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ABSTRACT

The synthesis and characterization of gamma-alumina doped with cerium as platinum

support for the automobile exhaust catalyst are described. Platinum/aluinina/ceria

catalyst were prepared by impregration of hexachloroplatinic acid and sintered at 500 °C

to obtain metal dispersions of 1.0 wt% . Catalyst distribution inside the powder and the

effects of the addition of cerium to alumina were analyzed by the scanning electron

microscopy (SEM) and x-ray fluorescence spectroscopy (XRF). The results showned that

the alumina - supported catalysts contained well dispersion of the noble metal.



INTRODUCTION

Catalysts have been widely used to lower the emissions of carbon monoxide (CO) and

hydrocarbon (HC) in the exhaust of automobiles in the world. These catalysts contained

in so-called catalytic converters in the exhaust system of automobiles, promote the

oxidation of CO and HC to CO2 and H2O under net oxidizing condition. Platinum is used

in three-way catalysts for its contribution to CO and HC conversions especially during the

warm-up of converters from a cold start. This oxidation catalyst contributes to CO and

HC conversion, both during the initial warm-up period and during warmed-up operation.

Platinum make only a minor contribution to the conversion of NOX in exhaust because it is

not as effective as rhodium for reducing NO in the presence of SO2 and at high CO

concentrations near the stoichiometric air-fuel ratio [2].

The claimed benefits of Ce addition to catalysts include stabilization of the alumina

support against surface area loss and increased dispersion of platinum. CeO2 is generally

added to three-way catalysts to promote the water-gas shift reaction and to store oxygen

under lean conditions for use under rich condition of high temperature [2]. Interaction of

the noble metal with the CeO2 /AI2O.? increases the rate of oxygen uptake by the catalyst

does not change the amount of oxygen with reacts. The reasons for choosing alumina

supports for the noble metals include high surface area, attrition resistance, stable

structure under typical exhaust conditions favourable pore structure and adequate supply.



Factors considered include convertion and cost, catalyst performance and durability on a

particular vehicle and ease of replacement. A common method of catalyst preparation is by

impregnation. A high-surface-area porous support is contracted with a liquid solution of

active component. The active agent enters the porous support via capillary action and

diffusion and adsorbed on the available surface sites. Supported platinum catalysts are

usually prepared by contacting hexachloroplatinic acid with either a dry or solvent-filled

support.

Ceria promoted Pt/AhO.i is used to catalysts both oxidation and reduction reactions in

automobile exhaust catalysis. The main reactions in the exhaust catalysis are oxidation of

CO and HC, steam reforming and water gas shift reaction as well as reduction of NO.

However, in real exhaust gas catalysis the interactions of the different reactions play an

important role. For example, water is always present (10%) in exhaust gas, which

suggests that the presence of water may influence the properties of the catalyst [3]. The

steady state kinetics of some exhaust gas reactions is the oxidation of CO with pure

oxygen:

2CO + O, -> 2CO2

The oxidation mechanisms of hydrocarbons (HC) are more complex proceeding via

dissociation of the hydrocarbon on the catalysts surface. In connection of the exhaust

catalysis, the water-gas shift (WGS) reaction is also possible. The water-gas shift reaction

produces carbon dioxide and hydrogen:

CO + H>O -> CO, + H>



The most important application of the WGS technology is the production of H2. However,

the WGS reaction occurs whenever CO and H2O are present in a reacting mixture, so

WGS plays an important role in the conversion of CO in automobile exhaust catalysis.

