CHAPTER V

RESULTS AND DISCUSSION

This chapter is divided in q-’ tions : section 5.1 reports composition

and surface area of catalyst. eous reaction is shown in section

5.2. Section 5.3 describes the.resul 2 liffraction pattern (XRD) and Fourier
Transform Infrared (F alySiS/ JEf \‘ ~\~f’t vading, and catalytic behavior

of the optimum catalyst arg

5.1 Composition and su

o ‘7;._ A ‘ka- E » : .
The vanadium content—0f catalysts ~imve tigated measured by atomic

adsorption spectroscof S) and B! .; own in Table 5.1 below.

| iy
Table sal Iﬂ ﬁmﬁwﬁﬁj apif area of catalyst

Type of catalyst | Vanadium content (wt.% V,0s) [Surface,area (mzlg)

o W1ANN INE N INYIRE

5V,04TiO;

9 V,05/TiO; 113
13 V,05/TiO; 12.5 11.6
18 V,05/TiO; 17.7 12.8
23 V,05/TiO, | 22.3 13.6
27 V,05/TiO, 26.4 12.5

V705 ‘ 100.0 104
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The above data show that when increases vanadium loading, surface area
slightly increases but up to a maximum at about 23 wt.% V,Os. Many studies which
used V,0s supported over TiO, with a high surface area [11-14, 17, 22, 24-28] also
found that surface area slightly increased with amount of vanadium on the surface and
decreased at too high loadings [11-14]. At present there is no explanation for this

phenomenon.
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5.2 XRD and FT-IR analysis

Figure 5.1 shows X-ray diffraction patterns of TiO,, V,0s, and V,05/TiO,

catalysts, respectively. XRD analysis of all sample show that at low V,0s loading

only TiO, (anatase) can be observed. The crystalline V,0s5 appears as a shoulder for
the 13 wt.% V05 and their intensity p

R ; #y increases with increasing the V,0s

loading. The XRD results'suggest | loadlng less than about 13 wt.%

5.2. The major IR bands of

-1

the anatase phase of Ti , While the major IR bands
of V,05 exhibit around The IR band around 1022 cm

has been assigned to the V=0 stretch on of bulk V,0s [34]. When compare
IR band for all cat@’]jst loadmg., tha ¢ ound 1022 cm™ appears

when  vanadium [68ding reaches 5 : ensity gradually increases with
the increase of V,0s loa:hng In addition to IR band around 833 cm™, characteristic

of V205 can bﬂb%ﬂ '3 shoulderlfor ﬁ 9\V30,/1i5) antl the intensity gradually

increases mcreas ﬁdthe V,0;5%1oad ﬂ The characteristic/IR band of T102
gradualﬂ ﬂ’lg ﬂni(;u M f]\:a y]/z%! ’llﬁ EJ increased up to

23 wt.% V,0s. The disappearance of TiO, IR bands shows that the surface of TiO, is

completely covered by V,Os surface species.
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The results of XRD analysis combined with FT-IR experiment indicate that the

formation of crystalline V,Os starts well before the surface of TiO; is completely

covered by V,0s surface species.

Auganenineans
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Figure 5.1(a) X-ray diffraction (XRD) pattern of TiO;, 5, 9 wt.% V;05/TiO;



13 wt.% V,04/TiO,
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Figure 5.1(b) X-ray diffraction (XRD) pattern of 13, 18, 23 wt.% V,04/TiO;
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Figure 5.1(c) X-ray diffraction (XRD) pattern of 27 wt.% V,0s/TiO; and V20s
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5.3 Blank test for homogeneous reaction

The tube quartz and the quartz wool were tested for the catalytic activity of
homogeneous reaction by performing blank reactor runs on several reactant gas

