CHAPTER V

RESULTS AND DISCUSSION

The main topic of this research involves an attempt to clarify the reaction
mechanism for the selective catalytic reduction of NO by hydrocarbon in a large
excess of oxygen over Pt-based catalyst. To accommodate for the consideration in
detail, the results and discussion are categorized into five sections. In the first section,

the preliminary experiment to stu E{ 7 /Eae formation of carbonaceous

species on a Pt/Al,03 catalyst‘md}d;larg’ exces xygen is carried out. The

a@%r:ounced in section 5.2.
\ tharacteristic of surface

C3Hg 1s mentioned in sectiondS. ition, the obtair d‘ﬁgormatlon in this section

characterization of a mono

The investigation about th:

species produced on the ¢

monometallic Pt/Al,O; catalyst in otéa'zm e function of active sites in such
reaction. Finally, the misilods m‘s'ecﬁdns 5’% :

e applied to use for another

Pt ba

C3Hg are conducted in section 5 5
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Prior to investigate the reaction mechanism of the selective catalytic reduction

under lean-burn condition ©

of NO by hydrocarbon over Pt/Al,O; catalyst under lean-burn condition through the
investigation of surface species on the catalyst surface, it is necessary to confirm that
an apparent image of carbonaceous surface species can be obvious enough for
consideration in detail because these species may possibly be lost all by the oxidation
with oxygen. In general, it is well known that the temperature programmed oxidation

technique has extensively been accepted in the worldwide to use for the



79

characterization of coke deposition [206], which is an important deactivation mode in

hydrocarbon conversion processes under reducing atmosphere, e.g., dehydrogenation
[207], cracking [208], reforming [209] and etc. Hence, the comparative study of the

formation of carbon containing species in the reactions with and without oxygen is

carried out.

In this section, the 0.3% Pt/Al,O3 catalyst was used to study the formation of
carbonaceous species in the two rea‘t"[zm/s under reducing condition, i.e.,

dehydrogenation and non selective ¢ }1})\ // f NO, and in the two reactions
under oxidizing condition, i. ;arbon @n and selective catalytic

reduction of NO under excess 0xygen: Pri t on test, 0.5 g of catalyst was
reduced with a flow of H, a ' down from 500°C to a

given reaction temperature,
1

1 . Either propane or
propene was used as the' hydroCarbon res

ol

ir compositions were
on 1000 ppm NO, 2.5%

oxygen and He balance being d erﬁ:‘l_éﬁ_téén e tion. The time on stream of all
reactions was fixed at 2 h. The spem_:e@fysﬁ, ich reaction was characterized by
temperature programmed:oxidation tec hnique performed by burning it in 1% oxygen

in helium. ) =
[ j

The effect ﬁiﬁ lzjs Ejlﬁ%ﬁﬁr Bﬁ %‘AAIZOB catalyst at
350°C for the react %J t oxygen land ‘at 170° he'reactions with oxygen is
shown in Figures 5.1 and 5.2 reﬁectivglilrln all re@etions, it is observed that the

reactions w q;&;]ea \F) Pralcd b &vdh e i

interval of time on stream than those with propane. However, in the dehydrogenation

and the non-selective reduction of NO, the conversion of propene is dropped more
rapidly than that of propane. When the time on stream approaches to 2 h, the reaction

with propene gives less hydrocarbon conversion than that with propane.
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reactions with oxygen on Pt/Al,O; catalyst at 170°C
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After each reaction, 0.3 g of the spent catalyst was characterized by
temperature programmed oxidation technique. The TPO profiles of the spent
Pt/Al,05 catalysts are exhibited in Figures 5.3 and 5.4 for the reactions without and
with oxygen, respectively. Each sample obtained from the reaction without oxygen
shows a TPO peak around 425°C represented to the coke on the support as reported in
the previous work [210]. Considering the TPO profiles of the spent catalyst from the
reaction with oxygen, the absence of NO in the feed stream results in the TPO profiles
indicating a shoulder at 250°C and a TRPO peak around 425°C. While the TPO
profiles of the spent catalyst treated i / tems shows only TPO peak at
the temperature around 325°C /

ane and two peaks at the

acti ith propene. The percentage
: ity of ¢ yrmation defined as the
‘ atom obtained from the

