
CHAPTER VII
ENHANCEMEMT OF THE ACTIVITY OF H-Co-silicate FOR 

NITRIC OXIDE REMOVAL BY HIGH THERMAL-TREATMENT

7.1 Introduction
Removal o f nitric oxide using hydrocarbons as the reductant has been studied in 

the presence o f excess oxygen in the past decade. Among the catalysts, zeolites and their 

related materials were extensively used for this purpose. Copper ion-exchanged MFI 

(Cu/MFI) catalyst is well known to be an effective catalyst for removal o f nitric oxide in 

the presence o f excess oxygen [8,9,59-62]. Unfortunately, since Cu/MFI is easily 

deactivated at high temperatures (>800°C) and the co-existence o f steam which possibly 

occurred in practical use [44-47], As mentioned above, many researchers have tried to 

find a new catalyst that can suffer in severe condition especially under co-existence of 

steam in nitric oxide removal. Budi et al. [79] and Armor et al. [82] found that cobalt 

ion-exchanged MFI catalyst (Co/MFI) can suffer in the condition o f steam and 

temperature less than 800°c. Nevertheless, in owing to the ease o f sintering of 

exchanged metal component and dislocation o f alumina in the framework under high 

severe condition, the decrement o f activity on nitric oxide conversion occurred. On the 

other hand, protonated cobalt-incorporated silicate having MFI structure (H-Co-silicate) 

is proposed to be a powerful catalyst which can protect against the deterioration under 

severe condition at high temperature even with water [48,49]. It was found that the loss 

o f activity o f metallosilicates in nitric oxide removal was much smaller than those o f ion- 

exchanged zeolites after high temperature calcination. Moreover, in previous studies it 

was found that the pretreatment affected the activity o f H-Co-silicate for nitric oxide 

elimination [117], As referred above, the thermal-treatment o f H-Co-silicate is worth for 

improvement o f nitric oxide removal. Accordingly, the objective o f this study is to find 

out the optimum condition o f thermal-treatment enhancing the activity o f H-Co-silicate in 

nitric oxide removal. We also describe the activity on nitric oxide removal observed 

here compared with similar studies on Cu/MFI.
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7.2 Experimental
7.2.1 Catalyst preparation

Co-silicate MFI type zeolite was prepared by the rapid crystallization method 

[97]. The charged Si/Co atomic ratio o f Co silicate was set at 20. As-synthesized 

crystals were washed, dried and heated at the temperature o f 540°c for 3.5 h in an air 

stream. Subsequently, they were ion-exchanged twice with an NH 4NO3 aqueous solution 

and followed by the calcination at 540°c for 3.5 h in air. They are designated as H-Co- 

silicate. As for copper ion-exchanged zeolite, MFI zeolite was synthesized by the same 

method as mentioned above. The charged Si/Al atomic ratio was set at 50. After 

transformation into H-type, it was ion-exchanged using copper acetate solution as source 

and followed by the same approach to gain 200% ion-exchanged Cu on MFI 

(200%Cu/MFI). Then, the catalysts were pretreated by thermal-treatment and carried out 

for reaction tests.

7.2.2 Characterization

In order to measure the crystallinity o f samples, X-ray diffraction patterns 

recorded by an X-ray refractometer, Shimadzu XD-D1, with Ni-filtered CuKa radiation 

were analyzed. Additionally, BET surface area and the bulk metal composition of 

catalyst were measured using a Shimadzu Flow Sorb II 2300 and Inductively Coupled 

Plasma analysis (ICP Shimadzu ICPS-1000 III), respectively. UV-visible spectra were 

analyzed by Shimadzu MPS-2000 spectrometer installed with a multi-purpose 

reflectometry attachment, RTA-2000 using BaSCff as a reflectance standard. 

Furthermore, a Jeol model JEOL JES-RE2X spectrometer equipped with a JEOL 

microwave power 1 mW was used to recorded X-band spectra for electron spin resonance 

method o f the catalyst at liquid nitrogen temperature. In situ-FTIR spectra analyzed by 

Nicolet model Impact 400 was applied to acidity measurement o f sample using pyridine 

as probe. Additionally 29Si MAS NMR analysis was performed using a JEOL 270 SGX. 