( NO, NO+0O,, 0;+N,, NO+NH3, NH3+0,, and NO+O,+NHj3 ) at temperatures in the

% oxide for homogeneous reaction is

shown in Flgure 3.3 Thls OWS_ at H3 the NO conversion could not

range of 50 to 500 °C. The c

be observed in this temp added to the reactant gas, the

experimental result s - JIreaction - temperature lower than 350°C,

homogeneous decom cal \ bove 350°C the NO conversion

t should be noted here that NO
Wi, ¥ '
conversion does not dep the pte ﬂ, of Oy e reactant gas. This conclusion

el

comes from the observation thatwhen O “added to the mixture of NO+NHj3 , no

L

with NH; without V{, salvis ‘

ﬂ‘lJEJ’J'VIEJﬂﬁWEJ’]ﬂ‘i
QW’W&Nﬂ‘iﬂJ NN Y

change in NO conversic as observed. :ﬁ s that NO directly reacts
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Figure 5.4 Result of SCR activity for TiO;
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5.4 Effect of catalyst loading

This section investigates the effect of V;0s loading over vanadia-titania
catalyst for the reduction of NOy. The experiment was performed in the temperature
range of 50 to 500°C which the reactant gas feed concentration were kept constant at

500 ppm NO, 500 ppm NH3®W/& respectively. Figure 5.4 shows the

relationship between SCR

(exyes O conversion) and the reaction

\g\‘ly increases with increasing

are to the homogeneous

temperature for TiO,.
temperature from 100°€.

TiO; support has very low

The NO conversion
e ,;,Lw

aihhmwasmgw@__

htly X decreases. This decrease is

gradually increases imum NO conversion is

reached at tempera

caused by the direct oxhdatlon of ammoma to nitric oxide which takes place over

. S SL I RIS IS I Sorctuded thae Vs, b
““g“"‘éﬁ‘“‘”%ﬂim URINNYIA Y

When 5 wt.% V,0s was added to TiO, support, it was observed the NO
conversion can be observed at reaction temperature as low as 50°C, following by
gradually increases until the maximum NO conversion is reached at temperature

around 400°C (as shown in Figure 5.6). Then the NO conversion decrease to zero at



%4NO conversion

%N O conversion

100

90 |
80 1
70 4
60 +
50
40 4
30 +
20 4
10 4

100

90 +
80 +
70 +
60 +
50 +
40 A
30 +
20 1
10 +

o

- n'l l"'n.\\}f'\\.

100 0 7 3 400 500

Mperacuts

Lo

100 200 300 400 500
Temperature (C)

Figure 5.6 Result of SCR activity for 5 wt.% V>,0s/Ti0;
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temperature 500°C. When compare to TiO, support and V,0s, it was found that
dispersed V,0s species has higher activity than bulk V,0s or TiO, support especially
at lower temperature. This result suggests that dispersion of V205 on TiO, changes

catalytic property of V,0s dramatically.

The catalytic property E@‘%’//}Tloz is shown in Figure 5.7. In this

case, it was found tha th&Shl NO conversion and reaction

temperature is sumlary

higher in conversion.

0; catalyst, but with 10-20 %

e 1

o A T I T 1 1

conversion ra 1d1y increases with iricreasing reaetion temperature.until the maximum
(1 § @cﬂﬂ Englét}l mg ;lnﬂ sfllv,ﬁ' Ee[:reases at higher

reaction temperature. When compare to 18 wt.% V,Os, it was observed that for the

NO con

temperature range of 50-250°C the NO conversion is slightly lower but at the reaction
temperatures over 250°C the NO conversion is clearly higher. This effect is caused by

different structures of the catalysts, monolayer and crystalline V,0s.
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Figure 5.8 Result of SCR activity for 13 wt.% V,05/TiO»
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Figure 5.10 Result of SCR activity for 23 wt.% V>0s/TiO;
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When V;,05 loading was increased up to 27 wt.% V,0Os, it was found that NO
conversion gradually increases with reaction temperature until reaching a maximum at
reaction temperature about 400°C (about 40%) and then slightly decreases in
Figure 5.11. When compare to 23 wt.% V,0Os, it can be observed the activity of

27 wt.% V05 is less active. The lower conversion is due to too high amount of
crystalline V,0s. ﬁ\\l\‘ , I///
N\ ;
T —

Figure 5.12 shows t tparison betv activity versus V,0s loading.

