
CHAPTER V
SELECTIVE NO, REDUCTION OVER SOL-GEL PT/ALUMINA 

CATALYST BY AQUEOUS UREA SOLUTION

5.1 Abstract

T h e  a c t iv ity  o f  N O x red u ctio n  w a s  in v e s t ig a te d  o v e r  2%  P t o n  a lu m in a  u n der  
v a r io u s  o x id iz in g  r ea c tio n  c o n d it io n s  from  200-450 °C . T h is  c a ta ly s t  w a s  sy n th e s iz e d  
fro m  s in g le  s te p  s o l -g e l  te ch n iq u e . T h e  N O x  c o n v e r s io n  w a s  s tu d ie d  u n d er d iffe r e n t  
u rea  and  w a te r  c o n c e n tr a tio n s . T h e  resu lts  sh o w e d  that th e  tem p era tu re  o f  m a x im u m  
N O x  c o n v e r s io n  w a s  sh if te d  to w a rd s  lo w e r  tem p era tu re  w h e n  u se d  h ig h e r  a m o u n t o f  
w a ter . T h is  c o n d it io n  a cc e le r a te d  th e h y d r o ly s is  p r o c e s s  th at p r o d u c e d  m o r e  r e d u c in g  
a g e n t u se d  fo r  N O x  red u ctio n . W h en  th ere  w a s  an  a d eq u a te  a m o u n t o f  u rea  for  
r e d u c in g  N O x  w ith  th e  s u ff ic ie n t  w a ter  c o n te n t p resen t in  th e  f e e d  strea m , a lm o st  
100% N O x c o n v e r s io n  w a s  o b ta in ed  as lo w  a s 200 °c. T h e  o x id a t io n  o f  n itro g en -  
c o n ta in in g  c o m p o u n d s  w h ic h  w er e  p ro d u ced  fro m  th e  d e c o m p o s it io n /h y d r o ly s is  o f  
u rea  resu lte d  in  th e  fo r m a tio n  o f  N 2, N 2 0 ,  N O  and  N 0 2. T h e  a d d it io n a l fo rm a tio n  o f  
N O  an d  N 0 2  at h ig h  tem p era tu res v ia  th is  o x id a t io n  c a u s e d  th e  n e g a t iv e  red u ctio n  
a c t iv ity .

Keywords: N O x  r e d u c tio n , U r e a -S C R , P la tin u m /a lu m in a , S o l -g e l ,  U r e a  h y d r o ly s is , 
U r e a  d e c o m p o s it io n

5.2 Introduction

S e le c t iv e  c a ta ly t ic  red u ctio n  o f  N O x  w ith  a m m o n ia  (N H 3 -S C R )  is  a h ig h ly  
s e le c t iv e  to  r e d u c e  N O x e m is s io n s  from  sta tion ary  so u r c e s  [1 ,2 ] .  F o r  m o b ile  so u r c e s  
su ch  as v e h ic le s ,  N H 3 s l ip  and  m a n ip u la tio n  o f  N H 3 to g e th e r  w ith  N H 3 co rr o s io n  
rem a in  th e  m a jo r  o b s ta c le s  to  th e  u se  o f  th is  t e c h n o lo g y . T h e  u s e  o f  g a s e o u s  N H 3 

req u ires  e la b o r a te  sa fe ty  p rec a u tio n s  for  h a n d lin g  an d  sto r a g e . O n e  o f  th e  first  
a r tic le s  d e sc r ib in g  a S C R  sy s te m  to  b e  a p p lie d  in  a v e h ic le  w a s  p u b lish e d  b y  H e ld  et  
al. [3 ] T h e y  su g g e s te d  u s in g  n o n -to x ic  u rea  a s  a r e d u c in g  a g en t. U r e a  as a m m o n ia
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so u r c e  m a y  b e  th e  b est  c h o ic e  for  su ch  a p p lic a t io n s  b e c a u s e  u rea  is  n o t  to x ic , m u ch  
e a s ie r  to  h a n d le  an d  a ls o  ca n  b e  e a s i ly  tran sp orted  o n  b o a rd  o f  an  a u to m o b ile  a s  a 
h ig h  c o n c e n tr a tio n  a q u e o u s  so lu tio n . C u rren tly , it i s  c o n s id e r e d  a s  th e  m o st  
p r o m is in g  te c h n iq u e  to  r ed u ce  N O x e m is s io n s  fro m  h e a v y -d u ty  d ie s e l  e n g in e s  [4 -6 ] ,  
It is  a ls o  d e v e lo p e d  fo r  lig h t-d u ty  d ie s e l v e h ic le s .

U re a  is  u su a lly  a p p lie d  a s  an a q u e o u s  s o lu t io n . T h e  c o n v e r s io n  o f  th e  
a q u e o u s  urea s o lu t io n  to  a m m o n ia  c o n s is ts  o f  tw o  s te p s . A fte r  e v a p o r a tio n  o f  H 2 O , 
th e  re m a in in g  u rea  d e c o m p o s e s  th erm a lly  in to  a m m o n ia  an d  is o c y a n ic  acid  
a c c o r d in g  to  r e a c tio n  ( 1 ).

C O (N H 2 ) 2 ( s)  - >  N H 3 (g )  +  H N C O (g )  A H ° 298  =  1 8 5 .5  k j /m o l (1 )

T h e  first s te p  is  s o  c a lle d  th e r m o ly s is  o f  urea. It o c c u r s  at tem p era tu re  a b o v e  
133 °c w h ic h  is  th e  m e lt in g  p o in t o f  urea. E q u im o la r  a m o u n ts  o f  a m m o n ia  and  
is o c y a n ic  a c id  are th u s fo rm ed . T h is  e n d o th e r m ic  p r o c e s s  c a n  b e  a c c e le r a te d  b y  
c a ta ly s ts . I n v e s t ig a tio n s  o f  th e  s e le c t iv e  n o n -c a ta ly tic  re d u c tio n  s h o w e d  that th e  
m ix tu re  o f  a m m o n ia  an d  is o c y a n ic  ac id  in  g a s  p h a se  is  s ta b le  u p  to  850 °c [7]. 
H o w e v e r , r e lia b le  u rea  th e r m o ly s is  is  v ery  d if f ic u lt  to  a c h ie v e  b e lo w  200 °c.

In th e s e c o n d  s tep , th e  iso c y a n ic  a c id  is  h y d r o ly z e d  o v e r  a c a ta ly s t  g iv in g  
a m m o n ia  and  ca rb o n  d io x id e  a c c o r d in g  to  r e a c tio n  ( 2 ).