Table 5.1.

temperature around 325°C an
of carbon in the spent catal
ratio of carbon atom in c

converted hydrocarbon in fee

Table 5.1 The hydrocarbo ony, aceous species and the

selectivity of coke

Reaction | Reactant Selectivity of
2t S (o ey ‘E' ‘ coke formation
(%)
HC C3Hg 0.22
c31ﬂ 0.27
HCHNO | C;HY ol 0
(hiid b oo
HC+0, |1 CiHg 170 117 013 1.13
C3He 170 100.0 0.48 0.29
HC+NO+0, | C3Hs 170 5.6 0.12 1.07
CsHe 170 40.1 0.33 0.54
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Figure 5.4 The temperature programmed oxidation profiles of the spent Pt/AL,O;

catalysts from various reactions with oxygen
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From table 5.1, it is found that under reducing atmosphere propene gives
higher selectivity of coke formation than propane, whereas under oxidizing
atmosphere the results are contradictory. For the reactions without oxygen, propane is
eliminated hydrogen to produce propene. The hydrogen can suppress coke formation.
On the other hand, using propene as the reactant, propene can easily be added
hydrogen to produce propane at this temperature. The hydrogen may rapidly be used
for the formation of propane product or slightly suppress coke formation, since the
selectivity of coke formation with propene 1s more than that with propane. It is

significantly observed that if NO is HQTM\ wd stream without oxygen, the

amount of coke will decrease bo ent o and propene as the reactant.

When propene is used as th@e presen esults in the decrease of a
g 1and us{?g*\pepe\as the reactant, the main

bonaceous species are
sides, in the reaction with
absence of NO gives a little
oresence of NO. On the other hand, in
case of propene, the sel\erﬁgvity of coke f(;rmazion mm% of NO is about two
times higher than that insthie absence of NO. It
first reacted with adsorbedjxygen to be

hat‘propane or propene is
o the intg}nediate surface species.
With propane, these intermediate surface species are expected to be hardly reacted

with NO resultmgﬂ thd Sabivalot|of thd dmaudt b carbbiabeobis species and the

selectivity of coke f%lrmatlon in the reaction with andglthout NO. I-E))Never in case

o oo SRR Y DY B4 P o

suggestions.

1. NO is hardly reacted with the intermediate surface species but it prefers to
dissociate into dinitrogen. Thus, since the dissociation of NO hinders the formation
of carbon dioxide, the intermediate surface species prefers to produce the remaining

carbonaceous species rather than carbon dioxide in the reaction with NO.
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2. Both NO and propene would compete to adsorb on the active sites. NO
reacted with oxygen to produce NO,, which could preferably reacted with propene or
propene-derived species. Inasmuch as the first step is irritated by NO, it is noticed
that the propene conversion and the amount of coke decrease in the reaction with NO.
The selectivity of coke formation is dependent on the competition of NO and propene

to react with oxygen.

Further studies are necessary to elucidate the actual mechanism of Pt/Al;03

catalyst in all four reactions. Howevq{\ ’e information in this section it is

confirm that the formation of e ous ecles is much enough for

more BET surface area than the al }% su .41 fed platinum catalyst. This indicates

.
"'.-ll',.p--.f

the plugging of the lochﬁl platinum on the e platinum dispersion

atom can be rather

thoroughly distributed on g alumina c loro@tinic acid hexahydrate is

used as the platinum precursat, -,

AUIINYNINYING

Table 5.2 The plati'lum composition, tbe specific surface area, the metal active sites

ARTRART ReRIA0 e 6 B

The single point | Metal active sites
Pt content Pt dispersion
Sample BET surface area | (x 10'° molecule

(Yowt)

2 (%)
(m“/g sample) of CO/g sample)

AlLO; - 285 % .
Pt/Al,O3 1.0 269 2.55 83
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5.2.2 X-ray Diffraction Pattern

X-ray Diffraction is an important technique identifying the crystal structure.
The XRD patterns of a pure alumina support and the fresh 1 wt% Pt/Al,O; catalyst
are illustrated in Figure 5.5. It can not be oBserved the difference between both XRD
spectra. This means that the amount of platinum on the catalyst surface may be not
enough to be detected by this technique or the platinum particle size may be quite
small. It is remarked that both XRD spectr

finitely show the characteristic peak of
amorphous y-Al,O03 [211]. }

Intensity (a.u.)

