r  in  a ll s ta tes (N a sser , 1 9 7 1 ). P la sm a  in  

so lid  is  c a l le d  so lid -s ta te  p la sm a  w h ile  p la sm a  g en era ted  in  th e  liq u id  and  
g a se o u s  sta tes  d o e s  n ot h a v e  an y  s p e c if ic  n a m es. O n ly  g a se o u s  p la sm a  is  
sh o rtly  c a lle d  as “p la sm a ” . T here are m an y  d iffe r e n c e s  b e tw e e n  p la sm a s and  
g a se s . T h eir  d iffe r e n c e s  in c lu d e  p ressu re , d istr ib u tio n s o f  ch a rg ed -p a rtic le  
d e n s ity  in  th e  en tire  p la sm a  v o lu m e  and tem perature.

2.2 Generation of Plasma

T h ere are sev era l m ean s o f  gen era tin g  ch arged  p a r tic le s  to  p rod u ce  
p la sm a s , e .g .,  c o l l is io n s  b e tw e e n  c o sm ic  rays and g a se s  in  a tm o sp h er ic  la yers. 
H o w e v e r , in  the p resen t stu d y , an e x tern a lly  in te n se  e le c tr ic  f ie ld  is  a p p lied  
a cro ss  m eta l e lec tr o d e s  to ca u se  the red u ction  in  its  “p o ten tia l barrier” and  
thu s the en e r g y  that each  e lec tro n  req u ires for le a v in g  th e m eta l su rfa ce . T h e  
m o st  in tere stin g  p h en o m en a  on  th e m eta l su rfa ce  under an e x tr e m e ly  h ig h
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e lec tr ic  f ie ld  is  that m an y  e lec tro n s  can  leak  from  th e  su rfa ce  d e sp ite  its  le s s  
k in e tic  en erg y  to  o v e r c o m e  the p o ten tia l barriers. T h is  p h en o m en o n  is  k n o w n  
as “tu n n el e f fe c t” . A n d  th en  th e p la sm a  w a s  first gen era ted  b y  th e  c o l l is io n s  
b e tw e e n  th e  e lec tro n s  em itted  from  the su rfa ce  o f  m eta l e le c tr o d e s  and th e  
neutra l m o le c u le s . T h is  p ro c e ss  o f  p la sm a  g en era tio n  is  n o rm a lly  k n o w n  as th e  
“ f ie ld ” e m is s io n  p ro cess .

T h e e lec tro n s  lib erated  from  th e m eta l su rfa ce  w i l l  im m e d ia te ly  b e  
a cce lera ted  to  m o v e  co rresp o n d in g  to th e d irec tio n  o f  th e  e le c tr ic  f ie ld  and  
th en  can  c o l l id e  w ith  an y  neutra l g a se o u s  p a rtic le s  in  th eir  v ic in ity  to  form  the  
io n iz e d  g a se s  w ith  an ad d itio n a l se t  o f  e lec tro n s . A c c o r d in g ly , th e se  e lec tro n s  
can  further m o v e  and c o ll id e  w ith  oth er sp e c ie s . A s  a resu lt, a la rge  q u an tity  o f  
e lec tro n s  in c lu d in g  th e e x c ite d  a tom s and m o le c u le s , io n s  and rad ica ls  can  b e  
form ed  in  th e  b u lk  o f  th e g a se s  w ith in  a v ery  short p er io d  o f  t im e  after the  
a p p lica tio n  o f  e lec tr ic  f ie ld  has b een  started . M a n y  a c t iv e  s p e c ie s  can  in itia te  
th e  c h e m ic a l rea c tio n s lea d in g  to  the p ro d u ctio n  and d estru ctio n  o f  the  
ch em ica l s p e c ie s  (K ru ap on g, 2 0 0 0 ) . T ab le  2 .1  sh o w s  so m e  im p ortan t c o l l is io n  
m ech a n ism s.