The WGS reaction probably proceeds via surface hydroxyls, which are formed in the

dissociation of water. The surface hydroxyls then react which adsorbed CO giving CO2

and hydrogen on the surface. The hydrogen atoms undergo associative desorption

completing the catalytic cycle. Propene is a model molecule for the oxidation of

hydrocarbons. The overall reaction can be written as [3]:

2CH.,CH = CH2 + 9O2 -» 6CO2 + 6H2O

It has been proposed that the oxidation is proceeded by cracking steps, which give

precursors of the type CH.?, CH2 etc. on the surface. The cracking rate increases with

increasing chain length. Thus a plansible reaction mechanism of propene oxidation would

consist of adsorption, cracking (dissociation) and oxidation steps. Because of the

complexity of the system, the mechanistic ambitions in the interpretation of propene

oxidation are considerably lower than in the interpretation of CO oxidation and WGS.

Platinum and/or palladium and rhodium are the most common active phases in three-way

catalysts. New stricter emission control regulations for exhaust gases and the high cost of

noble metals have led to investigations to reduce the cost of these catalysts by improving

their activity and durability.



Research in this field includes the optimization of the porosity and surface area of the

support, the addition of promoters, the reduction of precious metal loadings and an

adequate distributions in order to improve the behaviour of the catalyst.

The present work addresses the preparation of Pt/AhOj/CeOi by an impregnation method

and investigation of the calcined effect by SEM and XRF.

EXPERIMENTAL

The support was a gamma-alumina with a specific surface area of 100 m2/g, purity of

99.97% (Johnson Matthey, UK) and has average particles size of 3.0 micron. Cerium

oxide were incorporated by the conventional incipient wetness method from an aqueous

solution of cerium chloride. 12 wt% of cerium (III) chloride (CeCb.7H2O), Aldrich

Chemicals USA, 99.99%) was impregnated to alumina by impregnation method.

This composition was stirred for 3 hours and then dried at 120 °C for 6 hours. Promoter-

modified alumina samples were calcined in air at 500 °C for 4 hours. The sample were

stored in a desiccator prior to use. A monometallic platinum/alumina catalyst was

prepared by a conventional impregnation technique using chloroplatinic acid. The

supports was reduced in flowing hydrogen gas at 250 ml/min at 600 °C for 6 hours, then

impregnated with chloroplatinic acid (Aldrich, USA, 99.97%).



The system was stirred for 3 hours and dried at the temperature of 120 °C for 3 hours.

The Pt/AhCVCeCh catalyst thus obtained, had 1.0 wt% of platinum promoter. The final

activation of the precursors was made by calcination at 500 °C in a nitrogen atmosphere

for 4 hours and subsequent treatment in hydrogen for 2 hours at 500 °C. The reaction then

releases chlorine gas as hydrochloric acid from which was dissoluted by dampened

glasswool. The materials and the catalysts prepared for this present article were

characterized by x-ray tluorescence spectroscopy and scanning electron microscopy.

EXAMINATIONS OF THE SAMPLES

A Baird EX-3000 EDXRF instrument located at MINT, Bangi was used for the analysis .

The x-ray tube was operated at 20 kV and 500u.A. The samples was placed under normal

condition for an irradiation time of 50 seconds. Background peaks were corrected by

using Rh filter.

SEM microanalysis technique were used to provide information on the dispersion of the

active phase, the particle size, its morphology and its composition. Scanning electron

microscopy (SEM) were carried out in a Philips operating at 15 kV.



RESULTS AND DISCUSSIONS

The physical observation of the catalysts have seen that the samples is grey in colour and

is dependent of the amount of platinum. Figure 1 shows the AI2O.}, CeC>2 and PtO2

spectrums with peaks of the elements of interest obtained by using the EDXRF

instrument.

Elements

AI2O,

CeO2

PtO2

K,L,M lines

Koi

La

La

Low energy
level (eV)

1320

4630

9150

High energy
level (eV)

1640

5018

9661

Counting
technique

Net

Net

Net

Table 1: Parameters used in determining catalysts

Oxides

AI2O3

CeO2

PtO2

EDXRF results
(%)

70.428

27.626

1.946

calculated values
(%)

71.08

27.92

1.0

% error

1%

1%

95%

Table 2: Measured and calculated values of the catalysts.
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Figure 1: XRF pattern of pt/alumina/ceria catalyst shows the peaks of alumina,
cerium and platinum.