H N C O (g )  +  H 2 0 ( g )  - »  N H 3 (g )  +  C 0 2 (g )  A H ° 298  =  - 8 9 .6  k J /m o l (2 )

T h is  h y d r o ly s is  r ea c tio n  is  e x o th e r m ic  an d  th e  G ib b s  fr e e  e n e r g y  o f  th e  
r ea c tio n  is  s tr o n g ly  n e g a tiv e  s o  that th e  eq u ilib r iu m  lie s  c o m p le te ly  o n  th e  right s id e . 
B u t H N C O  is  q u ite  s ta b le  in  th e  g a s  p h a se  e v e n  u n d er  h u m id  c o n d it io n s  and  
h y d r o ly s is  o n ly  o c c u r s  in  th e  p r e se n c e  o f  a  c a ta ly s t  [ 8 ], E v e n  its  h y d r o ly s is  is  
k in e t ic a lly  h in d ered  b u t p r o c e e d s  ra p id ly  o n  m a n y  s in g le  an d  m ix e d  m eta l o x id e s  as  
w e ll  a s  z e o l it e s  [ 5 ,8 -1 0 ] .  It sh o u ld  b e  n o ted  that is o c y a n ic  a c id  c a n  a ls o  u n d er g o  a 
se r ie s  o f  c o n d e n sa t io n  r e a c tio n s  le a d in g  to  s o l id  p ro d u cts  r a n g in g  fro m  c y a n u r ic  a c id , 
b iu ret, a m m e lid e , a m m e lin e  and  m e la m in e  [ 6 ,1 1 - 1 3 ] .  T h e s e  h ig h  m o le c u la r  w e ig h t  
c o m p o u n d s  h a v e  b e e n  rep orted  to  d e p o s it  o n  th e  w a lls  o f  th e  e x h a u st  p ip e  and in s id e
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th e  m o n o lith  c h a n n e ls  [6 ], T h e y  are o n ly  s lo w ly  d e c o m p o s e d  u n d er  th e  ty p ic a l  
r ea c tio n  c o n d it io n s . T h is  le a d s  to  s e v e r e  c a ta ly s t  d e a c t iv a t io n .

T h e  fo r m a tio n  o f  w h ite  to  y e l lo w is h  d e p o s it s  w a s  fo u n d  w h e n  u rea  so lu t io n  
w a s  in jec ted  at lo w  tem p era tu re  r e g im e s . T h e  a n a ly s is  o f  th e  d e p o s it s  s h o w e d  that 
th e y  m a in ly  c o n s is te d  o f  u rea  and  so m e  b iu ret at lo w  te m p era tu res  an d  cy a n u r ic  ac id  
and  s o m e  b iu ret at h ig h e r  tem p era tu res arou n d  350 °c [14]. F o r  u rea  d e c o m p o s it io n ,  
it is  k n o w n  that b iu ret is  e a s i ly  fo rm ed  fro m  150-190 °c [7,13] w h e r e a s  the  
fo r m a tio n  o f  c y a n u r ic  a c id  is  p red o m in a n t fr o m  200-300 °c a c c o r d in g  to  th e  
f o l lo w in g  r e a c tio n s  [1 5 ]:

X ^N—C —o
h 2n  n h 2 h 

U re a  I s o c y a n ic  ac id

o oX X
"NHj

B iu r e t

3 ^N— c = 0  

H

I s o c y a n ic  a c id C y a n u ric  a c id

(3)

(4)

T h e k e y  id e a  b e h in d  th e  d e v e lo p m e n t  o f  u r e a -S C R  fo r  d ie s e l  p o w e r e d  
v e h ic le s  w a s  th e  n e c e s s ity  to  h a v e  a  c a ta ly s t  to  b e  a c t iv e  in  th e  p r e s e n c e  o f  <ว2 , a c t iv e  
at v e r y  h ig h  sp a c e  v e lo c i t ie s  and  lo w  r ea c tio n  te m p era tu res  a s  w e l l  a s  res is ta n t to  
su lfu r  and  p h o sp h o r u s  d e a c tiv a tio n . T o  d e v e lo p  th e  c a ta ly s ts  for  th is  a p p lic a tio n , 
th ere  w e r e  m a n y  s tu d ie s  o n  v a n a d ia  b a se d  c a ta ly s ts  and  Z S M -5  c a ta ly s ts  [8 ,1 6 -1 9 ]  
w h e r e a s  su p p o rted  m eta l c a ta ly s ts  w e r e  rare ly  s tu d ie d  [ 2 0 ,2 1 ] ,  T h is  w o r k  rep orted  
th e  e x p e r im e n ts  o f  th e  su p p o rted  Pt ca ta ly s t . W e  s tu d ie d  th e  N O x r e d u c tio n  b y  
a q u e o u s  u rea  so lu t io n  o v e r  su p p o rted  Pt o n  a lu m in a  c a ta ly s t . T h e  c a ta ly t ic  a c iv ity  
u n d er v a r io u s  u rea  and  w a ter  c o n c e n tr a tio n s  w a s  in v e s t ig a te d . T h e  e f f e c t  o f  o x y g e n
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o n  th e  d e c o m p o s it io n  and  h y d r o ly s is  w a s  a ls o  s tu d ie d . T h e  p r o d u c ts  fo r m e d  u n d er  
th e  rea c tio n  c o n d it io n s  w er e  p resen ted .

5.3 Experimental

5 .3 .1  C a ta ly st  P rep ara tion s and A c t iv a t io n
T h e  p la tin u m  o n  a lu m in a  su p p o rted  c a ta ly s t  w a s  p rep ared  fro m  s in g le  

step  s o l -g e l  m eth o d . A lu m in u m  tr i-s e c -b u to x id e  and  c h lo r o p la tin ic  a c id  o f  Pt w e r e  
u sed  a s  p recu rsors to  fo rm  s o l-g e l  m ateria l. T h e y  w e r e  m ix e d  in  th e  s a m e  m an n er  as  
rep orted  b y  S e k e r  et al. [2 2 ]  A lu m in u m  tr i-s e c -b u to x id e  w a s  first m ix e d  w ith  th e  
w a ter -e th a n o l so lu t io n . A fte r  so l w a s  fo r m e d , th e  ap p rop ria te  a m o u n t o f  
c h lo r o p la tin ic  a c id  o f  P t w a s  ad d ed  in to  th e  m ix tu re  to  o b ta in  2%  P t lo a d in g . It w a s  
le f t  to  a l lo w  g e l fo rm a tio n  c o m p le te ly . T h en , th e  r e su lt in g  g e l  w a s  d r ied  at 1 0 0  °c fo r  
12 h  to  r e m o v e  th e  s o lv e n t  fo l lo w e d  b y  c a lc in a t io n  at 6 0 0  °c fo r  2 4  h . P rior to  th e  
a c t iv ity  s tu d ie s , th e  c a lc in e d  c a ta ly s t  w a s  g ro u n d  and  s ie v e d  to  8 0 -1 2 0  m e sh  s iz e .  
T h e  o b ta in ed  2%  Pt su p p o rted  o n  a lu m in a  s o l -g e l  c a ta ly s t  w a s  d e s ig n a te d  a s  P t-S G .

