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Abstract — A catalytic fixed-bed recycle reactor was proposed to increase the level of reaction conversion in conducting the
hydrogenation of C® The hydrogenation of CQvas carried out over Fe-K/&D, catalyst. The conversion of carbon dioxide
(Xcoy increased with increasing reaction temperature and modified residence fjjén(the fixed bed single reactor. In
series reactors, theg¥, increased up to the level of 68.5% (T=300P=1.0 MPa, KHICO,=3 and SV=1,000 ml{g;hr) in
comparison with the level of 40.8% in the fixed bed single reactor at the same conditiong,J ei¢ased with increasing
recycle ratio(R) and exhibited a maximum value with increasing total space velociy T8¢ maximum X, was the level
of 75.6% (T=3006C, P=1.0 MPa, HCO,=3, R=6 and S¥-4,000 ml/g,hr) in the recycle reactor when the S¥as 5,000 ml/

0o - From the results of this study, it was found that the recycle ratio of reactant gas, effective separation of water vapor an
liquid hydrocarbon, modified residentime and equilibrium @nversion level of the reaction were important factors to deter-
mine the conversion level of the hydrogenation of carbon dioxide.
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Table 1. Composition and properties of Fe-K based catalysts

Composition BET surface areaCQ, uptake H, uptake

Catalyst [Wi%)] [m3g] [umol/g] [umol/g]
Fe: K:AlLO,
FeHIAOs 20 7 100) % - “

:;ﬁmj I
@
@y @
g § 8 §

Fig. 1. Experimental apparatus.
1. Mass flow controller
3. Fixed bed® reactor
5. Gas-liquid separator
7. Heat exchanger
9. Gas compressor
11. Pressure regulator

2. Fixed bed feactor
4. Electric heater
6. Condenser
8. Back pressure regulator
10. Buffer tank
12. Wet gas meter
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Fig. 2. Effects of temperature on X, in a fixed bed reactor without
recycle (P=1 MPa, H/CO,=3, present study: SV=2,000 mig;hr,
a: SV=168 ml/g,hr, A components: H,, CO,, CO and H,0, B:
components: H, CO,, CO, H,O, CH, and C;Hg, FT synthesis:
H,, CO and H,0).
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Fig. 3. Effects 0ft,,q 0N the X0, Yic @and Yeq in a fixed bed reactor
without recycle (T=300°C, P=1 MPa, H/CO,=3).
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Table 2. Carbon dioxide conversion and product selectivity
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Fig. 4. Effects oft,,,,q 0n the hydrocarbon selectivity in a fixed bed reac
tor without recycle (T=300°C, P=1 MPa, H/CO,=3).
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Hydrocarbon distribution [C-mol%)]

Operation Xcop CO Sel. — — — O/O+P
mode [C-mol%)] [C-mol%)] G ) G, Cs Cs Cs C, >Cs ratio [%]
Sel. Sel. Sel. Sel. Sel. Sel. Sel. Sel.
Single reactor 40.8 111 7.4 5.8 14 9.6 11 7.0 0.9 55.7 86.8
Series reactors 68.5 13.7 10.1 4.9 24 6.5 11 34 0.8 57.1 77.5
Recycle reactor 75.6 2.2 7.3 3.8 2.2 7.4 1.2 3.8 0.8 713 78.1

(T=300C, P=1.0 MPa, HCO,=3, Single reactor: SV=1,000 mlfghr, Series reactors: SV=1,000 nalydyr, Recycle reactor: R=6, $¥4,000 ml/g,;hr).
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Fig. 5. Effects of R on the Xo,, Yic and Yo in a fixed bed recycle reactor
(T=300°C, P = 1 MPa, H/CO,=3).

_ Vi(hourly volumetric flow rate of feed gas, my/hr

sV 0
m.,{amounts of catalyst,.g)
_ SVi(space velocity of recycle feed gas, my/br) ®)
SV(space velocity of fresh feed gas, rj/or)
SV, (total space velocily= SVi+SV, 9)
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Fig. 6. Effects of S\t on the Xcq,, Ync and Yo in a fixed bed recycle
reactor(T=300°C, P=1 MPa, H/CO,=3).
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Fig. 7. Effects 0fTpq 0N the X0, Yic @and Yo in a fixed bed recycle
reactor(T=300°C, P=1 MPa, H/CO,=3, R=2).
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: amounts of catalyst [g]

: pressure [MPa]

: recycle ratio {]

: space velocity of total gas [mlg hr]

: space velocity of fresh feed gas [mlfdhr]
: space velocity of recycle gas [ml/ghr]
: temperature®C]

: volumetric flow rate of feed gas [ml/s]
: CO, conversion

: CO yield

: total hydrocarbon yield

: modified residence time [gs/ml]
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