10 70 80

poess o i Y %g DS IR B Sa0scaye
q mmn‘im URIAINYIAY
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5.2.3 Acidity Behavior

In general, strong bases, as adsorbates, should in principle be suitable probes
for the evaluation of the overall acidity of catalysts, as well as to distinguish between
protonic (Brensted) acidity and aprotic (Lewis) acidity. In this work, pyridine and
ammonia are independently used as probe molecules for acidity measurements. It is
remarked that the different familiars of acid sites are characterized by pyridine
adsorption technique whereas the total concentration of acid centers at the catalyst
surface is measured by ammonia t ‘bek ammed desorption (NH3 TPD)

method. ‘h}:_\, “A

. n.,,'_H
: %@ed from the adsorption

8 S

Figure 5.6 demonstM ;
ture. followed by the temperature

of pyridine on 1 wt% Pt/A
programmed desorption unde 1o 00°C. It is observed that the spectrum
of the adsorbed pyridine ' erafuire, shi¢ e Il;%ous band at 1445 cm™
due to adsorbed pyridine o

work [212]. On the other h d 1635 cm™ representative

to pyridinium ion on Brensted c1d'¢$ﬂ§s can ot ] ected on this catalyst. The
1640-1550 cm™ spectral region mvgﬁgmg;the 1578 cm’, 1593 cm™ and 1614
cm’ is likely assigned QF-‘-\)e adsorbed Dvrldme Mﬁ sites [213]. The two

formers are formed whenever Al i ions possess the - coordination while a

prevalent latter indicates t presence of the tetrahedral cooﬂnatlon of Al ions [213].

It is noted that on ﬁhe 1491 em™ band can nét/be addressed to a single site. This

ARiA)0) Hhit v s fabial dids dre present. Afer

heating under evacuatlon from room temperature to‘§00°C it can b_g seen that all

vt s e s ) ) e

500°C.

result suggests th

To study the acid strength of Lewis acid sites, the rate of desorption as well as
the amount of desorbed pyridine on Lewis acid sites at various temperatures are
closely observed by focusing on the distinct band at 1445 cm™ as shown in Figures
5.7 and 5.8, respectively. It is found that most of adsorbed pyridine on Lewis acid

sites are dramatically released at temperature below 200°C. Nevertheless, there are
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about 10% of the adsorbed pyridine remaining on the catalyst surface at temperature
above 300°C. This indicates that a majority of acid sites on Pt/Al;Oj3 catalyst behaves

the weak Lewis acid sites.
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Figure 5.8 The amount of desorbed pyridine releasing from Lewis acid sites of

Pt/Al,0j3 at various temperatures by focusing on the band at 1445 cm’
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In order to provide more complete information about the characteristics of the
surface acid sites of a Pt/AL,Oj catalyst, the acidity measurement was also carried out
by the conventional temperature programmed desorption of ammonia. Although this
procedure can not resolve to discriminate between different types of acid sites, it is
routinely used to evaluate the total acidity of catalysts. The spectrum obtained with 1
%wt Pt/AL;03 is reported in Figure 5.9. NH3 TPD gives rise to a low temperature
peak, with a maximum at 125°C, and a shoulder at 200°C, with a tail extending to

600°C. The spectrum points to a wide di of strengths of acid sites. The total

amount of desorbed ammonia is 7.2 atalyst, corresponding to 1.6 x

NH, signal (a.u.)

