
C H A P T E R  II

L IT E R A T U R E  R E V IE W

D u rin g  la st d e c a d e s  a  grea t d e a l o f  resea rch  in terest h as b e e n  fo c u s e d  o n  
su p p o rted  v a n a d ia  sy s te m s  s in c e  th e ir  w id e sp r e a d  u se  as h e te r o g e n e o u s  ca ta ly s ts  in  a 
great va r ie ty  o f  s e le c t iv e  o x id a t io n  rea c tio n s . It h as b e e n  k n o w n  th at V 2O 5 is  rather  
le s s  a c t iv e  and  s e le c t iv e  ca ta ly s t  for  se v e r a l h y d ro carb on  o x id a t io n  reac tio n s. 
H o w e v e r , sp rea d in g  v a n a d iu m  o x id e  o n to  m e ta l o x id e  su p p o rts c a n  im p r o v e  th e  
ca ta ly tic  p e r fo rm a n ce  o f  th e se  ca ta ly sts . S u p p o rted  v a n a d ia  ca n  e x h ib it  in terestin g  
c a ta ly t ic  p ro p erties  d e p e n d in g  on  th e  c o m p o s it io n  o f  th e  c a ta ly s ts  an d  o n  th e  n atu re o f  
th e  support. V 2O j su p p o rted  o n  T i 0 2 is  o n e  o f  th e  m o st  im p o rtan t c a ta ly tic  sy s te m  
that h as r e c e iv e d  m u c h  a tte n tio n  an d  f in d s  a p p lic a tio n s  e s p e c ia lly  for  o x id a t io n  
rea c tio n s . T h e  b e n e f ic ia l in f lu e n c e  o f  th e  su p p ort, T i 0 2, ap p ears to b e  c o n n e c te d  to  
its  c h e m ic a l an d  structural p rop erties  su ita b le  fo r  p ro d u c in g  a  h ig h  d isp e r s io n  o f  th e  
su p p o rted  p h ase . In a d d itio n , b a s ic  o x id e , M g O  h a s  b e e n  rep orted  to  sh o w  stro n g  
in tera c tio n  to  v a n a d iu m  o x id e . T h is  V - M g - 0  c a ta ly s t  is  a su ita b le  ca ta ly s t  in  
o x id a tiv e  d e h y d r o g e n a tio n  o f  a lk a n e  in  w h ic h  h ig h  se le c t iv ity  o f  a lk e n e  is ob ta in ed . 
For th is  rea so n , se v e r a l research ers a tte m p ted  to  รณ d y  th e  stru ctu re an d  n atu re o f  
th e se  ca ta ly sts  for  im p r o v in g  c a ta ly tic  p e r fo r m a n c e  o f  them .

2.1 Reviewed literature

C h aar et al. (1 9 8 7 )  rep orted  that th e  V - M g - 0  ca ta ly s ts  are q u ite  s e le c t iv e  for  
th e  o x id a t iv e  d e h y d ro g en a tio n  o f  b u ta n e  to  b u te n e s  and  b u ta d ien e . T h e  a c t iv e  and  
s e le c t iv e  c o m p o n e n t  o f  V - M g - 0  c a ta ly s t  w a s  th e  c o m p o u n d  m a g n e s iu m  
orth o v a n a d a te , M g 3( V 0 4)2. N o  o x y g e n a te d  p rod u ct w a s  fo r m e d  o v e r  V - M g - 0  
ca ta ly st. T h e y  c o u ld  n o t o b se r v e  ch a ra c te r is tic  v=0 s tre tch in g  in  th e  V -M g -O . T h u s  
th e y  su g g e s te d  that th e  va n a d iu m  o x id e  in  V - M g - 0  d id  n o t fo rm  a la y er  stru ctu re o f  
v 20 5 o n  th e  M g O  su rfa ce . T h e y  a lso  rep orted  that th e  s e le c t iv ity  fo r  th e  o x id a t iv e  
d e h y d ro g en a tio n  in c r e a se d  w ith  d e c r e a s in g  o x y g e n -to -b u ta n e  ra tio , d e c r e a s in g
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c o n v e r s io n  an d  d e c r e a s in g  tem p era tu re. A  s e le c t iv ity  o f  up  to  60%  w a s  ob ta in ed . 
T h e  h ig h  s e le c t iv ity  fo r  th e  o x id a t iv e  d eh y d r o g e n a tio n  in stea d  o f  o x y g e n a te  
p r o d u ctio n  w a s  attr ib u ted  to  tw o  factors: th e  b a s ic  su r fa ce  w h ic h  fa c il ita te d  
d e so r p tio n  o f  b a s ic  b u te n e s  and  b u ta d ie n e , an d  th e a b se n c e  o f  v=0 w h ic h  lo w e r e d  
th e  o x id a t io n  a c tiv ity  o f  th e  su rface .

