
CHAPTER I 
INTRODUCTION

O n e  so u rce  o f  en v iro n m en ta l p o llu tio n  com es fro m  tran sp o rta tio n  an d  s ta tio n a ry  
so u rces , w h ic h  em it n o x io u s  p o llu tan ts  p ro d u ced  d u rin g  h ig h  te m p e ra tu re  co m b u stio n . 
T h is  c o m b u s tio n  p ro cess  is n o t so rap id  and  th e rm o d y n am ic  e q u ilib r iu m  (C O 2+ H 2 O ) is 
n o t reach ed . T h e re fo re , u n d es ired  b y p ro d u c ts  such  as c a rb o n  m o n o x id e  an d  so o t are 
fo rm ed . A d d itio n a lly , n itro g e n  o x id es (N O x) w h ich  are  to x ic  p o llu ta n ts  a re  p ro d u ced . 
A m o n g  th e  n itro g e n  o x id es , n itric  o x id e  (N O ) is a  m a in  c o m p o n e n t em itted . N O  can  be 
o x id ized  rap id ly  to  N O 2 in  th e  p resen ce  o f  su n lig h t an d  h y d ro c a rb o n  fro m  u n b u m e d  
g aso lin e . N O 2 is a  co n trib u to r o f  so -ca lled  ac id  ra in  [1], F u rth e rm o re , n itro g e n  o x id es  
a ffec t th e  p h o to c h e m is try  o f  th e  tro p o sp h e re  and  stra to sp h ere . A c c o rd in g  to  a  re sea rch  
study , o n ly  e x p o su re  to  0 .05 p p m  o f  n itro g e n  o x id es  fo r 24  h  h as  h a z a rd o u s  e ffe c ts  fo r 
h u m an  h ea lth .

In  fac t, h o w ev er, an  ex cess iv e  v a lu e  freq u en tly  ex is ts  in  th e  a tm o sp h e re  d u rin g  
ru sh  h o u r tra ff ic  o r in  h o t c lim ates. M an y  resea rch e rs  h av e  p a id  a tte n tio n  to  th is  p ro b lem . 
C a ta ly s ts  h av e  b een  ap p lied  fo r N O  rem o v a l so far. F o r au to m o b ile s  e q u ip p e d  w ith  
g aso lin e  en g in es , so -ca lled  " th ree  w ay  c a ta ly s ts  " th o se  co m p o se  o f  n o b le  m e ta ls  (P t, P d  
or R h) are  p o w e rfu l fo r N O  rem o v al [2 -4], T he e ffic ien cy  fo r th is  a p p lic a tio n  is  h ig h  
w h en  th e re  is a  s to ich io m e tric  ra tio  o f  o x id a tiv e  an d  red u c in g  sp e c ie s  in  ex h au s t 
co m p o sitio n s . H o w ev er, th is  re ac tio n  can  be p e rfo rm ed  w e ll o n ly  in  su itab le  co n d itio n , 
th e  so -ca lled  " w in d o w  " [5].

N O  d e c o m p o s itio n  to  N 2 and  O 2 , th e  s im p le s t an d  m o st d e s ira b le  m e th o d  fo r N O  
rem o v a l, is an  a ttra c tiv e  ap p ro ach  to  e lim in a te  N O  fro m  an  e x h au s t s tream . H o w ev er, no 
su itab le  c a ta ly s t g iv es  h ig h  p e rfo rm an ce  fo r N O  rem o v al an d  it is d iff ic u lt to  p ro m o te  
h ig h  ac tiv ity  in  p ra c tic e  [6 ], T h e  rem o v a l o f  n itric  ox id e  u s in g  a m m o n ia  as a  re d u c ta n t is 
ca lled  se lec tiv e  ca ta ly tic  re d u c tio n  (S C R ) w h ich  has b een  su c c e ss fu lly  u sed  fo r the  
p u rif ic a tio n  o f  e x h a u s t gas fro m  sta tio n a ry  sources. B y  u s in g  th is  re ac tio n , N O  can  be 
e lim in a ted  in  th e  p re sen ce  o f  ox y g en .
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T h e  ap p ro p ria te  a m o u n t o f  o x y g en  essen tia l to  en h an ce  N O  rem o v a l is sh o w n  
b e lo w  [7].