For TPR measurement, 0.2 g portions o f catalyst was reduced in a 5% FB/Ar stream. The 

concentration o f hydrogen in the effluent gas was recorded by a TCD gas chromatograph 

after water vapor was removed using a cold trap at methanol-dry ice temperature.

7.2.3 Pretreatment by thermal-treatment condition

For studying the effect o f pretreatment on nitric oxide removal, H-Co-silicate
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and Cu/MFI were calcined in the temperature range from 600°c to l,100°c in a He 

atmosphere. The catalysts were heated at a constant heating rate o f 10°c/min from room 

temperature to 600°c and 1.67°c/min from 600°c to l , 1 0 0 °c using an electric oven. 

The catalyst was then kept at the desired temperature for 30 min and then cool down to 

room temperature.

7.2.4 Reaction test

The catalytic reaction was carried out using an ordinary flow  microreactor under 

atmospheric pressure. To avoid pressure drop during the reaction test, the catalyst as 

powder form was tabletted, crushed, and sieved into 12-22 mesh. In order to investigate 

the activity for NO removal, catalyst was heated in He to 600°c and maintained at that 

temperature 30 min. After that, a feed gas composed o f 1,000 ppm NO, 1,000 ppm n- 

CgHis, 2mol% O2 , 10mol% H2 O balance with He was allowed to flow with a GHSV of

30,000 h Every 10 min after feed gas introducing to ensure the steady state o f catalytic 

activity, the reactants and products were analyzed by gas chromatographs (Chrompack, 

Micro GC CP 2002 with MS-5A and porapak Q column) equipped with integrators. The 

reaction test was undertaken every 50°c diminishing from 600°c to 200°c followed the 

same procedure as mentioned above. The catalytic activities o f nitric oxide reduction and 

n-octane combustion were investigated as the amount o f N 2 and carbon oxides (COx; 

CO2+CO) produced, respectively.

7.3.Results and discussion
7.3.1 Influence o f thermal-treatment on conversion o f NO to N 2 o f 200%Cu/MFI and H- 

Co-silicate catalysts

The resistance to high temperature is one factor that should be paid attention as 

well. In this study the condition o f thermal-treatment was considered in the range of 

600°C-1,100°C. Conversions o f NO to N 2 o f 200%Cu/MFI and H-Co-silicate are 

demonstrated in Figures 7.1 and 7.3 consecutively. The conversions o f n-octane o f both 

catalysts are respectively depicted in Figures 7.2 and 7.4. As illustrated in Figures 7.1 

and 7.2, 200%Cu/MFI loses the activities for both NO and n-octane conversions 

obviously with the thermal-treatment condition. Especially with the pretreatment 

temperature o f 1,000°C, conversions of NO and n-octane o f 200%Cu/MFI are diminished 

remarkably. As compared with conversion o f NO to N 2  for 200%Cu/MFI without
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Figure 7.1 The effect o f thermal-treatment on conversion o f NO o f 200%Cu/MFI 
Feed gas: NO 1,000 ppm, n-octane 1,000 ppm, 0 2 2mol%, H20  10mol%, He balance, 
GHSV 30,000 h- 1

Temperature(°C)

Figure 7.2 The effect o f thermal-treatment on conversion o f n-octane o f 200%Cu/MFI 
Feed gas: NO 1,000 ppm, n-octane 1,000 ppm, 0 2 2mol%, H?0 10mol%, He balance, 
GHSV 30,000 h- 1
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Figure 7.3 The effect o f thermal-treatment on the activity for conversion o f NO 
of H-Co-silicate. Feed gas: NO 1,000 ppm, n-octane 1,000 ppm, 0 2  2mol%, H20  10mol%, 
He balance, GHSV 30,000 h' 1

Temperature(°C)
Figure 7.4 The effect o f thermal-treatment on the activity for conversion o f n-octane 
o f H-Co-silicate. Feed gas: NO 1,000 ppm, n-octane 1,000 ppm , 0 2 2mol%, H20  10mol%, 
He balance, GHSV 30,000 I r 1
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pretreatment, it was observed that conversion o f NO to N 2 for 200%Cu/MFI after 

thermal-treatment at 1,000°C decreases remarkably more than 3 times at 450°c.

