Mesoporous silica as supports for Pd catalyzed H2O2 direct synthesis
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Mesoporous silica such as MCM-41 and SBA-15 have received increasing scientific interest owing to their ordered pore channel structures, narrow pore size distribution, high surface area and pore volume, which make them promising candidates as catalyst support. As a matter of fact, metal nanoparticles in porous and ordered host materials are desired for many practical applications and could be useful in a triphasic reaction with selectivity problems such as the H2O2 direct synthesis. Indeed, over 95% of the world’s H2O2 is currently produced by the sequential hydrogenation and oxidation of an alkyl anthraquinone, but the increasing demand for H2O2 and the general need for greener oxidants has revamped the interest for an alternative to this process. The H2O2 direct synthesis from H2 and O2 is a promising choice, but at present no commercial process has been developed due to selectivity and safety problems. The idea of this work is to investigate the influence of surface area, of ordered structure and of mean pore dimension for silica used as support of Pd samples.

MCM-41 was synthesized in a NaOH aqueous solution with tetraethylorthosilicate (TEOS) as source of silica and CTABr as template. SBA-15 was prepared in an aqueous HCl solution with TEOS and EO20-PO70-EO20 (P123). Commercial silica has been used as received. The three supports were impregnated by i.w. with H2PdCl4 aqueous solutions in order to obtain 1.5wt or 2.5wt% Pd catalysts. Samples were characterized by N2 physisorption, metal content analysis, TPR, CO chemisorption, XRD, and HRTEM. Catalysts were tested for the H2O2 direct synthesis under very mild temperature and pressure conditions (20°C and 1 bar) and outside the explosion range (H2:O2:4:96). An activation process giving rise to a Pd particle surface oxidation was used [1].

Silica and SBA-15 show good catalytic activity, selectivity, mechanical stability and reusability. Best results were obtained with SBA-15 samples that present the highest productivity. Further catalytic tests were performed at higher pressures (P=10 bar) using solvents expanded with CO2 and still outside the explosive region. Even under these reaction conditions, the SBA-15 catalysts are the most selective. Characterization data indicate a close correlation between the textural properties of the support and the catalytic activity. The thick wall thickness of the SBA-15 makes it stable in the reactor. Besides, the pore size of SBA-15 is sufficiently large to accomodate the vast majority of the metal inside the pores, avoiding the formation of catalytically inactive Pd particles. Therefore, the average particle size that can be formulated on this support is the most appropriate. Although, in general, metal dispersion is a critical factor in many catalytic reactions and should be as high as possible, in this process this is not the case [2]. The size of Pd particles observed inside SBA-15 is the ideal compromise to cope with two opposing trends: a high metal dispersion leading to high activity and the presence of less energetic sites, on which O2 can chemisorb without dissociation. In conclusion, the ability of the SBA-15 support to influence the final Pd particles dispersion makes it the best support for this reaction, even if compared with previously investigated catalysts [3].
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