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Abstract

ZrO2–TiO2 mixed oxides with various ZrO2/ZrO2 + TiO2 composition (0.9, 0.5 and 0.1) were prepared by the sol–gel method and used as

catalytic support for Pt. As a function of the support composition the surface area of ZrO2–TiO2 oxides goes through a maximum (552 m2/g)

for the (ZT0.5) support whose surface area was almost nine times higher than that of the single oxides (around 60 m2/g). Also, different

reducibility properties of the platinum oxide were observed. The catalytic performance of the solids was studied using the selective reduction

of NO with CH4. The steady-state activity of the catalysts was also dependent on the support composition. The reactivity of the catalysts

(TON) in the range 573–773 K follows the order: Pt/ZT(0.9) > Pt/ZrO2 � Pt/ZT(0.5) � Pt/ZT(0.1) > Pt/TiO2. The Pt/ZT(0.9) catalyst which

includes in the support formulation 10 mol% of TiO2 showed the highest catalytic activity with TON values 2.5 times higher than those found

in Pt/ZrO2. Also the selectivity for N2 production was slightly higher for this catalyst. The addition of N2O as an oxygen source for NO

oxidation was also evaluated. All catalysts improved their performance in the presence of N2O. The combination of acid properties, particle

size and the presence of stable isocyano type intermediates which characterize the Pt/ZT(0.9) catalyst could explain its performance.
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1. Introduction

The removal of NOx from exhaust gases is still one of the

greatest challenges in the field of Environment Protection.

Various approaches have been taken depending on the

application, and the selective reduction with ammonia is one

of the most commonly used technologies [1]. The selective

catalytic reduction of nitric oxide with hydrocarbons (HC-

SCR) has received increased attention in the last years and

this is due to the need for replacing the NH3-SCR process.

Among hydrocarbons, methane offers the benefits of low

cost and wide availability compared to other hydrocarbons.

Its relative inertness provides however lower activity than

other reduction gases over most catalytic systems [2,3].

Therefore, efforts have been focused on the development of
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CH4-SCR catalysts that will be active, selective and stable. It

has been recognised that strong acidic catalysts are the most

active for HC-SCR reaction and these include strongly

acidic zeolites [4–6], sulphated zirconia or binary oxides [7].

Mixed oxides have been used as support for HC-SCR

catalyst. Hosose et al. [8] reported that the addition of copper

to SiO2–Al2O3 binary oxides enhanced the catalytic activity

for NO reduction by ethane. On the other hand, Haneda et al.

[9] reported that silver supported TiO2–ZrO2 catalyst

showed high activity for NO reduction by propene in

presence of oxygen and confirmed that TiO2–ZrO2 binary

oxide can be used as a good catalytic support for this

reaction. Mixed ZrO2–TiO2 oxide display some interesting

features as the presence of both acidic and basic sites, high

BET surface area and high thermal resistance with respect to

its individual ZrO2 and TiO2 components [10]. Moreover, it

has been reported [11] that addition of ZrO2 to TiO2 may

prevent the migration of reduced TiOx moieties onto the
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metal particles after high temperature reduction and by this

the strong metal–support interaction (SMSI) may be

inhibited.

The aim of this work is to investigate the properties of Pt

supported on mixed ZrO2–TiO2 oxides of various composi-

tions as catalyst for the NO reduction by CH4 reaction. The

support ZrO2–TiO2 with different molar ZrO2/TiO2 ratios

was synthesised by the sol–gel method and a detailed

characterization of physical and chemical properties of the

solids was achieved. The evolution of the xerogels as a

function of temperature was followed by TG/DSC analysis.

