
CHAPTER III 
THEORY

3.1 Nitric oxide pollution
N itric  ox id e  is a  m a jo r a tm ospheric  po llu tan t. It has th e  ab ility  to  generate  

secondary  co n tam in an ts  th ro u g h  its in terac tion  w ith  o th er p rim ary  p o llu tio n s  (like  carbonyl 
co rresp o n d in g  m o lecu les, a lcoho l rad icals, e tc .) also resu lting  fro m  th e  co m b u stio n  o f  fossil 
fuels in  sta tionary  sou rces such  as industria l bo ilers, p o w er p lan ts, w aste  in c inera to rs , and  
gasifiers, eng ines, and  gas tu rb in es or fro m  th e  d ecom position  o f  a  large n u m b er o f  o rgan ic 
p ro d u c ts  by  ligh t o r m icro  o rganism s.

N itr ic  o x id e  p lays a  m a jo r ro le  in  the  p ho tochem istry  o f  th e  tro p o sp h ere  and  the  
s tra tosphere . It reac ts  w ith  ph o to ch em ica l p o llu tions such  as ozone , fo rm aldehyde, o rgan ic  
hyd ro p ero x id es and  peroxyacry l n itra tes th a t all are very  reac tive  an d  hav e  a  very  short 
lifetim e. T h is  is a  very  fast reac tion  w h ich  generates m o re  n itro g en  o x id es and  organic 
n itra tes. In  th e  p resen ce  o f  oxygen , n itric  ox ide is ox id ized  very  q u ick ly  to  N O 2 w h ich  is 
partly  re sp o n sib le  fo r ac id  ra in  and  th e  u rb an  sm og. T hey  hav e  very  neg a tiv e  effec ts in  
ag ricu ltu re , b u t m ay  a lso  p red ispose  to  resp ira to ry  d iseases by  w eak en in g  th e  ab ility  o f  the  
b ro n ch o p u lm o n ary  struc tu res to  function  p roperly  [105].
3.2 Decomposition of NO

T h e  d eco m p o sitio n  o f  N O  w ou ld  rep resen t the  m o st a ttrac tive  so lu tio n  in  em issio n  
con tro l, b ecau se  th e  reac tio n  does no t requ ire  tha t any  reac tan t be  ad d ed  to  N O  ex h au s t gas 
and  co u ld  po ten tia lly  lead  to  th e  fo rm ation  o f  only  N 2 and  O 2 . A d d itio n a l red u c tan ts  such  
as h y d rocarbons, C O , H 2 o r am m o n ia  can  lead  to  the  p ro d u c tio n  o f  secondary  p o llu tan ts  like 
o x y g en a ted  hydrocarbons, C O , C O 2 , N 2O  or am m o n ia  or, even , as w as o ften  reported , 
cyanate  and  isocyanate  com pounds. T h is cou ld  be com p le te ly  av o id ed  in  th is  case , ex cep t 
N 2O  form ation . C u- zeo lites  are cu rren tly  the  best ca ta lysts  th a t invo lve  in  redox  
m ech an ism  [106, 107],
3.3 Selective catalytic reduction (SCR) of NO with ammonia

T h e  cata ly tic  red u c tio n  o f  n itro g en  ox ides in  e fflu en t re sid u a l gases fro m  various 
industries, m ain ly  n itric  acid  p lan ts, can  be  carried  ou t se lec tive ly  u s in g  am m o n ia  or
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urea. T h is is the  so -ca lled  Selective  C ataly tic  R ed u c tio n  (S C R ) p rocess. T he reac tions 
occur in  a  n arro w  tem p era tu re  range; th e  m ain  step is the  red u c tio n  o f  N O  or N O 2 to  N 2 . 
G enerally , liqu id  am m o n ia  is in jected  in  th e  residual gas befo re  th e  ca ta ly tic  reac tion  takes 
p lace , u sing  a  so p h istica ted  system  o f  d istribu tion .