The observed NO con : er: : -250°C) gradually increases

and then continuously, : ‘, ) ng increases. As for higher
temperature (300-500°C 1510 ly increases with increasing the
amount of V,0s loading untlli‘gﬁe_max {O conversion is reached at about 23

wt.% V;05 and fortiey sharply’&ecreases ) furti@iingfease in V05 loading. This

effect is probably ‘ differe: 7 e catalyst. Due to the
characteristic structure %f catalyst with V205 loading over 23 wt.% V,0s which has

crystalline \ﬂ: ue%}xt’amq'q @ﬂéﬁ, ifh) 1S}rﬂ\f§)5 loading. The above

data can be concluded that bulk V,0s is less active than dispersed’ V,Os species. For
the SC’q ﬁfl @tﬂ Q)zm 3?](143’11’1 m’lﬁ EJh a maximum in
temperature range 50-250°C. Above 250°C, it was found that 23 wt.% V,0s gives
the maximum NO conversion. The phenomenon is caused by different structure of
catalyst also, which influences the direct oxidation of ammonia to NO,. This is

because crystalline V,0s is less active for the direct oxidation of ammonia when



70

compare to dispersed V,Os species [16]. Therefore, it can be concluded that the NO
conversion of 23 wt.% V,0s goes through a maximum due to the presehce of
crystalline V,05 do not seem to affect the direct oxidation of ammonia significantly in

temperature range 300-500°C.

Finally, it can be con¢lu d

because of it can use in wider

AUt INenineIny
PRI TUAMINYAE
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Figure 5.12 Result of the comparison of SCR activity for catalyst loading ; (a) TiO;,

(b) 5 wt.% V205/Ti0;, (¢) 13 wt.% V,05/Ti0, , (d) 23 wt.% V,0+Ti0;,

 (e) 27 wt.% V,05/TiO, , and () V204



p

5.5 The catalytic behavior of the optimum catalyst

From the results of previous section, . it can be concluded that an optimum
catalyst is 23 wt.% V,0s. The catalytic behavior of 23 wt.% V,0s catalyst under
operating condition for several reactant gas, NO, NO+O,, NO+NHj;, NO+O,+NH3,

and NH;+0O, was further mves%

and H,O was also perfo re30t1
— -

5.13 shows the SCR-GEHUirve

inary study under the presence of SO,

ture range of 50-500°C. Figure

rature under NO, NO+O, ,

to the presence of only NO. _' &ffect y oxygen gas suppress the nitric

oxide decompositiorﬁ
Y

I I
In the case of QHNH:; condition, the NO conversion progressively increases

with mcreasmﬂe%ﬂoﬁ} W ‘Wﬁ. W&l ’?Ioﬂ ‘§ase of NO and NO+O,,

the NO+NH; mlxture can attain a higher NO.conyersion. When O, was added, the
NO co%ﬂnlﬁlyﬂﬂlmmmgg“lmﬂ:gﬁlu maximum NO
conversion is reached at temperature about 400°C. Ramis et al. [35] postulated the
following mechanism for the reaction of NO and ammonia over V,05/TiO; catalysts

in the presence of oxygen under dilute gas conditions to explain this phenomenon ;
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step 1 : ammonia is first strongly adsorbed adjacent to V=0 as NH;"(ad)
step 2 : gaseous NO reacts with NH,"(ad) according to an Eley-Rideal
mechanism to form nitrogen, water, and V-OH

step 3 : V-OH species are eventually reoxidized to V=0 by gaseous oxygen.