C haar et al. ( 1 9 8 8 )  s tu d ie d  th e  o x id a t iv e  d eh y d ro g e n a tio n  o f  p rop a n e to  
p ro p en e . T h e y  rep orted  that v a n a d iu m -m a g n e s iu m  o x id e  ca ta ly sts  w e r e  a c t iv e  and  
s e le c t iv e  for  th is  rea c tio n . A  s e le c t iv ity  o f  up to  65 %  w a s  o b ta in ed  at 10%  
c o n v e r s io n , b u t d e c r e a se d  w ith  in c r e a s in g  c o n v e r s io n . T h e  m ajor p rod u cts  w er e  

p ro p en e , C O  an d  C 0 2. N o  o x y g e n a te s  w e r e  form ed . T h e  r ea c tio n  rate w a s  0 .6 ± 0 .15 
ord er  in  p rop a n e an d  zero th  order in  o x y g e n . F or c o m p a r iso n , th e  rate for  b u ta n e  

o x id a t iv e  d e h y d r o g e n a tio n  w a s  0 .8 5 ± 0 .15 in  b u ta n e  an d  ze r o th  ord er in  o x y g e n . B o th  
r e a c tio n s  p ro b a b ly  p r o c e e d e d  b y  first b rea k in g  a m e th y le n e  C -H  b o n d  to  fo rm  an  
a d so rb ed  a lk y l ra d ica l sp e c ie s .

N ie to  et al. ( 1 9 9 0 )  in v e s t ig a te d  th e  s e le c t iv e  o x id a t io n  o f  p rop en e  w ith  o x y g e n  
in  th e  p r e se n c e  o f  s te a m  o n  A120 3-, S i 0 2- an d  T i 0 2 (a n a ta se )-su p p o rted  v a n a d iu m  
o x id e . T h e y  fo u n d  th at V 20 5 /T i0 2 p rep ara tio n s w e r e  m o re  h ig h ly  a c t iv e  ca ta ly s ts  
th an  th e V 2 0 5/A 120 3 o f  V 20 5/ S i 0 2 p rep ara tio n s. W h ile  th e  V 20 5/ T i 0 2 ca ta ly s ts  w er e  
h ig h ly  a c t iv e  an d  s e le c t iv e  to w a rd  a c e t ic  a c id , th e  V 20 5 /A 1 20 3 an d  V 20 5/ S i 0 2 

ca ta ly s ts  w e r e  m u c h  le s s  a c t iv e  an d  w e r e  s e le c t iv e  to w a rd  a ce to n e . T h e y  in d ic a te d  
th at th e  stru ctu re o f  su r fa ce  v a n a d ia  d e f in e d  b y  th e  a c t iv e  p h a se-su p p o rt in tera ctio n  
p la y e d  an  im p o rtan t ro le  in  th e  s e le c t iv e  o x id a t io n  reac tio n .

B h a tta ch a ry y a  et al. ( 1 9 9 2 )  h a v e  in v e s t ig a te d  th e  e f fe c t s  o f  d ifferen t  
p rom o ters (C r20 3, M o 0 3 an d  T i 0 2) a d d ed  to  V - M g - 0  c a ta ly s t  for the s e le c t iv e  
o x id a tio n  o f  n -b u ta n e  to  b u ta d ien e . T h e  d e ta ile d  e x p e r im e n ta l in v e s t ig a t io n  o f  th e se  
ca ta ly s ts  w ith  r e sp e c t  to  v a ria b les: th e  r e a c tio n  tem p era tu re , co n ta c t  t im e  an d  ท- 
b u ta n e  fe e d  c o n c e n tr a tio n  in d ic a te d  th e  ord er o f  a c t iv ity  as fo llo w s:  2 4 V -M g -  
0 + C r 20 3 >  2 4 V - M g - 0 + M o 0 3 >  2 4 V - M g - 0  >  2 4 V - M g - 0 + T i0 2 and  th e  ord er  o f
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se le c t iv ity  w a s  2 4 V - M g - 0 + T i0 2 >  2 4 V -M g - 0 + C r 20 3  >  2 4 V - M g - 0  >  2 4 V -M g -  
O + M 0 O 3 . It w a s  lik e ly  that b u te n e s  a n d  b u ta d ie n e , b e in g  b a s ic  in  nature, in tera cted  
m o r e  stro n g ly  w ith  a c id ic  ca ta ly sts  th an  w ith  r e la t iv e ly  b a s ic  ca ta ly sts . B e s id e s ,  th ey  
p r o p o se d  that th e  ca ta ly st 2 4 V - M g - 0  in c o r p o r a tin g  b o th  Cr20 3 an d  T i 0 2 p ro v id e d  n o t  
o n ly  h ig h er  a c tiv ity  b u t a lso  b etter  s e le c t iv ity . A  m a x im u m  y ie ld  o f  3 5 .6  m o l%  w a s  
o b ta in e d  w ith  th is  ca ta lyst. T h e y  su g g e s te d  a  v ery  lo w  c h a n c e  o f  th e  o p era tio n  o f  

V 44  <-» v 3+ re d o x  c y c le  for th is  o x id a t io n  rea c tio n .