U n w an ted  secondary  reac tions can  occur as a  resu lt o f  th e  na tu re  o f  catalyst, the  
oxy g en  con ten t, th e  tem p era tu re  or the  p resen ce  o f  acid  gases. T h e  p ro d u c ts  o ccu rred  from  
the  reac tio n  b e tw een  N H 3 and  O 2 m ay  b e  N O , N O 2 , and N 2O. A n d  i f  S O 2 , C O 2 o r HC1 
p resen ce  in  th e  system  th e  co rrosive  p ro d u c ts  such  as N H 4 H S O 4 , (N H 4 )2 S 0 4 , N H 4 CI, and  
(N H 4 )2 C 0 3  can  b e  p ro d u ced , V an ad ia -titan ia  catalysts exh ib it g o o d  stab ility  o v er tim e , and  
are th u s  reco m m en d ed  fo r tech n ica l app lications.
3.4 Catalytic reduction of NO in the presence of CO or แ2

T he use  o f  C O  o r บ 2 fo r cataly tic  reduction  w as one  o f  th e  first p o ss ib ilitie s  
in v estig a ted  in  v iew  o f  e lim in a tin g  N O  fro m  au tom otive  exh au st gas [5-8]. T he reac tio n  o f  
N O  w ith  C O :

N O  +  C O ------ ► C 02 + '/2 N 2 (3 .1 )
T h e  reac tio n  o f  N O  w ith  C O  is one o f  the  m o st im p o rtan t reac tio n s o ccu rrin g  in  

au to m o tiv e  ca ta ly tic  converters , w here  b o th  reactan ts are u n d esirab le  po llu tions. B ecause  
o f  th e  p resen ce  o f  som e hydrogen  in  the  ex h au st gases, the fo llo w in g  reac tio n  a lso  occurs:

N O + H 2 ----- ►  N 2(o rN H 3 , N 0 2 ) +  H 20  (3 .2)
N e ith e r th e  red u c tio n  o f  N O  w ith  C O  nor th a t w ith  h y d ro g en  can  be  co n sid e red  as 

se lec tive  b ecause , in  ad d itio n  to  n itrogen , o ther undesired  co m p o u n d s like  N 2O  or N H 3 (in  
the  case  o f  hydrogen) are  generated . O xygen  is a lw ays p resen ted  in  th e  ex h au s t gases. T he 
oxygen  ex cess ach ieved  by  lean  carb u riza tio n  or add ition  o f  a ir in  th e  ex h au st stream  
p reven ts  th e  red u c tio n  o f  N O  and  causes the  concom itan t o x id a tio n  o f  C O  o r บ 2 by  O 2 and  
N O .

In  sp ite  o f  th e  considerab le  research  w o rk  carried  ou t on  th ese  im p o rtan t reac tions, 
the  ex isten ce  o f  th ese  im p o rtan t reac tions, the ex istence  o f  th ese  side  reac tions and  the
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difficu lty  to  ach ieve  long -term  stab ility  o f  the catalysts in  the  p resence  o f  H 2 O, S O 2 and 
heavy  m eta ls m ake th a t on ly  few  system s can  be u sed  in  p ractice .
3.5 Selective catalytic reduction (SCR) of NO in the presence of hydrocarbons

T he S C R  o f  N O  by  hyd rocarbons is believed  to  be th e  m o st p ro m isin g  w ay  to  
e lim ina te  n itro g en  oxide. T he m ain  advan tage  o f  the co rresp o n d in g  reac tion  is the  u se  o f  a 
gas m ix tu re  very  s im ila r to  th a t found  in  exhausts.

T h is  ca ta ly tic  p ro cess w as first experim en ted  on  co p p er io n -ex ch an g ed  zeo lites  by 
Iw am oto  e t al. [59-61] and  H eld  et al. [62] independently . T hey  sh o w ed  th a t th e  cataly tic  
activ ity  o f  C u-Z S M -5  co u ld  be greatly  enhanced  by sm all am o u n ts  o f  h y d ro carb o n s in  the  
p resence  o f  ex cess oxygen . T hese  in itia l resu lts  opened  n ew  p o ssib ilitie s  fo r th e  cataly tic  
e lim in a tio n  o f  N O  from  exhaust gases, and  now adays th e  types o f  ca ta ly st m en tio n ed  and 
th e  p o ss ib le  red u c tan ts  are ex trem ely  varied . T he eno rm o u s am o u n t o f  in te rest o f  the 
sc ien tific  co m m u n ity  fo r th is  top ic  is re flec ted  bo th  by  the  n u m b er o f  co n trib u tio n s  in 
d iffe ren t jo u rn a ls  [ 1 0 ] and  by  the  p ub lished  an  excellen t rev iew  study  o f  th e  p a ten t litera tu re  
on  ca ta lysts  u sed  in  the  rem oval o f  N O x, ind icating  tha t o v er 2 00  p a ten ts  hav e  a lready  been  
p u b lish ed , m o st o f  th em  after 1990.
3.6 Zeolite crystallites

Z eo lites  are crysta llites, hydrated  a lum inosilica tes s truc tu ra lly  b ased  on  in fin ite ly  
ex ten d in g  th ree- d im ensiona l n e tw o rk  o f  A IO 4 and  S iC f. T h ese  n e tw o rk s  are  linked  to  each  
o ther by  sh arin g  all o f  th e  oxygens.

