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Introduction 
Existing three-way catalyst of Pt-Rh shows a good activity to remove CO, NO and hydrocarbon simultaneously which are strictly regulated all over the world due to the environmental problems.  However, the high price and the limited resource of the metals make the researchers consider less expensive Pd-only three-way catalyst.  They got to know the weak points of it, i.e. low activity for removing NO (because Rh element is responsible for the removal of NO), low activity for the high molecular paraffin, etc. In the aim of making the Pd-only catalyst having the similar performance to the Pt-Rh, they have the thought to add a lanthanide metal oxide (for example, La and Ce) and base metal oxide. La is known to act as a good promoter to increase the dispersion and thermal stability[1]. Also Ce plays an important role of an oxygen storage capacitor which stores the oxygen during lean condition and releases it during rich condition.[2]  Although many results have been published especially focusing on the activity of the additive metal oxide, the detailed interactive mechanism in the catalyst is not known.

Therefore, the purpose of this study is to elucidate physicochemical the interaction between Pd and the additive metal oxides (La and/or Ce) by XPS, XRD, BET, chemisorption and the performance of the model gas reaction.

Experimental

Pd/(-Al2O3, Pd/La/(-Al2O3, Pd/Ce/(-Al2O3 and Pd/Ce-La/(-Al2O3 catalysts were prepared by incipient wetness method. The content of Pd, La and Ce was 1wt%, 3wt% and 5wt%, respectively. After impregnation of La and/or Ce, Pd was impregnated followed by the removal of the solvent.  Pd-La/(-Al2O3 catalyst was prepared by co-impregnation of La and Pd precursor simultaneously.  Pd-alumina was prepared by sol gel method using different catalyst (HNO3(acid), NaOH(base)) during hydrolysis procedure.  All the catalysts were calcined at 600 oC in air condition for 3 h, called fresh catalyst.  And aging catalyst was obtained prior to the heat treatment at 1000 oC in air condition for 10 h.  

The simulated gas (CO= 6000 ppm; NO = 1500 ppm; C3H6 = 500 ppm; H2 = 3000 ppm; O2 = 6000 ppm and N2 balance) was used with the flow rate of 400 cm3/min to test the activity performance. 

BET and chemisorption experiment was performed in the same machine (ASAP 2010C, Micromeritics Co.)  The hydrogen was chemisorbed at 100oC. XRD experiment was performed with the target of Cu K( (λ= 1.540598 Å). The spectrum of XPS (X-ray Photoelectron Spectroscopy) was taken in the surface analysis tools (LHS-10; SPECS GmbH). X-ray (Al K(,1486.6eV) was radiated, and the kinetic energy of the ejected electron was analyzed by a multiple channel detector in hemispherical energy analyser.  The pass energy was 98 eV and the base pressure of the analysis chamber was 1x10-9 torr.  Energy shifts of binding energy occurred due to the electron charging effect.  Each spectrum was calibrated using the peak of C 1s (284.6 eV) as a standard.  Data smoothing, subtraction of background, and calculation of the FWHM (Full Width at Half Maximum) and peak area were acquired with SPECTRA software from SPECS GmbH.

Results and Discussion

Reaction data showed that La and/or Ce promoted Pd catalysts had a low light-off temperature (T50) compared with that of Pd/(-Al2O3 as shown in Table 1.  Especially, when La was added, the temperature difference between fresh and aging catalyst was smallest, indicating of its high thermal resistance.  Base catalysed Pd-alumina has a lower light-off temperature of NO and CO than that of acid catalysed one.  It can be physically explained by its high surface area and pore voluem. 

Pd/La(3)/ (-Al2O3 had a relatively high surface area even after aging treatment. In contrast to it, both Ce promoted aging ones showed a considerable decrease in the surface area.  Dispersion results supported above data. In other words, La-promoted ones had a high heat resistance, which explained its high surface area and dispersion, although the fresh one showed  the lowest dispersion

XRD spectra showed the change of structure.  In the fresh catalyst, all the peaks were quite broad indicating that the phase was mainly amorphous phase.  The main peaks we assigned to were (-Al2O3, PdO and CeO2. After aging the existing peak had grown, and the new peaks, such as metallic Pd and θ-Al2O3 were brought about.  However, no peak related to the La element was found, which means that La had a low crystalline structure. (-Al2O3 is very crucial to the catalytic activity due to its high surface area. Only Pd/La(3)/(-Al2O3 catalyst could maintain (-Al2O3 phase after aging.  It was said that La played an important role in suppressing the formation of θ-Al2O3, which can be suggested to be one of the deactivation process.  In XRD spectra as shown in Figure 1, only acid-catalysed Pd-alumina showed a sharp peak assigned to PdO, althought base catalysed one did not show any peaks assignable to Pd element.