T h e c o m b in ed  step s o f  th e f ie ld  e m iss io n  p ro c e ss  am o n g  th e se  p la sm a  
sp e c ie s  and th e  c o l l is io n s  b e tw e e n  the sp e c ie s  and the e lec tro d e  su rfa ces  are 
referred  to  as “ e lec tr ic  d isc h a r g e s” p h en o m en a .

P la sm a  is  d iv id e d  in to  tw o  ty p es . T h e first ty p e  is  “th erm al p la sm a ” or  
“eq u ilib r iu m  p la sm a ” . In th is  ty p e , th e tem perature b e tw e e n  ga s and e lec tro n  
are a p p ro x im a te ly  eq u a l, w h ic h  is  c lo s e  to  th erm o d y n a m ic  eq u ilib r iu m  
(H arn d u m ron gsak , 2 0 0 2 ) . A n  e s se n tia l co n d it io n  for the fo rm a tio n  o f  th is  
p la sm a  is  su ff ic ie n t ly  h ig h  w o rk in g  p ressu re. A n  ex a m p le  o f  th is  p la sm a  is  arc 
d isch a rg e .

T h e se c o n d  ty p e  is  “n on -th erm al p la sm a ” or “n o n -eq u ilib r iu m  
p la sm a ” , w h ic h  is  ch ara cter ized  b y  lo w  ga s tem peratu re and h ig h  e lec tro n  
tem peratu re. T h o se  ty p ica l en erg etic  e lec tro n s  m a y  h a v e  en erg y  ran ged  from  1 
to 10 e V , w h ic h  corresp o n d s to the tem perature o f  about 1 0 ,0 0 0  to  1 0 0 ,0 0 0  K  
(R o sa ch a  e t  a l ,  1 9 9 3 ). T h is  p la sm a  can  b e  c la s s if ie d  in to  sev era l ty p es  
d ep en d in g  u p o n  th eir  g en era tio n  m ech a n ism , their  p ressu re  ran ge and the
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e lec tro d e  g eo m e tr y  (E lia s so n  e t  a l . ,  1 9 8 7 ). E x a m p les  o f  th is  p la sm a  are radio  
freq u en cy  d isch a rg e , m icro w a v e  d isch a rg e , g lo w  d isch a rg e , d ie lec tr ic -b a rr ier  
d isch a rg e , and coro n a  d isch a rg e , w h ic h  is  u sed  in  th is  stu d y.

T h e e lec tro d e  g eo m etry  in  coro n a  d isch a rg e  is  a pair o f  w ire  and p la te  
m eta l e le c tr o d e s  o r ien ted  in  a p erp en d icu lar  d irec tio n  to  ea ch  oth er, C oron a  
d isch a rg e  can  s o lv e  the in s ta b ility  o f  the g lo w  d isch a rg e  at h ig h  p ressu re.

Table 2.1 C o llis io n  m echanism s in  the p lasm a (N asser, 1971)

C o ll is io n R ea c tio n
E la stic  C o ll is io n e' +  A  — ►  e' +  A
E x c ita tio n e' +  A  — ►  e ‘ +  A *
Io n iza tio n e +  A  — ►  2 e  +  A +
A tta ch m en t e" + .  A  — ►  A '
D is s o c ia t iv e  A tta ch m en t e +  ร 2 ----- ►  B  +  B
R e c o m b in a tio n e +  ร 2+ ----- ►  ร 2

D eta ch m en t e +  ร 2 — ►  2 e  +  ร 2

Ion  R e c o m b in a tio n A ' +  B" ----- ►  A B
C h arge T ran sfer A ± + B  ----- ►  A  +  B±
E lec tro n ic  D e c o m p o s it io n e +  A B  — ►  e +  A  +  B
A to m ic  D e c o m p o s it io n A  +  ร 2  — ►  A B  +  B

2.3 Basic Principle o f Photocatalysis

P h o to c a ta ly s is  is  a co m b in a tio n  o f  p h o to ch em istry  and c a ta ly s is  and  
im p lie s  that lig h t  and a c a ta ly st  u su a lly  a sem ico n d u c to r  are n e c e ssa r y  to b rin g  
or acce lera te  a c h e m ic a l tran sform ation  (H errm ann, 1 9 9 9 ).

