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Carbon dioxide has become an attractive source of carbon for the chemical industry owing to its 

low cost and high availability. Conversion of CO2 into CO by chemical looping over an oxygen 

storage material, typically a transition metal oxide, is an emerging technology for CO2 

utilization.
[1]

 The key to success for chemical looping is the oxygen storage material (OSM). Iron-

based materials have attracted much attention because of their low price, high oxygen storage 

capacity and possibility to be re-oxidized by CO2. However, serious sintering of the iron oxides 

particle at high-temperature remains an issue, making it necessary to develop iron-based OSM 

with an advanced structure for enhanced activity and stability. Design of a core-shell structured 

material, a nanoparticle core coated with a stable shell, is a promising strategy to synthesize 

active and stable materials for chemical looping processes (Figure 1). 

Here, a novel Fe2O3/ZrO2@ZrO2 nanomaterial with 

core-shell structure is proposed, where first Fe2O3 

nanoparticles are loaded onto a ZrO2 support as a core 

and afterwards the core is coated with a thin and 

porous layer of ZrO2. To synthesize this material, a 

combined pathway of impregnation and nanocoating 

methods is used (Figure 2). The Fe2O3/ZrO2 core is 

first prepared by incipient wetness impregnation. The 

support material not only eliminates the aggregation 

of nanoparticles during the calcination process but 

also provides a densified and stable support for the 

shell. To protect the supported iron oxide particles 

from sintering under high-temperature, a ZrO2 layer is 

deposited on the surface of the Fe2O3/ZrO2 core by 

means of a general nanocoating process,
[2]

 in which P-

123 (a nonionic amphiphilic surfactant) is applied to 

create an active template layer on the core surface for 

shell formation. After ZrO2 layer synthesis, the P-123 

is removed by calcination at 700 °C, leaving 

mesopores in the ZrO2 shell, through which reduction 

and oxidation gases can reach the iron oxide. 

In order to investigate the activity and stability of the core-shell oxygen storage nanomaterial, 

series of characterization and experiments, such as ex/in situ XRD, N2 sorption, STEM-EDX and 

isothermal chemical looping cycles, were performed for the as-prepared Fe2O3/ZrO2@ZrO2 

samples. The results show that these materials exhibit excellent structural stability (stable pore 

structure, specific surface area and core-shell morphology) and strong capability to resist 

sintering after 100 redox cycles at 650 °C compared to the samples prepared by impregnation 

only (without ZrO2 coating).  
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