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Characteristics of Redox Agent with Additive in Steam-iron
Process for the High Purity Hydrogen Production
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ABSTRACT

Effects of various inorganic-metal oxide (Zr, Zn, Si, Al and Ca as promoters and stabilizers) additive
on the reduction rate of iron oxide and the composition of forming hydrogen using the steam-iron cycle
operation was investigated. The reduction rate of redox agent with additive was determined from weight
change by TGA. The changes of weight loss and reduction rate according to redox agent with various additive
affected the hydrogen purity and cycle stability of the process. The cyclic micro reactor showed that hydrogen
purity exceeding 95% could be obtained by the water splitting with Si/Fe, Zn/Fe, Zt/Fe redox agents. The
redox agents with these elements had an affect on redox cycle stability as a good stabilizer for forming
hydrogen by the steam-iron process.

KEY WORDS : Steam-iron process(5-%7]-2 ¥4), Redox agent(2F3}-3+91 4)), Reducing gas(3H97}F2),
additive( 714, Reduction rate(3H¢1<:15)
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Fig. 1 Gibbs free energy change of predicted redox reaction
by steam and CO/H, mixture gas with temperature1°'16)
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measuring the weight change by reduction of iron oxide
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Fig. 4 Variations in the weight and reduction rate of iron
oxide with reduce temperature in pure CO stream
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Table 1 Composition of the off-gas at the oxidation step of iron oxide with various additive

Step Oxidation cycles

Additive 1 2 3 4 5 6 7 8 9 10
H, 99.853 97.637 96.652 94.549 98.110 97.593 98.117 99.384 97.300 97.915

Zr/Fe CO, 0.000 2.134 3.166 5.287 1.682 2218 1.718 0.400 2.548 1.911
(¢[¢] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
H, 96.873 95.624 96.975 94.177 95.264 94.725 96.848 95.818 96.210 96.048
Al/Fe CO;, 2.832 4.198 2.694 4.365 4511 4.967 2.900 3.929 3.528 3.713
CcO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
H, 100.00 97.206 95.610 97.205 97.174 98.234 98.927 99.055 97.860 97.787
Zn/Fe CO, 0.000 2.629 4234 2.624 2.665 1.591 0.875 0.759 1.985 2.060
CO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
H, 88.675 87.652 88.116 91.787 86.993 88.167 88.737 86.891 85.538 84.618
Ca/Fe CO, 8.583 9.063 8.370 4.401 8.280 8.020 6.892 8.805 9.670 10.828
CO 2.729 3.268 3.497 3.791 4713 3.796 4.358 4.286 4.781 4.542
H, 99.853 97.637 96.652 94.549 98.110 97.593 98.117 99.384 97.300 97.915

Si/Fe CO, 0.000 2.134 3.166 5.287 1.682 2.218 1.719 0.400 2.548 1.911
CO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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