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Supplementary Table 1. Standard free energies of reaction  
	Reaction
	 
	Reference

	
	-576.30+0.20T (K)
	1

	[bookmark: OLE_LINK1]
	-553.44+0.16T (K)
	2

	
	-529.78+0.13T (K)
	2

	
	-624.42+0.25T (K)
	2

	
	-12.31 (570 ˚C); -6.70 (700 ˚C); -3.55 (770 ˚C)
	ThermalCalc

	
	-394.87 (570 ˚C); -389.09 (700 ˚C); -386.24 (770 ˚C)
	Caculated

	
	-21.48 (610 ˚C); -15.81 (700 ˚C); -8.95 (800 ˚C)
	ThermalCalc

	
	-399.94 (610 ˚C); -391.95 (700 ˚C); -383.44 (800 ˚C)
	Caculated
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Figure S1. SEM-BSE cross-section images of Fe, Fe–10Sn, Fe–25Sn, and Fe–40Sn powder beds after the 2 cycle (steam oxidized) and after subsequent H2 reduction (2.5 cycle).
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Figure S2. SEM-BSE cross-section images of Fe, Fe–10Sn, Fe–25Sn, and Fe–40Sn powder beds after the 10 cycles (steam oxidized) and after subsequent H2 reduction (10.5 cycles).
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Figure S3. SEM-BSE cross-section images of Fe, Fe–10Sn, Fe–25Sn, and Fe–40Sn powder beds after the 50 cycles (steam oxidized) and after subsequent H2 reduction (50.5 cycles).
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Figure S4. XRD patterns of cross-sections of the H2 reduced powder beds (Fe, Fe-10Sn, Fe-25Sn, and Fe-40Sn) after 50.5 redox cycles
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