Impact of feed composition on the reactivity of keHtalyst
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Introduction

The employment of catalytic membrane- and multstagactors are reported to be more
efficient compared to conventional fixed bed reeto oxidation catalysis [1,2]. This study
addresses the effect of staged addition of oxidizind reducing gases on propane oxidation to
acrylic acid over phase pure M1 MoVTeNp€atalyst.

Experimental

The MoVTeNbQ catalyst has been prepared by spray drying, wieiath to an M1+M2 phase
mixture [3]. After calcination, the M2 phase wasnmved by treatment with J@,. Heat
treatment at 873K lead to M1 phase with elemerdadosition of M@ ooV 26T €0,0dNB0,1704,00

as determined by ICP-OES analysis. The catalytictien has been performed in a reactor
system consisting of two serially connected readtdres. A valve system permitted gas
sampling from the first reactor only (single-tuleactor mode, designated as STR) and from the
outlet of the second reactor (two-stage reactor enattsignated as TSR). The addition of
different gases (£ N,O, GHg, CO and CQ was performed via a T-junction installed between
the reactors. In the TSR operation mode the featbosition at the inlet of the first reactor was
C3Hg/O,/H,O/N,=3/6/40/51v0l%. The concentration of the added gasas varied, while the
temperature of both reactors was set to 400°C. G&Chlsls been used for on-line analysis of the
gas leaving the second reactor tulmesitu XRD measurements, where the oxygen content was
varied, have also been carried out.

Results/Discussion

The maximum selectivity to acrylic acid in the SBReration mode corresponds to a space
velocity of 4500 H and a feed composition of;8y/O,/H,0/N,=3/6/40/51v0l%. The various
O, contents employed in the STR experiments at fhase velocity covered reducing (4 vol%),
stoechiometric (6 vol%) and oxidizing (8, 10 andat®l 15 vol%) conditions, respectively. As
Figure 1 demonstrates, propane conversiogs{X and acrylic acid selectivity (&) is
independent on whether the initiap ©@oncentration is introduced in stoichiometric gabir in
five-fold excess. Under reducing conditions, botl;¥ and S are inferior to those
determined under stoichiometric and oxidizing ctinds. In situ XRD measurement under
various Q concentrations revealed no phase change and mificgigt change in lattice

parameters. Varying the,@ontent in the TSR operation mode revealed tha? atol% overall
O, concentration, the g¢ng Was increased by 1,1%, theaSincreased by 4,7% (absolute
increase). Therefore the yield increased with 5¢@¥hpared to the measurement with 6 vol%
overall G content.
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Figure 1. The effect of oxygen concentration irRSihd TSR operation mode.

Addition of N,O instead of @in the TSR did not influence the catalytic projet Moreover,
the concentration of D in the effluent gas was found to be identicahtat in the inlet stream,
regardless of concentration. This led to the caichu that NO is an inert gas in propane
oxidation over the phase pure M1 catalyst, althoitghas been reported a more efficient
oxidant than @in C;Hg oxidative dehydrogenation reaction [4]. The iniépibf the catalyst to
split N,O suggests a low abundance of electrophilic speridsr working conditions.

The entire added amount of propylene was convéatedrylic acid, acetic acid, CO and €0

CGO, and CO addition had no effect on the product ithigtion. A separate experiment on CO
oxidation in STR mode showed very poor activity.£X1,5% at 400°C, GHSV=3000
suggesting low abundance of electrophilic oxygestigs on the catalyst surface [5].
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