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ABSTRACT Biogas, composed mainly of methane (CH,) and carbon dioxide (CO,), is a renewable gas that can serve as an alternative
energy source. In this study, we developed a new microwave reformer and analyzed its reforming characteristics. We observed that
higher temperatures of the microwave receptor led to increased reforming efficiency. By supplying appropriate amounts of methane
and steam, we could prevent carbon generated from the thermal decomposition reaction of carbon dioxide from depositing on the
catalytic active layer, thus avoiding the inhibition of catalytic activity. Hydrogen generation was enhanced when maintaining the
biogas ratio and steam supply at adequate levels. Increasing the SiC ratio in the receptor improved the uniformity of temperature
distribution and growth rate, resulting in higher conversion rates of the reforming process.

Key words Biogas(H}0] 2.7}2%), Microwave(u}o]| 22 0] H), Green house gas(2417}2), Reforming(7H %), Charcoal(X}-&),
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Fig. 1. Experimental apparatus for the continuous microwave reformer
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Table 1. Test conditions and reference condition for different

parameters
Parameter Test conditions Note/Reference
Value
Mi Recept
crowave cef) or 700, 900 RT/900
Temperature (°C)
Biogas Ratio (vol.%) 100:0, 60:40
’ ’ BGR/ 60:40
CH,:COs 0:100 /
Steam Feed Rate (mL/min)
0, 10, 50, 100 SFR/ O
for Steam Reforming oo /
Microwave Receptor ratio | 100:0, 70:30
’ ’ MRR/ 100:0
(vol,%) charcoal:SiC 50:50 /
Table 2. Chemical characteristics of the charcoal
Proximate analysis (wt%) Element analysis® (wt%)
M A VM FC C H N S (0]
6.65 | 1.66 | 16,81 |74.88]91.66| 2,98 | 0.22 | 0,00 | 5.14

M: moisture, A: ash, VM: volatile matter, FC: fixed carbon;
* Ash free basis
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Fig. 3. Reforming characteristics for MW receptor temperature

Table 3. Calculated values by using test data of the reforming

temperature
Reforming | CH4 conv | CO, conv, | Ho/CO | Ho selec. LHV
Temp, (°C)| (%) (%) ratio (%) [ (MJ/Nm?)
700 70.50 72.00 3.29 64,47 1412
900 89.22 94 .54 3.46 66,39 12,41
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Table 4. Calculated values by using test data of the biogas

ratio
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(%) (%) (%) ratio (%) | (MJ/Nm?)
100:0 67.12 - 30.34 46,73 15,24
60:40 89.22 94,54 3.46 66,36 12.41
0:100 - 63.81 0.02 - 9.98
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Table 5. Calculated values by using test data of the steam
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0 89.22 94.54 3.46 66.36 12.41 MWR | CHs conv. | CO2 conv, | Hy/CO | H selec. LHV

10 93.84 95,54 3.56 66.61 11,95 (vol.%) (%) (%) ratio (%) (MJ/Nm®)
50 92.85 95,18 3.48 66,43 11,96 100:0 89,22 94,54 3.46 66,36 12.41
70 82.70 86.84 3.36 64.25 12.89 70:30 92.30 95,18 3.54 66,57 12.16
100 58,93 61,25 3.03 63.76 15,45 50:50 95,22 95.54 3.58 68.50 12.07
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