Textural and structural properties were characterized by N2

adsorption and DRX, respectively. TPR experiments were

done to know about the reduction properties of the solids and

Pt particle size and dispersion were evaluated from H2

chemisorption measurements. The steady-state activity of

the catalysts for the NO + CH4 reaction was studied in a flow

reactor under various reaction conditions. In a previous work

[12] investigation of the surface properties of these catalysts

was performed using XPS and DRIFT spectroscopy.
2. Experimental methods

2.1. Catalyst preparation

ZrO2, TiO2 and mixed ZrO2–TiO2 oxides were prepared

by the sol–gel method using alcoxide precursors from

Aldrich. For the preparation of ZrO2 and TiO2 oxides, the

precursors, Zr(OCH2CH2CH3)4 (zirconium(IV) propoxide)

and Ti(OCH2CH2CH3)4 (titanium(IV) propoxide), were first

partially hydrolyzed at 291 K. For this purpose, the proper

amount of the alcoxide was dissolved in CH3CH2CH2OH (n-

propanol, Merck) and stirred vigorously until solution

became homogeneous. Then, NH4OH (Merck) was added

and the solution was stirred for 5 more minutes (pH = 9). At

this stage, the molar ratio, alcoxide/C3H7OH/H2O/NH4OH

was 1/4/1/0.33. Temperature was then increased and after

10 min at reflux temperature, deionized water was added

drop by drop to complete hydrolysis and reflux was

continued for 1 h. The resultant mixture was cooled to room

temperature. The gels were aged in situ for 24 h and the

residual liquid was removed by decanting.

The same general protocol was used to prepare the ZrO2–

TiO2 oxides. In this case, the proper amount of each alcoxide

precursor to get the desired ZrO2/ZrO2 + TiO2 molar ratio

was used. In the first step of the synthesis the alcoxide of the

main oxide in the formulation was partially hydrolyzed as

described above. Afterwards, the second alcoxide was

added. At this point temperature was increased to reach

reflux temperature and hydrolysis was completed. In the

case of the equimolar composition (ZrO2/ZrO2 + -

TiO2 = 0.5) a mixture of the alcoxide precursors was used

as starting material. Xerogels obtained after heating in an

oven at 373 K for 24 h were calcined in static air using a

temperature ramp of 58/min. At first the samples were
maintained for 1 h at 373 K and after this stage temperature

was raised to 773 K and kept for 5 h.

Platinum (around 1 wt.%) was incorporated on the

supports by classical impregnation using an aqueous

solution of H2PtCl6 (Aldrich). After drying, the samples

were calcined in air (60 cm3/min) at 773 K for 2 h and then

reduced in flowing H2 (60 cm3/min) at the same temperature

for 1 h. The actual platinum content was determined by

Energy Dispersive Spectroscopy (EDS) in a Philips XL-30

Scanning Electron Microscopy. In what follows, catalysts

will be identified as follows: Pt/ZrO2 and Pt/TiO2 for Pt

supported on the single oxides, and Pt/ZT(M) for Pt

supported on ZT = ZrO2–TiO2 oxides and M = ZrO2/

ZrO2 + TiO2 molar ratio = 0.9, 0.5 and 0.1.

2.2. Characterization

The TG/DSC analysis of xerogels was carried out in a

TGA-51 Thermogravimetric Analysis system and DSC-10

Differential Scanning Calorimeter (TA Instruments) under

N2 atmosphere in the range of 293–1073 K for TGA analysis

and 293–873 K for DSC analysis at a heating rate of 10 K/

min.

The specific surface area of the samples was determined

by the BET method from N2 adsorption (30% N2/He gas

mixture) using the single point method in a RIG-100

multitask characterization unit from ISRI. Samples were

first degassed at 423 K for 1.5 h to eliminate moisture.

The crystallographic phase identification was performed

by X-ray diffraction (XRD) in a Bruker Advance D-8

equipment with Cu Ka radiation and a graphitic secondary

beam monochromator. Data were obtained in the 2u range

between 208 and 1108 with a step of 0.028 and a measuring

time of 2.7 s per point. The crystalline structures were

refined using the Rietveld technique by means of Fullprof-

V3.5D code [13].