T h e  structu ral fo rm u la  o f  a  zeo lite  is best exp ressed  for th e  c rysta llog raph ic  u n it cell
as:

M x /n [(A 1 0 2)x (S i0 2)y]w H 20
w here  M  is the  ca tio n  o f  valence  ท, พ  is th e  num b er o f  w a te r m o lecu les  an d  the  ra tio  y/x 
usually  has va lu es o f  1-5 dep en d in g  u p o n  the  structure. T h e  sum  (x+ y) is th e  to ta l num b er 
o f  te trah ed ra  in  the  u n it cell [108]. T he p o rtion  w ith  [(A 10 2)x (S i0 2)y] rep resen ts  the 
fram ew ork  com position .

Z S M -5  and  silica lite  have  ach ieved  com m ercia l sign ificance. C o m p arin g  the 
p roperties  o f  the  low  and  in term ed ia te  zeo lites  w ith  th o se  o f  the  h ig h  silica  zeo lites  and 
silica  m o lecu la r sieves, th e ir  resu lting  p ro p erties  a llow  th e  low  an d  in term ed ia te  zeo lites to
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rem ove w a te r fro m  organ ic  and  to  carry  ou t separations and  cata lysis  on  dry  stream s. In 
con trast, th e  h y d ro p h o b ic  h ig h  silica  zeo lites  and  silica  m o lecu la r s ieves can  rem o v e  and 
recover o rgan ic  from  w a te r s tream s and  carry  ou t separations and  ca ta ly sis  in  th e  p resence  
o f  w ater. T herefo re , h ig h  s ilica  zeo lites show ed  the  h ig h er stab ility  o f  the  fram ew ork  
against th e  w a te r v ap o r th an  lo w  silica  zeo lites.

T he ten  m em b ered  rings w ith  app ro x im ate ly  0.55 ran  in  d iam ete r in  F igu re  3 .1 a  are 
ab le to  access a  n e tw o rk  o f  in tersecting  po res w ith in  the  crystal. T h e  th ree  d im ensiona l 
struc tu re  o f  silica lite  an d  Z S M -5  is illu stra ted  in  figure 3 .1b [109],

Chain

Figure 3.1 T hree-d im en sio n a l structu re  o f  s ilica lite  (M FI) (G ate  1992 [109])
(a) S truc tu re  fo rm ed  by  stack ing  o f  sequences o f  layers
(b) C hannel n e tw o rk

T he p o re  struc tu re  co n sists  o f  tw o  in tersec ting  channel sy stem s as sh o w n  in  figure  
3.1b; one  stra igh t and  th e  o th e r sinuso ida l and  p e rp en d icu la r to  th e  form er. Sm all 
m o lecu les can  p en e tra te  in to  th is  in tracrysta lline  po re  struc tu re , w h ere  th ey  m ay be 
ca ta ly tically  converted .

T he zeo lite  Z S M -5  struc tu re  w as o rig ina lly  p repared  by  A rg au er and  L ando tt in  
1972 in  th e  p resen ce  o f  th e  o rgan ic  te trap ro p y lam m o n iu m  (T P A ) ca tio n  w ith  a  range o f
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S i0 2/A l2 0 3 c la im ed  b e tw een  15 and  100. S oon  afterw ards, the cata lysts  tha t incorporate  
tran sitio n  e lem en ts  o ther th an  A1 into th e  fram ew ork  o f  M FI structu re , m eta llo sililca tes, 
w ere  syn thesized  [110, 111], T he e lem en ts w ere  usually  in tro d u ced  by  add in g  m eta l salts 
as one o f  th e  sta rting  m a te ria ls  fo r the  syn thesis o f  the  m eta llo silica te . A  varie ty  o f  
m eta llo silica tes  co n ta in in g  d ifferen t k inds o f  transition  e lem en ts w ere  p rep a red  by  ad op ting  
the rap id  cry sta lliza tio n  m e th o d  exh ib iting  very  h igh  th erm al stab ility  th a t is e ffec tiv e  in  
p rac tica l use.



T a b le  3 .1  C la s s if ic a tio n  o f  m o le c u la r  se iv e  m a te r ia ls  in d ic a tin g  e x te n s iv e  v a r ia tio n  in  c o m p o s itio n . 
T h e  z e o lite s  o cc u p y  a  su b c a te g o ry  o f  th e  m e ta llo s il ic a te s  (F la g in e n  1991 [1 0 8 ]).
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