B e fo r e  carr ied  o u t th e  a c t iv ity  te s t s , th e  c a ta ly s t  w a s  a c tiv a te d  w ith  a  
g a s  m ix tu re  c o n ta in in g  750 p p m  n itr ic  o x id e , 750 p p m  p ro p e n e , 7% o x y g e n ,  
a p p ro x im a te  2%  w a ter  and H e  as a b a la n ce . T h e  g a s  stream  w a s  fed  th ro u g h  0 .1  g  o f  
th e  ca ta ly s t  b ed  at th e  to ta l f lo w  rate o f  75 m l/m in . T h e  a c t iv a t io n  p r o c e s s  p er fo rm ed  
at th e  tem p era tu re  fro m  150 to  500 °c w ith  a 50 °c in cr e m e n t. It w a s  le f t  at e a c h  step  
at le a s t  1 h to  reach  a  s te a d y  sta te  r e a c tio n . A fte r  it r e a c h ed  500 °c, it w a s  k ep t  
o v e r n ig h t at th is  tem p era tu re. T h e  a c t iv a t io n  p ro ced u re  w a s  re p e a te d  u n til th e  
a c t iv ity  o f  ca ta ly s t  rea c h ed  its  s ta b le  le v e l.

5 .3 .2  C a ta ly st  T e s t in g
T h e  a c t iv ity  o f  c a ta ly s t  w a s  s tu d ie d  b y  u s in g  a  q u artz  U -tu b e  reactor  

(ID  3 .5  m m ). T h e  a m o u n t o f  0 .1  g  c a ta ly s t  w a s  p a c k e d  b e tw e e n  tw o  q u artz  w o o l  
la y e r s  a s  a f ix e d  b ed . In th e  te sts , reactan t g a s e s  c o n tr o lle d  b y  m a ss  f lo w  co n tr o lle r s  
w e r e  b len d ed  to g e th e r  r e su lt in g  in  6 5 0  p p m  N O  w ith  trace  N O 2 , 0 -6 %  O 2 b a la n c e d  in  
H e. It w a s  sen t to  th e  reactor  sy s te m  w ith  th e to ta l f lo w  rate o f  17 6  m l/m in  to  g iv e  an  
a p p ro x im a te  1X 1 o 5 c m 3 h "1 g "1 sp a c e  v e lo c i ty  (S V ) . B e fo r e  e n te r in g  to  th e  U -tu b e
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reactor , th e  a q u e o u s  s o lu t io n  o f  u rea  w a s  in je c te d  at a  d e s ir e d  f lo w  rate to  sy s te m  
w ith  a p e r is ta lt ic  tu b e  p u m p . It w a s  m ix e d  w ith  th e  fe e d  g a s  s trea m  in  a  p ort w h ic h  
w a s  c o n tr o lle d  th e  tem p era tu re  at - 1 3 0  °c. T h e  fe e d  l in e  p r io r  to  th e  en tra n ce  se c t io n  
o f  reac tor  w a s  furth er h ea ted  th ro u g h o u t to  a v o id  th e  c o n d e n s a t io n  o f  th e  so lu t io n .

D u r in g  th e  a c t iv ity  te s ts , th e  re a c tio n  w a s  k e p t at e a c h  tem p era tu re  for  
1 h  to  a c h ie v e  a s te a d y  sta te . T h e  o u tle t  stream  fro m  th e  r e a c to r  w a s  se n t  th ro u gh  a 
c o n d e n se r  and  a w a te r  s e le c t iv e  m em b ra n e  d ryer to  r e m o v e  w a te r  c o n te n t  b e fo r e  its  
c o m p o s it io n  w a s  m e a su red . U n rea c ted  N O x w a s  d e te r m in e d  b y  u s in g  a 
c h e m ilu m in e s c e n c e  N O x a n a ly z e r , T h erm o  E n v ir o n m e n ta l 4 2 C H L . P rior  to  en ter in g  
the a n a ly zer , the o u tle t  stream  w a s  e lim in a te d  N H 3 an d  H N C O  b y  p a s s in g  th ro u gh  
p h o sp h o r ic  ac id  trap. T h e  a m o u n ts  o f  fo r m in g  C O 2 , C O  an d  N 2 O  w e r e  m ea su red  
q u a n tita tiv e ly  b y  a  F o u r ier -tra n sfo rm  in frared  (F T IR ), M a ttso n  g a la x y  7 0 2 0 A , w ith  a  
10 c m  path  le n g th  g a s  c e l l .  A  g a s  ch ro m a to g ra p h  (G C ), S R I 8 6 10c, e q u ip p e d  w ith  a  
h e liu m  io n iz a t io n  d e te c to r  (H ID )  an d  th erm a l c o n d u c t iv ity  d e te c to r  (T C D )  w a s  u sed  
to  a n a ly z e  N 2 and  N H 3 . It w a s  in s ta lle d  w ith  a 3 6  ft lo n g  H a y e S e p  D B  c o lu m n  or a 6  

ft lo n g  P orap ak  N  c o lu m n  (A lte c h )  to  d e te c t  N 2  or  N H 3 , r e s p e c t iv e ly . T h e  N H 3 

co n ce n tr a tio n  in  th e  o u t le t  stream  w a s  a ls o  c h e c k e d  b y  u s in g  an  a m m o n ia  a n a ly s is  k it  
after a b so r b in g  it in  w a te r  at 0  °c.

5 .3 .3  C a ta ly st  C h a ra c ter iza tio n
T h e  B r u n a u e r -E m m e tt-T e lle r  (B E T )  m e th o d  w a s  a p p lie d  to  d eterm in e  

th e  su r fa ce  area an d  p o re  s iz e  o f  th e  c a ta ly s ts  m ea su r e d  b y  a  M ic r o m e r it ic s  2 0 1 0  
in stru m en t. T h e  sa m p le  w a s  d e g a sse d  u n d er  v a c u u m  at 300 °c u n til it rea c h ed  the  
stea d y  sta te  arou n d  5 x 1 0 ' 3 m m H g  fo llo w e d  b y  N 2  a d so r p tio n /d e so r p tio n . B o th  B E T  
su r fa ce  area and  B J H  p ore  s iz e  d istr ib u tio n  w a s  c a lc u la te d  fro m  a stan dard  
M ic r o m e r it ic s  p rog ram .