W h en  a sem ico n d u c to r  is  irradiated  w ith  lig h t at an appropriate  
w a v e le n g th , m o s t  o fte n  in  the u ltra v io le t  sp ectra l ran ge, it g en era tes  o x id a n t  
sp e c ie s , w h ic h  can  co n v ert m o st org an ic  m ateria ls  to  C O 2, w a ter  and in o rg a n ic
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co m p o u n d s . A  sem ico n d u c to r  su ch  as T iÛ 2 is  sp e c if ie d  b y  the e lec tro n ic  band  
stru ctu res, w h ic h  are o c c u p ie d  v a la n ce  band (vb ) and u n o c c u p ie d  co n d u cta n ce  
band (cb ). W h en  a sem ico n d u cto r  ab sorbs lig h t, it can  a cce lera te  e lec tro n s  
from  the o c c u p ie d  vb  in to  the u n o ccu p ied  cb that h as a h ig h er  en erg y  le v e l,  
and c o n se q u e n tly  form  p o s it iv e  h o le s . T h e d iffe r e n c e  o f  b o th  en erg y  le v e ls  is  
c a lle d  en erg y  ban d  gab . I f  g a se s  lo c a liz e d  b y  trap p in g at b o th  en erg y  b an d s  
lo n g  en o u g h , th ey  w il l  transfer to  adsorb  e lec tro n s  to  in it ia te  red u ctio n  and  
o x id a tio n  rea c tio n  sh o w n  in F igu re  2 .1 .

A d so rp tio n

R ed u ctio n

O x id a tio n

A d so rp tio

Figure 2.1 M echanism  o f  photocatalytic process o f  a sem iconductor (Litter, 1999).

T h ere  are p o s s ib le  reac tio n s that can  occu r  w h en  a ga s co n ta in in g  a 
sem ic o n d u c to r  ab sorb s a p h oton  (h v ) o f  a su ita b le  w a v e le n g th  (R o b ertso n , 
1 9 9 6 ).

L ight absorption SC +  h+ ----- ► e‘ +  h+ (2 . 1 )
R ecom bination e' +  h+ ----- ► • H eat/light (2 .2 )
O xidation D  +  h+ ----- ► D + (2 .3 )
R eduction A  +  e" ----- ► A ' (2 .4 )
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T h e e le c tr o n -h o le  p airs can  reco m b in e  e ith er  d irec t ly  or in d irec tly  b y  
rad ia tive  and n on ra d ia tive  p r o c e sse s  in  a few  n a n o seco n d s . T h e p rob lem  o f  
p h o to c a ta ly s is  is  a reco m b in a tio n  reac tio n  b e tw een  e lec tr o n s  and p o s it iv e  
h o le s  b e c a u se  it in h ib its  the o x id a tio n  reaction . T o  s o lv e  th is  p ro b lem , e lec tro n  
sca v en g ers  su ch  as o x y g e n  m o le c u le s  are added  s in c e  it can  trap e lec tro n  ou t 
from  the p o s it iv e  h o le  and transform  in to  su p ero x id e  rad ica l io n  (O 2*") and  
lea d  to  the a d d itio n a l form ation  o f  h y d ro x y l ra d ica ls , w h ic h  are e s se n tia l  
sp e c ie s  in  the p h o to ca ta ly t ic  p ro cess  (L itter, 1 9 9 9 ).