Interestingly, the activity for conversion o f NO o f H-Co-silicate increases with 

thermal-treatment condition except at the pretreatment temperature o f l , 1 0 0 °c as shown 

in Figure 7.3. From these results, the reaction temperature of 450°c is chosen to be the 

optimum reaction temperature condition to investigate the performance o f H-Co-silicate 

for nitric oxide removal. By observing conversion of NO to N 2 at 450°c, it indicates that 

the order o f the activity for conversion o f NO to N2 conversion was 100°c < without 

pretreatment < 800°c < < 1,000°C.

Without pretreatment, the conversion o f NO to N 2  on H-Co-silicate was only 

15% at 450°c. Fortunately, the conversion o f NO to N 2 after thermal-treatment at 1,000° 

c  increased up to 60%. This conversion is approximately 4 times larger than that without 

pretreatment. Therefore, it is elucidated that for H-Co-silicate the pretreatment at high 

temperature is valuable for enhancement o f conversion o f NO to N 2 .

7.3.2 Characterization o f 200%Cu/MFI and H-Co-silicate catalysts with and without 

thermal -treatment

7.3.2.1 BET surface area and bulk composition data

Table 7.1 shows BET surface area and bulk composition o f 200%Cu/MFI and 

H-Co-silicate with pretreatment temperature. From the results o f ICP data shown as 

Si/Me ratio o f 200%Cu/MFIs and H-Co-silicates, it was found that the amount o f metal 

loaded in both catalyst are still existed even after high thermal-treatment. The BET 

surface area o f 200%Cu/MFI after thermal-treatment decreased with thermal-treatment 

condition especially at 1,000°C. On the other hand, BET surface area o f H-Co-silicate 

with thermal-treatment did not change differently comparing with that o f H-Co-silicate 

without pretreatment. To clarify the crystallinity o f zeolite structure, catalysts were 

analyzed using XRD method and the results are depicted in figures 7.5 and 7.6 for 

200%Cu/MFIs and H-Co-silicates, respectively.

7.3.2.2 Crystallinity o f catalyst by XRD characterization

For XRD method, we investigate the intensity o f the diffraction line at 23.1 20 

as the main index o f crystallinity o f zeolite. Considering XRD patterns o f 200%Cu/MFIs 

in Figure 7.5, 200%Cu/MFI pretreated at 800°c has still high crystallinity compared with
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XRD pattern o f 200%Cu/MFI without pretreatment. But there is a change in crystallinity 

o f 200%Cu/MFI after thermal-treatment at 1,000°C. The intensity o f X-ray diffraction 

lines o f 200%Cu/MFI pretreated at 1,000°c decreases remarkably.

Table 7.1 BET surface area and bulk composition of 200%Cu/MFI and H-Co-silicate 

with pretreatment temperature.

Sample Pretreatment

temperature

(°C)

BET

surface area 

(m2 /g.cat)

Si/Me 

atomic ratio

200%Cu/MFI without pretreatment 360 51

800 300 54

1 , 0 0 0 1 2 0 56

1 , 1 0 0 2 * 57

H-Co-silicate without pretreatment 350 257

800 345 257

1 , 0 0 0 400 258

1 , 1 0 0 355 258

* drawn from the data in the ref. 1 1 0

There is a change o f crystallinity pattern from MFI structure to crystobalite form 

that can be observed the diffraction lines at around 23.1°, 8.03° and 23.94° representative 

o f silicon oxides as crystobalite. The computer program for X-ray refractometer recorded 

this appearance o f diffraction line. Accordingly, it means that MFI structure of 

200%Cu/MFI is destroyed by the high thermal-treatment supported by previous paper 

