
C H A P T E R  I I I

E X P E R I M E N T A L  S E C T I O N

T h e  e x p e rim e n ta l se c tio n  can  b e  d iv id e d  in to  s ix  d if fe re n t parts : 
(a) m a te r ia ls ;  (b ) c a ta ly s t p re p a ra tio n ; (c ) c a ta ly s t c h a ra c te r iz a tio n ; (d) 
a p p a ra tu s ; (e ) c a ta ly tic  a c tiv ity  m e a su re m e n t; an d  (f) c a lc u la tio n s  fo r  v ario u s 
c o n v e rs io n s . T h e  d e ta ils  fo r  each  p a r t a re  re sp e c tiv e ly  e x p la in e d  as fo llo w s:

3 .1  M a t e r ia l s

3.1 .1  C a ta ly s t P re p a ra tio n  M a te ria ls
A lu m in u m  iso p ro p o x id e  (A l(O C 3H 7)3) o f  9 8 %  p u rity  w as 

o b ta in e d  fro m  F lu k a  C o ., L td .
S ilv e r  n itra te  ( A g N 0 3) o f  9 9 .9 %  p u rity  w as o b ta in e d  fro m  B D H  

L a b o ra to ry  S u p p lie s .
1 ,3 -B u tan ed io l a n h y d ro u s  (C 2H 4(0 H )C 2H 4 0 H ) o f  9 9 %  p u rity  

w as o b ta in e d  fro m  A ld ric h  C h e m ic a l Inc.
M a n g a n e se  (II) n itra te  h y d ra te  ( M n ( N 0 3)2 x H 20 )  o f  9 8 %  p u rity  

w as  o b ta in e d  fro m  A ld ric h  C h e m ic a l Inc.
S o d iu m  c a rb o n a te  a n h y d ro u s  (N a 2C O 3) o f  9 9 .9 %  p u rity  w as 

o b ta in e d  fro m  B D H  L a b o ra to ry  S u p p lie s .

3 .1 .2  R e a c ta n t G ases
N itric  o x id e  (N O ) 5 %  in h e liu m  u se d  as a re a c ta n t g as  w as 

o b ta in e d  fro m  A ir  P ro d u c ts  an d  C h e m ic a ls .
P ro p y le n e  (C 3H 6) 0 .9 1 %  in  h e liu m  u se d  as a re d u c in g  g as  w as 

o b ta in e d  fro m  T h a i In d u s tr ia l G as P u b lic  C o m p a n y  L im ite d .



19

U ltra  h ig h  p u r ity  (U H P ) o x y g en  ( 0 2) w as o b ta in e d  fro m  P ra x a ir  
(T h a ila n d ) C o ., L td .

H ig h  p u rity  (H P ) h e liu m  u se d  as a b a la n c in g  g as  w as  o b ta in e d  
fro m  T h a i In d u s tr ia l G as P u b lic  C o m p a n y  L im ited .

N itro g e n  (N 2) 3 .1 1 %  in  h e liu m  e m p lo y e d  as a s ta n d a rd  w as 
o b ta in e d  fro m  T h a i In d u s tr ia l G as P u b lic  C o m p a n y  L im ited .

3 .2  C a t a ly s t  P r e p a r a t io n

In  th is  s tu d y  the  s ilv e r  su p p o rte d  o n  a lu m in a  c a ta ly s ts  w e re  p re p a re d  by 
th e  so l-g e l m e th o d . T h e  s ilv e r  lo a d in g  w as v a r ie d  in  the  ra n g e  o f  0 , 1.0, 2 .0 , 
4 .0 , 5 .0 , 6 .0 , an d  10.0 w t %  in  o rd e r to  c la rify  the  e ffe c t o f  m e ta l lo ad in g . T h e  
se c o n d  c a ta ly s t, m a n g a n e se  o x id e  (M n 20 3), w as  p re p a re d  b y  p re c ip ita tio n  
m e th o d  in  o rd e r  to s tu d y  the  c o o p e ra tio n  e ffe c t w h en  it w as m ix ed  p h y s ic a lly  
as a p ro m o te r  w ith  the  s ilv e r  su p p o rte d  o n  a lu m in a  c a ta ly s t.