K u n g  et al. (1 9 9 2 )  s tu d ie d  th e  e f f e c t  o f  p o ta ss iu m  in  th e  p rep ara tion  o f  
m a g n e s iu m  orth ov an ad a te  an d  p y ro v a n a d a te  o n  th e  o x id a t iv e  d eh y d ro g e n a tio n  o f  
p ro p a n e  an d  b u tan e. T h e  m ix e d  o x id e s  p rep ared  b y  tw o  d iffe r e n t m e th o d s, w ith  or  
w ith o u t  th e  u se  o f  p o ta ss iu m , w e r e  c o m p a red . M g  o r th ov an ad a te , w h e n  free  o f  
p o ta ss iu m , is  a s e le c t iv e  o x id a t iv e  d e h y d r o g e n a tio n  c a ta ly s t  for  p rop an e an d  b u tane. 
T h e  p r e se n c e  o f  r e s id e n c e  p o ta ss iu m  in  th e  o x id e  lo w e r e d  th e  s e le c t iv ity , e s p e c ia lly  
in  th e  b u ta n e  reac tio n . In con trast, M g  p y ro v a n a d a te  is  q u ite  s e le c t iv e  for  p rop a n e  
d eh y d ro g e n a tio n  b u t n o t for  b u ta n e  d eh y d r o g e n a tio n . M o r e o v e r , th e y  fo u n d  th at th e  
p r e se n c e  o f  p o ta ss iu m  in c r e a se d  th erm a l s ta b ility  o f  M g  p yro va n a d ate  a g a in st  
r e a c tio n  w ith  m a g n e s iu m  to  form  M g  o r th ov an ad a te .

O w e n  et al. ( 1 9 9 2 )  rep orted  th e ir  stu d y  o n  th e  e f f e c t  o f  o x id e  stru ctu re and  
c a t io n  r e d u ctio n  p o ten tia l o f  v a n a d a tes  o n  th e  s e le c t iv e  o x id a t io n  d e h y d r o g e n a tio n  o f  
b u ta n e  an d  p rop ane. T h e y  su p p o se d  th at th e  s e le c t iv ity  for o x id a t iv e  d eh y d ro g e n a tio n  
o n  th e se  c o m p o u n d s  c o u ld  b e  c o rr e la ted  w ith  th e  a q u e o u s  r e d u ctio n  p o te n tia l o f  the  
c a t io n  in  th e  c o m p o u n d  : th e  m o re  e a s i ly  r e d u c ib le  th e  c a tio n , th e  lo w e r  th e  
s e le c t iv ity . T h is  co rr e la tio n  c o u ld  b e  e x p la in e d  b y  th e  e f fe c t  o f  th e  e a se  o f  r e m o v a l o f  
la tt ic e  o x y g e n  o n  th e  s e le c t iv ity . T h e y  a ls o  fo u n d  that m a g n e s iu m  orth o v a n a d a te  
(M g 3( V 0 4)2) w a s  a rather s e le c t iv e  c a ta ly s t  for  b u ta n e  o x id a t io n  th a n  m a g n e s iu m  
p yro va n a d ate  (M g 2V 2O 7 ), b u t w a s  a s  s e le c t iv e  a s  m a g n e s iu m  p yro va n a d ate  in  p rop a n e  
o x id a tio n . T h e se  resu lts  w e r e  in terp reted  b y  th e  d ifferen t stru ctu res o f  th e  tw o  
m a g n e s iu m  va n ad ates . In m a g n e s iu m  o r th o v a n a d a te , th e  iso la te d  VO4 u n its  r e su lted  
in  a  c o n d it io n  that th e  a d so rb ed  m o le c u le  c o u ld  o n ly  in teract w ith  o n  VO4 un it. In
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m a g n e s iu m  p yro v a n a d a te , o n  th e o th er h an d , th e  v 20 7 u n its , w h ic h  c o n s is te d  o f  tw o  
c o m e r -sh a r e d  VO4 u n its , p ro v id ed  that th e  s iz e  o f  th e  m o le c u la r  w a s  su ff ic ie n t ly  large  
to  d o  so . P rop a n e  in tera c ted  w ith  o n ly  o n e  VO4 u n it and  d id  n o t  d istin g u ish  b e tw e e n  
orth o v a n a d a te  an d  p yrovan ad ate . B u ta n e  w a s  su ff ic ie n t ly  la rge  that its tw o  e n d  
ca rb o n s c o u ld  in teract w ith  th e tw o  VO4 u n its  in  th e  v 20 7 group . T h u s, in  th e  c a se  o f  
m a g n e s iu m  p yro v a n a d a te , th is  in tera c tio n  le d  to  c o m b u s tio n  o f  th e  m o le c u le .

