
C H A P T E R  II  

L I T E R A T U R E  S U R V E Y

E m ission s o f  vo la tile  organic com pounds (V O C s) are a concern  in so lven t­
in tensive operations in  m any m anufacturing processes. G aseous efflu en ts and 
contam inated exhaust air containing V O C s enter the atm osphere, w here they  
contribute to environm ental pollution . Incineration is an energy effic ien t m ethod to 
destroy V O C s. Such a process in v o lv es contacting the w aste gas stream  w ith  a 
catalyst in the presence o f  ex ce ss  ox yg en  at a tem perature higher than 700°c 
depending on  the nature o f  the V O C s. H ow ever, thermal incineration is very energy  
in tensive and requires exp en siv e  m aterials o f  construction to w ithstand corrosion  and 
high tem peratures. Therefore, in order to reduce capital investm ents and fuel costs, 
there is a need  for d evelop m en t o f  a catalyst, w hich  can ox id ize  V O C s at low er  
tem peratures. Research in the h eterogeneous catalytic ox id ation  o f  lo w  concentration  
o f  V O C s w ith  air m ust focu s on identify ing h ighly  active catalysts and obtaining  
environm entally  benign  reaction products at low er tem peratures. In general, reaction  
con d ition s are ch osen  that result in com p lete oxidation  to obtain the desirable end  
products o f  H 2O and C O 2 .

The heterogeneous catalytic ox id ation  for controlling V O C s w as rev iew ed  by  
S p ivey  (1 9 8 7 ). The m ost com m on catalysts used for V O C s abatem ent are m etals or 
metal o x id es  such as Pt, P d , R h , and V 2O 5 d ispersed on high surface area supports 
such as AI2O 3, S iÛ 2, T i0 2 , etc. Supported platinum  is one o f  the m ost w id e ly  used  
catalysts for gases containing hydrocarbon and oxygen ated  hydrocarbons. H ow ever, 
platinum  catalysts are susceptib le to p oison in g  by chlorinated hydrocarbons. 
B im eta llic  catalysts contain ing platinum  and either palladium  or rhodium  find  
application in harsh reaction environm ents, such as autom otive exhaust control, 
w here the tem peratures and space v e lo c itie s  tend to be very high. A lthough  there 
have been m any p revious Pt catalyst studies, the adsorption, desorption, and reaction  
o f  v o c  m o lecu les  on  Pt has not been w id e ly  investigated . H inz e t al. (20 0 1 ) studied  
propane ox id ation  in the absence and presence o f  SO 2 in the feed  gas over l% P t on 
Y-AI2O 3 u sin g transient experim ent w ith  T A P  (tem poral analysis o f  products) and in
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situ D R IFT spectroscopy. W ithout SO 2 in  the feed  gas, propane reacts con secu tive ly  
in the seq u en ce o f  propane to propene to ethane to CO  to C O 2 . In the presence o f  
SO 2 the first step o f  the m ain route is the breaking o f  a C-C bond in propane 
producing ethane and a Cl fragm ent, w h ich  then form CO and eventually  C O 2 . It w as  
su ggested  that the prom oting e ffect by SO 2 on the con version  o f  propane is due to the 
form ation o f  an acid ic site at the P t/A l2 0 3 /S 0 4 2' interface. Paulis e t al. (2 0 0 1 )  
investigated  the e ffect o f  chlorine, added either as a part o f  the platinum  precursor 
salt or after the nob le m etal im pregnation, on  the catalytic activ ity  o f  P t/A hC b for 
com p lete ox id ation  o f  toluene. T hey prepared the PTAI2O 3 catalysts from  three 
precursors; P t(N H 3)4(O H )2, (N F ft^P tC ft, and (N H 4)2PtC l6. The m easured catalytic  
activ ity seq u en ce is as fo llow s: PtNro/AhCb >  Ptcw/AbCb >  Ptcm/A^C^. PtNH3/A l2Û 3 

sh ow ed  an unchanged activ ity during the stability test. T hey also  found that the H20  
form ed during toluene ox idation  had been reported as b ein g  responsib le for Cl 
m ob iliza tion . The subsequent chlorine elim ination  by H 2O form ed in the reaction  
w ill produce an increase o f  the activity.