In condition of NH3+O®‘U%} formed on 23 wt.% V,0s at 400°C

and further progressively @wh}, increasifig temperature. The result is shown

in Figure 5.14. It means t ) ition for 23 wt.% V,0Os can lead to

ia at temperature above 400

Figure 5.15 sho e absence and presence of 50
ppm SO; in SCR condition. O, sharply decreases NO conversion
(about 40-60%), but'this effect does ytic activity significantly

in reaction temperaturﬁ inges of 50-11 ﬂ

“ a Q/

Next, ﬁﬂ uc&lagi ma&ltwpsiw &JS’aﬂoﬁiﬁon. . The results are
preseng;i iﬁi a ﬁ %‘Zﬁe Wpizﬁnemr 7 véd’ tween 30-40%,
which isqlowersI:an thatfc‘I catalyst I;Jore deactivated. This result means that some
compounds may deposit on catalyst surface. After a treatment in high purity nitrogen
at 400°C for 2 hours, it was found that the relationship between NO conversion and

reaction temperature is similarly to that of the catalyst after being deactivated by SO,.

However, after treatment at 500°C for another 2 hours, the observed NO conversion
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Figure 5.16 Results of the comparison of SCR activity for 23 wt.% V,0+/TiO,
after deactivated by SO; (a), after a treatment at 400°C for 2 hours (b),

and treatment at 500°C for 2 hours (c)
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sharply increases with increase in reaction temperature and 10-20% higher in
conversion at 500°C when compare to the result of the catalyst before deactivated and
after treatment at 400°C for 2 hours. Since treatment at 500°C can increase NO
conversion up to the value of the catalyst before being deactivated, therefore some
strongly'adsorb species may disappear from the catalyst surface. Thus it can be

concluded that the catalyst aﬁer@#fy&d by SO, should be regenerated by

treatment at 500°C for 2 h

i

and (NH4);SO,4 were char. tef&%ﬂ:by FTAR Results of FT-IR analysis are shown in

_LTRIIA ST,

Figure 5.17. The 3&]01' IR bands of (?

1100-1070, and 650, The IR banc and 1408 cm™ have been
| ' g]l
assigned to NH4" ion 26] while the IR bands around 1100-1070 and 650 cm’ have

been ass1gnedﬁ %m;%sﬂ Wﬁwm spectra, there is no

distinct cha.ractenstlc IR bands of $O4* group (around 1100-1070 and 650 cm’ Y in
the speawm:b]aﬁcﬁim iemcll iﬂ ’]tg' nﬂ’] a EJt likely that the
hypothe81s of (NH4),SO4 deposition is the major cause which leads to catalyst

deactivation, but it can not be ruled out.
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The other reason of catalyst deactivation may be the equilibrium SO,
chemisorption on catalyst surface. But result of treatment at 400°C for 2 hours does
not agree with this hypothesis since there is no activity improvement. Another

possible reason which can explain the deactivation of the catalyst may be the presence

of different active site of the catalyst. Ozkan and Cai [16] have shown that crystal

V,05 has different crystal plm%“%//ﬁerence activity for the nitric oxide

reduction. They 1nvest1ga ne'gy o

over V,0s samples whl( i 2 Nnt crystal planes. The results

ctlon by performing experiment

strlbution, suggestmg that

place on two types of 51te one being 1rrever51ble poisoned at low temperature, the

other being rﬂeulﬂ)’a onetif | 'iﬁ}fjﬂﬂ%}'}ﬂﬁ of the catalyst after

deactivated to 802 is higher due to the disappeanof reversible peison. However, the
result (%Enfl @ 590@ tj Mm;lgl nill)’lﬁpi ture irreversible

deactivation can be regenerated at 500°C for 2 hours.

Figure 5.18 shows the SCR activity of 23 wt.% V,0s under SCR condition

without and with 10 vol.% H;O. In the reaction temperature ranges of 50-100°C,
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adding water seems not to affect catalytic activity significantly. For the reaction
temperature above 100°C the NO conversion in the presence of 10 vol.% H,O is
slightly lower than without H>O. This may be caused by a competitive adsorption of

water on active sites for ammonia adsorption thus decreasing the rate of reaction.

In the case of addition 10 vol.% H3Ofand 50 ppm SO, , it was observed that
pn temperature is similar to that of

the case without water. e 5.19.

- AUEINENINYINS
PIANTUAMINAE
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Figure 5.19 Results of the comparison of SCR activity for 23 wt.% V,;05/TiO,

in the absence and presence of 10 vol.% H,0 when SO; present
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