0 li-200 500 600 700

ﬂumm}m’rm’mi
F‘““”Wﬁ‘\‘fﬁ“ﬁ'ﬂm‘ﬁ’ﬁ’ﬂ Y18 Y
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5.2.4 Basicity Behavior

In fact, the surface basicity of Al;O3-based catalysts is fairly important on a
catalytic and a conventional chemical ground, for their acidity rather than for their
basicity. However, some literature [214] has reported the promotional effect of
alkalis, which are relatively concerned with the surface basicity, on the catalytic
reduction of NO by propene over Pt-based catalyst. Hence, the surface basicity is

measured by the gas-solid adsorption and d

sorption of CO, method in this section.
Figure 5.10 exhibits CO, TPD profile of i;
gur 2 P & Q\'\ | }

/A1,03 catalyst. This spectrum
extending to 450°C. The

approximately 1.0 x 107 mole/g of

catalyst, corresponding to 2. 0'Efholecnle/m?
N ’

-
%

shows a peak with a maximum A,____: and

total amount of desorbed carbon.dioxide is

CO, signal (a.u.)

600 700

ARSI N8y

Figure 5.10 earbon dioxide TPD spectrum of a Pt/Al,0; catalyst
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5.3 Mechanistic Studies in the Selective Catalytic Reduction of NO by C3Hg
under Excess Oxygen on a Pt/ALO; Catalyst through the Investigation of

Surface Species
5.3.1 The Catalytic Activity Behavior
The general feature for the selective catalytic reduction of NO by C3;Hg is the

competitive interaction between NO and O !o selectively react with C3Hg. Although
‘ , NO, which is present even at a

this reaction operates under a large e&ch@\
fte Hs. Hence, the
much lower concentration than ‘99,.__ e e act with C;Hs. e

surface oxygen is expected w'r 1m 1€ reactlon than the gas phase
oxygen. Two sets of Pt/Al st ¢ w,L 'ch‘ he different surface oxygen was
prepared by the two differ , e tested by the catalytlc activity

flow and this sample is deno tg-".b-E'Pt /
surface oxygen on non-reduced Pt‘/_A‘_j;G}T pa%roved to be certainly different

from that on pre-reduce%_,%/Alz% catalyst in reference [215]. 5

-

Figure 5.11 shows Iae comparison of t€mperature prd&ammed reaction profile
involving C3Hg and NO conversions versusithe elevated temperature between

Pro/ALOs and Pt il Eltaghl | ol b sk b b hemb catalytic activity

behavior although tﬁ!: profiles of C3Hggand NO congrsions for Ptoﬁ1203 catalyst
v DG 5 b YA 1 B . i
NO reduction! reaches a sharp maximum of approximately 40% at 275°C and 15% at
375°C for Ptg/Al,O3 and Pt,/Al,O3 catalysts, respectively. The onset of NO
reduction and the peak in the NO conversion are closely related to the C3Hg oxidation.
Conversions of C3Hg and NO begin at the same temperature and raise together until
NO reduction reaches a maximum value at approximately similar temperature where
the C3Hg oxidation is complete. This coincidence of C3Hg and NO conversions is a

general phenomenon within lean-NOy catalysis [116]. It is significantly noted that
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Pted/Al;O3 catalyst gives much more N,O selectivity than Pt,/Al,O; catalyst.
Therefore, in the NO reduction with C3Hg over Pt-based catalyst, the N,O/N, ratio in
the product depends much more strongly on temperature than the feature of surface

oxygen.

100
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E 60 - 'gg to N, (Pteg o |
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)
O
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0 _ - 5 1
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Figure 5.11 The temperature prg_g_f?@?d: , profiles of Pto/Al,O; and
Ptieq/ Al,O3 Calal§fsts for the sel dugtion of NO by C3Hg