A d d in g  tin to platinum  catalysts has proven to be beneficia l for activ ity  
m aintenance in applications such as catalytic reform ing. O ne o f  the factors, w hich  
effect the interaction o f  tin and platinum , is the catalyst preparation m ethod. S exton  
e t al. (1 9 8 4 )  found that the catalyst prepared by coprecip itation  o f  รท w ith  alum ina  
fo llow ed  by im pregnation o f  platinum  ach ieved  the m axim um  contact betw een  Pt 
and ion ic tin. This catalyst a lso  had a uniform  distribution o f  both sp ec ies o f  Pt and 
รท. M oreover, it gave the h ighest activ ity  and se lectiv ity  in m ethycyclop en tane and 
cycloh ex an e conversion . D autzenberg e t al. (1 9 8 0 ) observed  that the seq u ence o f  
m etal im pregnation is an important factor at a lo w  tin content. T hey concluded  that 
the m od ifica tion  o f  Pt-Sn a lloy  is m ore im portant than the e ffect o f  interaction o f  Pt 
w ith a tin (o x id e)-m o d ified  support.

Baronetti and cow orkers (1 9 8 5 ) used  three different preparation techniques  
for P t-Sn/A bC b catalysts and characterized the sam ples by d iffuse reflectance  
sp ectroscop y and tem perature program m ed reduction. Their results indicated that 
there w as a strong interaction betw een  Pt and รท in the catalysts prepared by  
coim pregnation  and sequential im pregnation w ith  Pt first, w here a com p lex  o f  
(PtC l2(S n C l3)2)2' w as deposited  on the alum ina surface. H ow ever, w hen the catalysts
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w er e  p rep ared  b y  seq u e n tia l im p reg n a tio n  w ith  รท first, th e  c o m p le x  fo rm a tio n  d id  
n ot o ccu r , an d  o n ly  P t(IV ) and รท (IV ) s p e c ie s  w er e  o b se r v e d  o n  th e a lu m in a  su rfa ce . 
T h e T P R  p r o f ile  o f  a se q u e n tia lly  im p reg n a ted  ca ta ly s t  w a s  s im ila r  to th e  su m  o f  
T P R  p r o f ile s  o f  th e  tw o  m o n o m e ta llic  sa m p le s  (P t/A h C b + S n /A ^ C b ). T h e y  e x p la in e d  
that รท (II) d e p o s ite d  d u rin g  th e first im p r e g n a tio n  w a s  o x id iz e d  to  รท(IV ) in  the  
d ry in g  step , th ereb y  p r e v en tin g  the fo rm a tio n  o f  th e  (P tC l2(S n C l3)2)2’ c o m p le x  w h e n  
P t(IV ) w a s  ad d ed  a s  th e  se c o n d  c o m p o n e n t , d u e  to  th e  w e a k  in tera c tio n  b e tw e e n  
(P tC l6)2 and  (S n C lô )2' sp e c ie s .