[117] and it is a reason for the sharp decrease in NO conversion o f 200%Cu/MFI 

pretreated at 1,000°C. As for H-Co-silicates in Figure 7.6, Ft-Co-silicate maintains MFI 

structure even at l,100°c. However, the intensity of X-ray diffraction lines o f H-Co- 

silicate pretreated at l,100°c is lower than that without pretreatment. It can be indicated 

that after thermal-treatment at l,100°c, H-Co-silicate has lower crystallinity causing the 

loss o f performance for nitric oxide removal as demonstrated above. From reaction data
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Figure 7.5 XRD patterns o f Cu/MFIs w ith thermal-treatment
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H-Co-silicate pretreated at l,100°c
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Figure 7.6 XRD patterns of H-Co-silicates with thermal-treatment
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demonstrating the effect o f thermal-treatment on 200%Cu/MFI and some physical 

characterizations, these show the low stability o f metal ion exchanged MFI type zeolite 

catalyst against high thermal-treatment that is well known so far. In this study the 

interesting items are the high stability o f H-Co-silicate and the optimum condition for 

conversion o f NO of H-Co-silicate with thermal-treatment. It is advantage for trying to 

find out the reason promoting the activity for conversion o f NO o f H-Co-silicate with 

thermal-treatment.

7.3.2.3 29Si MAS NMR technique for H-Co-silicates

2 9  Si MAS NMR spectra o f H-Co-silicates with and without pretreatment at 

1,000°C were illustrated in Figure 7.7. The major signal at around -111 ppm indicative 

o f Si(OAl) and lower signal at -105 ppm representative o f S i(lA l) that is similar to the 

study o f Budi et al.[79] and Woolery et al.[118] appeared. As for H-Co-silicate 

pretreated at 1,000°c, the shape o f the line signal was changed from the shape o f the line 

signal o f H-Co-silicate without pretreatment and roughly similar to that o f standard 

silicalite indirectly indicating the change o f Si-O-Co bonding o f H-Co-silicate pretreated 

at 1,000°C. Nevertheless, H-Co-silicate still maintained MFI structure even after 

thermal-treatment.

7.3.2.4 Techniques for characterization o f H-Co-silicates

In order to investigate the framework and non-framework Co in H-Co-silicate, 

UV-Vis spectra o f H-Co-silicate with and without thermal-treatment at 1,000°C were 

recorded in Figure 5.14. As illustrated in Figure 7.8, UV-Vis spectra o f H-Co-silicates 

show the absorption band between 500 and 650 nm typical o f high-spin (d7) Co(II) 

species in a tetrahedral crystal field and around 350 nm representative o f high-spin Co

(III) species [119, 120]. After thermal-treatment at 1,000°C, the absorption band at 350 

nm is broaden, and charge-transfer is observed while the intensity o f a remnant at 500- 

650 nm becomes flat even still remains. It can be suggested that after thermal-treatment 

at 1,000°C, some part o f tetrahedral Co(II) can be changed to Co(III). Furthermore, 

cobalt oxides clusters are also observed on H-Co-silicate pretreated at 1,000°C similar to 

the study o f Kagawa et al. [117]. ESR method is a further characterization to investigate 

high spin Co(II) in H-Co-silicates. Figure 7.9 depicts ESR spectra o f H-Co-silicate with 