A p p r o x im a te  c r y s ta llite  s iz e  and  p h a s e s  p r e se n t  in  th e  c a ta ly s ts  w er e  
d eterm in ed  b y  X -r a y  d iffr a c tio n  (R ig a k u  p o w d e r  d if fr a c to m e te r , o p era ted  at 4 0  k v  
and 1 0 0  m A ). T h e  c r y s ta llite  s iz e  d istr ib u tio n  w a s  o b ta in e d  fro m  J E O L  4 0 0 0  
H R T E M . T h e  p o w d e r  o f  c a ta ly s t  w a s  gro u n d  in  A o -p r o p y l a lc o h o l , an d  th en  
m a in ta in ed  in  a s o n ic  b ath  for  15 m in . A  d rop  o f  th e  a lc o h o l p o w e r  su s p e n s io n  w a s  
p u t o n  a h o l ly  c a r b o n -c o a te d  c o p p e r  sc r e e n  an d  th e n  a lc o h o l w a s  e v a p o r a te d  at ro o m
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tem p era tu re  u n d er  v a c u u m  b e fo r e  b e in g  tran sferred  to  th e  H R T E M  c o lu m n . A b o u t  
2 0 0  c r y s ta llite  p ic tu r e s  w e r e  c o l le c te d  sp a t ia lly  o v e r  th e  h o l ly  c a rb o n  c o a te d  co p p er  
sc r e e n  to  d e te r m in e  th e  c r y s ta llite  s iz e  d istr ib u tio n  fo r  Pt.

ร.4 Results and Discussion

5 .4 .1  R e su lts
5.4.1.1 Catalyst Characterization

T h e  X R D  pattern  o f  th e  2%  P t-S G  c a ta ly s t  s h o w e d  P t p ea k s  at 
2 0  o f  ca . 4 0 , 4 6 , an d  6 7 .5 °  su p e r im p o se d  o n  a lu m in a  p e a k s  (y  an d  ฦ) at 2 0  o f  ca . 3 9 , 
4 5 .5 , a n d  6 6 .8 °. A p p r o x im a te  P t c r y s ta llite  s iz e  c a lc u la te d  fr o m  th e  D e b y e -S c h e r r e r  

eq u a tio n  w a s  16 ±  1 n m . H R T E M  w a s  a lso  e m p lo y e d  to  d e te r m in e  th e  c r y s ta llite  s iz e  
d istr ib u tio n  o f  th e  P t-S G  ca ta ly s t . It ap p eared  tw o  p e a k s  in  th e  d is tr ib u tio n  w ith  34%  
o f  13 ±  2  n m  c r y s ta ll ite s  and  16%  o f  2 0  ±  7  n m  c r y s ta ll ite s . T h e  a r ith m etic  a v era g e  

o f  th e se  d is tr ib u tio n s  w a s  15 .5  ±  6  n m  in  a g r e e m e n t w ith  th e  X R D  resu lts .
T h e  s o l -g e l  sy n th e s is  an d  c a lc in a t io n  trea tm e n t th at w e  u sed  

p ro d u ced  th e  P t-S G  c a ta ly s t  w ith  B E T  su r fa c e  area  o f  ca . 3 0 0  m 2/g  a n d  a  n arrow  
p ore  s iz e  d istr ib u tio n  cen te r e d  at d ia m eter  ca . 6 8  Â . In co n tr a st , w h e n  a lu m in a  w a s  
s y n th e s iz e d  a lo n e  th ere  w a s  n o  c h a n g e  in  su r fa c e  area  b u t th e  a v e r a g e  p o r e  s iz e  
b e c a m e  ca . 7 7  Â . T h e  d isp e r s io n  o f  su c h  a  c a ta ly s t  w a s  a b o u t 10%  b a s e d  o n  C O  
c h e m iso r p tio n , an d  w a s  in  a g r e e m e n t w ith  th e  e s t im a te d  d is p e r s io n  fro m  th e  a v era g e  
c r y s ta llite  s iz e .

5.4.1.2 Effect o f Urea and Water Concentration on the NOx
Reduction

T h e  a c t iv ity  o f  P t-S G  c a ta ly s t  in  N O * r e d u c tio n  w a s  o b se r v e d  
u n der th e  d iffe r e n t u rea  c o n c e n tr a tio n s . T h e  rea c ta n t fe e d  strea m  c o n ta in in g  6 5 0  p p m  
N O , 6 % O 2 , and  ca . 17%  H 2 O  b a la n c e d  in  H e  w a s  e m p lo y e d  in  th e  te s ts . T h ere  w a s  
w a ter  c o n d e n sa t io n  in s id e  th e  c a ta ly s t  b ed  at th e  te m p era tu re  b e lo w  2 0 0  °c for  
1 5 -1 7 %  w a te r  c o n ta in in g  fe e d  stream . S o  th e  e x p e r im e n ts  w e r e  carr ied  o u t a b o v e  th is  
tem p era tu re . F ig u re  5.1 s h o w e d  th e  a c t iv ity  o f  N O x r e d u c tio n  w ith  19 8  an d  2 8 6  p p m  
urea. W h e n  198  p p m  u rea  w a s  u se d , th e  N O x c o n v e r s io n  in c r e a se d  w ith  the
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tem p era tu re  p r o f ile  an d  r e a c h e d  th e  m a x im u m  c o n v e r s io n  aro u n d  40% at 
250-300 °c. A fte r  th a t, it d ro p p ed  d o w n  an d  b e c a m e  n e g a t iv e  a fter  a p p ro x im a te  
350 °c. In c o m p a r iso n , w h e n  286 p p m  u rea  w a s  u se d , th e  tem p era tu re  o f  the  
m a x im u m  NOx c o n v e r s io n  sh if te d  to  lo w e r  tem p era tu re . H ig h  NOx c o n v e r s io n  ca. 
94% w a s  a lrea d y  o b ta in e d  at 200 °c. W h en  th e  r e a c tio n  tem p era tu re  w a s  in crea sed , 
th e  NOx c o n v e r s io n  c o n t in u o u s ly  d e c r e a se d  an d  d ro p p ed  b e lo w  0% after  330 °c. 
F u rth erm ore, th e  a c t iv ity  o f  th is  c a ta ly s t  w a s  o b s e r v e d  u n d er  d if fe r e n t  c o n c e n tr a tio n s  
o f  w a ter . T h e  sa m e  r e a c tio n  c o n d it io n  o f  650 p p m  NO and  6% O2 b a la n c e d  in  H e  
w a s  u se d . T h e  r e su lts  w e r e  sh o w n  in  F ig u re  5.2. W h e n  15% w a te r  w ith  188 p p m  urea  
w a s  u se d , th e  a c t iv ity  b e g a n  fro m  1 0 % c o n v e r s io n  and  in c r e a se d  a lo n g  w ith  th e  
h ig h e r  tem p era tu res . It g a v e  th e  m a x im u m  NOx c o n v e r s io n  arou n d  40% at 300 °c. 
A fte r  th at th e  c o n v e r s io n  s lo w ly  d e c r e a se d  w ith  th e  tem p era tu re  u n til it  rea ch ed  ca. 
15% at 400 °c. C o n tra r ily , w h e n  th e  h ig h e r  a m o u n t o f  w a te r  aro u n d  17% w ith  198 
p p m  u rea  w a s  e m p lo y e d , th e  m a x im u m  NOx c o n v e r s io n  sh if te d  to w a r d s  lo w e r  
tem p era tu re . Its m a x im u m  c o n v e r s io n  arou n d  40% to o k  p la c e  at 250 °c an d  w a s  
m a in ta in ed  at th is  le v e l  u n til 300 °c. T h e n  th e  c a ta ly t ic  a c t iv ity  w a s  c o n t in u o u s ly  
d ro p p ed  d o w n  w ith  th e  tem p era tu re  u n til it b e c a m e  n e g a t iv e  at a b o u t 360 °c. T h en , it 
further d e c r e a se d  to  -40% c o n v e r s io n  at 400 °c.