TPR experiments were done using a characterization unit

RIG-100 from In Situ Research Inc. For TPR runs, the

sample (0.1 g) was placed in the reactor and purged with Ar

at room temperature and then heated at a rate of 10 K/min in

presence of a 5% H2/Ar gas mixture (30 cm3/min).

Pt particle size and dispersion were determined from

chemisorption measurements in a volumetric system.

Samples reduced at 773 K were reactivated in H2 for 1 h

at 673 K (for Ti-rich samples reduction and reactivation

temperature was 573 K in order to avoid SMSI effects).

After evacuation and cooling to 298 K, H2 uptakes were

measured. Total and irreversible adsorption isotherms were

recorded.

2.3. Catalytic activity measurements

The steady-state reaction experiments were performed

using a fixed-bed flow reactor on line with a GC (Gow Mac

580) for product analysis. The composition of the feed was

2500 ppm NO and 5250 ppm CH4 in balance He at a
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GHSV = 30500 h�1. For experiments in presence of N2O as

a source of oxygen, 2500 ppm of N2O was added to the feed.

Prior to reaction, catalyst was reactivated in situ at 673 K in

H2 flow (60 cm3/min) for 1 h. After this step the system was

purged with He for 1 h and the temperature was set to initiate

a run. To determine the activity of the catalyst as a function

of the temperature, conversion of NO and CH4 was followed

in the 573–773 K range. For each reaction temperature

activity was allowed to stabilize before temperature was

increased. The reaction products were separated using two

columns (4 m packed Carbosphere and Molecular Sieve 5A)

at 358 K. Activity versus time on stream (24 h) experiment

was performed at 673 K to study the stability of the catalysts.

Total activity was followed by the NO conversion as a

function of the reaction temperature and turn over number

(TON) values were evaluated from chemisorption data and a

steady-state NO reduction rate calculated as – rNO = aF/v,

where, a is the NO conversion, F the flow rate of NO (mol/s)

and v is the weight of the catalyst (g).
Fig. 1. Thermal analysis of ZrO2, TiO2 and ZrO2–TiO2 xerogels (a) TGA in

the range 293–1073 K and (b) DSC analysis in the range 293–873 K. All

measurements were performed under N2 atmosphere.

Table 1

Surface area (m2/g)

Supports Catalysts

ZrO2 68 Pt/ZrO2 42

ZT0.9 225 Pt/ZT(0.9) 181

ZT0.5 552 Pt/ZT(0.5) 465

ZT0.1 241 Pt/ZT(0.1) 177

TiO2 57 Pt/TiO2 50
3. Results and discussion

3.1. Thermal analysis

The TG curves of the xerogels are shown in Fig. 1a.

Several components, such as physically adsorbed water,

physically and chemically adsorbed alcohol and residual

organic material coming from the synthesis may be removed

and assigned to different steps in the TG curve. Sharp weight

losses are observed in two temperature ranges, the first

between 320 and 473 K and the second between 523 and

873 K. In general weight loss of the samples was around

30%. Related to this behavior, the DSC curves of all

samples, Fig. 1b, present an endothermic peak in the first

temperature range, which corresponds to elimination of

physically adsorbed water and alcohol [14,15]. In the second

temperature range, endothermic and exothermic processes

take place. Dehydroxilation occurs between 573 and 673 K

while exothermic peaks around 648–803 K are assigned to

elimination and burning of organic residual material and

crystallization processes of the oxides. Crystallization

processes of ZrO2 and TiO2 are characterized by exothermic

peaks in the range 673–723 K. The amorphous to anatase

transformation of TiO2 is reported to occur in the 673–753 K

range [16] while the crystallization of tetragonal zirconia is

reported around 700 K [17,15]. No exothermic peaks related

to crystallization processes of the material were observed in

the ZrO2–TiO2 sample with an equimolar composition

(ZT0.5) in this temperature range although crystallization in

a ZrTiO4 phase is reported to occur around 900 K [17].

3.2. Textural properties

The BET surface area of the solids is presented in Table 1.