M a n y  research  gro u p s h a v e  w o rk ed  o n  th e ch a ra c ter iza tio n  o f  th e  sta te  o f  รท, 
u sin g  v a r io u s  ch a ra c ter iza tio n  m e th o d s  su ch  as c h e m iso r p tio n  b y  sta tic  or p u lse  
te c h n iq u e s  (L ie s k e  e t a l., 1 9 8 3 , L ie sk e  and  V ô lte r , 1 9 8 4 , W ils o n  and H a ll, 1 9 7 9 , 
M u ller  e t a l ,  1 9 7 9 , O tter and  D a u tzen b erg , 1 9 7 8 ) , X -r a y  d iffr a c tio n  (X R D )  
(S r in iv a sa n  e t a l ,  1 9 8 7 ), X -ra y  p h o to e le c tr o n  sp e c tr o sc o p y  (X P S )  (S e x to n  e t al., 
1 9 8 4 , B a la k r ish n a n  and  S ch w a n k , 1 9 9 1 , A d k in s  and  D a v is , 1 9 8 4 ), M ô ssb a u e r  
sp e c tr o sc o p y  (L i e t a l ,  1 9 9 1 , B a ca u d  e t a l., 1 9 8 1 ), tem p era tu re  p ro g ra m m ed  
red u ction  (T P R ) (S a c h d e v  and S c h w a n k , 1 9 8 8 , B u rch , 1 9 8 1 ), e tc . S r in iv a sa n  and  
c o w o r k e r s , ( 1 9 8 7 )  o b se r v e d  a l lo y  fo rm a tio n  w ith  a P t/S n  s to ic h io m e tr y  o f  1:1 b y  
u s in g  in -s itu  X -r a y  d iffra c tio n . L i e t al. ( 1 9 9 1 )  u sed  M ô ssb a u e r  sp e c tr o sc o p y  to  
ch ara c ter ize  th e  P t/S n  ca ta ly sts . T h e y  fo u n d  that th e  fra ctio n  o f  Pt p resen t in  an a l lo y  
p h a se  in c r e a se d  w ith  in c r e a s in g  tin  c o n te n t, and  an a l lo y  r ich er  in  รท than P t/S n  =1:1  
w a s  p resen t o n  th e s i l ic a  su p port. S ta tic  c h e m iso r p tio n  o f  h y d r o g e n  and o x y g e n  w a s  
u sed  for in v e s t ig a t in g  th e su rfa ce  o f  c a ta ly s ts  b y  sev era l in v e s tig a to r s . F or e x a m p le , 
O tter and  D a u tz e n b e r g  ( 1 9 7 8 )  s tu d ied  th e e f fe c t  o f  h y d r o g e n  trea tm en t at h ig h  
tem p era tu res (> 5 0 0 ° C )  o n  P t/A ^ C L . T h e y  attr ib uted  th e d e c r e a s in g  a m o u n t o f  
h y d ro g en  c h e m iso r p tio n  a fter red u ctio n  at a h ig h  tem p era tu re  to  th e  p r e se n c e  o f  
h ig h ly  d isp e r se d  p la tin u m  p a r tic le s  fo r m in g  an a l lo y  w ith  th e  a lu m in a  su p port. 
M u ller  et a l. ( 1 9 7 9 )  o b se r v e d  that th e  a m o u n t o f  o x y g e n  a d so rp tio n  o n  th e P t-S n  
b im e ta llic  c a ta ly s ts  w a s  p rop o rtio n a l to  b o th  th e p e r c e n ta g e s  o f  p la tin u m  and  tin  on  
the a lu m in a  su p p ort. T h e y  fou n d  n o  e v id e n c e  for  th e  m e ta ll ic  sta te  o f  รท or P t-S n  
a llo y s .

Prior e le c tr o n  m ic r o sc o p y  in v e s t ig a t io n s  o f  su p p o rted  b im e ta llic  c a ta ly s ts  
h av e  p ro v id e d  u se fu l in fo rm a tio n  ab o u t p a r tic le  s iz e  d is tr ib u tio n  and  e le m e n ta l
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c o m p o s it io n  o f  sm a ll r e g io n s . In an e le c tr o n  m ic r o d iffr a c tio n  stu d y  o f  su p p o rted  Pt- 
รท c a ta ly s ts , a  P t-S n  a l lo y  w ith  a 1:1 a to m ic  ratio  w a s  o b se r v e d  (S r in iv a sa n  et a i ,  
1 9 8 7 ). T h e  resu lts  o f  X -ra y  p h o to e le c tr o n  sp e c tr o sc o p y  and tem p era tu re p rog ram m ed  
red u ctio n  e x p e r im e n ts  sh o w e d  tin  to  b e  in  an a v era g e  o x id a t io n  sta te  o f  + 2  (B u rch , 
1 9 8 1 , B a ro n ett i e t a l., 1 9 8 5 , S e x to n  et a l., 1 9 8 4 ). In -situ  x -ra y  d iffr a c tio n  r e v e a le d  
th e  fo r m a tio n  o f  th e  P tS n  a llo y  a fter a h y d r o g e n  red u ctio n  treatm en t at 5 0 0 °c  for 6 
h ou rs (S r in iv a sa n  et a i ,  1 9 8 7 ). E x a m in a tio n  o f  P t-S n  c a ta ly s ts  b y  M ô ssb a u er  
s p e c tr o sc o p y  h a s a lso  c o n fir m e d  th e p r e se n c e  o f  a l lo y s  (B a c a u d  e t a l., 1 9 8 1 ).