The maximﬁin the N@sreduction curvé-£an be attributed to the presence of

two competing o tu %c’a;m I%Junibw Eld’][\a jd 0. At low

temperatures below Hle temperature ofgmaximum NO reduction CgHi selectively

reacts with ND Y heppetnts g dhib Winpbraied/ bievteghde of e

C;3;Hg+0O, reaction increases faster than the rate of C3Hg+NO reaction, and as a result,

decreased levels of NO reduction are observed. This is in agreement with the report
that C3H¢ and NO disappearance reactions have the same activation energy values at
low reaction temperatures whereas C3Hg and O, have the same activation energy
values at high reaction temperatures [189]. The close coupling between the NO
reduction and the C3;Hs oxidation curves at temperatures below the temperature of
maximum NO reduction suggests that the activation of the hydrocarbon is kinetically

significant in this region. It is suggested that the C3Hg activation on Ptred/ Al O4
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catalyst occurs faster than that on Pt,/Al,O; catalyst resulting in lowering the onset
reaction temperature. The capability in hydrogen consumption at lower temperatures

of pre-reduced Pt/Al,0O3 catalyst in other literature [216] supports this speculation.

The effect of the presence of NO on the C3Hg oxidation activity of Pty/Al,03
and Ptr4s/Al,O; catalysts was also examined. On both catalysts the presence of NO
retards the activation of C3Hg by 100°C, as can be seen in Figure 5.12. This result is

corresponding with the reference suggesti t at low temperatures NO blocked the
active sites responsible for propen It should be noted that the
inhibition of C3Hg oxidation activity.b 1 dent on the different feature of

surface oxygen.
100
P 8 al
E\i 0
S
-E 60 -
[P]
»
=
80 40 1
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O 20- ~46-n0 NO (Pt,.q)
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" A, 1[] ~4-add NO (Pt
0 100 ¢ 2 200

ﬂummmmnm
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5.3.2 The Nature of Surface Species

To approach the main goal for proposal of reaction mechanism, the detailed
information about the feature of surface species produced on the catalyst surface is
enough obtained and carefully considered because the surface species behave to be
not only the intermediate species but also the spectator species. Although the use of
in situ Fourier transform infrared spectroscopy technique seems to be still the routine
way to evaluate an exact role of surface species, the contradictory conclusions in the
published works have been regularl;: BQ\W refore, the proposed reaction
mechanism related to the clalmed diate &lso ambiguous. Hence, the
other procedures are necessam_—

information from IR techniqu

sedf to sup and confirm the previous

‘ Mtlon of surface species
ing three inuous steps containing

TPD) step and temperature

reaction step, temperature

programmed oxidation (T rs? step, the sample was

exposed to the selected reac ture until saturation for

producing the surface specie state conversions were

obtained by this step. The TPI e{ﬁmﬂ% ond step was subsequently

carried out to remove the adsorbed surface s fterwards, the removal of the

remaining deposits was Q(ex:formed in the final step. i ﬁ
Prior to study the ngction ‘mechanism of the selectiM: catalytic reduction of
NO by C3Hg under lean-burn €ondition via the mueﬁgatlon of surface species by the

temperature prograﬁi‘n%t&inq.\%t&l mgq ﬁglacﬁmth the reaction

involving the well ]&low mechanism ingorder to proye that this tec&gplque can be
effective fo@eﬁfi—i}tﬁﬂ ﬁ@nﬁéclﬂl% ’qo’—a%% a aaa%}e catalyst
because its abtivity for the selective catalytic reduction of NO by methane is very
high, compared to other ion-exchanged ZSM-5 catalysts. Although the introduction
of the other hydrocarbons instead of methane has not much been studied, the previous
works have been unanimous that the proposed mechanism for the selective catalytic
reduction of NO by various hydrocarbons over Co-ZSM-5 is the same pathway. It
contains two main steps, i.e., the hydrocarbon activation leading to the N-containing

intermediate species and the conversion of these species to final products.
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From the observation about the formation of intermediate species on Co-ZSM-
5 by varying the adsorbed gas mixture in absorption step (C3Hs, C3Hg+NO, C3Hg+O>
and C3Hg+NO+QO,), it is found that for all systems the surface species are entirely
removed on TPO step, while no species was released during TPD step.- In addition, it
can be concluded that the intermediate species for the selective catalytic reduction of
NO by propene on Co-ZSM-5 catalyst are necessarily formed by the interaction of

NO, propene and oxygen. The investigation of the removal of intermediate species
igy propene in the presence of oxygen

