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Introduction 
Interface science is crucial for the development of new technologically advanced 

materials [1]. In particular, this study shows that ion beam sputtering can be used as an 
effective technique for the controlled surface modification of solid heterogeneous catalysts. 
The surface properties of these nano materials can be tailored to enhance their catalytic 
performance leading to better resistance to aging and a reduction of the PGM loading [2]. The 
technique has been applied on catalysts of relevant interest like the ones applied in the 
emission control (e.g. Pt/Ce0.7Zr0.3O2 catalyst) [3][4]. The effect of the different parameters of 
ion bombardment (type of ions, energy, doses) on the catalytic activity has been investigated. 
Modeling of the treatment has also been introduced to the describe erosion of the surface 
through ion sputtering and deeply understand the correlations between the parameters of the 
bombardment and the observed enhanced catalytic activity.   
 
Materials and Methods 

A sample of Pt (1% w/w) Ce0.7Zr0.3O2 was prepared by impregnating commercially 
sourced Ce0.7Zr0.3O2. The catalyst was then bombarded with N+ ion beams. One sample, 
Pt(1.2keV) was treated with an ion energy of 1.2keV and an ion current 10mA, receiving 4 
doses. The other sample Pt(1.5keV) was treated using an ion energy of 1.5keV and an ion 
current of 20mA, receiving 16 doses. The incident angle of the ion beam was 28˚ to the catalyst 
surface. The treated samples were compared with an untreated sample, Pt fresh.  

To investigate the effect of the ion bombardment on the catalytic activity, TPR 
(Temperature Programmed Reduction) experiments have been carried out in the presence of 
4000ppm of H2. The temperature was ramped from 313K to 773K at a rate of 5K/min. 
Catalytic testing was carried out on all samples by using a reaction mixture composed of 10% 
O2, 4.5% H2O, 2000ppm CO, 2000ppm CH4, 2000ppm C3H6, and 200ppm NO with a total 
flow of 100ml/min. The temperature was increased from 303K to 773K at a rate of 5K/min. 
The outlet gases from the reactor were analysed using a Pfeiffer Vacuum quadrupole mass 
spectrometer. 
 
Results and Discussion 

The reducibility of the samples after bombardment has been assed in TPR 
experiments reported in Fig.1. The peaks of H2 consumption for the treated samples were 
observed at lower temperature with respect to the fresh catalyst: at 427K and 405K for 
Pt(1.2keV) and Pt(1.5keV) respectively, whilst 445K corresponds to the maximum of H2 uptake 
for the fresh catalyst. The total H2 consumption observed from reduction of Pt(1.5keV) is lower 
than the one observed in Pt(1.2keV). This can be attributed to the higher number of ion doses 
used on the Pt(1.5keV) sample. The catalytic activity on bombarded catalysts was assessed in 
oxidation tests in the presence of gas mixture representative of the exhaust gas composition. 

The results are reported in terms of CO and 
C3H6 conversion as a function of temperature 
in Fig. 2. It is observed that the catalyst 
showed an enhanced catalytic activity after 
ion bombardment in the oxidation of both CO 
and C3H6. The temperature at which 50% 
conversion was achieved (T50) for CO 
oxidation were 513K and 500K for Pt(1.2keV) 
and Pt(1.5keV) respectively, 10 to 20K lower 
than the T50 value of the fresh sample. The T50 
values for C3H6 oxidation over Pt(1.2keV) and 
Pt(1.5keV) were 522K and 511K respectively, 
which show improved catalytic activity of the 
treated catalysts at low temperature compared 
with Pt fresh (T50 526K). The results are in 

line with HRTEM analysis which revealed that the samples, after ion bombardment, are 
characterized by an uniform distribution of nanoparticles on the catalytic surface, as well as by 
the formation of atom vacancies and incomplete terraces. Analogous results have been 
obtained from the study of alternative catalytic systems such as Pd/ Ce0.7Zr0.3O2 treated with 
the same ion bombardment protocol, which provokes a remarkable change in the particle 
morphology.  
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Figure 2. CO conversion and C3H6 conversion as a function of temperature. Feed composition 10% O2, 4.5% H2O, 2000ppm 
CO, 2000ppm CH4, 2000ppm C3H6 and 200ppm NO. 
 
Significance 
Ion beam irradiation has been used as a post synthesis technique for the controlled surface 
modification of heterogeneous emission control catalysts. The study, carried out using 
Pt/Ce0.7Zr0.3O2, proves that this method enhance the catalytic activity and the stability of the 
catalyst and opens up to the application of this method to several catalytic materials.  
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Figure 1. H2 consumption as a function of temperature 
determined from TPR experiments using 4000ppm H2, on 
untreated Pt 1w/w% Ce0.7Zr0.3O2 (Ptfresh), and treated 
samples; Pt(1.2keV) – 10mA/15min dose x4, Pt(1.5keV) 
20mA/15min dose x16. 
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