O 2 +  e ----- ►  0 2*' (2 .5 )
2H 20  +  <ว2*- ----- ►  2H 20 2 (2 .6)
2H 20 2 _ ^  2 0 H * (2 .7 )

W ater is  a m ajor sou rce  o f  h y d ro x y l group  as th e prim ary o x id a n t, 
w h ic h  is  g en era ted  b y  d is so c ia t iv e  ad sorp tion . S o , in  th e  a b sen ce  o f  w a ter  
va p or, th e  p h o to c a ta ly t ic  o x id a tio n  o f  org an ic  is  se r io u s ly  retarded  and to ta l 
m in era liza tio n  to  C O 2 d o e s  not occu r. T he h y d ro x y l rad ica l h as h ig h  o x id a tio n  
p o ten tia l. It can  react rap id ly  and n o n -se le c t iv e ly  w ith  m o st org an ic  
co m p o u n d s  and o x id iz e  them  in to  carbon  d io x id e , w a ter  and oth er in o rg a n ic  
co m p o u n d s  (D e  L asa  e t  a l . ,  1 9 9 2 ). A  m ech a n ism  in v o lv in g  h y d ro x y l io n s  as  
p h o to  h o le  traps is  illu stra ted  b e lo w  (P era l e t  a l . ,  1 9 9 7 ).

T i 0 2 + h v ◄ — ► h+ + e' <4— ►  h+—  e' (2 .8)
H O ' + h+ HO* (2 .9 )
0 2 a d s + e" — ► O 2 ads (2 .10 )
HO* + 0  2ads ^ H 0 2* + 0  ads (2 . 1 1 )
h o 2* + e' ----- ► h o 2- + 0  ads (2 . 1 2 )
H 0 2' + h+ — ► h o 2* (hole-trap) (2 .1 3 )
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2.4 Types of Semiconductors

A  sem ico n d u c to r  u sed  as a p h o to ca ta ly st  sh o u ld  b e  o x id e  or su lf id e  o f  
m eta ls , su ch  as TiC>2, C d S , and Z nO . T h e en erg y  band  gap  o f  th e p h o to ca ta ly st  
sh o u ld  m a tch  the en erg y  g a in ed  from  a lig h t sou rce . TiC>2 is  a p op u lar  o n e  
s in c e  the band  gap  is  around 3.1 eV , and that can  b e  a ctiv a ted  in  the near  
u ltra v io le t  lig h t ( - 3 8 0  n m ). O ther ad v an ta ges o f  T i0 2  in c lu d e  its  s ta b ility  and  
in so lu b ility  in  aq u eo u s so lu tio n , h ig h  rea c tiv e  ca ta ly s t , n o n to x ic  and  
in e x p e n s iv e  ca ta ly st . F urtherm ore, T iÛ 2 is  co rro sio n  res ista n t and d o es  n o t  
lo s e  a c t iv ity  w h en  reu sed  (D e  L asa  e t  a l . ,  19 9 2 ).

T iÛ 2 is  c la s s if ie d  in to  three d ifferen t p h a ses , w h ic h  are an atase , ru tile  
and b ro o k ite . In th e  an atase p h ase , it h as b een  o b serv ed  that it is  m ore a c tiv e  
and sta b le  than  th e oth er p h a ses  b e ca u se  o f  its  h ig h er  su rfa ce  area. R u tile  is  a 
th erm a lly  sta b le  form  at a ll h ig h  tem peratu re, w h erea s  h ea tin g  am orp h ou s  
T iÛ 2 p ro d u ces  b roo k ite .

O ther ty p es  o f  sem ico n d u cto r  su ch  as Z nO  or C dS m a y  n ot b e  
a p p lica b le  d u e to their to x ic ity . T ab le  2 .2  illu stra tes  the c o m m o n  p rop erties  o f  
sev era l sem ico n d u c to rs .
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Table 2.2 B an d  p o s it io n s  o f  so m e  co m m o n  sem ico n d u c to r  p h o to c a ta ly s ts  
(R o b ertso n , 1 9 9 6 )

S em ico n d u cto r
V a le n c e

B an d
(e V )

C o n d u ctan ce  
band (e V )

B an d  gap  
(e V )

B a n d  gap  
W a v elen g th  

(nm )
T i 0 2 + 3.1 + 0.1 3.1 3 8 0
S n 0 2 + 4 .1 + 0 .3 3 .9 3 1 8
Z nO + 3 .0 - 0.2 . 3 .2 3 9 0
Z nS +  1.4 -2 .3 3 .7 3 3 6
W 0 3 + 3 .0 + 0.2 2.8 44 3
C dS + 2 .1 -0 .4 2 .5 4 9 7