T h e  cu rren t s ta te -o f-th e -a r t in  v o c  o x id a tio n  c a ta ly s is  le a v e s  roo m  for  
im p r o v e m e n t, b o th  from  a m a c r o sc o p ic  p r o c e ss  p e r sp e c tiv e  as w e ll  a s  from  the  
fu n d a m en ta l a to m ic  an d  m e c h a n is t ic  a sp e c ts  o f  su rfa ce  c a ta ly s is  an d  m ater ia ls  
d e v e lo p m e n t. T h ere  is  a dearth  o f  fu n d a m en ta l s tu d ie s  o f  v o c  c a ta ly s is , e s p e c ia lly  
w ith  regard  to  su r fa ce  in tera ctio n s  o f  v o c  m o le c u le s  w ith  m eta l c a ta ly s t  su rfa ces. 
Im p ortan t in s ig h ts  m a y  b e  g a in ed  from  sy s te m a t ic a lly  e x p lo r in g  th e b e h a v io r  o f  
V O C  c a ta ly s ts  b y  m e a n s  o f  tem p era tu re-p ro g ra m m ed  m e th o d s  su c h  as tem p era tu re-  
p ro g ra m m ed  d e so r p tio n  (T P D ) or rea c tio n  (T P R ). A  ty p ic a l T P D  ex p e r im e n t  
in v o lv e s  a d so rp tio n  o f  th e  a d so rb a te (s)  o n  a c le a n  su rfa ce  fo l lo w e d  b y  a su b seq u en t  
d e so r p tio n  o f  th e  a d so rb a te (s)  and p o s s ib le  d e c o m p o s it io n  p ro d u cts  a s  the  
tem p era tu re  o f  th e  su r fa ce  is  in crea sed .

A n a ly t ic a l te c h n iq u e s  re la tin g  so m e  ch a ra cter is tic  p rop erty  o f  th e  sa m p le  to  
its  tem p era tu re  in  th e  c o u r se  o f  a tem p era tu re-p ro g ra m m ed  h e a tin g  p r o c e s s  are 
c o m m o n ly  in c lu d e d  in  the f ie ld  o f  th erm al a n a ly s is  (L em a itre  e t a l., 1 9 8 4 ). T h e  
ch a ra c ter is tic  tem p era tu re at w h ic h  a th erm al c h a n g e  w i l l  o c c u r  in a g iv e n  sa m p le  
w ill  d ep e n d  o n  th e nature o f  the sy s te m  u n d er  stu d y  (p h a se  c o m p o s it io n  o f  the  
sa m p le  an d  c o m p o s it io n  o f  th e  su rrou n d in g  a tm o sp h e r e )  and o n  an y  fa c to rs  a ffe c t in g  
th e  k in e t ic s  o f  th e  tran sfo rm ation . S o m e  o f  th e  k in e t ic  fa c to rs  are re la ted  to the  
e x p e r im e n ta l arran gem en t u se d  for th erm al a n a ly s is  ( f lo w  rate o f  g a s e o u s  reactan ts, 
e f fe c t iv e n e s s  o f  h eat and  m a ss  tran sfer b e tw e e n  th e  s o l id  and  its su rro u n d in g s, 
tem p era tu re p rogram ), w h ile  o th ers are re la ted  to  th e  so lid  sa m p le  i t s e l f  (p a rtic le  
s iz e , p ore stru ctu re, sta te  o f  d isp e r s io n  in an inert m a ter ia l, p r e se n c e  o f  trace  
im p u rities , c r y s ta llin ity ) . T h e  in terp reta tion  o f  a th erm o g ra m  is , th ere fo re , fa ir ly  
c o m p le x .
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A s  a resu lt  o f  th e  rem ark s a b o v e , th erm al a n a ly s is  m a y  b e  u se fu l at tw o  d ifferen t  
le v e ls :
1. A s a  to o l for b o th  q u a lita tiv e  and  q u a n tita tiv e  a n a ly s is .
2 . A s  a  w a y  o f  e v a lu a t in g  th e  in f lu e n c e  o f  v a r io u s  factors  o n  th e  r e a c tiv ity  o f  a

k n o w n  su b sta n ce .
T h e  id e n tif ic a t io n  o f  th e  c o n s t itu e n ts  in  a sa m p le  is  u su a lly  m a d e  b y  