F rom  th e  e x p e r im e n ts  to  s tu d y  th e  e f f e c t  o f  u rea  an d  w a ter  
c o n tr a tio n s , th e  fo r m a tio n  o f  N 2 O  w a s  o b se r v e d . It in c r e a se d  w ith  h ig h e r  urea  
c o n c e n tr a t io n  in  th e  reactan t stream . F or  e x a m p le , N2O fo r m a tio n  w a s  b e lo w  100 
p p m  fo r  th e  fe e d  stre a m  c o n ta in in g  198 p p m  u rea  w ith  17% w a ter . W h ile  286 p p m  
u rea  w ith  17%  w a te r  c o n ta in in g  fe e d  stream  g a v e  th e  m a x im u m  N2O fo r m a tio n  o f  
400 p p m  arou n d  200 °c. T h e s e  resu lts  im p lie d  th at at lo w e r  tem p era tu res , urea  
d e c o m p o s it io n /h y d r o ly s is  g a v e  n itr o g e n -c o n ta in in g  p r o d u c ts  w h ic h  w e r e  u sed  as  
r e d u c in g  a g e n ts  s u c h  a s  NH3 an d  HNCO a c c o r d in g  to  e q u a tio n  (1) an d  (2) in  th e  
re d u c tio n  o f  NOx. C o n s e q u e n t ly , it fo rm ed  N20 a s b y -p r o d u c t. T h e r e fo r e  further  
te s ts  w e r e  carr ied  o u t  a s  d e sc r ib e d  in  th e  n e x t  se c t io n .
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Figure 5.1 T h e  N 0 X r e d u c tio n  a c t iv ity  o f  2%  P t-S G  a s  a  fu n c t io n  o f  urea  
c o n c e n tr a tio n . R e a c t io n  c o n d it io n s:  6 5 0  p p m  N O , 6 %  O 2 , - 1 7 %  H 20  b a la n c e d  in  H e , 
s v =  1 0 5 ,0 7 5  c m 3 h ' 1 g 1.
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Figure 5.2 T h e  N O x re d u c tio n  a c t iv ity  o f  2%  P t-S G  a s a  fu n c t io n  o f  w a ter  
c o n c e n tr a t io n . R e a c t io n  c o n d it io n s:  6 5 0  p p m  N O , 1 8 8 -1 9 8  p p m  u rea , 6 %  O 2 , 
b a la n c e d  in  H e , s v  =  1 0 5 ,0 7 5  c m 3 h "1 g '1.
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5.4.1.3 The Characteristic o f Urea De composition/Hydrolysis and 
NOx Reduction

T h e  d e c o m p o s it io n  and  h y d r o ly s is  o f  u rea  o v e r  2% P t-S G  
c a ta ly s t  w e r e  in v e s t ig a te d  w ith  th e  reactan t stream  c o n s is t in g  o f  450 p p m  u rea , 15% 
H 2 O  b a la n c e d  in  H e . T h e  a c t iv it ie s  o b se r v e d  u n d er  th e  r e a c tio n  tem p era tu re  o f  200- 
450 °c w e r e  illu s tra ted  in  F ig u re  5.3. T h e  a b se n c e  o f  o x y g e n  in  f e e d  stream  r esu lted  
in  th e  CO2 fo r m a tio n  a s  lo w  a s 200 °c. It w a s  p r o d u c e d  arou n d  320 p p m  at th is  
tem p era tu re . W h e n  th e  tem p era tu re  w a s  in crea sed , th e  a m o u n t o f  CO2 fo r m a tio n  w a s  
further r e d u c e d  u n til it rea c h ed  arou n d  40 p p m  at 350 °c. Its  fo r m a tio n  w a s  
in s ig n if ic a n t  ca . 20 p p m  b e tw e e n  th is  tem p era tu re  an d  450 °c. T h is  im p lie d  th at th e  
h y d r o ly s is  o f  u rea  d e c r e a se d  a lo n g  w ith  th e tem p era tu re  p r o f ile . It w a s  n e g l ig ib le  
after 350 °c. H o w e v e r , th e  d e c o m p o s it io n  o f  u rea  m a y  s t ill  o c c u r  a s  th e  tem p era tu re  
in crea sed . In  co n tra st, th e  p r e se n c e  o f  o x y g e n  in  th e  rea c ta n t stream  g a v e  n o  c h a n g e  
in  th e  a m o u n t o f  CO2 fo rm a tio n  b e tw e e n  200-250 °c. A fte r  that, th e  fo r m in g  CO2 

in cre a se d  w ith  th e  tem p era tu re  an d  r e a c h ed  its  m a x im u m  le v e l  a b o u t 700 p p m  at 
300 °c an d  s u b se q u e n tly  d e c r e a se d  a fter  th is  tem p era tu re . Its fo r m a tio n  w a s  ra p id ly  
d rop p ed  a fter  400 °c an d  r e a c h ed  arou n d  200 p p m  at 450 °c.