C d S e +  1.6 -0 .1 1.7 7 3 0
G aA s +  1.0 -0 .4 ■ 1.4 8 8 7
G aP +  1.3 -1 .0 2 .3 5 4 0

2.5 Related Research Works

2 .5 .1  P la sm a
F utam ura and Y a m am o to  (1 9 9 7 )  stu d ied  the e f fe c t  o f  o x y g e n  

and m o istu re  on  tr ich lo r o e th y len e  (T C E ) d e c o m p o s it io n  b y  u s in g  a p u lsed  
coro n a  reactor. W h en  n itro g en  ga s w a s u sed  as a carrier ga s in  dry co n d it io n , 
h ig h er  d e c o m p o s it io n  e f f ic ie n c y  o f  T C E  w a s  rep orted . T h ey  su g g e s te d  that 
a c t iv e  o x y g e n  sp e c ie s  in  air w ere  n ot re sp o n s ib le  for th e  in it ia l p r o c e sse s  o f  
h a lo g en a ted  o le f in  b e ca u se  o x y g e n  co m p eted  w ith  T C E  in  the p r o c e sse s  o f  
e lec tro n  tran sfer. N e g a t iv e  e f fe c t  o f  m o istu re  on  the T C E  d e c o m p o s it io n  
e f f ic ie n c y  in d ica te s  q u en ch in g  o f  h ig h -e n e r g y  e lec tro n s  and e x c ite d  n itro g en  
and o x y g e n  m o le c u le s  as en erg y  transfer agen t. U n d er aerated  c o n d it io n s ,  
tr ip let o x y g e n  m o le c u le s  sc a v e n g e  in term ed ia te  carb on  rad ica ls  d er iv ed  from  
th e T C E  d e c o m p o s it io n  to  f in a lly  g iv e  C O  and C O 2 r e su lt in g  in  m u ch  lo w er
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b y -p ro d u ct y ie ld s  b e lo w  th eir  th resh o ld  lim it  v a lu e s  than u n der deaerated  
co n d it io n s .

F utam ura e t  a l .  (1 9 9 9 )  in v e s tig a te d  p la sm a  c h e m ic a l b eh a v io r  
o f  h azard ou s air p o llu ta n ts  (H A P ’ร) (C I2O C C I 2, C12C =C H C 1, CI3C -C H 3, 
C12C H -C H 2C1, C H 3CI, C F ^B r, and b e n zen e )  b y  u s in g  a ferro e lec tr ic  p ack ed -  
b ed  p la sm a  reactor. It w a s  fou n d  that o x id a tio n  o f  C O  to  C 0 2 w a s  a s lo w  
rea c tio n  in  p la sm a , and that C O  and C 0 2 m a in ly  resu lt from  d ifferen t  
p recu rsors. A n  o x y g e n  co n ten t in crea se  d id  n o t im p ro v e  C 0 2 y ie ld  b e c a u se  o f  
th e  s lo w  b ack w ard  rea c tio n  o f  C 0 2 to  C O  in air.

In 1 9 9 9 , M a lik  and M a lik  in v e s tig a te d  the e f fe c t  o f  co m b in in g  
c o ld  p la sm a  w ith  c a ta ly s is  o f  voc d e c o m p o s itio n . T h ey  fou n d  that the  
a d d itio n  o f  su ita b le  ca ta ly sts , p articu la rly  su p p orted  n o b le  m eta l ca ta ly sts , 
su ch  as p la tin u m , p a lla d iu m , rh od iu m  and ru th en iu m , co u ld  a c tiv a te  CH4  at 
r e la t iv e ly  lo w  tem p eratu res, at fa ster  rates and co u ld  further im p ro v e  the  
e f f ic ie n c y  as w e l l  as the s e le c t iv ity  o f  the d esired  p rod u cts. N o b le  m eta l 
e lec tr o d e s  h ad  the b est  resu lts  for th e  co n v e r s io n  o f  CH4  to c2 h yd ro carb on s in  
a p u lse d  co ro n a  d isch a rg e . R esu lts  for the e lec tr o d e s  w er e  in  the fo llo w in g  
order: P la tin u m  >  P a lla d iu m  >  C opper.