c o m p a r in g  its  th erm o gra m  w ith  that o f  a re fe r e n c e  m a ter ia l, o b ta in ed  u n d er th e  sa m e  
e x p e r im e n ta l c o n d it io n s . T h is  p ro ced u re  h a s  b e e n  u se d  sa t is fa c to r ily  in  m a n y  
m in e r a lo g ic a l s tu d ie s . It w i l l  b e  e f fe c t iv e  for  a ll sa m p le  c o n s is t in g  o f  m ix tu res  o f  
p h a se s  e x h ib it in g  a sm a ll d e g r e e  o f  va r ia tio n  in  their  th erm a l b eh a v io r , as a fu n ctio n  
o f  se c o n d a r y  c h a r a c ter is tic s  su ch  as p a r tic le  s iz e , c ry sta llin ity , p r e se n c e  o f  trace  
im p u r it ie s , and  th e  lik e . T h e  T em p era tu re-P ro g ra m m ed  D e so r p tio n  (T P D ) m eth o d  
h a s b e e n  u se d  in  m a n y  s tu d ie s . A  m a th em a tica l a n a ly s is  o f  seco n d -o r d e r  
tem p era tu re -p ro g ra m m ed  d eso r p tio n  sp ectra  in  th e  c a s e  o f  fr e e ly  occu rr in g  
red e so r p tio n  w a s  รณ d ie d  b y  K o n v a lin k a  e t a l. (1 9 7 7 ) . T h e  u se  o f  e q u a tio n s  re la tin g  
th e  tem p era tu re  o f  th e  p ea k  m a x im a  to  th e  en th a lp ie s  o f  a d so rp tio n , b o th  for first-  
ord er and  se c o n d -o r d e r  d eso r p tio n  k in e t ic s , w a s  c r it ic a lly  ev a lu a ted . T h e  sh a p e s  o f  
th e  th e o r e tic a l lin e s  d e sc r ib in g  se c o n d -o r d e r  d eso r p tio n  at sev era l v a lu e s  o f  en th a lp y  
o f  a d so r p tio n  and in it ia l c o v e r a g e  w e r e  c a lcu la ted . M ille r  e t al. ( 1 9 9 3 )  s tu d ied  the  
tem p era tu re-p ro g ra m m ed  d eso r p tio n  o f  h y d ro g en  o n  su p p o rted  p la tin u m  ca ta ly sts

a fter h y d r o g e n  re d u c tio n  at 3 0 0 , 4 5 0 , and  650°c. F or a ll ca ta ly s ts , r e v e rsib le

d e so r p tio n  o f  c h e m iso r b e d  h y d ro g en  occu rred  at a p p r o x im a te ly  175°c. It w a s  
s u g g e s te d  that th e  irrev ers ib ility  o f  th e  sp illo v e r  h y d r o g e n  resu lts  from  
d e h y d r o x y la tio n  o f  th e  su p p ort at h ig h  tem peratu re.