T h e  d e c o m p o s it io n  and  h y d r o ly s is  o f  u rea  g a v e  n itr o g e n -  
c o n ta in in g  c o m p o u n d s . T h e y  w e r e  su b se q u e n tly  c o n v e r te d  to  se rv era l n itro g en  
s p e c ie s  w h e n  o x y g e n  w a s  p resen t in  th e  fe e d  strea m . F ig u re  5.4 s h o w e d  the  
fo r m a tio n  o f  th e s e  p r o d u c ts  as a f t in c tio n  o f  tem p era tu re . U n d e r  th e  sa m e  rea c tio n  
c o n d it io n s  a s  p r e v io u s ly  m e n tio n e d , N 2, N 2 0 ,  N O , an d  N 0 2  w e r e  p r o d u c e d  fr o m  th e  
o x id a t io n  o f  n itr o g e n -c o n ta in in g  c o m p o u n d s  d e r iv e d  fr o m  u rea . N 2  and  N 20  w e r e  
a lrea d y  fo r m e d  at 200 °c an d  in c r e a se d  w ith  th e  tem p era tu re . T h e y  r e a c h ed  th eir  
m a x im u m  le v e ls  at arou n d  300 °c. T h en , th e ir  fo r m a tio n s  d ro p p ed  c o n t in u e o u s ly  
after  th is  tem p era tu re . W h ile  N O  and  N 0 2 w e r e  n o t  fo r m e d  at lo w  tem p era tu res  u n til 
it rea c h ed  th e  tem p era tu re  o f  250 °c. T h e  fo r m a tio n  o f  N O  w a s  h ig h e r  a c c o r d in g  to  
th e  tem p era tu e . It w a s  h ig h e s t  p ro d u c e d  arou n d  60% at 400 °c. T h e n , its  fo rm a tio n  
su b se q u e n tly  d ro p p ed  to  40% at 450 °c. T h e  fo r m a tio n  N 0 2  b e g a n  a fter 200 °c as  
w e ll  a s  N O  fo r m a tio n . Its  fo r m a tio n  arou n d  20% w a s  o b ta in e d  at 300 °c an d  se e m e d  
to  b e  c o n sta n t at th is  le v e l  u n til 400 °c. T h en , it s l ig h t ly  d e c r e a se d  at 450 °c.
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Figure 5.3 The oxygen effect on the activity of urea decomposition/hydrolysis over
2% Pt-SG. Reaction conditions: 450 ppm urea, 15% แ 2 <ว balanced in He,
s v =  105,075 cm3 h'1 g'1.
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Figure 5.4 The oxidation of N-containing compounds derived from urea over
2% Pt-SG. Reaction conditions: 450 ppm urea, 6% O2 , 15% H2 O balanced in He,
s v =  105,075 cm3 h'1 g'1.
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U n d e r  th e sa m e  r e a c tio n  c o n d it io n s  a s  p r e v io u s ly  m e n tio n e d ,  
N O  w a s  in tr o d u c e d  to  th e  fe e d  stream  in  ord er to  s tu d y  th e  N O x r e d u c tio n  in  g a s  
p h a se  and  o n  2%  P t-S G  c a ta ly s t . F ig u re  5 .5  s h o w e d  th e  u rea  c o n v e r s io n  to  C O 2  a s  a  
fu n c tio n  o f  tem p era tu re . In  g a s  p h a se  w ith o u t  th e  p r e s e n c e  o f  c a ta ly s t , th e  fo rm a tio n  
o f  C O 2  w a s  fo u n d  o n ly  at lo w  tem p era tu re  r e g im e s  le s s  th a n  3 5 0  °c. Its fo rm a tio n  
cu rv e  w a s  v o lc a n o  sh a p e  w ith  th e m a x im u m  o f  C O 2  fo r m a tio n  at 2 5 0  °c. W h ile  the  
fo rm a tio n  o f  C O 2 o v e r  th e  c a ta ly s t  w a s  h ig h er  th a n  th a t in  g a s  p h a se  a lo n e  o v e r  a ll 
tem p era tu res b e tw e e n  2 0 0 - 4 5 0  °c. In lo w  tem p era tu re  r e g im e  b e tw e e n  2 0 0 - 3 5 0  °c, it 
g a v e  v o lc a n o  sh a p e  o f  C O 2  fo r m a tio n  a s  w e l l .  T h e  fo r m a tio n  r e a c h e d  th e  m a x im u m  
le v e l  at th e  sa m e  tem p era tu re  o f  2 5 0  °c. In c o m p a r iso n  to  g a s  p h a s e , th ere  w a s  C O 2 

fo rm a tio n  at h ig h  tem p era tu re  r e g im e  b e tw e e n  3 5 0 - 4 5 0  °c. It in c r e a se d  w ith  the  
tem p era tu re . T h e  m a x im u m  am o u n t w a s  o b ta in e d  b e tw e e n  4 0 0 - 4 5 0  °c. F ig u re  5 .6  
illu stra ted  th e  fo r m a tio n  o f  p ro d u cts  in v o lv in g  n itr o g e n -c o n ta in in g  c o m p o u n d s . In 
th e  p r e se n c e  o f  N O  in  th e  reac tan t stream , N 2  an d  N 2 O  w e r e  a lr e a d y  fo r m e d  at th e  
tem p era tu re  a s  lo w  as 2 0 0  °c. T h en , th e ir  fo r m a tio n s  w e r e  d ro p p ed  d o w n  v e r su s  th e  
in c r e a s in g  o f  th e  tem p era tu re . W h ile  N O  and N O 2  w e r e  p r o d u c e d  s ig n if ic a n t ly  at th e  
tem p era tu re  h ig h e r  th a n  3 5 0  °c an d  in c r e a se d  c o n t in u o u s ly  a lo n g  w ith  th e  
tem p era tu re  u n til 4 5 0  °c.

5 .4 .2  D is c u s s io n
5.4.2.1 The Activity o f NOx Reduction as a Function o f Water and 

Urea
W h e n  th e  d iffe r e n t w a te r  q u a n tit ie s  w e r e  u s e d  w ith  th e  

co m p a r a tiv e  u rea  c o n c e n tr a t io n s  a s  sh o w n  in  F ig u r e  5 .2 , th e  tem p era tu re  o f  
m a x im u m  N O x c o n v e r s io n  sh ifte d  to  th e  lo w e r  tem p era tu re . T h e  h ig h e r  w a ter  
c o n c e n tr a tio n  in  th e  f e e d  stream  g a v e  th e  m a x im u m  N O x c o n v e r is o n  at 2 5 0  °c 
in stea d  o f  3 0 0  °c. It w a s  c o n c lu d e d  that h ig h e r  c o n te n t  o f  w a te r  e n h a n c e d  th e  
h y d r o ly s is  rate w h ic h  r e su lte d  in  th e  h ig h e r  a m o u n ts  o f  N H 3 p r o d u c e d . T h is  p r o c e ss  
c o u ld  o c c u r  at th e  tem p era tu re  a s  lo w  as 2 0 0  °c a s  s h o w n  in  F ig u re  5 .3 . T h ere fo re , 
N O x re d u c tio n  w a s  im p r o v e d  and sh ifte d  th e  m a x im u m  N O x c o n v e r s io n  to  lo w e r  
tem p era tu res. H o w e v e r , h ig h e r  N O x c o n v e r s io n  th a n  ca . 4 0 %  c o u ld  n o t  b e  a c h ie v e d
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Figure 5.5 The activity of NOx reduction in gas phase and on 2% Pt-SG. Reaction
conditions: 650 ppm NO, 450 ppm urea, 6% 0 2, 15% H20  balanced in He,
s v =  105,075 cm3 h"1 g 1.
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Figure 5.6 The formation of products in NOx reduction over 2% Pt-SG. Reaction
conditions: 650 ppm NO, 450 ppm urea, 6% 0 2, 15% H20  balanced in He,
s v =  105,075 cm3 h'1 g 1.
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d u e  to  in s u ff ic ie n t  q u an tity  o f  u rea  to  p r o d u ce  it s  d e r iv a t iv e s  u se d  to  c o n v e r te d  all 
NOx.