The surface area of the ZrO2–TiO2 oxides goes through a
maximum (552 m2/g) for the (ZT0.5) support whose surface

area was almost nine-fold higher than the one of the single

oxides (around 60 m2/g). When Pt is incorporated to the

support the surface area decreases. This can be attributed to a

blockage of the pores of the support by supported Pt

particles. Nevertheless, as before, the same trend in the

behavior of the surface area is observed as a function of the

TiO2 content in the support. The morphology of the supports

may be observed in typical SEM images (Fig. 2). Grain size

evolution is related to the TiO2 content in the support. The

Zr-rich supports present smaller grain size compared to Ti-

rich samples. When the support composition is 1:1 grain size

is intermediate between the grain size of the ZrO2 and the

TiO2 oxides.
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Fig. 2. Typical SEM images of Pt/ZrO2–TiO2 catalysts. (a) Pt/ZrO2, (b) Pt/

ZT(0.5) and (c) Pt/TiO2.

Fig. 3. X-ray diffraction patterns of Pt/ZrO2–TiO2 catalysts.

Fig. 4. HREM image of a Pt particle on the ZrO2–TiO2(0.5) support.
3.3. Crystalline phases

The XRD patterns of the samples are shown in Fig. 3. No

evidence of Pt phase was observed in either the pure or the

mixed oxide supports. This result is not unexpected

considering that the Pt loading in the catalyst is rather

low. The Pt/ZrO2 catalyst showed a mixture of zirconia,

tetragonal and monoclinic phases with the former being

predominant. In the Pt/TiO2 sample, the anatase phase of

titania was identified. For the binary oxide supports, no

peaks attributable to TiO2 in the Zr-rich oxide, or to ZrO2 in

the Ti-rich oxide, were observed. As a common feature, the

intensity of the main peaks in the diffraction pattern

decreases and peaks become broader when TiO2 is

incorporated to ZrO2 or ZrO2 is incorporated to TiO2.
The presence of Ti4+ or Zr4+ cations in the major oxide

structure contributes on one hand to suppression of grain

growth and on the other to lattice deformation [18]. Some

variations in the cell parameters of the major oxide and a

significant diminution of the crystallite size of the major

oxide as TiO2 or ZrO2 are incorporated (13–9 nm for ZrO2

and 24–16 nm for TiO2) were observed. The XRD pattern of

the Pt/ZT(0.5) sample presented broad background diffrac-

tion lines indicating an amorphous material. This result is in

good agreement with the fact that no exothermic events

related to a phase transition from an amorphous to a

crystalline material were observed in the DSC analysis of the

ZT0.5 xerogel sample. Fig. 4 shows HREM images of a Pt

particle on the surface of the ZT0.5 support. Pt nanoparticle

is about 3.6 nm in diameter with interplanar distance of

0.195 nm assigned to Pt (2 0 0). The amorphous nature of

the support is also confirmed by this technique.

3.4. Reduction properties

The TPR profiles of calcined Pt/ZT samples are shown in

Fig. 5. Two broad temperature regions where hydrogen is
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Fig. 5. TPR profiles of calcined Pt/ZrO2–TiO2 catalysts.

Table 3

Pt dispersion and particle size calculated from H2 chemisorption experi-

ments

Catalysts D (%) f (nm)

Pt/ZrO2 16 6.2

Pt/ZT(0.9) 15 6.8

Pt/ZT(0.5) 26 3.8

Pt/ZT(0.1)a 21 4.9

Pt/TiO2
a 17 6.0

a Samples reduced at 573 K to avoid SMSI effects.
consumed, roughly below and above 673 K, may be

identified. The reduction temperature associated to the peak

observed in the first region clearly shifts to lower values as

the TiO2 content in the support increases. This peak is

assumed to represent the main reduction of the Pt oxide

phase (Pt4+ ! Pt). On TiO2 support, it occurs around 325 K

while on ZrO2 it is observed 490 K. This behavior suggests

that the interaction of the Pt oxide phase on each support is

different and probably linked to the nature of the surface

platinum oxides (chloride-containing and chloride-free)