&go, 02 and NO+0;) indicates

for the selective catalytic reduction of N

excess over Co-ZSM-5 by varyin

elerated the removal of

intermediate species. These re i ith the open literatures [217-
219] reporting the reactio efo emperature programmed
technique is definitely confi tion of reaction mechanism.

the similarity of catalytic activity bghavior x/AlbO3 and Pt.s/Al,O3
catalysts only one is tested. Ptreq Al@é&s‘ is chosen because it is easy to observe

NO conversion. Two sets of gas ﬂﬁitﬁé“(@ 6 05 ar 1d C3Hg+NO+0O;) were used in

temperature no conversion I. noticed. Figure >.14 depict the relevant traces

: |
of outlet gases obtained or‘:jl‘ PD step after dosing the gas mixture of C3Hg+O, and

C3Hg+tNO+O, on Pt 4 c"‘t o ' urroutlet gases for
C3Hg+NO+O, syste@'ﬂcﬂo?dmi‘gj Iﬁﬂﬂlﬁﬁ@mbon dioxide is
released when t i NOint ﬁiﬁ i It is si nﬁl y noticed
that no specﬁ}‘ iﬁﬁé (ﬁlfj”[% Ej ﬁ ;Tﬁxvl tg yT gl
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Figure 5.14 The temperature programmed desorption profiles of Pts/Al,O; after

dosing 1000 ppm C3Hs + 1000 ppm NO + 5% O, at 100°C for 2 h
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For C3HgtO, system, a sharp peak of carbon dioxide appears at 375°C
whereas for C3Hg+NO+0, system, it is shifted to lower temperature (at approximately
300°C) with a shoulder at ca. 375°C. It is noted that the amount of carbon-containing
compounds released from both systems is equivalent. Taking close consideration, it is
seen that there are two peaks in C3Hg+NO+O, system after deconvolution, i.e., at 300
and 375°C. In addition, the deconvolution of nitrogen profile obtained from

C3Hg+NO+0, system shows a peak at 375°C and a broad peak at low temperature

range (200-350°C). From these result ined that the presence of NO in the
adsorbed gas mixture induces m@gg\ surface species at 300°C.
According to the open 11tera 123] mtnto organic compounds

were absolutely detected ly
onto Pt-ZSM-5 at 100°C. Coi

both systems and the a

fter addm:?que of C3HgtNO+O,
iti ioxide peak at 375°C in

same temperature for

Pt/SiO,, the organic nitro aﬁjl nitrite compound red at'f w temperature whereas

the organic carbonyl species dp.nd isocyanate spec1es occurred at higher temperature

[123]. Therefore, ﬂ ﬂfﬁ !}% ﬁf'ﬂ ﬁz\ﬁ msﬂ)sgerved after dosing

the gas mixture of C3H¢+O, and C3H6+NO+02 at each reaction temperature of 150°C

and 225°C swrvr@ ﬁ m nﬁ ﬂvﬂlﬂl system is
equally appreximately 20%. es 6 illustrat tracés of Outlet gases

during TPD step containing carbon dioxide, methane, carbon monoxide and oxygen
for C3Hg+O; system and the additional nitrogen and nitrous oxide for C3Hg+NO+O,
system. It is significantly remarked that most of surface species are released during
TPD step whereas the amount of outlet gases by TPO step is extremely small. Hence,
it is suggested that the surface species can easily decompose themselves on

Pt,.¢/Al,O5 catalyst, unlike zeolite-based catalyst as reported elsewhere [220].
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Figure 5.16 The temperature programmed desorption profiles of Pt.q/Al,O; after
dosing 1000 ppm C3He + 1000 ppm NO + 5% O, at 225°C for2 h
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In case of C3Hgt+O; system, as seen in Figure 5.15, the carbon dioxide profile
shows two main peaks at 450°C and 525°C. There is a little amount of methane at a
temperature range 300°C to 475°C. It was interesting that for the carbon monoxide
and oxygen traces, their peak and shoulder are located to be coincident with the
carbon dioxide peak at 450°C and that at 525°C, respectively. In case of
C3HgtNO+O, system as shown in Figure 5.16, there are two carbon dioxide peaks
and two oxygen peaks in TPD profile, while the other gases give only one peak.

