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ABSTRACT

M/Fe;O; (M=Rh, Ce and Zr) mixed oxides were prepared using urea method to develop a
medium for chemical hydrogen storage by their redox cycles. And their redox behaviors by repeated
cycles were studied using temperature programmed reaction(TPR) technique. Additives such as Rh, Ce
and Zr were added to iron oxides in order to lower the reaction temperature for reduction by hydrogen
and re-oxidation by water-splitting. From the results, concentration of urea used as a precipitant had
little effect on particle size and reduction property of iron oxide. TPR patterns of iron oxide consisted
of two reduction peaks due to the course of Fe;O; — Fe;0, — Fe. The results of repeated redox tests
showed that Rh added to iron oxide have an effect on lowering the re-oxidation temperature by
water-splitting. Meanwhile, Ce and Zr additives played an important role in prevention of deactivation
by repeated cycles. Finally, Fe-oxide(Rh, Ce, Zr) sample added with Rh, Ce and Zr showed the lowest
re-oxidation temperature by water-splitting and maintained high H, recovery in spite of the repeated
redox cycles. Consequently, it is expected that Fe-oxide(Rh, Ce, Zr) sample can be a feasible medium
for chemical hydrogen storage using redox cycle of iron oxide.

FRIIEB0 : Hydrogen storage(F4a: A7), Redox of iron oxide(Ar3Hd e 213}-39),
Mixed metal oxides(Z 3 F& AHg}E)
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Table 1 Nomenclatures and compositions of M/FexOs
(M = Rh, Ce, Zr) mixed oxides prepared in this study

Molar ratio (%)

Nomenclature

Fe Rh Ce Zr
Fe-oxide (Rh) 97 3 0 0
Fe-oxide (Ce) 97 0 3 0
Fe-oxide (Zr) 97 0 0 3
Fe-oxide (Rh,Ce) 94 3 3 0
Fe-oxide (Rh,Zr) 94 3 0 3
Fe-oxide (Rh,Ce,Zr) 91 3 3 3
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M/Fe:03 (M = Rh, Ce & Zr) B8 43

Additives aq. sol. (RWZr/Ce)

Iron(H}) nitrate enneahydrate aq. sol.

!

Mixing for I h

}

Heating to 363 K

!

Dropping Urea aq. sol.
for2hat363 K

Reaction for4 h
with stirring

!

Filtering and Washing

!

Drying for 24 hat 383 K

!

Calcination for 5 h
at 573 K

Calcination for 10 h
at 773K

Fe;O0;modified with Rh,
Ce, Zr

Fig. 1 Schematic diagram for preparation procedure of
M/Fe-Oxide(M = Rh, Ce and Zr)
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Fig. 3 SEM images of the prepared FeoOs particleswith
various concentration of urea used as aprecipitant; (a) 4
mol (b) 6 mol (c) 8 mol
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Fig. 4 X-ray diffraction patterns of the prepared Fe;Os
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M/Fe:0s (M = Rh, Ce & Zr) EE A3l

Table 2 Amount of H; evolution by water splitting
during 3 repeated redox cycles

unt of Hz evolution (ml/g)

Nomenclature

st cyéle 2nd ‘cycle 3rd cycle
Fe-oxide(None) 152.2 181.5 157.5
Fe-Oxide(Rh) 174.3 160.0 88.0
Fe-Oxide(Ce) 1942 224.4 217.7
Fe-Oxide(Zr) 279 208.4 2238
Fe-Oxide(Rh, Ce) 170.5 193.1 206.9
Fe-Oxide(Rh, Zr) 248.6 240.5 236.8
Fe-Oxide(Rh, Ce, Zr) 270.2 276.8 272.4
25 ¥3H3 Fe-oxide (Rh, Ce, Zr) A5 4%,
Mg S5 S BAFL BGOW BB Al
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