In 1 9 9 3 , th e  stru ctu res o f  v a n a d iu m  o x id e  o v e r la y e r s  o n  su p p orts (M g O , A120 3 

an d  S i 0 2) w e r e  รณ d ie d  b y  O k uh ara  et al. (1 9 9 3 ) . T h e y  r e v e a le d  that th e  stru ctu re o f  
v 20 5 w a s  v ery  s e n s it iv e  to  th e  su p p orts and  th e  p rep ara tion  m eth o d . T h e  A120 3 

su r fa ce  s ta b iliz e d  th e  V 2O 5 o v er la y ers  a s  th in  f i lm s , in d e p e n d e n t o f  th e  p rep ara tion  
m eth o d . V 20 5/ S i 0 2 ( V 20 5 >  5 w t% ) p rep ared  b y  th e  im p r e g n a tio n  m e th o d  c o n s is te d  
o f  sm a ll c r y sta llite s . O n  th e  o th er  h an d , o n  M g O , th e  v a n a d iu m  w a s  n o t in  th e  form  
o f  v 20 5. T h e y  rep orted  th at v a n a d iu m  rea c te d  r ea d ily  w ith  th e  su rfa ce  o f  M g O  to  
fo rm  n e w  p h a se s  su c h  a s  M g 3V 20 g  an d  M g 2v 20 7.

R a m is  an d  B u s c a  ( 1 9 9 3 )  h a v e  in v e s t ig a te d  th e  e f fe c t  o f  d op an ts and  a d d itiv e  
o n  th e  sta te  o f  su r fa ce  v a n a d y l cen ters  o f  v a n a d ia -tita m a  ca ta ly sts . T h ey  o b se r v e d  
th at th e  v=0 stre tc h in g  fr e q u e n c y  an d  its  fir st o v e r to n e  o n  v a n a d ia -tita n ia -b a sed  
ca ta ly s ts  w e r e  s e n s it iv e  to  th e  p r e se n c e  o f  d op a n ts  an d  a d d it iv e s . A lk a li an d  a lk a li  
earth  m e ta l c a t io n s  d e c r e a se d  stro n g ly  th e  v=0 s tre tch in g  freq u en cy . D o p in g  o f  T i 0 2 

an d  o f  v a n a d ia -t ita n ia  w ith  a lk a li c a t io n s  c a u se d  th e  fo r m a tio n  o f  n e w  stron ger b a s ic  
s ite s . V a n a d y l c a t io n s , th at are L e w is  a c id ic , p rob a b ly  w e r e  attracted  b y  th e se  n e w  
stro n ger  b a s ic  s ite s  an d  O = V - 0 - T i  b r id g es  w e r e  su b stitu ted  b y  O = V - 0 - M  b r id g es  
(M  =  a lk a li or a lk a li earth  ca tio n ). A s  a resu lt o f  th e  in c r e a se d  b a s ic ity  o f  lig a n d s , 
c o o r d in a tiv e ly  u n satu ra ted  v a n a d y l cen te r s  h a v e  th e ir  L e w is  a c id ity  w ea k en ed .

G a o  et al. ( 1 9 9 4 )  p rep ared  an d  c h a r a c ter ized  th ree  pure m a g n e s iu m  v a n a d a te  

p h a se s  o f  M g V 20 6 ,  a - M g 2V 20 7 an d  M g 3V 2Og for  s e le c t iv e  o x id a tio n  o f  p rop a n e to  
p ro p en e . T h e se  th ree  p h a se s  w er e  p rep ared  b y  w ith  M g /V  a to m ic  ratios eq u a l to  1 /2 , 
1/1 a n d  3 /2 . F rom  c h a ra c ter iza tio n  o f  th e se  v a n a d a te  p h a se s  (u s in g  F T -IR , L R S , X R D
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an d  S E M  te c h n iq u e s ) , th e y  fou n d  th at th e  p a r tic le  s iz e  and  m o r p h o lo g y  o f  the  
M g V 20 6 p h a se , w h ic h  w a s  a fu n c tio n  o f  c a lc in a t io n  tem p era tu re , ap p ea red  to h a v e  a  
stro n g  e f fe c t  o n  th e  in frared  spectra . F u rth erm ore, th e  c a ta ly t ic  p ro p er tie s  o f  th e  th ree  
p h a se s  w er e  e x a m in e d  in  th e  o x id a t iv e  d e h y d r o g e n a tio n  o f  p rop an e. T h e  p rop an e  