In c o m p a r iso n , F ig u r e  5.1 s h o w e d  th at it g a v e  th e  m a x im u m  
N O x c o n v e r s io n  c a . 94 %  at 2 0 0  °c w h e n  h ig h e r  a m o u n t o f  u rea  a s  2 8 6  p p m  w a s  
u sed . A c c o r d in g  to  th e  s to ic h io m e tr y , th e  m a x im u m  n itr o g e n -c o n ta in in g  c o m p o u n d s  
w h ic h  c o u ld  b e  p r o d u c e d  fr o m  u rea  w e r e  e q u iv a le n t  to  c a . 5 8 0  p p m . W ith in  ±  3% o f  
e x p e r im e n ta l error, it a lm o s t  m a tc h e d  u p  w ith  6 1 0  p p m  N O x c o n v e r te d  at th e  
m a x im u m  c o n v e r s io n . It s u g g e s te d  th at u rea  c o u ld  p r o d u c e  its  d e r iv a t iv e s  th rou gh  
d e c o m p o s it io n  a n d /o r  h y d r o ly s is  p r o c e s s e s  to  r e d u c e  a n d /o r  c o u p le  w ith  N O x as  
d e p o s its  o n  th e  su r fa c e  at tem p era tu re  a s  lo w  a s 2 0 0  °c. T h e  s id e  rea c tio n s  for  
d e p o s it io n  w i l l  b e  d e sc r ib e d  la tter in  th e  n e x t  se c t io n .

In a d d it io n , th e  a c t iv ity  b e c a m e  n e g a tiv e  b e tw e e n  300 and  
350 °c d u rin g  th e  r e d u c tio n  o f  N O x. A s  m e n tio n e d  p r e v io u s ly , n itr o g e n -c o n ta in in g  
c o m p o u n d s  s u c h  a s  H N C O  or  N H 3 d e r iv e d  fro m  u rea  th rou gh  
d e c o m p o s it io n /h y d r o ly s is  p r o c e s s e s  w e r e  o x id iz e d  w ith  o x y g e n  g iv in g  n itro g en  
s p e c ie s  a s  d e sc r ib e d  in  F ig u re  5 .4 . It in d ic a te d  that a t h ig h  tem p era tu res , N O  and  
N O 2  w e r e  p r o d u c e d  in  h ig h e r  a m o u n ts  th ro u g h  th e  o x id a t io n  s o  th a t th e ir  q u a n titie s  
w e r e  grea ter  th a n  that c o n v e r te d  in  th e  r e d u ctio n  a s  illu s tr a te d  in  F ig u re  5.7. T h e  
n e g a tiv ity  o f  N O x c o n v e r s io n  con cu rren t w ith  th e  fo r m a tio n  o f  N O  an d  N O 2 started  
at th e  sa m e  tem p era tu re  arou n d  330 °c. C o n se q u e n t ly , th e  n e t  N O x c o n v e r s io n  
b e c a m e  n e g a tiv e  at h ig h  tem p era tu res.

F u rth erm ore, th e  p re lim in a ry  r e su lts  o f  th e  a n a ly s is  o f  
c o n d e n sa te  c o l le c t e d  at th e  e x it  o f  th e  rea c to r  s h o w e d  th at th e  q u a n it ie s  o f  N H 3 w e r e  
le s s  than  2 p p m  at a ll tem p era tu res. H e n c e , a ll N H 3 w a s  u se d  a s  a  red u cta n t in  th e  
N O x re d u c ito n  a n d /o r  sto red  o n  th e  c a ta ly s t  su r fa ce  at lo w  tem p era tu res  and  it w a s  
c o n v e r te d  to  N O  an d  N O 2 a t h ig h  tem p era tu res. S im ila r ly , H N C O  p ro d u c e d  from  
u rea  d e c o m p o s it io n  w a s  e a s i ly  o x id iz e d  to  N O  an d  N O 2 at h ig h  tem p era tu res  a s  w e l l
[23], R a m is  e t a l. [24] s h o w e d  that o x y -d e h y d r o g e n a tio n  o f  N H 3 , w h ic h  lea d ed  to  
N H 2 and  H , w a s  th e  in itia l s tep  in  N O  r ed u ctio n . It c a n  s p e c u la te  th at th e  o x y g e n  
rea c ted  w ith  e ith e r  N H 3 or H N C O  to  fo r m  N H 2 or N H  in it ia lly . T h e se  s p e c ie s  further  
red u ced  NO to  N 2 and  N 2 O  at tem p era tu re  b e lo w  350 °c. W h ile , th e y  w e r e  o x id iz e d  
in  p a ra lle l w ith  th e  N O x re d u c tio n  at h ig h  tem p era tu res.
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Figure 5.7 T h e  c o r r e la t io n  o f  N O x  c o n v e r s io n  an d  N O  an d  N O 2  fo r m a tio n  o v e r  
2%  P t-S G . R e a c t io n  c o n d it io n s:  6 5 0  p p m  N O , 4 5 0  p p m  u rea , 6%  O 2 , 15%  H 2 O  
b a la n c e d  in  H e , s v  =  1 0 5 ,0 7 5  c m 3 h '1 g '1.