and without pretreatment. The g factor detected by the ESR method is useful to identify
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Figure 7.7 The change o f 29Si MAS NMR of (a) fresh H-Co-silicate,
(b) H-Co-silicate pretreated at 800°c, (c) H-Co-silicate pretreated at 1,000°C 
and (d) fresh silicalite
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Figure 7.8 E le c tro n  a b so rp tio n  sp ec tra  o f  sam p les . T op: fresh  H -C o -s ilic a te ; 
b o tto m : H -C o -s ilic a te  p re tre a ted  at 1,000°C
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the  sam p le  o ccu p ied  u n p a ired  e lec tro n  o r free  rad ica l. B y  u s in g  th e  fin g e rp rin ts  
ex h ib itin g  th e  s ig n a ls  o f  h ig h  sp in  C o(II) as  re fe rred  fro m  re fe ren c e  no . 93 , 120, an d  121, 
the  g fac to r a t a ro u n d  5 .8 can  be  d is tin g u ish e d  as h ig h  sp in  C o (II) e x is tin g  on  b o th  H -C o - 
s ilica te s  w ith  and  w ith o u t p re tre a tm en t a t 1 ,000°C  in  th is  study . D u e  to  th e  sho rt 
re lax a tio n  tim e  h ig h  sp in  C o (II) ex p resses , th e  in ten sity  o f  h ig h  sp in  C o (II)  w as n o t h ig h  
ev en  it w as  reco rd ed  a t liq u id  n itro g en  te m p e ra tu re  (-1 9 6 °C ). T h e  s ig n a l can  b e  o b se rv ed  
m o re  c lea rly  i f  i t w as  o p e ra ted  a t lo w er tem p e ra tu re  su ch  as a t l iq u id  h e liu m  tem p e ra tu re  
(-2 6 9 °C ). F ro m  F ig u re  7 .9 , th e  sh ap e  an d  in ten sity  o f  E S R  s ig n a ls  o f  H -C o -s ilic a te  
p re trea ted  a t 1 ,000°C  in fin ite s im a lly  c h an g ed  fro m  th a t o f  H -C o -s ilic a te  w ith o u t 
p re trea tm en t. It c an  b e  in d ic a te d  th a t th e re  is a  ch an g e  o f  c o o rd in a tio n  sta te  o f  h ig h  sp in  
C o(II) im p ly in g  th e  fo rm a tio n  o f  a p a rt o f  C o  ag g reg a tes  by  th e rm a l- trea tm e n t a t 1 ,000°C  
. In  s itu  F T IR  sp ec tra  o f  H -C o -s ilic a te s  u s in g  p y rid in e  as a  p ro b e  m o le c u le  w ere  
reco rd ed  an d  d e p ic te d  in  F ig u re  7 .10  to  s tu d y  th e  ac id ity  o f  th e  sam p le . T h e  ac id ity  o f  
v a rio u s  so lid s  is s tu d ied  b y  in v es tig a tin g  th e  changes in  th e  ‘r in g ’ v ib ra tio n s  o f  p y rid in e  
and  o th e r b an d s  in  th e  re g io n  o f  1,700 cm ' 1 to  1,400 c m '1. S ilic a lite  m a te ria ls  th a t hav e  
sam e s tru c tu re  as H -C o -s ilic a te  ex cep t w ith o u t the  in co rp o ra tio n  o f  C o  sp ec ie s  in  the  
m ate ria l w ere  a lso  an a ly zed  and  sh o w n  in  F ig u re  7 .11. N o rm a lly , th is  c h a ra c te riz a tio n  
can  sh o w  sep a ra te  IR  b an d s  o f  Bnjm sted ac id ity  and  L ew is ac id ity  a t th e  w a v e n u m b e r o f  
a ro u n d  1 ,540  an d  1 ,440 -1 ,465  c m '1, resp ec tiv e ly . T h e  n u m b er o f  ac id  s ites  an d  stren g th  
o f  a c id ity  can  b e  im p lied  fro m  th e  in ten s ity  and  th e  p re sen ce  o f  IR  b an d  w ith  in c rea s in g  
tem p era tu re . It w as fo u n d  fro m  F ig u res 7 .10  and  7.11 th a t b o th  H -C o -s ilic a te s  and  
silica te s  h av e  a  little  a m o u n t o f  B njm sted ac id  site. H o w ev er, th e  in ten s ity  o f  IR  b an d  
in d ica tin g  L ew is  ac id ity  o f  H -C o -s ilic a te s  w ith o u t p re tre a tm en t is h ig h e r th a n  th a t o f  
s ilica lite  w ith o u t p re trea tm en t. T h e  ap p ea ran ce  is c au sed  by  th e  a d d itio n  o f  C o  sp ec ies  in  
the fram ew o rk . B y  u sin g  th e  s tu d y  o f  P arry  [122], th e  a m o u n t o f  p y rid in e  p u m p e d  o f f  at 
1 5 0 °c  can  b e  in d ica ted  as th e  p y rid in e  w eak ly  h e ld  to  th e  su rfa c e  sites. F ro m  the  
co n s id e ra tio n  o f  IR  sp ec tra  abo v e  1 5 0 °c , it w as fo u n d  th a t s ilic a lite  h a s  no  L e w is  ac id ity  
even  w ith o u t th e rm a l- trea tm e n t at 1 ,000°C . A s for H -C o -s ilic a te  p re tre a ted  at 1 ,000°C , 
the  in ten s ity  o f  L ew is  ac id ity  is lo w er th an  th a t o f  H -C o -s ilic a te  w ith o u t p re trea tm en t. 
T h is  a lso  in d ica te s  th a t a  p a rt o f  te trah ed ra l C o  m o v ed  o u t fro m  th e  fram ew o rk  struc tu re .
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Figure 7.9  E S R  sp e c tra  o f  sam p les . T op : fre sh  H -C o -s ilic a te ; b o tto m : H -C o -s ilic a te  
p re tre a ted  at 1,000°c
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T em p era tu re  p ro g ra m m e d  re d u c tio n  o f  H 2 w as a lso  ca rried  o u t to  an a ly ze  co b a lt sp ec ies  
in H -C o -s ilic a te s  an d  sh o w n  in  F ig u re  7 .12 . In ad d itio n  to  th e  c o ex is ten ce  w ith  a  
h y d ro g en  u p ta k e  p e a k  o f  H -C o -s ilic a te  w ith o u t p re tre a tm en t a t a ro u n d  7 0 0 ° c ,  a  n ew  
h y d ro g e n  u p tak e  p e a k  is o b se rv ed  at ap p ro x im a te ly  5 0 0 ° c  fo r H -C o -s ilic a te  p re trea ted  a t 
1 ,000°C . It c a n  be in d ica ted  th e  p re sen ce  o f  a  p a rt o f  co b a lt o x id e s  [123 , 124] h ig h ly  
d isp e rsed  o n  H -C o -s ilic a te  p re trea ted  at 1 ,000°C . F ro m  th e  re su lts  m e n tio n e d  ab o v e , it 
can  be  c o n c lu d e d  th a t a fte r  th e rm a l- trea tm e n t a t 1,0 0 0 ° c , so m e p a rt o f  te tra h e d ra l C o(II) 
in  th e  f ra m e w o rk  ch a n g e d  to  C o (III) an d  fo rm ed  co b a lt o x id e  sp ec ie s  th a t en h an ce  the  
ac tiv ity  fo r  n itr ic  o x id e  rem o v a l. T he  p o ss ib le  ap p earan ce  is th e  m ig ra tio n  o f  a  p a r t o f  
co b a lt in  th e  fra m e w o rk  to  th e  e x tra fram ew o rk  th a t is su p p o rted  b y  th e  s tu d y  o f  K a g aw a  
et al. [117].
7 .3 .2 .5 C o n v e rs io n  o f  n -o c tan e  to  ca rb o n  o x id es  (COx) o f  ca ta ly s ts