XPS spectra showed the change of binding energy of Pd species, as summarized in Table 2. Pd state of fresh Pd/(-Al2O3 catalyst was PdO based on the well summarized XPS data.[3]  Upon aging the peak at 336.7 eV was shifted to 335.6 eV and 337.9 eV, which were assigned to PdO1-x and PdO2 respectively.   However, when La and/or Ce were added, the binding energy of Pd was shifted to the lower energy (Pd/La(3)/(-Al2O3) or almost the same (other ones).  Such a result supported the reaction data because PdO phase was known as a active phase in the reaction.[4]  The peak area of Pd became drastically decreased upon aging, which indicated that Pd was diffused from the surface. In contrast to it, the peak area of O, Al and La became increased. (not shown)  Acid-catalysed Pd-alumina indicated metallic Pd in contrary to the XRD data.  Pd 3d spectrum of base-catalysed one, however, showed a typical PdO.  Although such data look contradictory each other, considering the characteristics of each analysis method, the PdO phase in XRD spectrum can be explained as a mainly bulk phase and metallic Pd exists especially in the catalyst surface.  

Bell[5] reported the metal support interaction between Pd and La.  By his proposed model, the role of lanthanum oxide is to decorate the Pd particles by amorphous LaOx species.  Such a process enable the catalyst to have a better dispersion, maintain the high surface area after aging, and keep the binding energy of Pd species constant.  Our results were well correlated with his proposal. 

Conclusions 

When La and/or Ce were added to Pd/(-Al2O3, better activity for NO, CO and C3H6 was taken. It was shown by the results of BET, chemisorption, XRD and XPS that La-promoted one had a good thermal resistance, relatively a high dispersion of Pd, suppressed the reaction to the (-Al2O3, and kept the binding energy of Pd species constant. Such roles of La can be explained by the model that Pd particles are decorated by amorphous LaOx species.  XPS spectra showed that Pd species in the fresh state existed as PdO state. After aging Pd species became surface-deficient, whereas the element of O, Al, La and Ce became surface-abundant.  This process and the transition to (-Al2O3 phase can be suggested to be main deactivation processes.  
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Table 1. Light off Temperature (T50, oC) of NO, CO and C3H6 catalysed over various 

Pd-only catalysts.

NO
Pd
Pd/

Ce(5)
Pd/

La(3)
Pd/

La(3)-Ce(5)
Pd-La(3)
Pd-alumina (acid)
Pd-alumina (base)

Fresh
305
285
310
275
292
312
269

Aging
360
330
330
350
310
-
-

CO








Fresh
300
200
200
180
273
300
256

Aging
310
205
260
220
218
-
-

C3H6








Fresh
300
280
300
270
281
214
233

Aging
330
305
320
320
304
-
-

Table 2. Summary of Pd 3d spectra in the XPS spectrum.


Pd 3d5/2


Binding Energy (eV)
Area (Arbitrary Unit)

Pd-fresh
336.7
10087

Pd-aging
335.6

337.9
1884

1332

Pd/La-fresh
336.1
10684

Pd/La-aging
335.7
3260

Pd/Ce-fresh
335.5
7135

Pd/Ce-aging
335.4
2040

Pd/La-Ce-fresh
335.8
10529

Pd/La-Ce-aging
335.9

338.5
3707

352

Pd-La-fresh
336.0

338.1
16086

8347

Pd-La-aging
335.4
7904

Pd-alumina (acid)
334.8
47718

Pd-alumina (base)
336.3
11987

Figure 1. XRD spectra of Pd-alumina using sol-gel method. (a: acid-catalyzed ; b: 

base-catalysed)

[image: image1.wmf]2 theta

20

40

60

80

Intensity (Arbitrary Units)

0

500

1000

a

b


� EMBED JandelGraphicObject.1  ���








[image: image2.wmf]2 theta

20

40

60

80

Intensity (Arbitrary Units)

0

500

1000

a

b

_949701060.unknown

