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Development of Hydrogen Production Catalysts for a Residential PEFC System
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The resent progress of the catalysts for the fuel processing of the residential fuel cell systems was reviewed. For the
preferential oxidation of CO (PROX) reaction, Pt-Fe/Mordenite catalyst exhibited remarkable activity and selectivity.
Catalytic activities of the Ni-Fe/CeO,-ZrO> catalyst prepared by a hard template technique for the water-gas shift
reaction were superior to those of a commercial Fe-Cr-based catalyst. The residual chlorine adsorbed on supported Ni
catalysts suppressed CO, dissociation and improved selective CO methanation. The catalytic activity and selectivity of a
Ni/Al,Os catalyst for selective CO methanation were significantly improved by vanadium addition. The maximum CO
removal ability and catalyst durability of the Ni/AIVOj catalyst were dramatically improved by the MS coating.
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Fig. 1. SEM-EDX analyses of as-prepared Ni/Fe/Al based
catalyst ; (a) SEM image, (b) STEM with ZC mode, (c) Ni K,
Fe and Al X-ray intensities obtained by EDX line analysis.'”
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Fig. 2. Dark-field STEM images of catalysts prepared by
the Hard Template (HT) method before and after reaction :
(a) as-prepared Ni-Fe/CeO,-ZrO(HT); (b) as-prepared
Ni-Fe/CeO2(HT) ; (c) spent Ni-Fe/CeO:-ZrO(HT); (d)
spent Ni-Fe/CeQ,(HT)."”
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Fig. 3. Temperature dependence of CO conversion and CH,
concentration in the water-gas shift reaction, (O)
Ni-Fe/Ce0»-ZrO-(HT), (@) Ni-Fe/CeOx(HT), (4)
Ni-Fe/Ce0,-ZrO,(CP), ([ ]) Commercial Fe-Cr, reaction
conditions : SV=10,000h ', S/CO=3.7, 15%CO, 10%CO-,
60%H.,, N, balance.'”
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Fig. 4. Durability test of 4 wt% Pt-0.5 wt% Fe/mordenite
monolithic catalysts, which were wash-coated with alumina-
sol (@) or silica-sol (O), for PROX reaction in a reformate
gas at various temperatures. Feed gases : 1% CO, 1% O,, 5%
H.0, 20% CO, and H, balance, SV=9500h"", 1=2.0."
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Fig. 5. Photograph and schematic diagram of the 1 kW fuel

processor. '®
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Fig. 6. Variations of outlet gas composition from PROX
with operation time.'?
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Fig.7. Temperature dependence of selective CO methana-
tion over Ni-Al oxide (), 1% Ru chloride-added (O) and 3%
Ru chloride-added (@) catalysts. (a) outlet CO concentration,
(b) expanded view of (a), (c) outlet CH, concentration, (d)
selectivity for CO methanation.?”
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Fig. 8. FTIR spectra for CO; adsorption and hydrogenation
over Ni-Al oxide catalyst (A) without additives, (B) with
RuCls at 230C, after introduction of (a) CO,, (b) CO, and H,,
(¢) H for 5 min, and (d) H, for 30 min.?
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Fig. 9. (color online). Time resolved FTIR spectra for CO,
or CO, + H, introduction to Ni-Al oxide catalyst at 230C.. (a)-
(c) : Ni-Al oxide without additives, (d)-(f) : RuCls; added Ni-
Al oxide, (a) 2014 cm ™', (b) 1844 cm ™", (c) 1649 cm ™', (d)
2055cm ™, (e) 1936.cm ™', (f) 1601 cm ', time resolution :

0.02 s, resolution 16 cm ™.
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Fig. 10. Changes in CO, adsorption behavior over Ni-Al
oxide catalysts with various additives at 230°C, (a) RuCl;, (b)
HCI, (c) NH.CI, (d) RuNONO3, and (e) without additive.?
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Fig. 11.

(color online). Morphology of the catalysts and the
distribution of vanadium and nickel for AIVO, and Ni/AIVO,

measured by STEM-EDS analysis; (a, d) SEM images ;
square outline in (a) shows the EDS analysis area ; (b, c, e, f,
g) EDS maps : green, V ; red, Ni, blue, Al ; samples : (a, b, c)
AIVOx, (d, e, f, g) Ni/AIVO;, after calcination.>
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Fig. 12. TEM and STEM images of MS/Ni/AIVO catalyst
after calcination : (a) TEM image, (b) SEM image.*
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Fig. 13. Durability test for selective CO methanation over
Ni/AIVO, catalyst (a) and MS/Ni/AlIVOy catalyst (b) ; CO
concentration 0.5% ; SV 2400 h ™' ; temperature, 200C .>"
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