A s illu s tra te d  in  fig u re  7 .2 , 2 0 0 % C u /M F I loses th e  ac tiv ity  fo r  c o n v e rs io n  o f  ท- 
o c tan e  o b v io u s ly  w ith  th e  p re tre a tm en t tem p era tu re . E sp e c ia lly  w ith  th e  th e rm a l- 
tre a tm en t at 1,0 0 0 ° c ,  co n v e rs io n  o f  n -o c tan e  o f  2 0 0 % C u /M F I is d im in ish e d  rem ark ab ly . 
In  co n tra s t, fro m  F ig u re  7 .4  it is o b se rv ed  th a t a fte r th e rm a l- trea tm e n t a t 1 ,000°C  the  
ac tiv ity  fo r  c o n v e rs io n  o f  n -o c tan e  o f  H -C o -s ilic a te  in c reased  s ig n ific an tly . A s co m p ared  
w ith  H -C o -s ilic a te  w ith o u t p re trea tm en t, H -C o -s ilica te  p re tre a ted  a t 1 ,000°C  ex h ib its  
co n v e rs io n  o f  n -o c tan e  th a t its  ligh t o f f  tem p e ra tu re  is sh ifted  to  lo w er tem p era tu re . 
F rom  th e se  re su lts  an d  p rev io u s  s tu d ies [103 , 117, 125, 126], it can  be  p ro p o se d  th a t a fte r 
th e rm a l-trea tm e n t a t 1 ,000°C  som e p a rt o f  co b a lt ed u ced  fro m  th e  fra m e w o rk  and  
b ecam e d isp e rse d  co b a lt o x id e  species. In  ad d itio n  to  co b a lt in c o rp o ra te d  in  th e  
fram ew o rk , d isp e rs iv e ly  ed u ced  co b a lt sp ec ies  en h an ce  n -o c tan e  co m b u s tio n  ac tiv ity  and  
en co u rag e  th e  co n v e rs io n  o f  N O  to  N 2 . T h ese  resu lts  ab o v e  rev ea l th a t H -C o -s ilic a te  can  
su rv iv e  in  sev ere  te m p e ra tu re  co n d itio n  b e tte r  th an  2 0 0 % C u /M F I. In  c o n tra s t w ith  
2 0 0 % C u /M F I, H -C o -s ilic a te  w ith  th e rm a l-trea tm e n t en h an ces  th e  ac tiv ity  fo r  n itr ic  o x id e  
rem oval. A lth o u g h  th e  a c tiv ity  fo r co n v e rs io n  o f  N O  o f  H -C o -s ilic a te  p re tre a ted  at 
l ,1 0 0 ° c  b e cam e  d e c rea s in g  due  to  the  lo ss  o f  fram ew o rk  c ry s ta llin ity , th e  o p tim u m  
th e rm a l-trea tm en t co n d itio n  at 1 ,000°C  can  p ro m o te  h ig h  c o n v e rs io n  o f  N O  o f  H -C o- 
silica te . T h is  p h e n o m e n o n  is u se fu l fo r th e  ap p lica tio n  in  sev ere  te m p e ra tu re  co n d itio n .
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W a v e n u m b e r ( c m '1)