Nitrogen and nitrous oxide peaks exist at low temperature whereas methane and
: e. The deconvolution of these
\\

carbon monoxide peaks are located at.higb
TPD profiles indicates that there a%st thre f surface species occurred on

the catalyst surface. They are a as%xH ) iH;O1)LT, and (CHHnOn)ur
species decomposing themse fempe NQOWC to 400°C), at
%

moderate one (350°C to 550° e (400°C 10 800°C), respectively. The
existence of these surface ‘ ent with, the observation by IR
technique in several reference 7]. [ AR example vc*ves the observation of

that only isocyanate species diSappéared by fl

——

addition, only isocyanate and acetaié';gﬁc?s; \Were ‘observed when increasing the
'
reaction temperature at %‘5& and_again only the intensity oOf isocyanate peak was

[

Considering e ¢ § \ﬁJ i sing the gas mixture
of C3Het+O, at lﬁéu\ﬁo ’:?IT Eﬂrﬂh mﬁo ife] ﬁgaks is definitely
coincident with that of two TPD Ofﬁ ssigne il; tHmOn)ur
species in c’%ﬁo ﬁim Ep jiﬁﬁﬁﬁ\gj mtﬁﬁsimd the

production of the particular surface species assigned as CxHyO,N,, species whereas

essentially affected after t e:j
|

two types of partially oxidized hydrocarbons, (CiH;Ox)Lt, and (CiHmOn)ur species, are
certainly generated in both C3Hg+0; and C3Hg+NO+O, systems.

In fact, the obtained surface species may possibly play a role to be either the
intermediate species or the spectator species depending on the reaction condition as

reported in some literature. An example of the contradictory proposal is that nitro,
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nitrite and carbonyl surface species were proposed to be key reaction intermediates
for the selective catalytic reduction of NO by C3Hg on Pt/SiO, at 120°C in one
published paper [121]. While the other works suggested that nitro, nitrito and
isocyanate species were not the catalytic active intermediates for the selective
catalytic reaction of NO by C3Hg on Pt-ZSM-5 at 250°C [124, 125]. In addition, there
is some literature concluding independently that carboxylates, nitrates and cyanide
species were probably the spectator byproducts of the selective catalytic reduction of

NO by C3Hg on Pt/Al, 05 at 250°C, wher & urface isocyanate species could be a

potential reaction intermediate in W1th the above-mentioned

reason, the reactivity of CyH @M’ ng()m ,HmOn)m species with the

—=

oxidizing reactant gas in the per. studied. The reactivity

test was conducted by usi tion of surface species

through dosing gas mixture Pt.ea/Al,O3 at 150 and

Figures 5.17 and 5.18 s oxﬂ%@"ﬁ iréc@uﬂet gases obtained from the
oxidation of surface spe01es by Ofao?&ngm_l st, which is exposed by
C3HgtO; and C;sH¢+NG ] -Outlet gases contain

carbon dioxide, nitrogen ané-lmtrous oxide for Oz ystem and only carbon

dioxide is released from th catalyst surface for C3H6+02 system With the surface
species produced by«C ? sition of carbon
dioxide peak add“1" ﬁﬂ(; zy] ﬂm\z ﬂ‘ﬂg ﬁ;ﬁ) troducing O, as
oxidizing gas. re, th t:ﬁﬁ] id s are also
not shifted valﬁr’ejsa \ﬂﬁﬁ i‘] ﬁsijﬂ%j 91 \Ellecies can

decompose themselves under a large excess of oxygen at the same temperature where

they decompose under helium flow. Considering the reactivity behavior with O, of
(CiHjOk)L1, and (CiHmOn)ur species for both dosing gases through the carbon dioxide
peak, the same pattern of carbon dioxide curves is observed. A larger amount of
carbon dioxide released at low temperature and the disappearance of the carbon
dioxide peak at high temperature (525°C) indicates that the surface species

decomposing at high temperature, (C;H,On)ur species, are easily removed by O,.
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However, the relatively small shift to lower temperature of the peak of (CH;Ok)ir
species and neither methane nor carbon monoxide released from the catalyst surface
manifest that these species are slightly reactive with O,. It is remarked that
(CiH;O)LT species obtained from C3Het+O, mixture is more easily oxidized by O,
than those obtained from C;Hg+NO+Q, mixture. It may be due to the different
chemical proportion of C, H and O atoms in (CiH;Ox)Lt species of both systems.

