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Kinetics Analysis of Fe2O3-CuO/Al2O3 Oxygen Carriers for Chemical Looping Process
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Abstract:
Fe2O3-CuO/Al2O3 oxygen carriers were synthesized and sintered at 1000, 1100 and 1200 °C and were tested in a TGA system for the chemical looping process. Conversion efficiency was slightly decreased with oxygen carriers sintered at higher temperatures; however, the mechanical strength was increased markedly for oxygen carriers sintered at higher temperatures. Because of this increased mechanical strength, Fe2O3-CuO/Al2O3 oxygen carrier sintered at 1200 °C was found to be optimal in this study. Two different fuel gases were used in the experiments, CO and H2. Experiments conducted with H2 demonstrated higher conversions of the oxygen carriers. The effect of reaction temperature on the oxygen carrier conversion was tested in a range of 850 – 925 °C. The optimal conversion was at 925 °C, the highest temperature tested. For experiments conducted at different temperatures, the conversion of oxygen carriers was relatively consistent over 20 operation cycles with no significant degradation. Different models were evaluated for their feasibility to properly describe activation energy and conversion efficiency of oxygen carriers. The third order reaction model is found to be most suitable in describing the chemical looping reactions in this study. For experiments using H2 as a fuel gas, the process was found to be endothermic with a heat consumption of 37 kJ/mole; whereas for experiments where CO gas was used, the process was exothermic with a heat release of 1.04 kJ/mole. In summary, oxygen carriers consisting of iron, copper and aluminum were demonstrated to be suitable for the chemical looping process.
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