v an ad iu m
4 N O  +  N H 3 +  O 2 --------------►  4 N 2 +  6 H 20  (1)

U n fo rtu n a te ly , th e re  are  m an y  d isad v an tag es  en co u n te re d  w h e n  u s in g  v an ad iu m . 
A m m o n ia  an d  v an ad iu m  a re  to x ic  m ate ria ls . A m m o n ia  h as  to  be  k ep t in  s to ra g e  and  
u n reac ted  a m m o n ia  is a  p o llu ta n t in  th e  a tm o sp h e re  as w ell. R ecen tly , a n e w  m e th o d  fo r 
N O  rem o v a l h as  b een  d isco v e red  u sin g  h y d ro ca rb o n s  as re d u c ta n t in s tead  o f  am m o n ia . 
T h is ap p lic a tio n  is m o re  im p o rtan t fo r N O  rem o v al in  th e  p re se n c e  o f  e x cess  o x y g en  
(lean  N O x  e m iss io n  con tro l).

N O  +  h y d ro c a rb o n  +  0 2 --------------►  N 2 +  C 0 2 +  H 20  (2)

T h e  a d v an tag e  fo r N O  e lim in a tio n  in  th e  p re sen ce  o f  h y d ro c a rb o n s  an d  ex cess 
o x y g en  th a t is p o ss ib le  to  rem o v e  a  p a rt o f  N O  in  th e  b o ile r  f lu e  gas w ith o u t an y  fu rth e r 
h y d ro ca rb o n  ad d itio n . A b o u t 1-2%  o f  o x y g e n  is s im ila r to  th a t in  flu e  g a ses  fro m  th e  
b o ile r  fo r g en e ra tio n  [50]. I f  an  e ffec tiv e  ca ta ly s t c an  be im p ro v ed  fo r th is  re ac tio n , th en  
N O  re m o v a l w ill b e  eco n o m ica l u s in g  u n reac ted  h y d ro c a rb o n s  in  th e  s tream  in s tead  o f  
am m o n ia  as  red u c tan t.

N u m e ro u s  s tu d ies  c o n ce rn in g  ca ta ly s ts  hav e  b een  in v es tig a ted  fo r th is  re ac tio n  so 
far. V a rie ty  o f  m e ta l io n -ex ch an g ed  zeo lite s  are  ex ten s iv e ly  u sed . C u  io n  ex ch an g ed  
M F I ty p e  zeo lite  (C u /M F I) d isco v e red  b y  Iw am o to  et al. is w id e ly  su p p o rted  to  be 
p o w erfu l fo r  N O  rem o v a l in  th e  co n d itio n  o f  ex cess o x y g en  [8-13]. M o reo v e r, o th e r 
k in d s o f  m e ta l io n -e x c h a n g e d  zeo lite s  su ch  as ga lliu m - [14 ,1 5 ], iron - [16 ,1 7 ], co b a lt-  [18- 
21], ce riu m - [2 2 -2 4 ], p la tin u m - [25 ,2 6], p a llad iu m - [27] w ere  s tu d ie d  fo r th is  reac tio n . 
P ro to n a ted  fo rm  Z S M -5  ty p e  zeo lite  w as a lso  s tu d ied  [28 ,29], In  ad d itio n , o th e r g roups 
o f  ac tiv e  c a ta ly s ts  su ch  as tra n s itio n  m e ta l an d /o r m eta l o x id e  (C u , C o , M n , F e, C r, V , 
A g) [3 0 -3 4 ], p e ro v sk ite s  [35 ,3 6 ], fau jas ite  [37], and  n o b le  m e ta ls  [38 -41 ] w ere  
co n sid e red . N e v e rth e le ss , m an y  ty p es  o f  c a ta ly s ts  re fe rred  ab o v e  a re  eas ily  d eac tiv a ted  
d u rin g  re a c tio n  lay  h ig h  te m p e ra tu re  and  th e  co ex is ten ce  o f  s team  p o ss ib ly  o ccu rred  in
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p rac tica l u se  [42-46]. A s m en tio n ed  ab qve , m an y  resea rch e rs  h av e  tr ie d  to  fin d  a  n ew  
ca ta ly s t th a t can  h a n d le  severe  co n d itio n s  fo r N O  rem o v al. O n  th e  o th e r han d , m eta l 
in co rp o ra ted  z eo lite s  (m e ta llo s ilica te s) has b een  p ro p o sed  to  b e  e ffec tiv e  ca ta ly s ts  w h ich  
can  a g a in s t th e  d e te rio ra tio n  u n d e r th e  ex trem e  co n d itio n  o f  h ig h  te m p e ra tu re  ev en  w ith  a 
large  a m o u n t o f  s team  [42, 47 -49 ],