V e r b e e k  an d  S a ch tler  (1 9 7 6 )  in v e s t ig a te d  th e  su r fa ce  c o m p o s it io n  o f  a llo y s  o f  
p la tin u m  and  tin  b y  ad so rp tio n  and tem p era tu re  p ro g ra m m ed  d e so r p tio n  (T P D ) o f  
d eu ter iu m  and carb o n  m o n o x id e . B a se d  o n  T P D  r e su lts , th e y  referred  to  th e  liga n d  
e ffe c t , w h ic h  c a u se d  w e a k e n in g  o f  th e  c h e m iso r p tiv e  b o n d  o f  d eu ter iu m  and carb on  
m o n o x id e  w h e n  th e  p rop o rtio n  o f  tin  in  th e  a llo y s  in crea sed . D a v ie s  and  M ario tti
( 1 9 9 6 )  sh o w e d  th e  resu lts  o f  tem p era tu re-p rogra m m ed  d e so r p tio n  (T P D ) o f  m eth a n o l 
o n  C u (1 1 0 )  su rfa ces. T h e y  p ro p o sed  that th e  rea c tio n  p a th w a y  w a s  s e n s it iv e  to the
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lo ca l stru ctu re o f  th e  m e th o x y /o x y g e n  a d la y er  and  a lso  c o n fir m e d  th e p r e se n c e  o f  
tw o  sta te s  o f  m e th o x y  at th e  C u (1 1 0 ) /O (a )  su rfa ce  and  a s s ig n e d  th em  to  m e th o x y  
s p e c ie s  w ith  and  w ith o u t s ta b iliz a t io n  b y  su rfa ce  o x y g e n . F a m eth  e t al. (1 9 8 5 )  
sh o w e d  th e  resu lts  o f  p artia l o x id a t io n  o f  m eth a n o l o v e r  M 0 O 3 . T h eir  v a lu e s  o f  the  
n u m b er o f  a c t iv e  s ite s  and  o f  th e  A rr h en iu s  p aram eters for th e  r a te - lim it in g  C -H  
b on d  c le a v a g e , b oth  o b ta in ed  b y  T P D  u n d er  h ig h  v a c u u m  w ith  s im u lta n e o u s  
m ic r o b a la n c e  and m a ss  sp ec tro m etry  d e te c t io n , w ere  u se d  to  p red ict h e te r o g e n e o u s  
rea c tio n  rates in  e x c e lle n t  a g reem en t w ith  th e  rea c tio n  data. T h e  d e c o m p o s it io n  and  
o x id a tio n  o f  m e th a n o l o n  A I2O 3, PCI/AI2O 3 and  P d O /A b C h  w e r e  s tu d ied  b y  T P D  and  
T P O  (T em p era tu re  P ro g ra m m ed  O x id a tio n )  b y C ord i and  F a lc o n e r  (1 9 9 6 ) .  T h e y  
o b se r v e d  that m e th a n o l d e c o m p o se d  u n d e r g o in g  b o th  d e h y d r o g e n a tio n  and  
d eh y d ra tio n  e v e n  o n  th e  b la n k  K a iser  A -2 0 1  A I2O 3 su p p ort w h ic h  had  b een  
d eh yd rated  and  o x id iz e d  in  3 % 0 2  at 8 7 3  K  for  10 m in  prior to  T P D  e x p e r im e n ts . T h e  
m ain  d e c o m p o s it io n  p ro d u cts  o f  m e th a n o l w e r e  H 2 and  C O , w h ic h  c a m e  o f f  around  
6 0 0 -9 0 0  K  w ith  m a x im u m  p eak  tem p era tu re  at 7 8 0  K . O n  P d /A l2 0 3 , m eth a n o l 
d e c o m p o se d  to form  H 2 and C O  b e tw e e n  4 0 0 - 7 0 0  K , w ith  at m a x im u m  p eak  
tem p era tu re o f  5 0 0  K . T h e  Pd su rfa ce  area  w a s  3 .3  m 2/g , w h ic h  is  m u ch  le s s  th an  the  
a lu m in a  su r fa c e  area  o f  2 0 0  m 2/g . T h is  in d ica ted  that m e th a n o l a d so rb ed  o n  the  
a lu m in a , an d  m ig ra ted  v ia  su r fa ce  d if fu s io n  to  th e  Pd s ite s  w h e r e  it d e c o m p o se d  w ith  
a rate m u c h  h ig h e r  th an  that o n  A I2O 3 .

M e th a n o l h a s b e e n  w id e ly  u sed  to  rep resen t V O C s  in  v o c  o x id a tio n  s tu d ie s  
s in c e  it h a s  a s im p le  c h e m ic a l stru ctu re c o n ta in in g  o n ly  carb o n , h y d r o g e n  and  
o x y g e n  a to m s. It h as b e e n  k n o w n  that o x id a t io n  o f  m eth a n o l ca n  g iv e  v a r io u s  
p rod u cts  su c h  as fo r m a ld e h y d e  or C O 2 d e p e n d in g  o n  ty p e s  o f  c a ta ly s ts  and  
op era tio n a l c o n d it io n s . Y a o  e t al. ( 2 0 0 0 )  s tu d ied  th e  k in e t ic s  o f  m e th a n o l o x id a t io n  
o v er  SiC >2 in  th e  tem peratu re ran ge o f  4 0 0 - 6 0 0  ° c  to  in v e s t ig a te  th e  o x id a t io n  
p artw ay o f  m eth a n o l. T h e y  fou n d  that m e th a n o l w a s  first o x id iz e d  to  fo r m a ld e h y d e , 
and th en  o x id iz e d  to C O . C O 2 w a s  p rod u ced  m a in ly  fro m  the o x id a t io n  o f  
in term ed ia te  s p e c ie s  p ro d u cts  from  d e h y d r o g e n a tio n  o f  fo r m a ld e h y d e  on  S i 0 2.

