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Abstract — Storing the surplus energy from renewable energy resource is one of the challenges related to intermittent
and fluctuating nature of renewable energy electricity production. CO, methanation is well known reaction that as a renewable
energy storage system. CO, methanation requires a catalyst to be active at relatively low temperatures (250-500 °C) and
selectivity towards methane. In this study, the catalytic performance test was conducted using a pressurized bubbling flu-
idized bed reactor (Diameter: 0.025 m and Height: 0.35 m) with Ni/y-Al,O; (Ni70%, and y-Al,0;30%) catalyst. The range of
the reaction conditions were H,/CO, mole ratio range of 4.0-6.0, temperature of 300-420 °C, pressure of 1-9 bar, and gas
velocity (Uy/U,,) of 1-5. As the H,/CO, mole ratio, temperature and pressure increased, CO, conversion increases at the
experimental temperature range. However, CO, conversion decreases with increasing gas velocity due to poor mixing
characteristics in the fluidized bed. The maximum CO, conversion of 99.6% was obtained with the operating condition
as follows; Hy/CO, ratio of 5, temperature of 400 °C, pressure of 9 bar, and Uy/U,,cof 1.4-3.
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Fig. 1. Yield of methane in thermodynamic equilibrium for H,/CO,
ratio 4 [8].
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Fig. 2. Microscopic image of Ni/y-Al,O; particle.
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Fig. 3. Schematic diagram of the experimental apparatus.
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Table 1. Characteristics of catalyst and silica sand

Composite

Particle name - Bulk density (kg/m?) Particle size range (um)
Metal oxide supporter
Ni/y-ALO; Ni (70 wt%) v-AlL,05 (30 Wt%) 1652 127
Silica sand Raw materials 1249 160
Table 2. Summary of test conditions and variables
Temperature (°C) Pressure (bar) H,/CO, ratio U/U,,,

Case 1 300-420 1 4,5 3
Case 2 400 1-9 4,5 3
Case 3 400 3 4.0-6.0 3
Case 4 400 3 4,5 1.4-5
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Temperature (°C) 300 320 340 360 380 400 420

CH, selectivity (%) 100 100 100 100 100 100 100

CH, yield (%), H,/CO, ratio: 4 N/A 539 74.6 84.6 86.0 84.7 82
CH, yield (%), H,/CO, ratio: 5 40.6 64.5 814 91.8 94.9 95.0 94.4
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Table 4. Selectivity and yield with variation of pressure

Pressure (bar) 1 3 5 7 9
CH, selectivity (%) 100 100 100 100 100
CH, yield (%), Hy/CO, ratio: 4 74.8 76.7 77.4 78.6 N/A
CH, yield (%), H,/CO, ratio: 5 94.0 98.0 98.9 99.5 99.6
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Fig. 6. Effect of H,/CO, ratio on CO, conversion (T =400 °C, P =3 bar,
Uy/U,,r= 3).
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Fig. 7. Effect of gas velocity (Uy/U,,) for CO, conversion (H,/CO,
ratio =4, 5, T =400 °C, P =3 bar).

AHE 910, CH, 782 CO, A&} vp3k71A £ H,/CO, ratio
o} I S7kehs A4S Witk

3-4. RA0 LE B 5

Fig. 7 H,/CO, ratio: 4, 5, 400 °C, 3 bar®] =114 U /U, &
1014 5742 S74AZ oW, 7 <5 20l A 1AM {4 F )
A3t Co, M E-Eo|th Hy/CO, ratio: 42] Z31elA] 14U, A of
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H,/CO, ratio 4.0 4.5 5.0 5.5 6.0
CH, selectivity (%) 100 100 100 100 100
CH, yield (%) 85.0 89.0 92.0 96.0 98.0
Table 6. Selectivity and yield with variation of U /U,
U,/U,, 1.4 3 4 5
CH, selectivity (%) 100 100 100 100
CH, yield (%), H,/CO, ratio: 4 91.5 77.8 719 68.5
CH, yield (%), H,/CO, ratio: 5 98.0 96.0 94.0 91.0 88.0
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Fig. 9. (a) SEM image of Ni/y-Al,O; catalyst before methanation. (b) SEM image of Ni/y-Al,O; after methanation during 30 h.
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