se le c t iv ity  f o l lo w e d  th e  order: a - M g 2V 2 0 7 >  M g 3v 20 8 >  M g V 20 6 w h ic h  w a s  
c o n s is te n t  w ith  th e ir  r e d o x  p rop erties. T h e y  su g g e s te d  th at th ere  w a s  so m e  
c o rr e la tio n  b e tw e e n  th e  ca ta ly tic  r e a c tio n  m e c h a n ism  an d  th e  r e d o x  c y c le  b e tw e e n  
v 5+ an d  พ4+. T h e  g o o d  r e d o x  b e h a v io r  u n d er  r e a c tio n  c o n d it io n s  m ig h t b e  fa v o ra b le  
for  th e  s e le c t iv e  o x id a t io n  o f  p rop ane.

C a v a n i an d  T rifiro  (1 9 9 5 )  c o m p a r e d  th e  p e r fo rm a n ce  o f  v a r io u s  c a ta ly s ts  
d e sc r ib e d  in  th e  litera tu re an d  u se d  in  o x id a t iv e  d e h y d r o g e n a tio n  o f  e th a n e  and  
p rop an e. T h e y  in d ic a te d  that v a n a d iu m  o x id e  w a s  n o t a g o o d  ca ta ly s t  fo r  th e  
p a ra ffin s  O D H , b u t th e  sp rea d in g  o f  th e  o x id e  o n to  a  su p p ort w ith  b a s ic  fea tu res  le d  
to  a m o re  s e le c t iv e  ca ta ly st. M g  o r th o v a n a d a te  an d  M g  p y ro v a n a d a te  w e r e  rep orted  
to  e x h ib it  th e  b e s t  c a ta ly tic  p er fo rm a n ce  o f  V - M g - 0  in  O D H . M o r e o v e r , th e y  a lso  
d isc u sse d  th e  m a in  a sp e c ts  o f  e th a n e  an d  p ro p a n e  o x id a t iv e  d e h y d ro g en a tio n .

G a lli and  L o p e z  N ie to  (1 9 9 5 )  rep orted  th e  c a ta ly t ic  p ro p er tie s  o f  u n d o p e d  and  
K -d o p e d  A120 3 su p p o rted  v a n a d ia  c a ta ly s ts  fo r  th e  o x id a t io n  o f  e th a n e  an d  n -b u tan e. 
T h e y  o b se r v e d  th at iso la te d  tetrah ed ra l v 5+ s p e c ie s  w e r e  m a in ly  in  b o th  u n d o p e d  and  
K -d o p e d  sa m p les . T h u s it c o u ld  b e  p r o p o se d  that th e  p r e se n c e  o f  p o ta ss iu m  d id  n o t  
c h a n g e  th e  n atu re o f  v a n a d iu m  sp e c ie s . H o w e v e r , th e  in co rp o ra tio n  o f  p o ta ss iu m  
d e c r e a se d  b o th  th e  red u c ib ility  o f  su r fa ce  v a n a d iu m  s p e c ie s  an d  th e  n u m b er  o f  
su r fa ce  a c id  s ites . T h e y  fo u n d  that th e  p r e se n c e  o f  p o ta ss iu m  on  th e  v a n a d iu m  
ca ta ly s ts  stro n g ly  in f lu e n c e d  th e ir  c a ta ly tic  p ro p er tie s , in c r e a s in g  th e  s e le c t iv ity  o f  c 4- 
o le f in s  fro m  n -b u ta n e  an d  d e c r e a s in g  th e  s e le c t iv ity  to  e th e n e  fo rm  eth an e. T h ey  
su g g e s te d  th at th e  s e le c t iv ity  to  o x y d e h y d r o g e n a te d  p ro d u cts  d e p e n d e d  o n  b o th  th e  
a c id -b a se  ch ara cter  o f  ca ta ly s ts  an d  th e  le n g th  o f  th e  f e d  a lk an e. C a ta ly sts  w ith  a c id  
ch ara cter  fa v o red  th e  s e le c t iv e  o x id a t iv e  d e h y d r o g e n a tio n  o f  e th a n e  w h ile  ca ta ly s ts  
w ith  b a s ic  ch aracter  fa v o red  th e  o x y d e h y d r o g e n a tio n  o f  n -b u tan e.
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T h e  in f lu e n c e  o f  p o ta ss iu m  a d d it io n  to  th e  T i 0 2 su p port o n  th e  stru ctu re o f  
V 20 5 /T i0 2 an d  its  c a ta ly tic  p rop erties  in  th e  o x id a t iv e  d e h y d ro g en a tio n  o f  p rop an e  
h as b e e n  in v e s t ig a te d  b y  C o u rco t et al. (1 9 9 6 ) .  T h e y  fo u n d  that th e  p r e se n c e  o f  
p o ta ss iu m  o n  th e  T i 0 2 su r fa ce  m o d if ie d  th e  p h y s ic o c h e m ic a l p rop erties o f  V 20 5 /T i0 2 