The quantitative values of the samples are as shown in Table 2. The error in Pt, A1?O;, and

CeOi may be due to the quantitative analysis which is not based on reference material of

calibration standard. In practice, the EDXRF instrument is initially calibrated with a

"matrix" of material standards that represent the expected range'of material composition.

This procedure computes alpha coefficients, based on mass absorption and fluorescence

yield properties of the sample matrix to perform rapid quantitative determinations and

characterized sample systems. The reference materials are specifically grouped according

to their matrix to enable trace and comparison of specifications of the materials of interest.



Unfortunately, at present we don't have any reference materials specialize for catalysts

sample. Furthermore, this compositional analysis was done as the approach yields " near

quantitative " results. The performance of EDXRF shall be improved by calibrating with

better standards and increasing the accumulated detector counts or counting for a longer

time period. Another factor that may contribute to this is that the energy peak of these

elements seem to overlap possibly became of the catalysts which is also present in similar

energy range.With these data, it was noticed that by using platinum the result is higher by

XRF analysis compared to calculated one.

Figure 2: Particle morphology of as-received alumina powder



3(a) 3(b)

Figure 3: SEM micrographs of the alumina/ceria catalyst alter calcined at 500 °C.
Fig 3(b) shows the dispersion of cerium on a alumina particle.

Figure 2 shows the micrograph of the alumina powder. It is estimated that the alumina

particle sizes have a range between 1.0 - 3.0 [.im. SEM micrographs of the surface of

CeC>2 based catalysts supported on alumina are shown in Figures 3(a) and 3(b). It seems

that CeO2 particles occurred in about one micron particle present on its surface and well

dispersed in the alumina matrix. A large number of CeO2 particles dispersed along the

alumina grain boundaries while the others in the intragrains of the alumina matrix.
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4(a) 4(b)

4(c)

Figure 4 : SEM micrographs of pt/alumina/ceria catalyst.
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Figures 4(a), 4(b) and 4(c) show typical SEM micrographs of Pt/alumina/ceria after heat

treament at 500 °C for 8 hours under oxidizing atmosphere . The spherical grains with

diameter 0.2 Lim of platinum particles were well dispersed in the catalyst. In some regions

of the catalyst, the presence of large and well-defined agglomerated platinum as large as

0.5 u.m were noticed as shown in figure 4 (c).

The adsorption of catalysts on alumina was prepared to produced active ion in the

samples. This is because that the aqueous solutions didn't dissolve and therefore no

reaction occurs between the catalysts and the support. On the other hand, the support

physical properties like porous body were effect on molecules concentration by van de

wals force and chemisorption effect. The adsorption increases due to the increasing of

dispersion force, hydrogen bonding, low covalent bonding and dual polarization forces.

In other words, the ability of adsorption depandends on high active surface area (m2/g) as

well as lower porosity. Another factor to improve the adsorption of platinum and cerium

on alumina is by using drying temperature of around 120 °C. Dried at high temperature

can cause high evaporation and lead to agglomeration.
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CONCLUSION

This work has shown that alumina doped with cerium, prepared by impregnation can be

efficiently used as a support for platinum in automobile exhaust catalysts. Pt/alumina/ceria

present very good resistance to calcining during wet activation process, apparently due to

the beneficial effect of cerium which allows a good dispersion of the noble metal.

It has been shown that it is possible to deposit platinum and ceria on alumina support by

impregnation. The adhesion of platinum and cerium on alumina is of good quality since

the portions of metallic and ceria dispersion could be observed on SEM micrographs.

This adhesion is induced by heating the catalysts with the deposited layer.

The reduced process using hydrogen gas in alumina/ceria support preparation has shown

the improvement of the dispersion of platinum particle. It can be concluded that a well-

dispersed cerium allows better dispersion of metal particles as the active phase in the

catalysts.
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