generated from the calcination of the chloroplatinic

precursor adsorbed on the support [19,20]. In a previous

study [12], XPS showed that the binding energy of the

Pt 4f7/2 level was dependent on the support composition and

the reduction pre-treatments performed in situ at 473 and

773 K. Reduction of Pt is achieved at 773 K, although, for Pt

supported on ZrO2 and Zr-rich supports this reduction

process is more difficult.

In Table 2 are reported the hydrogen uptakes (theoretical

and experimental, the latter related only to the main peak

observed below 673 K) and the degree of reduction of the

platinum oxide. As observed, from the comparison of the

hydrogen uptakes in Table 2, platinum oxide is completely

reduced when supported on the ZrO2–TiO2 oxides. For Pt/

ZrO2 and Pt/TiO2 samples the experimental hydrogen
Table 2

Temperature programmed reduction data of calcined catalysts

Catalyst Pt (wt.%)a Red. temp. (K)b H

T

Pt/ZrO2 1.0 490 1

Pt/ZT(0.9) 0.92 478

Pt/ZT(0.5) 0.91 413

Pt/ZT(0.1) 0.82 383

Pt/TiO2 0.9 332
a Determined by EDS.
b Reduction temperature (first peak only).
c Theoretical and experimental H2 uptakes assuming Pt4+ ! Pt.
uptake is lower compared to the theoretical value. One

possible explanation for this result may be that hydrogen

consumption associated with small and broad shoulders

located after the first peak was not considered. These

features could be associated with the reduction of small Pt

oxide particles interacting strongly with the support. On the

other hand, hydrogen uptakes at temperatures higher than

673 K could be associated with partial reduction of the

support. It is well known that reduction of TiO2 takes place

at temperatures higher than 800 K but in the presence of Pt

this temperature is lowered [21].

3.5. Pt particle size and dispersion

Particle size and dispersion of Pt was calculated from H2

chemisorption measurements and the results are presented in

Table 3. TiO2 and Ti-rich samples were reduced at lower

temperature to prevent SMSI effects. Pt particle size and

dispersion is about the same when supported on ZrO2 and

Zr-rich support and slightly lower compared to values

obtained for Pt when supported on TiO2 and Ti-rich

supports. A better dispersion of Pt is observed for the ZT

(0.5) support which presented the highest surface area.

Nevertheless, the argument of higher surface area available

for Pt dispersion does not explain the result observed in the

Pt/ZT(0.9) catalyst, whose surface area was almost five

times higher than the one of the ZrO2 single oxide but Pt

dispersion is not improved. Phenomena related to the

interaction and mobility of the Pt precursor (oxychloropla-

tinic PtOxCly species) on the surface of the support during

activation process may be taken into account. The slightly

higher dispersion of Pt in the Ti-rich supports was also

observed by XPS analysis [12].
2 uptakesc (mmol/g cat) Reduction extent (%)

heoretical Experimental

02.6 95.8 93.4

94.6 94.9 100.3

93.6 97.5 104.2

84.0 84.0 100

92.3 83.1 90.0
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Fig. 6. TON values of Pt/ZrO2–TiO2 catalysts in the NO + CH4 reaction as

a function of reaction temperature (NO/CH4 = 0.5, GHSV = 30500 h�1).

