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Hydrogen Methane Gas Mixture Recovery by Reactions of Carbonaceous Wastes
in Supercritical Water along with CO, Fixation

Shoji HAYASHI, Hiroki TAKEKAWA and Yoshiaki IGUCHI

Synopsis : Automobile Shredder Residue (ASR) and Refuse derived fuels (not carbonized and carbonized: YRDF and RDF) as carbonaceous wastes
were reacted isothermally with sub-supercritical water (600~695°C, 200 atm) together with a CO, fixation reagent Ca(OH), inside a closed

metallic tube reactor (7 cm?). Product gas mainly consisted of hydrogen gas and a little methane gas except YRDE. As a whole, gas generated

more in order ASR, YRDF, and RDF. Addition of catalysis NaOH or KOH made product gas increase more. KOH was more effective to
product gas than NaOH. X-ray diffraction followed that Ca(OH), and CaCO; existed mainly in residues after reaction tests with a CO, fixa-

tion reagent Ca(OH), or CaO. Therefore, it was supposed that an overall chemical reaction took place as shown below. BOF steelmaking slag

for CO, fixation provided maximum gas generation 1.42 times as much as molar carbon in a RDF sample with KOH.

C+H,0+Ca(OH),=CaC0,+2H,

Key words : carbonaceous wastes; ASR, RDF; sub-supercritical water; hydrogen methane gas mixture; CO, fixation reagent; catalysis; BOF steelmaking

slag.
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Table 1. Chemical compositions of carbonaceous wastes

(mass%).
Ash VM [¢] H N 0] S
ASR 38 45 5.7 14 5.3 1.6
YRDF 10.3 75.6 | 505 1.8 0.8 349 [ 0.11
RDF 39.8 125 | 45.2 1.1 1 8.7 | 0.096
YRDF: No carbonized RDF, RDF: Carbonized RDF,
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Fig. 1. Temperature dependence of product gas for carbonized RDF (NaOH or KOH 0.03 g).
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Fig. 2. Carbonaceous wastes dependence of product gas at
650°C (200 atm, 20 min, Ca(OH),: 0.36 g, carbona-
ceous wastes: 0.06g, catalysis NaOH or KOH:
0.03 g).
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Fig. 3. Carbonaceous wastes dependence of product gas at
695°C (200 atm, 20 min, Ca(OH),: 0.36 g, carbona-
ceous wastes: 0.06g, catalysis NaOH or KOH:
0.03 g).
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Table 2. Chemical composition of BOF steelmaking slag

(mass%).
CaO | SiO; | MnO | MgO | AlbO3 | P,Os | S
52.5 24.2 0.7 1.2 1.04 0.28 | 0.238
T-Fe |Metal-F¢ FeO | Fe,O3| Na |F-CaO
12.3 73 3.7 3 0.61 13.3

Product gas ( x1 07%mol )

KOH Nit
ASR |

NaOH KOH  Nil
YRDF |

NaOH
RDF

KOH

Fig. 4. Carbonaceous wastes dependence of product gas at
650°C (200 atm, 20 min, Steelmaking slag: 1.8¢,
carbonaceous wastes: 0.06g, catalysis NaOH or
KOH: 0.03 g).
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Fig. 5. Carbonaceous wastes dependence of product gas at
695°C (200 atm, 20 min, Steelmaking slag: 1.8 g,
carbonaceous wastes: 0.06g, catalysis NaOH or
KOH: 0.03 g).
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Fig. 6. An example of X-ray diffraction patterns after reac-
tion.
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Fig. 7. Arrhenius plot and activation energy for hydrogen production.
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Fig. 8. Concept of process proposed.
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