Y ie ld s  o f  m eth a n o l o x id a tio n  are a lso  u tiliz e d  a s  an in term ed ia te  in  the  
sy n th e s is  o f  c o m m e r c ia l c h e m ic a l p ro d u cts  su c h  a s  fo r m a ld e h y d e , m e th y l fo rm a te  or 
as a fu e l, h y d ro g en . C h e n g  (1 9 9 6 )  fo u n d  that on  M 0 O 3 , th e  p artia l o x id a t io n  o f
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m eth a n o l to  fo r m a ld e h y d e  w ith  h ig h  s e le c t iv e ly  is  c a u se d  b y  w a ter  and  m e th a n o l  
b lo c k in g  th e  a d so rp tio n  s ite s  o f  fo r m a ld e h y d e . IR  resu lts  h a v e  sh o w n  that 
fo r m a ld e h y d e , m eth a n o l, and  w a ter  c o m p e te  for  th e  sa m e  a d so rp tio n  s ite s . T h e re fo re , 
fo r m a ld e h y d e  c a n n o t b e  further o x id iz e d  to  carb o n  d io x id e  o n c e  th e  s ite s  are  
o c c u p ie d  b y  m e th a n o l an d  w ater . B u sc a  e t al. ( 1 9 8 7 )  c o n d u c te d  f lo w  reactor  s tu d ie s  
b y  u s in g  F T -IR  sp e c tr o sc o p y  to rev e a l th e  m e c h a n ism  o f  th e  s e le c t iv e  o x id a t io n  o f  
m eth a n o l to  fo r m a ld e h y d e , d im e th o x y m e th a n e , fo r m ic  a c id , an d  m e th y l fo rm a te  o v er  
v a n a d iu m  o x id e  and  tita n iu m  o x id e  c a ta ly s ts , w h ic h  w er e  p rep ared  b y  im p reg n a tio n  
and c o p r e c ip ita tio n . N iw a  and  Igarash i ( 1 9 9 9 )  s tu d ied  th e ro le  o f  s o l id  a c id s  o v er  
M 0 O 3 lo a d e d  o n  SnC>2 in  th e  s e le c t iv e  o x id a t io n  o f  m e th a n o l to  fo r m a ld e h y d e . T h e y  
fou n d  that m e th a n o l w a s  a d so rb ed  m o re  w e a k ly  o n  th e  a c id  s ite s  than  o n  e x p o s e d  
su rfa ce  o f  SnC >2 r e su ltin g  in  th e  fo r m a tio n  o f  fo r m a ld e h y d e . E lm i and  c o w o r k e r s  
(1 9 8 9 )  c o n c lu d e d  that th e  a b ility  o f  c o p r e c ip ita te d  v a n a d iu m -tita n iu m  o x id e  to  
c a ta ly z e  th e  fo rm a tio n  o f  m e th y l fo rm a te  is  co rre la ted  to  th e  e x is te n c e  o f  
d io x y m e th y le n e  s p e c ie s  w ith  an  in term ed ia te  s ta b ility  as co m p a r e d  to p ure tita n ia  
and va n a d ia . H y d r o g e n  p r o d u ctio n  fro m  p artia l o x id a t io n  o f  m eth a n o l o n  Z n O  and  
ZrC>2 su p p o rted  P d  c a ta ly s ts  w a s  s tu d ie d  b y  C u b eiro  and  F ierro  (1 9 9 8 ) . T h e  resu lts  
h av e  c le a r ly  s h o w n  that P d  c a ta ly s ts  can  c o m p e te  w ith  th e c o m m e r c ia l lo w  
tem p era tu re  m eth a n o l sy n th e s is  C u /Z n 0 ( A l2 0 3 ) c a ta ly s ts  w h e n  u se d  under  
c o n d it io n s  o f  th e  p artia l o x id a t io n  o f  m eth a n o l.