ca ta ly s t , le a d in g  to: (a )  a  d e c r e a se  in  th e  r e d u c ib ility  o f  th e  v a n a d ia  p h a se  at lo w  
v a n a d iu m  co n cen tra tio n ; (b )  a  d e c r e a se  in  th e  su rfa ce  p o ten tia l (e le c tr o n ic  w o rk  
fu n c tio n );  ( c )  a d e c r e a se  in  a c id ity  for  O D H  o f  p rop an e. F u rth erm ore, th e  pattern  o f  
th e  a c t iv ity  an d  s e le c t iv ity  c h a n g e d  w ith  th e  to ta l V  c o n te n t  d e p e n d e d  o n  th e  p attern  
a m o u n t o f  p o ta ss iu m  o n  th e  su p port su rface: w ith  K  <  1M L  (M L  =  m o n o la y e r ) , th e  
m a x im u m  a c t iv ity  an d  s e le c t iv ity  w a s  o b se r v e d  at a v a n a d iu m  c o n ten t c o r r e sp o n d in g  
to  c a .4 0 %  o f  a v 20 5 M L . A t  h ig h er  K  c o n te n t, h ig h er  am o u n ts  o f  v a n a d iu m  (>  1 M L )  
w e r e  req u ired  to  o b ta in  th e  sa m e  c a ta ly tic  p erfo rm a n ce . F in a lly , th e y  rep orted  that  
p o ly m e r ic  (V O x) s p e c ie s  s e e m e d  to  b e  m o r e  a c t iv e  and  s e le c t iv e  in  th e  O D H  o f  
p ro p a n e  th a n  m o n o m e r ic  s p e c ie s  or b u lk  v 20 5.

Z a z h ig a lo v  et al. ( 1 9 9 6 )  s tu d ied  th e  c h a n g e s  in  th e  p rop erties  o f  tw o  V - P - 0  
c o m p o s it io n s  w ith  p/v ratio  eq u a ls  1 .0 9  an d  1 .2 0  c a u se d  b y  in tro d u ctio n  o f  a lk a li and  
a lk a li earth  (L i, N a , K , C s , B e , M g , C a  an d  B a )  at d iffe r e n t c o n cen tra tio n  o n  o x id a t io n  
o f  n -b u ta n e  to  m a le ic  an h yd rid e. T h e y  rep orted  th at th e  in co rp o ra tio n  o f  th e se  
e le m e n ts  w h ic h  c a n  e a s i ly  d o n a te  e le c tr o n s  to  th e  structure o f  v a n a d y l p h o sp h a te  
le a d e d  to  an  in c r e a se s  o f  th e  e f fe c t iv e  n e g a tiv e  ch a rg e  o n  o x y g e n  a to m  (in c r e a se  o f  
b a s ic  p ro p er tie s)  an d  o f  th e  rate o f  b u ta n e  o x id a tio n . M o reo v er , th e y  fo u n d  th at th e  
p r e se n c e  o f  a d d it iv e s  c a u se d  an in c r e a se  o f  th e  su r fa ce  p/v ratio  an d  c o r r e sp o n d in g  
c h a n g e s  o f  a c id ic  p ro p erties  o f  th e  ca ta ly sts . T h e  h ig h e s t  in crea se  o f  th e  rate o f  
b u ta n e  o x id a t io n  w a s  a c h ie v e d  b y  in tro d u ctio n  o f  N a , K  an d  C s. T h e  rate o f  
h y d ro ca rb o n  tra n sfo rm a tio n  r o se  w ith  th e  in c r e a se  o f  th e  co n ce n tr a tio n  o f  a d d itiv es . 
A n  in c r e a se  o f  m a le ic  an h yd rid e  s e le c t iv ity  w a s  o b se r v e d  a fter  in tro d u ctio n  o f  M g , B a  
an d  C a  an d  th e  b e s t  resu lts  w e r e  o b ta in e d  at th e ir  lo w  co n ce n tr a tio n  (M e ta l/V  =  0 .0 2 ) . 
T h e y  c o n c lu d e d  that th e  p rep ara tion  o f  a c a ta ly s t  ch a ra c ter ized  b y  h ig h  a c t iv ity  in  
b u ta n e  o x id a t io n  and  h ig h  se le c t iv ity  to  m a le ic  an h yd rid e  req u ired  a  f in e  tu n in g  o f  the  
b a s ic ity  o f  su r fa ce  o x y g e n  a to m s to  a c c e le r a te  th e  a c t iv a t io n  o f  b u ta n e  an d  o f  th e
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a c id ity  o f  th e  su r fa ce  to  se c u r e  th e  ap p rop ria te  r e s id e n c e  t im e  o f  th e  r ea c tio n  

in term ed ia tes .