3 .2 .1  S o l-G e l M e th o d
F ib rilla r  a lu m in u m  h y d ro x id e  so ls  w ere  o b ta in e d  b y  ad d itio n  o f  

a g iv e n  w e ig h t o f  a lu m in u m  iso p ro p o x id e  (A IP ) to  h o t w a te r  a t 85 ๐c  w ith  a 
sm a ll a m o u n t o f  n itr ic  ac id . A fte r  b e in g  s tirre d  fo r  a w h ile , th e  so lu tio n  o f  
s ilv e r  n itra te  d is so lv e d  in  1 ,3 -b u tan ed io l w as s lo w ly  a d d e d  to  the  f ib r illa r  so l 
so lu tio n . D u rin g  m ix in g , the  te m p e ra tu re  o f  th is  m ix ed  so lu tio n  w as  c o n tro lle d  
c o n s ta n tly  a t 85 °c and  c o n tin u o u s ly  h e a te d  a t th is  te m p e ra tu re  fo r  an  h o u r 
a fte r  th e  c o m p le te d  a d d itio n  o f  m e ta l sa lt. T h e n  th e  h e a tin g  w as  s to p p ed  b u t 
th e  s tirr in g  o f  th e  m ix ed  so lu tio n  h ad  b e e n  c o n tin u e d  a t ro o m  te m p e ra tu re  fo r 
24  h o u rs . A f te r  v ig o ro u s  s tirr in g , th e  so lv e n ts  w ere  e lim in a te d  b y  h ea tin g  
u n d e r  a re d u c e d  p re ssu re  to  fo rm  a g el. T h e  g el w as d rie d  a t 110 ๐c  fo r  a d ay  
an d  c a lc in e d  a t 7 0 0  ๐c  fo r  6  h o u rs . T h e  p re p a re d  c a ta ly s t w as  s to red  in  a
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d e ss ic c a to r . B a re  a lu m in a , in the  a b se n c e  o f  A g  ion , w as a lso  p re p a re d  fro m  
the  f ib r i lla r  a lu m in u m  h y d ro x id e  so ls  in the  sam e  p ro ce d u re .

3 .2 .2  P re c ip ita tio n  M e th o d
A  g iv e n  w e ig h t o f  m a n g a n e se  (II) n itra te  w as  d is s o lv e d  in 

d is til le d  w a te r  a t a to ta l c o n c e n tra tio n  o f  0.1 M  an d  p u t in to  a b u re tte . T h is  
so lu tio n  w as  a d d e d  d ro p w is e  at th e  ra te  o f  2-3  m l/m in  to  a  so d iu m  c a rb o n a te  
so lu tio n  o f  1 M . D u rin g  th e  d ro p w ise  ad d itio n , the  pH  w as  a d ju s te d  to  b e  in 
the  ra n g e  o f  9 to  11 b y  a d d in g  m o re  so d iu m  c a rb o n a te  so lu tio n . T h e  so lu tio n  
w as  s tirre d  an d  c o n tro lle d  a t 6 0  ๐c  w h ile  p re c ip ita tin g . T h e  p re c ip ita te  w as 
se p a ra te d  an d  w a sh e d  th ro u g h ly  b y  h o t d is tille d  w a te r  in  o rd e r  to  re m o v e  
so d iu m  io n s. T h e  w a sh in g  w as re p e a te d  u n til the  c h a n g e  in  c o n d u c tiv ity  o f  
su p e rn a ta n t w as  in s ig n if ic a n t. T h e  w a sh e d  m a n g a n e se  o x id e  p re c ip ita te  w as 
d ried  a t 110 ๐c  fo r  2 4  h o u rs  an d  c a lc in e d  in a ir  a t 5 0 0  ๐c  fo r  5 h o u rs . T h e  
p re p a re d  c a ta ly s t  w as s to re d  in  a d ess ic c a to r.

3 .3  C a t a ly s t  C h a r a c t e r iz a t io n

3.3.1  S u rfa c e  A re a  M e a su re m e n t
T h e  B ru 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  u til iz e d  fo r 

d e te rm in in g  the  su rfa c e  a rea , to ta l p o re  v o lu m e , an d  a v e ra g e  p o re  d ia m e te r  o f  
the  p re p a re d  c a ta ly s ts . T h e  c h a ra c te r iz a tio n  is b ased  o n  th e  p h y s ic a l a d so rp tio n  
o f  an  in e rt g as  u s in g  A u to so rb -1  G as S o rp tio n  sy s te m  (Q u a n ta c h ro m e  
C o rp o ra tio n ). I t o p e ra te s  b y  m e a su rin g  the  q u a n tity  o f  g ases  a d s o rb e d  o n to  o r 
d e so rb e d  fro m  a so lid  su rfa c e  at so m e  e q u ilib riu m  v a p o r p re ssu re s . N itro g e n  
g as  w ith  c ro s s  se c tio n a l a re a  o f  1 6 .2 x 1 0 '2 m 2/m o le c u le  w as  e m p lo y e d  as an 
a d so rb a te  a t a l iq u e f ie d  n itro g e n  te m p e ra tu re  (77  K ).