T h e  e le c tr o c h e m ic a l o x id a t io n  o f  m eth a n o l is  a lso  w id e ly  s tu d ie d  for  
a p p lic a tio n s  in  fu e l c e l ls .  T h e  d irect m eth a n o l-a ir  fu e l c e l l  is  u su a lly  o p era ted  in  the  
p r e se n c e  o f  h ig h ly  c o r r o s iv e  a c id  e le c tr o ly te s  in  order to  re jec t carb o n  d io x id e . T h is  
req u ires th e  u se  o f  h ig h ly  sta b le  c a ta ly s ts  and  su p p o rts  a s  e le c tr o d e  m a ter ia ls . Pt is  
o n e  o f  th e  f e w  s ta b le  c a ta ly s t  m a ter ia ls  s h o w in g  s ig n if ic a n t  a c t iv ity  for  m eth a n o l  
o x id a tio n . K o r z e n u e w sk i and  C h ild ers  ( 1 9 9 8 )  d em o n stra ted  that fo r m a ld e h y d e , 
w h ic h  is  o f te n  n ot d e te c ta b le  w ith  an y  m o d ern  in  s itu  a n a ly s is  te c h n iq u e s , c o u ld  be  
p ro d u ced  in  s ig n if ic a n t  a m o u n ts  d u rin g  e le c tr o c h e m ic a l o x id a t io n  o f  m e th a n o l o n  Pt. 
S w ath ira jan  and  M ik h a il (1 9 9 2 )  p rep ared  P t-S n  c a ta ly s ts  o n  p o ly (3 -m e th y l)th io p h e n e  
and fo u n d  that P t-S n  c a ta ly s ts  w er e  d isp e r se d  w ith in  th e  p o ly m e r  at Pt lo a d in g s  le s s  
than  6 0  / /g /c m 2, but at h ig h er  Pt lo a d in g s , th e  p la tin u m  th in  f ilm  a lso  g r e w  o u ts id e  
th e  p o ly m e r . M e th a n o l o x id a t io n  w a s  a p p rec ia b le  o n ly  at Pt lo a d in g s  h ig h er  th an  6 0
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/ /g /c m 2, w h e r e a s  h y d r o g e n  o x id a t io n  occu rred  at a Pt lo a d in g  o f  2 0  / /g /c m 2. H an er  
and  R o s s  ( 1 9 9 1 )  s tu d ied  th e  g e o m e tr ic  and  e le c tr o n ic  e f fe c t  o f  tin  a to m s in  d ifferen t  
c h e m ic a l s ta te s  o n /in  th e  p la tin u m  su rfa ce  b y  u s in g  s in g le -c r y s ta l fa c e s  o f  the  
ord ered  a l lo y  P t îS n  and  s in g le -c r y s ta l fa c e s  o f  p ure P t m o d if ie d  b y  
e le c tr o d e p o s ite d /a d so r b e d  tin . T h e y  fo u n d  that n o n e  o f  th e  a l lo y  su r fa c e s  w er e  m ore  
e f fe c t iv e  c a ta ly s ts  than an y  o f  th e  pure p la tin u m  su r fa c e s  u n d er th eir  c o n d it io n s  and  
that a l lo y in g  p la tin u m  w ith  tin  to an y  e x te n t  s ig n if ic a n tly  red u ced  th e a c t iv ity . T h ey  
a lso  p r o p o se d  that a  m e c h a n ism  o f  c a ta ly s is  is  a h yb rid  h o m o g e n e o u s -h e te r o g e n e o u s  
se q u e n c e  b a se d  o n  k n o w n  h o m o g e n e o u s  P t-S n  ca ta ly sts .

H o w e v e r , the a p p lic a tio n  o f  th e se  c a ta ly s ts  to  co n tro l th e  e m is s io n  o f  
m eth a n o l is  in e x p e d ie n t  b e c a u se  th e y  c a n n o t a c h ie v e  c o m p le te  o x id a t io n  to C O 2 

e s p e c ia l ly  at lo w  tem p era tu res. T h e  p rep ara tio n  o f  n e w  c a ta ly tic  s y s te m s  for lo w  
tem p era tu re  c o m p le te  o x id a t io n  o f  m e th a n o l to  C O 2 is  a m atter o f  c o n tin u o u s  
in terest. T h e  d e v e lo p m e n t  o f  a c a ta ly t ic  m e th o d  for  p u r if ica tio n  o f  g a se s  from  
m eth a n o l c a lls  for  a d e ta ile d  stu d y  o f  th e  o x id a t io n  rea c tio n  m e c h a n ism  an d  reac tio n  
k in e tic s .
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