C o u rco t ( 1 9 9 7 )  rep orted  th e  e f f e c t  o f  s e q u e n c e  o f  p o ta ss iu m  in tro d u ctio n  to  
V 20 5 /T i0 2 ca ta ly s ts  o n  th e  p h y s ic o c h e m ic a l p ro p erties  an d  c a ta ly t ic  p er fo r m a n c e  in  
o x id a t iv e  d e h y d ro g en a tio n  o f  p rop an e. T w o  se r ie s  o f  K -p r o m o te d  V 20 5/ T i 0 2 

ca ta ly s ts  w er e  p rep ared  by: (a ) d e p o s it io n  o f  v a n a d ia  on  K -d o p e d  T i 0 2 su p p ort (T iK V  
p rep aration ) an d  (b )  d e p o s it io n  o f  K  o n  v a n a d ia -t ita m a  c a ta ly s ts  (T iV K  p rep ara tion ). 
T h e y  in d ic a te d  th e  h ig h e r  a m o u n ts  o f  su r fa ce  K  o n  th e  T iV K  c a ta ly s ts  th an  o n  th e  
T iK V  o n e s . T h e  v a n a d iu m  s p e c ie s  o n  T iK V  sa m p le s  in c lu d e  v 20 5 an d  p o ly m e r ic  
[V O x] 11 sp e c ie s . T h e  T iV K  se q u e n c e  le d  to  th e  fo rm a tio n  o f  p o ta ss iu m  v a n a d a tes  
(K V 3Og an d  p o ss ib ly  K V 0 3) an d  th e  d e c r e a se  in  th e  a m o u n t o f  v 20 5. T h e  T iV K  
ca ta ly s ts  w e r e  m o re  a c t iv e  an d  s e le c t iv e  in  th e  O D H  o f  p rop a n e an d  m o r e  b a s ic  than  
th e  T iK V  sa m p le s . T h e y  a lso  s u g g e s te d  that th e  ty p e  o f  v a n a d iu m  c o n ta in in g  s p e c ie s  
is  n o t  th e  s in g le  d e c is iv e  fa c to r  to  a c c o u n t  for  th e  m o d if ic a t io n  o f  th e  c a ta ly tic  
p er fo rm a n ce  o f  V 20 5/ T i 0 2 ca ta ly s ts  in  th e  p r e se n c e  o f  p o ta ss iu m . T h e  m o d if ic a t io n  
o f  a c id -b a se  p ro p er tie s  (d e c r e a se  in  th e  a c id ity  an d  in c r e a se  in  th e  b a s ic ity  fo r  K -  
d o p e d  sa m p le s )  c a n  a ls o  b e  im p ortan t.

G u errero -R u iz  et al. ( 1 9 9 7 )  h a v e  in v e s t ig a te d  su r fa ce  an d  la tt ic e  o x y g e n  a to m s  

o v e r  v a n a d iu m  p e n to x id e , m a g n e s iu m  o x id e  an d  m a g n e s iu m  v a n a d a te  p h a se s  ( a -  

M g 2 V 20 7 , M g 3V 2 0 8 an d  (3-M gV 20 6 b y  is o to p ic  e x c h a n g e  w ith  c 180 2. T h e y  fo u n d  
that o n  M g O  an im p o rtan t su r fa ce  e x c h a n g e  p r o c e s s  o c cu rred  w ith  c 180 2 o f  th e  ga s  
p h a se , w h ile  th is  e x c h a n g e  w a s  v e r y  lo w  o n  v 20 5 an d  pure V - M g - 0  p h a ses . A  
c o m p a r iso n  o f  th e  d iffe r e n t m a g n e s iu m  v a n a d a te  p h a se s  in  th e  sa m e  e x p e r im e n ta l 
c o n d it io n s  in d ic a te d  that th e  a - M g 2V 2O 7 p h a se  (w h ic h  e x h ib ite d  th e  h ig h e s t  
se le c t iv ity  fo r  o x id a t iv e  d eh y d ro g e n a tio n  o f  p ro p a n e  to  p ro p e n e ) s h o w e d  th e  lo w e s t  
la tt ic e  o x y g e n  e x c h a n g e  w ith  c 180 2 o f  th e  g a s  p h ase .