T h e  sa m p le  a m o u n t o f  0 .2  g ram s w ere  d ried  an d  o u tg a sse d  in the  
sa m p le  c e ll a t 300°c fo r  a t lea s t 2 h o u rs  b e fo re  a d so rp tio n . T h e  sp e c if ic
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su rfa c e  a re a  o f  each  c a ta ly s t w as  e v a lu a te d  fro m  fiv e  p o in ts  ad so rp tio n  
iso th e rm . T h e  re su lts  w ere  a n a ly z e d  u s in g  A u to so rb  A N A G A S  so ftw a re  
V ers io n  2 .1 0 .

3 .3 .2  X -ra y  D iff ra c tio n  (X R D )
T h e  X R D  w as u til iz e d  to  id e n tify  the  in te rn a l s tru c tu re , b u lk  

p h a se s , an d  c o m p o s itio n  o f  c ry s ta llin e  c a ta ly s t. T h e  X R D  p a tte rn  w as  o b ta in e d  
by  a P h illip s  X -ra y  d if f ra c to m e te r  sy s te m  (P W  3 0 2 0 ) e q u ip p e d  w ith  a  g ra p h ite  
m o n o c h ro m a to r  an d  a C u  tu b e  fo r  g e n e ra tin g  a C u K  ra d ia tio n  (1 .5 4 0 6  °A ).

T h e  c a ta ly s t sa m p le  w as g ro u n d  to  a fin e  h o m o g e n e o u s  p o w d e r 
an d  h e ld  in th e  b e a m  in  a th in -w a lle d  g la ss  c o n ta in e r . C o n s tru c tiv e  
in te rfe re n c e  c o u ld  b e  a c h ie v e d  w ith  m o n o c h ro m a tic  ir ra d ia tio n  b y  v a ry in g  the  
an g e l o f  in c id e n c e  (5 to  7 0  d eg re e s). T h e  d ig ita l o u tp u t o f  th e  p ro p o rtio n a l 
X -ra y  d e te c to r  an d  the  g o n io m e te r  a n g e l m e a su re m e n ts  w ere  se n t to  an  o n lin e  
c o m p u te r  to  re c o rd  an d  su b se q u e n tly  a n a ly z e d  b y  P C -A P D  v e rs io n  3 .5B .

3 .4  A p p a r a t u s

T h e  e x p e rim e n ta l a p p a ra tu s  is sc h e m a tic a lly  sh o w n  in  F ig u re  3 .1 . 
It c o n s is ts  o f  th ree  p arts : (a ) g as  b le n d in g  sy s tem ; (b ) c a ta ly tic  re a c to r ; and  (c) 
a n a ly tic a l in s tru m e n ts .

3 .4 .1  G as  B le n d in g  S y s te m
M ass  flo w  tra n sd u c e rs  an d  c o n tro lle r  m o d e l 8 40  fro m  S IE R R A  

In s tru m e n ts , Inc . w ere  u se d  fo r  m e a su rin g  an d  c o n tro llin g  the  re a c ta n t g aseo u s  
flo w  ra te s  b e fo re  d e liv e rin g  th e m  in to  th e  re a c to r. A ll f ittin g s  an d  tu b in g  are  
m ad e  o f  s ta in le ss  s tee l h a v in g  o u ts id e  d ia m e te rs  o f  1/4" an d  1/8" o b ta in ed  
fro m  S W A G E L O K  C o ., L td .

