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Report: 

 

Selective oxidations are key reactions for the functionalization of hydrocarbons in chemical industry [1]. These 

include the selective oxidation of propylene and isobutene to acrolein and methacrolein (respectively). However, 

catalytic processes that occur during selective oxidations are still not entirely understood. Thus, establishing 

relationships between catalyst structure and activity/selectivity is required for a knowledge-based catalyst design 

and improvement.  

 

Most commonly, research focuses on simplified model systems (e.g. 2-component Bi-Mo, Fe-Mo, Co-Mo) to 

get a fundamental understanding of catalytic function [2,3]. However, such model studies cannot relate 

sufficiently to the complex structure of the superior 4-component Bi-Mo-Co-Fe-O systems used in the light 

olefin oxidation reactions. Such 4-component Bi-Mo-Co-Fe-oxides show indeed excellent catalytic 

performance, but their complex crystalline phase composition is still challenging to characterise, particularly 

the role and interplay of individual metal oxide phases [4,5]. An operando synchrotron XRD approach is 

therefore crucial. 

 

This study involves the structural investigation of complex 4-component Bi-Mo-Co-Fe-oxide catalysts during 

selective isobutene oxidation by means of operando XRD. Using our capillary microreactor system, we 

investigated seven Bi-Mo-Co-Fe oxide catalysts prepared with flame spray pyrolysis or hydrothermal synthesis, 

containing various amounts of bismuth, molybdenum, cobalt and iron. In this way both the influence of 

preparation method and that of chemical composition on catalytic performance were investigated. For this 

purpose, we focused on phase formation and phase stability of each catalyst, using the following conditions:  

i) Phase formation experiments were performed in a temperature range of 25 – 600 °C (2 K/min) 

under reaction atmosphere (80% He, 12% O2, 8% C4H8). 

ii)  Phase stability experiments were performed at 430 °C, switching in a successive manner 

                        between oxidizing, reducing and reaction atmosphere.  



 

a) FSP-1 

 

b) FSP-2 

 
Fig. 1: Structural evolution of two Bi-Mo-Co-Fe-O catalysts derived from XRD during phase formation experiments (25 – 600 °C, 

          2 K/min, 80% He/ 12% O2/ 8% C4H8). 

 

Fig. 1 shows exemplarily the acquired XRD patterns during phase formation experiments of two catalysts 

prepared via flame spray pyroylisis that differ in their amounts of Bi, Mo, Co and Fe. Here, a strong influence 

of chemical composition on the metal oxide phases present could be observed, as the initial XRD patterns of the 

two catalysts strongly differed from each other. Moreover, 

heat-up from room temperature to 600 °C lead to several 

structural changes taking place during selective isobutene 

oxidation (e.g. formation of ternary phase Bi3FeMo2O12). A 

pronounced structural change was observed in similar ranges 

for both catalysts (T= 400 – 420 °C ). As the simultaneously 

collected activity data (via mass spectrometry) showed, this 

strong change in catalyst structure took place as the catalyst 

was activated. However, further qualitative and quantitative 

data analysis will be required to assign the changes in the XRD 

patterns to the formation of the particular phases present in 

such complex systems (e.g.  CoxFe1-xMoO4, α-Bi2Mo3O12). 

Here, especially using Rietveld refinement (Fig. 2) will enable 

to determine and quantify the individual metal oxide phases 

present. 

 

In conclusion, the phase formation and phase stability experiments need to be analyzed in detail for final 

conclusions on the seven investigated catalyst systems. First results showed us that synchrotron XRD with 

(sequential) Rietveld refinement will allow to deconvolute the complex crystalline phase structure of Bi-Mo-

Co-Fe oxides as it evolves under reaction conditions, while simultaneous mass spectrometry data monitors the 

catalytic performance. Thus, correlations between the role of individual catalyst phases, their dynamic 

behaviour, and interaction with other phases and their effect on catalytic performance can be determined. 

Together with complementary characterization methods (operando XAS, Raman spectroscopy) this will allow 

us to more accurately define catalyst functionality in terms of active, inactive or spectator phases. In turn this 

promotes optimisation of catalyst synthesis and process conditions for greater efficiency and sustainability. 
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Fig. 2: Selected pattern at 435 °C and corresponding fit 

during sequential Rietveld refinement of Bi-Mo-Co-Fe-O. 


