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Abstract — In this work, we proposed the three different reactor systems for evaluating of synthetic natural gas(SNG)
processes using the synthesis gas consisting of CO and H, and reactor systems to be considered are series adiabatic reac-
tion system, series adiabatic reaction system with the recirculation and cooling wall type reaction system. The maxi-
mum temperature of the first adiabatic reactor in series adiabatic reaction system raised to 800. From the these results,
carbon dioxide in product gas as compared to other systems was increased more than that expected due to water gas shift
reaction(WGSR) and the maximum CH, concentration in SNG was 90.1%. In series adiabatic reaction system with the
recirculation as a way to decrease the temperature in catalyst bed, the maximum CH, concentration in SNG was 96.3%.
In cooling wall type reaction system, the reaction heat is absorbed by boiling water in the shell and the reaction tem-
perature is controlled by controlling the amount of flow rate and pressure of feed water. The maximum CH, concentra-
tion in SNG for cooling wall type reaction system was 97.9%. The main advantage of the cooling wall type reaction
system over adiabatic systems is that potentially it can be achieve almost complete methanation in one reactor.
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Operating Characteristics of 1 Nm>/h Scale Synthetic Natural Gas(SNG) Synthetic Systems
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Fig. 1. Series adiabatic reaction system with or without recirculation.
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Table 1. Experimental conditions of each reactor for producing the synthetic natural gas(SNG)

Reactor type Series adiabatic reactors Cooling wall and Adiabatic reactors

Gas composition first second third first second
Diameter (I.D.), m 0.0527 0.0355 0.0355 0.025 0.0355
Shell size (I.D.), m - - 0.078 -

loading, kg 1.3 0.37 0.28 0.9 0.28
Catalyst Bulk density, kg/m’ 1,280

type (size) Cylindrical (4 mm ID x 4 mm H)

D

GHSY; miich 1500 : 2200 :
Temperature (shell), °C >280(250)
Pressure (shell), bar 20 20(40) 20
H,/CO ratio 2.96~2.98 - 2.88-3.36 -

Dywithout the recirculation; ?with the recirculation (recycle ratio = 0.6 ~ 0.7)
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Fig. 3. Axial temperature profile of series adiabatic reaction system
without recirculation(1 m>/h).
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Table 2. SNG synthesis in series adiabatic reaction system without recirculation(Syngas flow rate : 1 Nm>/h, H,/CO : 2.98)

Reaction time (reactor)

After the reaction time of 1 hour

After the reaction time of 3.5 hour

Gas composition 1% reactor 3" reactor 1% reactor 3" reactor
H, 12 16 214 84
co 43 0.0 6.5 0.0
CO, 0.0 0.0 0.2 1.5
CH, 84.5 98.4 71.9 90.1
CO conversion 95.2 100 91.7 100
To CH, conversion 922 99.6 85.6 96.2
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Table 3. Synthesis in series adiabatic reaction system with recirculation
(after the reaction time of 5 h. Syngas flow rate : 0.5 Nm’/h,

H,/CO : 2.96)
~ Reactor 1% reactor 3 reactor
Gas composition
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CO 43 0.0
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CH, 86.7 96.3

CO conversion 95.3 100

To CH, conversion 93.0 98.6
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Fig. 5. Axial temperature profile of cooling wall type reaction system.
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Table 4. SNG synthesis in cooling wall type reaction system with changing H,/CO ratio (Syngas flow rate : 1 Nm>/h)

H,/CO ratio

Reactor 2.88 3.01 3.20 3.36
H, 1.9 5.6 18.6 31.7
Cco 0.0 0.0 0.0 0.0
Cco 5.3 1.0 0.2 0.2
1 Cooling wall reactor CHj 9.8 934 812 68.1
CO conversion 100 100 100 100
To CH, conversion 94.1 97.5 94.4 89.3
H, 0.2 2.4 173 273
Cco 0.0 0.0 0.0 0.0
L Co 29 0.2 0.2 0.2
2" Adiabatic reactor CHj 96.9 97.4 82.5 72.5
CO conversion 100 100 100 100
To CH, conversion 97.1 99.2 94.8 91.2
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Table 5. SNG synthesis in cooling wall type reaction system(Syngas
flow rate : 2 Nm*h, H,/CO : 2.97)

Gas composifion Reactor cooling wall adiabatic
H, 45 1.1
Cco 0.0 0.0
CO, 1.6 1.0
CH, 93.9 97.9
CO conversion 100 100
To CH, conversion 97.2 98.7

Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011

(1) et SARkg ARl = 1) whdnke7) o] Fddel ot
31257} 800 °C7HA] a0, o] & Q1% A7k Sk R

CO7F ohF A=) 90.1%2] BHe- CH, ABIEE A3t} o= H
Hetsikg oM BaE-s G824 0F Ao 5 i AlAEe]

stk Zls S o sl
(2) Aol Sl ik HANRS A= Ale g A7) 7
kel wheh W7k Wl CH, $ 57 S7HATIA 0 ® co9) w5
7} wroprdystaL, I35 e] S7kE QI8 CH, ﬁaﬂEL A=go
Sl T SRS AI AT O] AR 6.2% £ CH, AE =
(96.3%)= KA},
3) ZIA A o

2 F

HESA| "o M= Fdhs Fall Whe

/] _Q_.I:E o}xﬂxﬂi _’_r7\]rsl— 101 XH_,_p,Lo] M% 1:].‘_ l‘ﬂ_—oeﬂlﬂ}
SAARIHLE 7.8%7F 35S 97.9%2] CH,AEEE o
A2 o] Iz o] A A A= 170E] v
OZE 97% OS] CH, =5 B I 3lo] that Tdn-gA]
HE 9-g71e] AeE Y e ARl s o Utk

23
|
>

e



1 Nm*h 75 SNG 33 Al2Ele] 24 B4

A

= A AAAAE AGAAR SRR o AHQ2009T

100100674)°.% 3= 5T}

Ju—

M

ks

I

. Nagase, S., Takami, S., Hirayama, A. and Hirai, Y., “Development
of a High Efficiency Substitute Natural Gas Production Process}
Catalysis Today, 45, 393(1998).

.NETL, A Current Perspective On the Gasification Industry, 2005

<http://www.netl.doe.gov/publications/brochures/pdfs/Gasification
Brochure.pdf>.

. Kopyscinski, J., Schildhauer, T. J. and Biollaz, S. M. A., “Pro-

duction of Synthetic Natural Gas (SNG) from Coal and Dry Biomass
A Technology Review from 1950 to 2009, Fuel, 89, 1763(2010).

. Gassner, M. and Marechal, F., “Thermo-economic Process Model

for Thermochemical Production of Synthetic Natural Gas (SNG)
from Lignocellulosic Biomass] Biomass Bioenergy., 33, 1587
(2009).

.Kang, S. H., Bae, J. W., Sai Prasad, P. S., Oh, J. H., Jun, K. W,,

Song, S. L. and Min, K. S., “Influence of Ga Addition on the
Methanol Synthesis Activity of Cu/ZnO Catalyst in the Presence
and Absence of Alumina) J. Ind. Eng. Chem., 15, 665(2009).

6.

8.

10.

11.

12.

13.

14.

15.

497

Kang, S. H., Woo, K. J., Bae, J. W., Jun, K. W. and Kang, Y., “Hydro-
genation of CO on Supported Cobalt y-Al,O; Catalyst in Fixed
Bed and Slurry Bubble Column Reactors, Korean J. Chem. Eng.,
26, 1533(2009).

. Hoehlein, B., Menzer, R. and Range, J., “High Temperature Metha-

nation in the Long-distance Nuclear Energy Transport System}’
Appl Catal., 1, 125(1981).

Haldor Topsoe, From coal to substitute natural gas using TREMP,
Technical report, Haldor Topsoe, 2008.

. Lohmueller, R., Linde—Berichte aus Technik und Wissenschaft,

41, 3(1977).

Yoo, Y. D, Kim, S. H,, Yun, Y. S. and Jin, G. T., “Conversion
Technology from to Coal to Synthetic Natural Gas} KIC News,
12, 38(2009).

Seglin, L., Methanation of Synthesis Gas, American Chemical
Sociaty, 1974.

Twigg, M. V., Catalyst handbook, Wolfe Publishing Ltd., 1989.
de Deugd, R. M., Kapteijn, F. and Moulijn, J. A., “Trends in Fis-
cher-Tropsch Reactor Technology-opportunities for Structured
Reactors) Top. Catal., 26, 29(2003).

Davis, B. H., “Fischer-Tropsh Synthesis: Overview of Reactor
Development and Future Potentialities, Top. Catal., 32, 143(2005).
Bartholomew, C. H., “Carbon Deposition in Steam Reforming
and Methanation}’ Catal. Rev., 24, 67(1982).

Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011