82

5.4.2.2 The Decomposition and Hydrolysis o f Urea and Side 
Reactions
T h e  fo r m a tio n  o f  C O 2  c a m e  from  h y d r o ly s is  r e a c tio n  o f  urea  

an d /o r  o x id a t io n  o f  H N C O  [23], F rom  th e e x p e r im e n ts  as s h o w n  in  F ig u re  5.3, it w a s  
fo u n d  that C O 2  fo r m a tio n  o ccu rred  b e tw e e n  200-350 °c in  th e  a b s e n c e  o f  o x y g e n . It 
im p lie d  that th e  u rea  d e c o m p o s it io n  and  h y d r o ly s is  to o k  p la c e  s im u lta n e o u s ly  in  
th e s e  tem p era tu re  r a n g e s . S ch a b e r e  e t a l. [1 3 ]  m e n tio n e d  th a t u rea  p o ly m e r s  lik e  
c y a n u r ic  a c id  an d  a m m e lid e  w e r e  fo rm ed  p r e d o m in a n tly  a b o v e  250 °c and  th ey  
d e c o m p o s e d  s ig n if ic a n t ly  a fter  300 °c. T h e r e fo r e , th e  C O 2  fo r m a tio n  in  th e  p r e se n c e  
o f  o x y g e n  a fter  250 °c w a s  l ik e ly  p r o d u c e d  fro m  th e  o x id a t io n  o f  p rod u cts  
d e c o m p o s e d  fro m  th e s e  p o ly m e r s . B e c a u se  th e  a m o u n t o f  C O 2  fo r m a tio n  w a s  h ig h er  
th a n  that o f  u rea  c o n ta in in g  in  th e  fe e d  stream , it in d ic a te d  that th e  p o ly m e r s  d er iv ed  
fo r m  u rea  w e r e  a c c u m u la te d  o n  th e  c a ta ly s t  su r fa c e . F u rth erm ore , th e  d e c o m p o s it io n  
an d  h y d r o ly s is  o f  u rea  c o u ld  o c c u r  h o m o g e n e o u s ly  a s  sh o w n  in  F ig u re  5.6 b e tw e e n  
200-350 °c. F lo w e v e r , th e se  p r o c e s s e s  w e r e  e n h a n c e d  h e te r o g e n e o u s ly  v ia  c a ta ly s is  
o v e r  a ll tem p era tu res.

In a d d it io n , v a r io u s  n itr o g e n  c o m p o u n d s  w e r e  o b se r v e d  
d u rin g  th e  d e c o m p o s it io n /h y d r o ly s is  o f  u rea  in  th e  p r e se n c e  o f  o x y g e n . It sh o w e d  
th at n itr o g e n -c o n ta in in g  p ro d u c ts  su c h  as N H 3 an d  H N C O  fro m  u rea  
d e c o m p o s it io n /h y d r o ly s is  w e r e  o x id iz e d  in to  N 2 , N 2 O , N O  an d  N O 2 . T h e  o x id a t io n  
o f  N 2  an d  N 2 O  o c c u r r e d  at lo w  tem p era tu res w h e r e a s  th e  o x id a t io n  o f  N O  and  N O 2 

o ccu rred  s ig n if ic a n t ly  at h ig h  tem p era tu res a b o v e  300 °c. In a d d it io n  to  the  
o x id a t io n , th e  h ig h e r  a m o u n ts  o f  N 2  an d  N 2 O  in  th e  p r e s e n c e  o f  N O  in  th e  fe e d  
stream  w e r e  p r o d u c e d  fr o m  th e r e d u ctio n  o f  N O x. T h is  c o u ld  b e  c o n c lu d e d  that b o th  
re d u c tio n  o f  N O x an d  o x id a t io n  o f  n itr o g e n -c o n ta in in g  c o m p o u n d s  ta k e  p la c e  
s im u lta n e o u s ly  o v e r  a ll tem p era tu res from  200 to  450 °c. T h e  N O x r e d u c tio n  o ccu rs  
p r e d o m in a n tly  at lo w  tem p era tu re  r e g im e s  fr o m  200 to  300 °c. W h ile  th e  o x id a t io n  
o f  n itr o g e n -c o n ta in in g  to o k  p la c e  s ig n if ic a n tly  at h ig h  tem p ertu re  a b o v e  300 °c.

F rom  th e  e x p e r im e n ts  w ith  1 5 -1 7 %  w a te r  c o n ta in in g  in  th e  
reactan t stream , s o l id  d e p o s its  w a s  fo u n d  o n  th e  th e r m o c o u p le  b e lo w  200 °c. It w a s  
l ik e ly  a m m o n iu m  n itra te . It w a s  rep orted  that th e  a m m o n iu m  n itrate  can  b e  fo rm ed  at 
lo w  tem p era tu res b e lo w  200 °c [6-7,25-26] a c c o r d in g  to  r e a c tio n  (5).



2NH3 + 2NO2 —♦  NH4NO3 -i’ + N2 + H2O (5)

H o w e v e r , it is  k n o w n  that a m m o n iu m  n itra te  is  a  v e r y  
u n sta b le  c o m p o u n d . Its  fo rm a tio n  is  a r e v e r s ib le  p r o c e ss . It c a n  d e c o m p o s e  ra p id ly  at 
th e  tem p era tu res  a b o v e  200 °c [7,26-27], M a d ia  e t a l. [26] su g g e s te d  that N 2 O  
fo r m a tio n  in  N O x r e d u c tio n  at lo w  tem p era tu res p ro b a b ly  in v o lv e d  a m m o n iu m  
nitrate  or  n itr o a m in e  a s  an  in term ed ia te  s p e c ie s .

5.5 Conclusions

•  W h e n  th ere  are  an  a d eq u ate  a m o u n t o f  u rea  fo r  r e d u c in g  N O x an d  s u ff ic ie n t  
w a ter  c o n te n t  p r e se n t in  th e  fe e d  stream , h ig h  N O x r e d u c tio n  a c t iv ity  a lm o st  
100% c o n v e r s io n  c a n  b e  o b ta in e d  at th e  tem p era tu re  a s  lo w  a s 200 °c.

•  W ater  e n h a n c e d  th e  h y d r o ly s is  p r o c e s s  r e su lt in g  in  th e  h ig h e r  a m o u n t o f  
r e d u c in g  a g e n t  fo r  N O x r ed u ctio n . S o  th e  m a x im u m  N O x c o n v e r s io n  w a s  sh ifted  
to  lo w e r  tem p era tu re .

•  N itr o g e n -c o n ta in in g  c o m p o u n d s  d e r iv e d  fro m  th e  d e c o m p o s it io n /h y d r o ly s is  o f  
u rea  su c h  a s  N H 3 an d  H N C O  ca n  b e  o x id iz e d  w ith  o x y g e n  in  th e  fe e d  stream  to  
fo rm  N 2 , N 2 O , N O  and N O 2 . T h ere fo re  th e  n et N O x c o n v e r s io n  b e c o m e s  
n e g a tiv e  at tem p era tu re  a b o v e  ca . 300 °c.

•  T h e  re d u c tio n  o f  N O x o c c u r s  p r e d o m in a n tly  at lo w  tem p era tu re  r e g im e  b e tw e e n  
2 0 0 - 3 0 0  °c. W h ile  th e  c o m p e t it iv e  o x id a t io n  o f  n itr o g e n -c o n ta in in g  c o m p o u n d s  
tak e  p la c e s  s ig n if ic a n t ly  a b o v e  3 0 0  °c.
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