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Materials with redox properties are extensively applied in catalysis, ranging from active catalyst support 

with oxygen mobility to automotive catalysts. In this work, the redox behavior of Fe2O3/MgAl2O4 in 

prolonged redox conditions is investigated in view of its application in super-dry reforming of CH4 for CO 

production. This process is designed to intensify CO2 utilization by CH4 dry reforming. The Fe2O3/MgAl2O4 

materials are tested over 100 h of periodic reduction and oxidation. Characterization techniques such as 

STEM-EDX, HR-TEM, in situ XRD, and TPR-TPO assist in unraveling the behavior as a function of Fe2O3 

loading. By studying the evolution of material properties and coupling it to changes in redox behavior, 

insights are provided that can be used to improve the design of Fe2O3/MgAl2O4 and oxygen storage 

materials in general. 

1. Scope 

Nowadays, there is a growing interest in valorizing C1 streams such as biogas, shale gas, natural gas and CO2. 

At the same time, the necessity of developing large-scale CO2 utilization processes is gaining urgency. 

Super-dry reforming of CH4 is a process 

designed to tackle these two challenges. 

In this process, CH4 and CO2 are reformed 

(in CH4:CO2 ratios below 1:3) at 1023 K to 

form CO and H2O.1 Several materials are 

used: a CH4 reforming catalyst such as 

Ni/MgAl2O4, an oxygen storage material 

such as Fe2O3/MgAl2O4, and a CO2 

sorbent such as CaO/Al2O3. One major 

challenge in super-dry reforming of CH4, 

addressed in this work, is material stability 

over prolonged operation: its effect upon 

the redox mechanism and the potential 

occurrence of sintering, coke deposits or 

formation of redundant solid phases. 

2. Results and discussion 

Based on stability tests of Ni/MgAl2O4 as 

CH4 reforming catalyst, a decay in activity 

of 5-10% over 36 h time-on-stream was 

reported.1 Addition of Fe to Ni/MgAl2O4 

has shown to enhance resistance to C 

deposits, with Fe playing an active role in 

the removal of carbonaceous species.2,3 

The oxygen carrier Fe2O3/MgAl2O4 has 

previously been studied in short-term 

experiments, revealing a superior behavior 

compared with Fe2O3/MgO and Fe2O3/Al2O3 owing to the incorporation and redox activity of Fe in the spinel 

phase.4 It was found that the support was present as Mg-Fe-Al-O spinel, exhibiting redox properties similar 

to CeO2.  

 

Figure 1. Space-time yield of CO using 50Fe2O3/MgAl2O4 during the 

oxidation half cycle of:   1st cycle;   100th cycle;   200th 

cycle;  500th cycle;   1000th cycle. Redox cycles are performed 

at T = 1023 K, p = 1 atm and Ftotal = 106 mmol s1. Each redox cycle 

comprises following steps: 1 min reduction by H2 (10% in He), 2 min 

purge by He, 1 min oxidation by CO2 (50% in He), 2 min purge by He. 

The inset shows the space-time yield of CO during 1000 redox cycles. 



 
 

To assess the long-term stability of Fe2O3/MgAl2O4 materials and their redox properties, cyclic reduction and 

oxidation experiments using H2 and CO2 were performed over 100 h time-on-stream on three materials with 

different loading (10, 30, 50Fe2O3/MgAl2O4). The result for 50Fe2O3/MgAl2O4 is given in Fig. 1. Despite an 

initial decay (loss of 32% in maximum STYCO), the CO space-time yield stabilizes after 200 redox cycles, 

after which the further decrease in activity is moderate. To better understand this evolution, the fresh and 

used (after 100, 200, 500 and 1000 cycles) material is characterized with techniques such as STEM-EDX, 

HR-TEM, SEM, (in situ) XRD, TPR-TPO, N2 adsorption and Mössbauer spectroscopy. 

STEM-EDX elemental 

maps of fresh and used 

50Fe2O3/MgAl2O4 are 

shown in Fig. 2. These 

images suggest that, despite 

an obvious change in 

material structure, the size 

seen as thickness of iron 

oxide particles hardly 

changes. Instead, the 

elongated shape of used iron 

oxide particles suggests that 

a strong interaction occurs 

between the iron oxide and 

its support, so that particles 

grow along the support 

surface. 

Furthermore, XRD peak analysis of MgAl2O4 in fresh and used (after 500 redox cycles) 50Fe2O3/MgAl2O4 

reveals that the lattice parameter increases from 8.10 ± 0.01 Å to 8.15 ± 0.01 Å. This expansion of the 

support lattice clearly indicates a change in its crystallographic structure, which can be explained by an 

increase of the amount of Fe incorporated within the Mg-Fe-Al-O spinel.4 Another related phenomenon is 

the presence of an alumina-rich phase after prolonged redox cycling. The presence of this phase suggests that 

the incorporation of Fe into the MgAl2O4 spinel occurs as a replacement of Al. 

As for lower Fe2O3 loadings, like 10Fe2O3/MgAl2O4, an important question currently being investigated is 

whether Fe, present in the initial Mg-Fe-Al-O spinel, is extracted to some extent to form separate iron oxide 

particles or if it remains in the spinel phase. In summary, this work provides a comparison of at least three 

oxygen storage materials (10Fe2O3/MgAl2O4, 30Fe2O3/MgAl2O4 and 50Fe2O3/MgAl2O4) based on their 

redox behavior during prolonged experiments. 

3. Conclusions 

Materials with oxygen storage properties are important in different catalytic processes, particularly in 

super-dry reforming of CH4 for CO production. In this work, the stability of different oxygen storage 

materials over 100 h of cyclic reduction and oxidation by H2 and CO2 is investigated. Even after prolonged 

exposure to reducing and oxidizing gases with an initial decay in activity of 32%, 50Fe2O3/MgAl2O4 retains 

its desired redox properties. The observation that iron oxide particles grow around the support surface can be 

explained by a strong interaction between iron oxide and Mg-Fe-Al-O. Additional insights, obtained from a 

similar study for 10Fe2O3/MgAl2O4 and 30Fe2O3/MgAl2O4, will allow an improved synthesis strategy of the 

oxygen storage material and a better understanding of the complete catalytic super-dry reforming process. 
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Figure 2. STEM-EDXS elemental map of fresh and used (after 100, 200, 500 and 1000 redox 

cycles) 50Fe2O3/MgAl2O4. An overlay image of Fe (red), Mg (blue), and Al (green) is shown. 