T h e  e f fe c t s  o f  su p p ort (A 120 3, S i 0 2, T i 0 2 an d  Z r 0 2) o n  th e  stru ctu re an d  
ca ta ly tic  b e h a v io r  o f  su p p o rted  v a n a d ia  in  th e  o x id a t iv e  d e h y d r o g e n a tio n  o f  p rop an e
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e x a m in e d  o v er  a w id e  ran ge o f  v a n a d iu m  su r fa ce  d e n s it ie s  w e r e  in v e s t ig a te d  by  
K h o d a k o v  et al. (1 9 9 9 ) . T h e y  fo u n d  that th e  stru ctu re an d  d isp e r s io n  o f  VOx s p e c ie s  
d e p e n d e d  o n  th e ir  su r fa ce  d e n s ity  and  o n  th e ir  in tera c tio n  w ith  a  g iv e n  support. 
S u p p orts su r fa c e s  p r ed o m in a n tly  c o v e r e d  w ith  p o ly v a n a d a te  stru ctu res o f  sm a ll V2O5 

c lu ste r s  c o n ta in in g  V-O-V or  v=0 l in k a g e s  le a d e d  to  h ig h  o x id a t iv e  d eh y d ro g en a tio n  
rates an d  s e le c t iv it ie s . T h e  c o m p o s it io n  o f  th e  su p p ort in f lu e n c e s  th e  VOx s p e c ie s  
in to  m o n o v a n a d a te s , p o ly v a n a d a te s  and  V2Oj c lu sters  an d  th u s th e  ca ta ly tic  b eh a v io r  
o f  su p p o rted  v a n a d ia  in  o x id a t iv e  d eh y d r o g e n a tio n  rea c tio n s . T h e  c o n c e n tr a tio n  o f  
p o ly v a n a d a te  stru ctu res in c r e a se s  w ith  in c r e a s in g  VOx su r fa ce  d en sity . R a m a n  and  
U V -v is ib le  sp ec tra  s h o w e d  an  e x c e lle n t  c o rr e la tio n  b e tw e e n  o x id a t iv e  
d e h y d r o g e n a tio n  ra tes an d  th e  d en s ity  o f  p o ly v a n a d a te  s p e c ie s  o n  ฟ ! su p p ort su rfa ces. 
F u rth erm ore, th e y  s u g g e s te d  that s ite s  req u ired  for  th e  o x id a t iv e  d eh y d r o g e n a tio n  a lso  
c a ta ly z e d  th e  u n d e s ir e d  c o m b u stio n  o f  p rop en e.

2.2 Comment on previous works

F rom  th e  a b o v e  r e v ie w e d  litera tu re, it c a n  b e  s e e n  th at v a n a d iu m  o x id e  sh o w s  
th e  stron g  in te r a c tio n  w ith  su p ports. O n  T i 0 2 th e  h ig h  d isp e r s io n  o f  v a n a d iu m  o x id e  
s p e c ie s  is  o b se r v e d . In  con trast, a c id ic  v a n a d iu m  o x id e  rea c ts  w ith  b a s ic  M g O  to  
fo rm  a n e w  c o m p o u n d , V - M g - 0  in  w h ic h  th e  m a g n e s ia  p h a se  p la y s  th e  ro le  o f  b a s ic  
cen ters  d u rin g  th e  ODH o f  p rop ane. M o r e o v e r , se v e r a l s tu d ie s  are carr ied  o u t to  
in v e s t ig a te  th e  in f lu e n c e  o f  b a s ic  m eta l su c h  as a lk a li or a lk a li earth  o n  th e  c a ta ly tic  
p er fo rm a n ce  o f  su p p o rted  v a n a d ia  ca ta ly sts . T h e ir  in tera c tio n  c a n  b o th  im p r o v e  or  
in h ib it  th e  p er fo r m a n c e  o f  th e  ca ta ly sts .

A lth o u g h  th e  v a n a d ia -tita n ia  an d  V - M g - 0  sy s te m s  h a v e  b e e n  r e c e iv e d  m u c h  
a tten tio n , th ere  are n o  in fo rm a tio n  ab o u t th e  c o m b in a tio n  o f  th e se  tw o  sy stem s. In  
th is  resea rch , th e r e fo r e , th e  sy s te m  c o n s is ts  o f  o x id e s  o f  v a n a d iu m , t ita n iu m  an d  
m a g n e s iu m  is  in v e s t ig a te d  to  รณ d y th e  c a ta ly t ic  p rop erty  in  th e  o x id a t io n  rea c tio n s.
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