When the oxidizing gas is changed from 0, to NO+O,, the concentrations of

carbon and nitrogen containing co d during TPO experiment for
using C3Hgt+O, and C3H6+NO+O%¢M mg gases are illustrated in
Figures 5.19 and 5.20, respem ob weﬂ@ either O, or NO+O, as
the oxidizing gas the patterns i X1

system. However, the signific
production of nitrogen in C;
C3HgtNO+O; system for
between (CiH;Ox)Lt, as wel

e larger amount of nitrogen in
C ﬁ&!’ﬂdicates the interaction
i d ad NO to produce nitrogen but

by O,. This corresponds with ; itera 21], which suggested that on
a2 d "

this phenomena hardly influen

“adc ing a small amount

0°C and ﬂ}e nitrous oxide peak at

the same temperatﬁ Mﬁe S ﬂﬁ m ;\jt;o en peak at 350°C is
rather difficult und m ﬁ the oxidizing gas
could possibly 1nteract with other surfacé species to preduce nitrogeng However, no

it of nicfelpeok B} e g B |G 2D ment can

eliminate thlS doubtfulness. Therefore, it is pronounced that neither NO nor O, is

decompose themselves

of NO due to no shift of c

on dioxide pea

involved in the decomposition of CxHyO,Ny species at any temperature. This was
also in agreement with the previous work [126] reporting that the surface cyanide on

Pt/A1,03 was not reacting in NO, NO,, O, and NO+O; environments at 250°C.
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Figure 5.18 The temperature programmed oxidation profiles of Pt,4/Al,O3 by using
1% O as the oxidizing gas after dosing 1000 ppm C3Hg + 1000 ppm NO
+5% Ozat 225°C for2 h
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Figure 5.20 The temperature programmed oxidation profiles of Pt.4/Al,O3 by using
1000 ppm NO + 1% O as the oxidizing gas after dosing 1000 ppm C3Hg
+ 1000 ppm NO + 5% O, at 225°C for 2 h
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From the observation in the reactivity test by NO+O, that NO can react with
two partially oxidized hydrocarbon to produce nitrogen under a large excess of
oxygen, it is interesting to prove whether only NO can react with these species.
Figure 5.21 demonstrates the temperature programmed oxidation profile of
Pt.s/Al,05 catalyst after dosing C3Hs+NO+O, mixture at 225°C for 2 h followed the
elevation of temperature under NO atmosphere. It is clear that the peaks of three
carbon containing products are still in the same position compared with those
obtained from the elevation of tempera der helium atmosphere. However,
under NO atmosphere the carbon m@g&g{‘j‘ essed as (CiH;O)Lr species is

Yl

properly substituted by the car ioxide peak ows the slight reactivity of

(GiH;jOx)Lr species to NO. A
indicates that NO can ind /1

decomposing temperature of

trogen containing products

surface species at each

e noted that the existence

of carbon dioxide peak at 5 is used as the oxidizing gas
ﬁ) to be reactive with

low temperature range

exhibits that O, is a more
(CHmOn)ur species. Alsoy
under NO+O, atmosphere is eraction between NO and
(CiHmOy)ur species but the rea 101{1@0@‘ NO; favored by NO oxidation at low
temperature and these species. Th@n? sreemer

which reported that on;-iﬂ/Sng_thn arbon

{

' |

From all aboyeg i i , 0 eﬁf P ies produced from
the reactant with I\%Tj\j) ﬂﬁ‘mﬂ ijc ﬂiﬁﬁies not affect the
formation of partial%I oxidized hydrocarbons as wellaas their reactivity to oxidizing
gases but ﬂ aﬁt’s