Fig. 8. TON values in the NO + CH4 reaction as a function of time on

stream at 673 K.
3.6. Catalytic activity NO + CH4 reaction

Any significant catalytic activity of the bare supports

was observed (<6% at 773 K). The total activity of the

catalysts in terms of the NO conversion measured in the

range 573–773 K followed the order: Pt/ZT(0.9) > Pt/

ZT(0.5) > Pt/ZrO2 > Pt/ZT(0.1) > Pt/TiO2 [22]. Plati-

num supported on single oxides, presented moderated

activity at low temperature but the Pt/ZrO2 catalyst is more

active than the Pt/TiO2 catalyst in most of the reaction

temperature range. The addition of 10 mol% of TiO2 to the

ZrO2 in the support leads to an improvement of the

catalytic activity. All catalysts achieved 100% conversion

at 773 K. CH4 conversion increased as a function of the

reaction temperature and it was around 20% for all

catalysts at the highest temperature. Only small differ-

ences in the behavior of the conversion as a function of the

support composition were observed. Fig. 6 shows the
Fig. 7. Evolution of the N2 selectivity as a function of the support

composition. Selectivity was calculated taking into account only nitro-

gen-containing products (N2 + N2O).
calculated TON values for all catalysts as a function of the

reaction temperature. The TON value for Pt/ZT(0.9)

catalyst is 2.5 times higher compared to that observed for

Pt/ZrO2 catalyst. On the other hand, Pt/ZT(0.1), Pt/

ZT(0.5) and Pt/ZrO2 catalysts have similar TON.

The detected reaction products were N2, N2O, CO2 and

H2O. Fig. 7 shows the evolution of the selectivity towards N2

formation as a function of the support composition at 623,

723 and 773 K. The selectivity was calculated taking into

account only nitrogen-containing compounds (N2 and N2O).

As a general trend the selectivity increases as reaction

temperature increases. At 773 K it is almost 100% for Pt/

ZrO2, Pt/TiO2, Pt/ZT(0.5) and Pt/ZT(0.9) catalysts but a

lower selectivity is observed for the Pt/ZT(0.1) catalyst. As a

function of the support composition it can be observed that

selectivity, on one hand, it is higher for Pt/ZrO2–TiO2

catalysts compared to Pt supported on the single oxides and,

on the other, that the selectivity is slightly higher on the Pt/

ZT(0.9) catalyst.

The stability of the catalysts at 673 K was followed as a

function of time on stream. Fig. 8 shows the evolution of

TON values for a period of 24 h. Only the Pt/ZT(0.5) catalyst

showed some deactivation in that period of time. The

Pt/ZT(0.9) as observed is a very active and stable catalyst.

The effect of the addition of N2O in the feed as a source of

oxygen was evaluated. It is well known that oxygen is

essential for the reduction of NO with CH4 [23]. On the other

hand, nitrous oxide has been employed as an oxidant for

hydrocarbons [24]. Table 4 shows the TON values of Pt/

ZrO2 and Pt/ZT(0.9) catalysts at 673 K before and after

addition of 2500 ppm of nitrous oxide to the reaction
Table 4

Comparison of TON (h�1) values at 673 K in absence and presence of N2O

Catalyst NO + CH4 NO + CH4 + N2O

Pt/ZrO2 450 761

Pt/ZT(0.9) 979 1250
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mixture. As observed the TON increases in the presence of

N2O. Li and Armor [25] studied the effect of N2O in the

catalytic behavior of Co-ZSM-5 for the NO + CH4 reaction.

They have shown that the addition of N2O in the feed

increased the activity of the catalyst in the absence of O2.