T h is  d isse rta tio n  is sep a ra ted  in to  10 chap ters . T h is  c h a p te r  co n ta in s  a  b r ie f  
in tro d u c tio n . A n  o v e rv iew  o f  th e  lite ra tu re  w as su m m arised  in  C h a p te r  II. T he  
b ack g ro u n d  o f  th e o ry  w as ex p la in ed  in to  C h ap te r  III. C h a p te r  IV  p re se n ts  th e  re su lts  
o b ta in ed  th is  study . C h ap te r  V  d iscu sses  th e  re la tio n sh ip  b e tw e e n  th e  a m o u n t o f  co p p e r 
lo ad ed  o n  M F I zeo lite  an d  n itr ic  o x id e  co n v ers io n . F ro m  th e  re su lts , it w as  d ec id ed  th a t 
2 0 0 % C u /M F I w as to  b e  fu rth e r in v estig a ted . C h ap te r V I d e sc r ib e s  th e  tre n d  b e tw e e n  the  
ac tiv ity  fo r n itr ic  o x id e  co n v e rs io n  o f  2 0 0 % C u /M F I and  H -C o -s ilic a te  an d  th e  a m o u n t o f  
steam , th e  so -ca lled  h y d ro -tre a tm e n t co n d itio n . A d d itio n a lly , th e  im p a c t o f  th e rm a l- 
tre a tm e n t o n  n itr ic  o x id e  co n v e rs io n  o f  2 0 0 % C u /M F I an d  H -C o -s ilic a te  is d e sc rib ed  in  
C h ap te r V II. T h e  e n h a n c e m e n t o f  th e  a c tiv ity  fo r N O  rem o v a l o f  H -C o -s ilic a te  b y  h ig h  
th e rm a l-trea tm e n t is a lso  d iscu ssed . T h e  ch a rac te riz a tio n s  w e re  a lso  rep ea ted  in  th is  
chap ter. C h a p te r  V III d e sc rib e s  th e  in flu en ce  o f  h y d ro th e rm a l- tre a tm e n t o n  th e  ac tiv ities  
o f  n itric  o x id e  co n v e rs io n s  o f  b o th  C u /M F I an d  H -C o -s ilic a te  c a ta ly s ts . A d d itio n a lly , P d  
m o d ific a tio n  o n  C u /M F I c a ta ly s t w as a lso  tak en  in to  acco u n t to  im p ro v e  th e  s tab ility  
ag a in s t h y d ro th e rm a l-trea tm en t. C h ap te r IX  p re sen ts  re su lts  o f  e x p e rim e n t in v o lv in g  C u 
io n -ex ch an g ed  C o -s ilic a te  (C u /C o -s ilic a te )  c a ta ly s t to  n itric  o x id e  rem o v a l in  th e  th e rm al- 
tre a tm e n t co n d itio n . T h is  ch ap te r  rep o rts  o n  th e  co m p ariso n  o f  C u /C o -s ilic a te  fo r  n itric  
ox id e  c o n v e rs io n  w ith  C u /M F I an d  H -C o -s ilica te  as w ell. T h e  s ta b ility  te s t o f  th ese  
ca ta ly s ts  w as  a lso  in v es tig a ted . F ina lly , o v e ra ll co n c lu sio n s  w ere  g en e ra lly  su m m arized  
in  ch ap te r  X .
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