O da e t  a l. (1 9 9 9 )  stu d ied  the d e c o m p o s it io n  o f  T C E  b y  
n on th erm al p la sm a  w ith  a cata lyst; z e o lite  and van ad iu m  o x id e , in  the b o lt  
ty p e  reactor. W ith  z e o lite  as a ca ta ly st, th e y  fou n d  that th e in it ia l  
d e c o m p o s it io n  e f f ic ie n c y  o f  T C E  w a s  ab out 80%  w h ic h  d id  n o t d ep en d  o n  the  
d isch a rg e  p o w er . T hat w a s  ca u sed  b y  the a d so rp tio n  o n ly . T h e  sa tu ration  tim e  
o f  th e a d so rp tio n  w a s  ab out 4 0  m in , w h ich  w a s  e a s i ly  o b serv ed  from  the zero  
d isch a rg e  cu rve . T h e to ta l d e c o m p o s itio n  p erfo rm a n ce  o f  T C E  w a s  n ot so  
g o o d  e v en  at rather h ig h  e lec tr ic  d isch a rg e  p la sm a  b e c a u se  th e  p la sm a  
d e c o m p o s it io n  w a s  m ix e d  w ith  th e d e c o m p o s itio n  e ffe c t . O n the o th er  hand , in  
th e ca se  o f  v a n a d iu m  o x id e , the in it ia l ad so rp tio n  w a s  rather sm a ll, about 50%  
at n o  d isch a rg e . T h e satu ration  tim e  o f  that w a s  ab out 8 m in , w h ic h  w a s  m u ch  
sm a ller  than  that w ith  z e o lite . F o rtu n a te ly , th e reactor c o n ta in in g  va n ad iu m  
o x id e  had e x c e lle n t  T C E  d e c o m p o s itio n  p erfo rm a n ce  and th e  d e c o m p o s itio n
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e f f ic ie n c y  in crea sed  to 99%  o n ly  at the sm all d isch a rg e  in p u t o f  0 .2 7  พ .  T h is  
v a lu e  w a s  th e m in im u m  en erg y  to  d e c o m p o se  1 0 0 0  ppm  T C E  m ore  than 99% .

T h e d e c o m p o s itio n  o f  th e aro m atics b en z e n e  (CôH ô), to lu en e  
(C 6H 5C H 3), and o -x y le n e  (C 6H s(C H 3) 2) in  a p la sm a  reactor p a ck ed  w ith  
B a T i0 3 p e lle ts  in  th e p resen ce  o f  va r io u s b ack g rou n d  g a s  w a s  stu d ied  b y  
O gata  e t  a l. (2 0 0 2 ) . It w a s fou n d  that the order o f  d e c o m p o s it io n  e f f ic ie n c y  
w a s CôHô <  CôHsCPL <  C 6H 5(C H 3) 2, ir re sp ec tiv e  o f  the b ack g rou n d  gas. 
D e c o m p o s it io n  w a s  su p p ressed  w h en  w ater vap or (H 20 )  w a s  added  to the  
reactan t gas; the ex ten t o f  th e su p p ress io n s  w a s  in  th e order CôHô >  06แ ร 0 แ 3 