พ0สบุดfia น สำนักJiviใyirjTifvunm 
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3 .4 .2  C a ta ly tic  R e a c to r
T h e  q u a rtz  tu b e  re a c to r  w as 0 .2 5 "  in d ia m e te r. A  c a ta ly s t  sam p le  

o f  0.1 g ra m  w as p la c e d  b e tw e e n  q u a rtz  w o o l in  the  m id d le  o f  the  re a c to r . T h e  
c a ta ly s t te m p e ra tu re  w as  m o n ito re d  w ith  a K  ty p e  th e rm o c o u p le  and  
c o n tro lle d  b y  a P ID  te m p e ra tu re  c o n tro lle r , Y O K O G A W A  In s tru m e n t m o d e l 
U P 2 7 . T h e  h e a tin g  ra te  w as  se t a t 10 ๐c /m in  an d  its v a r ia tio n  in  d es ired  
te m p e ra tu re  w as  ±  1 °c.

3 .4 .3  A n a ly tic a l In s tru m e n ta tio n

3 .4 .3 .1  G as  C h ro m a to g ra p h  (G C )
T h e  m a in  in te re s te d  p ro d u c t, n itro g en , w as a n a ly z e d  u s in g  a g as 

c h ro m a to g ra p h , a H e w le tt  P a c k a rd  5 8 9 0  S e rie s  II m o d e l e q u ip p e d  w ith  a 
th e rm al c o n d u c tiv ity  d e te c to r  (T C D ) an d  a c o lu m n  o f  A lte c h  m o le c u la r  s iev e  
13 X . T h e  o p e ra tin g  te m p e ra tu re s  o f  o v en , in je c to r, an d  d e te c to r  w e re  se t at 
4 0  ๐c , 120 ๐c , an d  2 1 0  °c, re sp e c tiv e ly . A  sa m p lin g  v a lv e  e q u ip p e d  w ith  a 
2 0 0  p i  sa m p lin g  lo o p  w as  a p p lie d  to  in je c t the  re a c to r  e f f lu e n t g as  e v e ry  15 
m in u te s  in to  th e  G C  fo r  a n a ly s is .

3 .4 .3 .2  H ig h  L e v e l C h e m ilu m in e sc e n c e  N O - N 0 2-N O x A n a ly z e r
N itro g e n  o x id e s  in th e  e ff lu e n t g ases  w h ic h  in c lu d e  N O  and

N 0 2, w e re  a n a ly z e d  u s in g  a h ig h  lev e l c h e m ilu m in e sc e n c e  N O - N 0 2-N O x 
a n a ly z e r, m o d e l 4 2 C  fro m  T h e rm o  E n v iro n m e n ta l In s tru m e n ta l In c . T h e  
o p e ra tio n  is  b a se d  o n  th e  p r in c ip le  th a t N O  an d  o z o n e  (O 3) re a c t to  p ro d u c e  a 
c h a ra c te r is tic  lu m in e sc e n c e  w ith  an  in te n s ity  lin e a rly  p ro p o rtio n a l to  the  N O  
c o n c e n tra tio n .
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3.5 .1  T h e  D e p e n d e n c e  S tu d y  o f  M eta l L o a d in g
C a ta ly tic  a c tiv ity  m e a su re m e n ts  fo r  se le c tiv e  re d u c tio n  o f  N O  

w ith  C 3H 6 in  an  o x id iz in g  a tm o sp h e re  o v e r  v a r io u s  s ilv e r  su p p o rte d  on 
a lu m in a  c a ta ly s ts  w e re  c a rrie d  o u t b y  u s in g  a  f ix e d -b e d  flo w  re a c to r. T h e  
p ro c e d u re  c a n  b e  d e sc r ib e d  as fo llo w s:

(a ) T h e  c a ta ly s t o f  0.1 g  w as p re tre a te d  b y  h e a tin g  fro m  ro o m  
te m p e ra tu re  to  3 0 0  ๐c  w ith  a h e a tin g  ra te  o f  10 ๐c /m in  a t a  f lo w in g  H e  ra te  o f  
100 c m 3/m in . It w as k e p t c o n s ta n t a t th is  te m p e ra tu re  fo r  an  h o u r  an d  then  
h e a te d  up  o r  d o w n  to  the  d e s ire d  re a c tio n  tem p e ra tu re .

(b ) T h e  re a c ta n t g as  m ix tu re  c o n ta in in g  N O  1 ,0 0 0  p p m , C 3H 6
1,000  p p m , 0 2 5 .0  v o l.% , an d  H e  w as b y p a sse d  to  the  a n a ly tic a l in s tru m e n ts  in  
o rd e r  to  c h e c k  the  c o m p o s itio n  o f  the  fe e d  s tre a m  b e fo re  p a s s in g  th ro u g h  the 
re a c to r.