Mixed oxides often show enhanced acidity in comparison

to the respective single oxide components. It is well known

that ZrO2–TiO2 exhibits high surface acidity by a charge

imbalance based on the generation of Ti–O–Zr bonding

according to Tanabe model [26]. The model predicts Lewis

acidity in the Zr-rich binary oxide, while in the Ti-rich

binary oxide, Brönsted acidity is expected. In line with this

Lahousse et al. [27] reported for the ZrO2 (23%)–TiO2

(77%) binary oxide the existence of Brönsted acidity. On the

other hand, it is considered that acid sites play an important

role for the SCR of NO by hydrocarbons. Some reports have

shown that the role of acid sites is to promote the NO

oxidation steps [4–7]. In a previous work surface properties

of the Pt/ZrO2–TiO2 catalysts were investigated [12]. IR

spectroscopy in its DRIFT mode was used to study the

surface species generated as the catalysts were exposed to an

NO + O2 gas mixture. The 1800–1100 cm�1 range was

examined and the observed peaks were assigned to nitrite/

nitrate species. The appearance of such species (NOx
�,

x = 2, 3) which are formed on Lewis acid sites [28] was used

as an indirect characterization of the catalyst acidity. It was

shown that all Zr-containing catalysts developed these

nitrite/nitrate species on the surface. In the same work [12],

DRIFT spectra of Pt/ZrO2, Pt/ZT(0.9) and Pt/ZT(0.5)

catalysts under NO + CH4 reaction in the absence of oxygen

were recorded at different temperatures. Only the Pt/ZT(0.9)

catalyst showed the presence of a moderately intense band at

2037 cm�1 and a less intense one at 2206 cm�1. The band at

2037 cm�1 was associated with isocyano (�NC) species and

the band at 2206 cm�1 was assigned to isocyanate species

(�NCO) [29]. The isocyanate species were assumed to be

produced by oxidation of the isocyano species by the water

produced in the reaction since no oxygen was fed into the

system.

Although the acidic properties of the catalyst surface

and the formation of stable isocyano species at high

temperature in Zr-rich catalysts at the Pt-support interface

and in particular in the Pt/ZT(0.9) catalyst could explain

the reactivity of this catalyst, particle size effects may also

be examined. It is known that the SCR-HC is a structure

sensitivereaction[30–33].Demichelietal. [32]haveshownfor

the NOreductionby CH4 the influenceofmetal particle size on

the activity and selectivity of Pt and Pt–Au/Al2O3 catalysts.

They found that the specific reaction rate increased with

increasing particle size from 1.5 to 15 nm indicating that the

reactioncanoccurpreferentiallyonlargePtplanes.Balintetal.

[31]haveshownfortheNO/CH4reactionthatboth, thesizeand

the dominant crystallographic orientation of Pt supported

particles are determining factors for the catalyst activity and

selectivity. In this view, the Pt/ZT(0.9) catalyst which

presented the largest particle size is also the most active.
4. Conclusions

The catalytic performance for the selective reduction of

NO by CH4 of Pt supported on ZrO2–TiO2 binary oxide

prepared by sol–gel was investigated. ZrO2–TiO2 mixed

oxides with various ZrO2/ZrO2 + TiO2 composition (0.9, 0.5

and 0.1) were prepared by the sol–gel method. For supports

calcined at 773 K as a function of the support composition

the surface area of the ZrO2–TiO2 oxides goes through a

maximum (552 m2/g) for the (ZT0.5) support whose surface

area was almost nine times higher than the one of the single

oxides (around 60 m2/g). XRD spectra showed for Zr-rich

supports a mixture of tetragonal and monoclinic phases of

ZrO2 with the former being predominant. For TiO2 and Ti-

rich oxides anatase was the predominant crystalline phase.

The ZT0.5 support was almost amorphous. On the other

hand, Pt oxide reduction temperature was also dependent on

the support composition. The reduction temperature

decreases as TiO2 is added to the support. The steady-state

activity of the catalysts was also dependent on the support

composition. The reactivity of the catalysts (TON) in the

range 573–773 K follows the order: Pt/ZT(0.9) > Pt/

ZrO2 � Pt/ZT(0.5) � Pt/ZT(0.1) > Pt/TiO2. The Pt/ZT(0.9)

catalyst showed the highest catalytic activity with TON values

as 2.5 times higher compared to Pt/ZrO2. Also, the selectivity

for N2 production was slightly higher for this catalyst. Pt

particle size for this catalyst was the largest. All catalysts

improved their performance in the presence of N2O. The

combination of acid properties, particle size and the presence

of stable isocyano type intermediates at the Pt-support

interface which characterize the Pt/ZT(0.9) catalyst may

explain its performance.
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