Figure 7.10 In situ  F T -IR  sp ec tra  o f  p y rid in e  a d so rb ed  on  H -C o -s ilic a te s .
T op : H -C o -s ilic a te  w ith o u t p re tre a tm en t; b o tto m : H -C o -s ilic a te  p re tre a ted  a t 1,000°C:
(a) a t ro o m  te m p e ra tu re ; (b ) at 50°C ; (c) at 100°C; (d) at 150°C; (e) a t 200°C ; ( 0  a t 2 5 0 °c .
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W a v e n u m b e r ( c m '1)

Figure 7.11 In  situ  F T -IR  sp ec tra  o f  p y rid in e  ad so rb e d  on  s ilic a lite s .
T o p : fre sh  s ilic a lite ; b o tto m : s ilic a lite  p re tre a te d  at 1,000°C : (a) a t ro o m  te m p e ra tu re ;
(b ) at 50°C ; (c) a t 100°C; (d) a t 1 5 0 °c .

ONo



Figure 7.12 T e m p e ra tu re  p ro g ra m m e d  re d u c tio n  p ro f ile s  o f  ca ta ly s ts .
F ro m  to p  to  b o tto m : H -C o -s ilic a te  w ith o u t p re tre a tm e n t; H -C o -s ilic a te  p re tre a te d  a t 1 ,000°C , 
s ilic a lite  w ith o u t p re tre a tm e n t
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7.4.Conclusion
T h e  p re tre a tm e n t a t h ig h  th e rm a l-trea tm en t co n d itio n  can  en h an ce  th e  ac tiv ity  o f  

H -C o -s ilic a te  fo r n itr ic  o x id e  rem o v al. F o r H -C o -s ilica te , th e  th e rm a l- trea tm e n t a t 1,000° 
c  is th e  o p tim u m  co n d itio n  to  im p ro v e  th e  p e rfo rm an ce  fo r  n itr ic  o x id e  rem o v a l 
e ffec tiv e ly . T h e  ac tiv ity  fo r  co n v e rs io n  o f  N O  o f  H -C o -s ilica te  a fte r  th e rm a l- trea tm e n t 
at 1 ,0 0 0 °C  w as a ro u n d  4  tim es  h ig h e r th an  th a t w ith o u t p re trea tm en t. H -C o -s ilic a te  
e x h ib its  h ig h  s tru c tu ra l s tab ility  o f  th e  fram ew o rk  d u rin g  p re tre a tm en t e v e n  a t th e  sev ere  
c o n d itio n  o f  1 ,000°C . T h e  e ffec t o f  th e rm a l-trea tm en t a t 1 ,000°C  is  to  ch an g e  th e  s ta te  o f  
co b a lt sp ec ie s  th a t en h an ce  th e  ac tiv ity  fo r n itric  ox id e  rem o v al.
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