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ABSTRACT

The Direct Methane Reforming (DMR) reaction is a clean reaction which forms “Turquoise hydrogen” and carbon
materials of carbon nanotubes (CNTs) and so on using methane gas with iron-based catalysts etc., and it will be a
process that can contribute to a carbon-neutral society. We will introduce the properties of hydrogen and CNTs
created by various reaction conditions of DMR with the high-activity iron-based catalysts which are newly

synthesized by us.
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Schematic diagram of DMR reaction mechanism with a-Fe,0,/Al,O; composite catalyst.
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Table 1 Characteristics of CNTs obtained using various composite catalysts. (at total hydrogen
production of 0.6 mol g-cat.™).

Characteristics Fe,05/A1,04 Co;04/AL0; NiO/Al,O4
BET specific surface area [m’ g'] 178 166 110
Powder resistance [Q cm (at 1 g cm™)] 0.037 0.027 0.075

3 REEAMEZAVTESIAACNTO TEMEE (BEKFLERE 0.6 mol g-cat.” FliErF)
Fig. 3 TEM photographs of CNTs obtained using various composite catalysts.(at total hydrogen production of 0.6 mol g-cat.”).
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Fig. 4 Relationship between DMR reaction time and total
hydrogen production using various iron-based cat-
alysts (Reaction temperature: 705°C, Ratio of flow
rate of raw material gas (13A) to catalyst weight:
0.67 L min" g-cat.™).
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Table 2  Specifications of various catalysts.

50
--£--- Catalyst A
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Fig. 5 Relationship between DMR reaction time and hy-
drogen concentration in furnace outlet gas using
various composite catalysts (Reaction tempera-
ture: 705°C, Ratio of flow rate of raw material gas
(13A) to catalyst weight: 0.67 L min™ g-cat.”).
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Sample name  Preparation method

Compositions

Composition molar ratio [-]

Catalyst A Physical mixing method Mixture of Co contained Iron oxide and ~ Fe/Co/Mg/Al = 30/1/48/21
Mg-Al composite hydroxide

Catalyst B Deposition-precipitation method Al coated iron oxide Fe/Al=5/1

Catalyst C Solid solution method (Wet synthesis ~ Al-Fe composite hydroxide Fe/Al=1/1

method)
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Fig. 6 Internal structure and flow of catalyst and raw material gas in small continuous screw furnace.
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Fig. 7 Relationship between ratio of flow rate of raw
material gas to feed rate of catalyst and hydrogen
concentration in furnace outlet gas due to flow
direction of raw material gas.
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Fig. 8 Relationship between ratio of flow rate of raw
material gas to feed rate of catalyst and powder
resistance of generated CNTs due to flow direc-
tion of raw material gas.
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Fig. 9 TEM photographs of generated CNTs due to flow
direction of raw material gas using small continu-
ous screw furnace.
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Fig. 10 TEM photographs of generated CNTs by city gas with oxidized gas (Reaction temperature: 705°C, Ratio of flow
rate of raw material gas (13A) to catalyst weight: 0.27 L min™ g-cat.”, Reaction time: 180 min).
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