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Abstract : In this work, we performed the methanation with steam and synthesis gas of a low H»/CO ratio to develop a process for
producing SNG (synthetic natural gas). In this experiment conditions, the water gas shift reaction and the methanation reaction
take place at the same time, and insufficient supply of steam might cause the deactivation of the catalyst. Therefore, the reaction
characteristics with the amount of steam was performed, and the methanation on syngas containing CO; of the high concentration
were studied. As a result, the temperature in the catalyst bed decreased by the supply of steam, and the methanation and the water
gas shift reaction occurred at the same time. Although methane yield slightly decreased at the methanation using syngas
containing CO; of the high concentration, the long-term operation (1,000 h) in the experimental conditions of this study indicates
that this condition is suitable for the new commercial scale SNG process.

Keywords : Synthetic natural gas (SNG), Syngas, Methanation, Water gas shift (WGS)
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Figure 1. Experimental apparatus for SNG synthesis from syngas.
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Figure 2. Effect of steam for SNG synthesis at Ho/CO = 3.0.
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Figure 3. Effect of H,O/CO ratio for SNG synthesis at Hy/CO =
0.93 and CO; 1.32%.

Table 1. Conversion and selectivity with changing of H>O/CO ratio
at Hy/CO = 0.93 and CO; 1.32%

H,O/CO ratio
5 3 2.5 2 1
CO conversion (%) 100 100 100 100 100
CHy selectivity (%) | 45.3 456 | 47.0 | 46.7 | 474
CO; selectivity (%) | 37.6 | 37.5 37.8 | 373 374
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Table 2. Conversion and deactivation with the different temperature
at H»/CO = 0.93 and CO; 1.32%

Items|  CO conversion (%) Deactivation Te}np.
Number After 10 h | After 150 h (7o) (©)
1 98.7 98.6 0.10 360
2 96.7 96.5 0.21 500
3 91.0 90.8 0.22 600
4 79.3 78.9 0.50 700
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Figure 4. Time on stream for SNG synthesis at Hy/CO = 0.93, CO,
1.32% and 500 C.
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Figure 5. Effect of H,O/CO ratio for SNG synthesis at H,/CO =
0.93 and CO; 22%.

Table 3. Conversion and selectivity with changing of H,O/CO ratio
at H»/CO =0.93 and CO; 22%

H,O/CO ratio
5 4 2.5 2
CO conversion (%) 100 100 100 100
CHy selectivity (%) 18.9 21.8 21.6 213
CO; selectivity (%) 55.8 56.5 56.5 56.8

Items

Table 4. Conversion and deactivation with the different temperature
at H»/CO = 0.93 and CO» 22%

Items|  CO conversion (%) Deactivation | Temp.
Number After 10 h | After 150 h (%) (C)
1 96.1 96.0 0.10 360
2 94.6 94.2 0.42 500
3 85.1 84.9 0.24 600
4 72.3 71.4 1.24 700
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Table 5. Conversion and selectivity according to reaction time at
H,/CO =0.93, H,O/CO = 2.5 and CO; 22%

Time (h)

Items
270 | 460 | 600 | 750 | 940 | 1020

CO conversion (%) | 96.02 | 96.65 | 96.59 | 96.75| 97.12| 96.87

To COz

. 50.02 | 49.65 | 48.24 | 48.02 | 49.23 | 48.93
conversion (%)

To CH4

. 46.00 | 47.00 | 48.35| 48.73 | 47.89 | 47.94
conversion (%)

CHy | 21.85] 22.62| 2391 | 24.23 | 23.35| 23.45

Products | CO2 | 51.97 | 52.48| 53.22| 53.42| 52.94 | 52.97
(mol%) | co | 1.89| 1.61| 1.68| 1.62| 1.40| 1.53
H, |2429]23.29|21.19] 20.73| 22.31| 22.05

Figure 79]+= 360 C, 2.0 MPa, 32,500 mL/g-h9] &7 oj A
H,O/CO H]& 252 F&3}9] 1,000 h 529 WIS EAS 1}
EHH‘”E} DF G2 vhgAIA"- o] FAIZ lsto] LA A

% thA] SNG ¥Hg-& Zdgstaieh oA 9F 2ol 1,000
h°1 st ete CO AT CO, ¥ CHi= 9] Heke2S &
H3} glo] F-A1 = Slek olw, 1,000 ho] ke 3 CO Mgk
2 96.87%, CO2t CH4Z2 9] ZHZHE-2 48.93%2} 47.94% % 2
o, AAEH ] CHy, CO,, CO, Hy 5-9] %% (mol%)= 23.45,
52.97, 1.53, 22.05%%1c}.

Table 59]|+&= Figure 79] HF-g-ZAxto) A 7 TA7H270, 460,
600, 750, 940, 1020 h)o] w2 CO Z3hg, CO, ¥ CHsZ 9]
Aghes xZosto] vES & AAEW S CHy CO,, CO, By 5
o A5 YEP . AEEE2 AZto] AHatge| wet &
ol Holx] goton, A= Ade: HEEd ¢
2o A 7S Bt
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Fe] S7kol uhet CO eha3 CHy| &2 A7 W3]
eeken, 771,000 h) 232 HE 2L SNG 33(1
ZF wEkghd Wkl A8o] s Ao I E
gk d719F o] COx9| w7t S8t ek Nk =S 700
C mgtoz fAshd kg2 Ql wighs} w2 =2 = 9l
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