>  C 6H 5(C H 3) 2. T h ey  co n c lu d ed  that th ese  b eh a v io rs  w ere  b rou g h t ab out b y  th e  
m ig a tio n  o f  reactan t m o le c u le s  to  the so l id  su rfa ce . T h e d e c o m p o s itio n  
e f f ic ie n c y  o f  CôHô w a s  su p p ressed  in  the CôHô +  C 6H 5C H 3 +  C 6H 5(C H 3)2 

m ix tu re , w h erea s  the d e c o m p o s it io n  e f f ic ie n c ie s  for C 6H 5CH3 and C 6H 5(C H 3)2 

w er e  en h a n ced  in  the m ix tu re  com p ared  to  th o se  for the s in g le -c o m p o n e n t  
c o n d it io n . It s e e m s  that in e la s tic  c o l l is io n s  o f  aro m atics w ith  fast e lec tro n s  and  
a ctiv a ted  o x y g e n  sp e c ie s  w ere  a ffe c ted  b y  the m o lecu la r  s iz e s  o f  th e targeted  
su b sta n ces .

2 .5 .2  P h o to c a ta ly s is
E in a g a  e t  a l .  (2 0 0 1 )  ex a m in ed  b en z e n e  c o n v e r s io n  b y  u s in g  

p la tin ized  tita n ia . W ith o u t P t, b en zen e  w a s co n v erted  in to  C O  and C 0 2 b ut it 
ca n n o t further o x id iz e  C O  in to  C 0 2. O n the o th er  hand, as the am ou n t o f  Pt 
lo a d ed  on  T i 0 2 w a s  in crea sed , the rate o f  th e C O  p h o to o x id a tio n  w a s  
in crea sed , w h ile  that o f  b en zen e  p h o to o x id a tio n  w a s  a lm o st  u n ch a n ged . 
M o reo v er , it w a s  fou n d  that co m p le te  o x id a tio n  o f  b en zen e  to C 0 2 co u ld  b e  
a ch iev ed  b y  u s in g  th e h yb rid  c a ta ly sts  co m p r is in g  pure T i 0 2 and p la tin ized  
T i 0 2.

In 2 0 0 2 , L i e t  a l. in v e s tig a te d  the d e c o m p o s it io n  o f  to lu en e  b y  
stream er co ro n a  d isch a rg e  w ith  p h o to ca ta ly st  ( T i 0 2). T h ey  sh o w e d  the  
p erfo rm an ce  o f  th e  reactor w h en  the ca ta ly st  w a s  p ack ed  b e tw e e n  th e n e e d le  
e lec tro d e  and p la n e  m esh  e lec tro d e . T h e reactor req u ired  lo w  p o w er  
co n su m p tio n ; th e en erg y  e f f ic ie n c y  o f  to lu e n e  d e c o m p o s it io n  w a s  7 .2  g
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[to lu en e ]/K W h  at th e  d e c o m p o s itio n  rate o f  76% . T h e to lu e n e  d e c o m p o s itio n  
rate in crea sed  w ith  in crea s in g  ap p lied  v o lta g e  or input p o w er . C o n seq u en tly , 
the d e c o m p o s it io n  o f  to lu en e  co u ld  b e  im p ro v ed  b y  u s in g  co m b in a tio n  p la sm a  
w ith  the ca ta ly st .

T h e d e c o m p o s itio n  o f  to lu en e  u s in g  an a tm o sp h er ic  p ressu re  
p la sm a /T i0 2  ca ta ly st  sy s tem  w a s  stu d ied  b y  K an g e t  a l.  (2 0 0 2 ) . T h ey  u sed  
TiC>2 o b ta in ed  b y  an im p ro ved  s o l-g e l  m eth o d , and co a ted  o n  su p ports. 
T o lu en e  o f  40%  w a s  d eco m p o se d  at the p u lse  v o lta g e  o f  13 K V  in  th e O 2 

p la sm a  c o n d it io n  w ith o u t TiC>2. F urtherm ore, the c o n v e r s io n  en h an ced  
rem ark ab ly  in  th e T i0 2 /C>2 p la sm a  sy stem , and it reach ed  70%  at the p u lse  
v o lta g e  o f  13 K V  after 120  m in . T h ey  reported  that 80%  o f  to lu en e  
d e c o m p o s it io n  co u ld  b e a ch iev ed  b y  TiC>2 co a ted  on  y -a lu m in a  in  the O 2 

p la sm a  c o n d it io n .
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