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Development of Metallic Monolith Catalysts for Hydrocarbon

Steam Reforming to Produce Hydrogen

So Yeon Kang

Department of Chemical engineering, The Graduate School,

Pukyoung National University

Abstract

Conventional catalysts used for hydrocarbon steam reforming for
hydrogen production include pellet catalysts in which a catalyst is
supported on a ceramic support. Pellet catalyst is suitable for large
capacity system because it is easy to manufacture and manage
reforming system. However, high pressure losses may limit heat and
material delivery, channeling of reaction gas can cause lowering for
catalyst utilization rate, and slower response characteristics due to
conductivity of low thermal. In order to compensate for the

disadvantages of these pellet catalysts, monolith catalyst coated on a

- vii -



honeycomb type metal substrate was development to apply them to
small fuel cells. The metal monolith catalyst is excellent in thermal
conductivity and mechanical strength, and has a high degree of freedom
in shape, so it is possible to manufacture various reformer types. In
addition, since a small amount of catalyst is coated on a monolith, the
amount of catalyst used can be reduced to 1/10 or less of the pellet
catalyst. In this study, a produced high flow reactor and a three-stage
continuous reactor were used to evaluate the performance and
characterization of monolith catalysts. The catalytic reaction
characteristics of the steam reforming of hydrocarbons and the water
gas shift reaction were analyzed according to the changes of main
catalyst, support of catalyst, reaction temperature, gas space velocity
(GHSV) and steam to carbon ratio. These results are compared to the
response characteristics of the pellet catalyst. GC / TCD / FID and GC-

MS were used for gas analysis before and after the reaction.
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Table 1.The requirement for the principal types of fuel cell.

Species Electrolyte tem’;::::::’r'; - H, co CH, CO,/H,0 s
PAFC H,PO ~220 Posign Diluent Posion
308 (>0.5%) (>50ppm)
PEMFC Nafion 70-90 ()F’I%SF"‘;':“) Diluent Posion
AFC KOH solution 60~90 Posion Posion Posion
Fuel Diluent
MCFC Li,C0,+K,CO, ~650 Fuel Diluent (>Z°55||;)nm)
SOFC 210,/Y,0, ~1000 Fuel Diluent (>z°g";:)“m)
DMFC Nafion 60~120
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Table 2. Operating condition of gas chromatograph.

Content Operating Condition
Detector 1CD FID
Columns porapak N, molecular sieve 13X
Carrier gas N, balance
Carrier gas flow rate (ml/min) 15
Oven temperature (°C) 40
Injector temperature (°C) 150
Detector temperature (°C) 150 200
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Table 3.Conversion of hydrocarbons (methane, propane), yield of hydrogen,

carbon monoxide and carbon dioxide.

F F
Conversion 1 oL X 100 S220ut %X 100
FCH4,in FCH4,in
FH out FH
H, yield S HzoutBEEES & iR |, 400
: 2 X Fcn,in 10 X Fe, ng,in
F F
CO yield _C00ut' s 100 & T2 100
FcHy,in 10 X Fc,Hg,in
F F
Co, yield —C020ut 100 Copout 100
FcH,,in 3 X Fc,Hg,in
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Table 4. CO concentration after SR, WGS and PrOx reaction.

Reaction temperature(°C) CH, CHg

CO concentration after SR 700 1.2 % 58 %
CO concentration after WGS 250 0.7 % 0.4%

120 42 ppm

130 3.5 ppm
CO concentration after PrOx

150 3.7 ppm

180 3.2 ppm
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Figure 18. TEM image of K-3 and K-7 catalyst with dispersed precious metal.
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Figure 19. TEM-EDS mapping image of dispersed K-3.
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Figure 20. TEM-EDS mapping image of dispersed K-7.
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Figure 21.catalyst coating layer image of OM and SEM

(a) OM (x50) ; (b) OM (x200) ; (c) SEM
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