Comparison of noble metal oxide/titanium monolith catalysts in wet oxidation of process wastewaters
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Introduction

Catalytic Wet (Air)Oxidation has been applied to many different model effluents and some complex industrial wastes [1-6]. Three rather detailed reviews described wet
oxidation and catalytic wet oxidation [7-9] of wastewaters, even that of some industrial process wastewaters. In the present work the activity of different monolith catalysts
was compared in WO of phenolate solution and a real pharmaceutical process wastewater.

Experimental

The samples were oxidized in a 850 ml stainless steel high pressure autoclave equipped with a magnetic stirrer (rpm 700), at 230°C and 50 bar total pressure (~22 bar oxygen
partial pressure) at basic pH. The catalysts were titanium mesh (0.5x100x500 mm in size) with Ru and/or Ir, Ta oxide coating, a commercial one and four others prepared in
our laboratory .

The water samples were characterized with their COD and TOC values. The catalysts were characterized by SEM, XPS and LA-ICPMS.
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Figure 1. TOC decrease in a process wastewater (a) and phenolate solution

Figure 2 SEM picture of Ru-Ir oxide catalysts prepared on chemically purified (left) and
oxidation (b) with different monolith catalysts. 5 P Y5t PIEP yP (left)

mechanically purified (right) Ti mesh.
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Figure 3 LA-ICPMS measurement of distribution of Ru and Ir on Figure 4-7 SEM pictures and surface analysis of the commercial Ti catalyst mesh, above before use,
the surface of the commercial Ti catalyst mesh bottom after ~200 hours usage.
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Figure 8 XPS spectra of the commercial mesh catalyst

Results/Discussion

SEM showed the different structures of the active layer. On the chemically purified Ti mesh the noble metal oxide layer is continual (Figure 2 left), on the mechanically
purified Ti mesh (Figure 2 right) it is fragmented, similarly to the commercial mesh (Figure 4). The SEM pictures and surface analysis (Figures 4-7) indicate that after longer
use the surface is covered with precipitates, mainly iron and silicium oxide. LA-ICPMS (Laser ablation- Inductively coupled plasma mass spectrometry) gave the surface
concentration distribution of the noble metal oxide components. The two oxides (Ru, Ir) are in nearly the same concentration on the targeted sites. XPS (Figure 8) gave
information about the chemical valencies of the catalitically active substances, they are definitely oxides of Ru and Ir on the oxidized Ti.

The activity of the different monolith catalysts depended on the noble metal type and on the preparation method. In the oxidation of both substrates, of the real process
wastewater and of the phenolate solution the Ru-Ir oxide coated Ti catalysts were more active, in the case of the real process wastewater complete mineralization
occurred. (Fig. 1, a, b. chempur-Ti mesh chemically, mechpur-mechanically purified, com-commercial). All reactions have two periods: in the first fast one the degradation
of larger molecules, in the second slower one the oxidation of the resistant main intermediates, that of carboxylic acids with small molecular weight takes place.
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