(c ) T h e  m ix tu re  o f  re a c ta n t g ases  p a s se d  th ro u g h  th e  c a ta ly s t b ed  
a t a  to ta l f lo w  ra te  o f  2 0 0  c m 3/m in . T h e  re a c tio n  te m p e ra tu re  w as v a r ie d  in  a 
ra n g e  o f  2 0 0  ๐c  to  6 0 0  ๐c  an d  the  a m o u n t o f  N 2, re m a in e d  N O , an d  N 0 2 w as 
m e a su re d  e v e ry  5 0  ๐c  w h e n  it re a c h e d  s te ad y  s ta te  fo r  e a c h  re a c tio n  
te m p e ra tu re .

3 .5 .2  T h e  C o m b in a tio n  S tu d y  o f  A g /A F O j an d  M m C T
F ro m  the  d e p e n d e n c e  s tu d y  o f  m e ta l lo a d in g , the  b e s t  c a ta ly s t 

w as  se le c te d  to  s tu d y  fu r th e r  o n  th e  c o o p e ra tio n  s tu d y  b y  m ix in g  p h y s ica lly  
w ith  the  M n 20 3 ca ta ly s t.

T h e  m ix tu re  o f  5 % A g /A l20 3 an d  M n 20 3 c a ta ly s ts  w as  p re p a re d  
b y  g r in d in g  5 % A g /A l20 3 an d  M n 20 3 c a ta ly s ts  in  a m o rta r  fo r  30 m in u te s . 
T h is  m ix tu re  w as  c a lc in e d  in  a ir a t 500 °c fo r  5 h o u rs . T h e  re su ltin g  c a ta ly s t 
w as g ro u n d  a g a in  b e fo re  b e in g  p la c e d  in to  th e  re a c to r . T h e  p ro c e d u re

3 . 5  C a t a l y t i c  A c t i v i t y  M e a s u r e m e n t s
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p e rfo rm e d  in  p re tre a tm e n t, fe e d  c o m p o s itio n  c h e c k in g , an d  re a c tio n  s tep s  w as 
the  sam e.

3 .5 .3  T h e  D e p e n d e n c e  S tu d y  o f  O x y g e n  C o n c e n tra tio n s
F ro m  the  d e p e n d e n c e  s tu d y  o f  m e ta l lo a d in g , the  b e s t c a ta ly s t 

w as se le c te d  to  s tu d y  fu r th e r  on  the  d e p e n d e n c e  s tu d y  o f  v a r io u s  o x y g en  
c o n c e n tra tio n s .

T h e  sam e  p ro c e d u re  in  p re tre a tm e n t, feed  c o m p o s itio n  c h e c k in g , 
an d  re a c tio n  s tep  w as  p e rfo rm e d . T h e  o n ly  c h a n g e  w as the  o x y g en  
c o n c e n tra tio n  w h ic h  w as  in c re a se d  fro m  5 .0  v o l.%  to  10.0 an d  2 0 .0  v o l.%  
w h ile  the  to ta l flo w  ra te  o f  re a c ta n t g ases  w as k e p t c o n s ta n tly  a t 2 0 0  c m 3/m in  
fo r  all ru n s.

3 .6  C a lc u la t io n s  f o r  V a r io u s  C o n v e r s io n s

In  th is  s tu d y  the  p e rc e n ta g e  o f  c o n v e rs io n s  can  b e  e x p re s se d  in te rm s o f  
c o n v e rs io n  o f  N O , c o n v e rs io n  o f  N O  to  N 2, an d  c o n v e rs io n  o f  NO*. A ll 
e x p re ss io n s  a re  d e f in e d  as fo llo w s:

% C o n v e rs io n  o f  N O  =  [N O ] re a c te d /[N O ] in le tx io o  (3.1 )

% C o n v e rs io n  o f  N O  to  N 2 =  2 x  [N 2] p ro d u c e d /[N O ] in le tx io o  (3 .2 )

% C o n v e rs io n  o f  N O x =  { ([N O ] in le t +  [ N 0 2] in le t) -([N O ] o u tle t +  [ N 0 2]
o u t le t ) } /{ [N O ] in le t + [ N 0 2] i n l e t ] x l 0 0  (3 .3 )

w h e re  [co m p o u n d ] is the  c o n c e n tra tio n  o f  c h e m ic a l c o m p o u n d .

X 1 <3 <£> 9) A  o  2) 2)
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