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Effects of Cu and K Addition on Catalytic Activity for Fe-based Fischer-Tropsch Reaction
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Abstract : Effects of the Cu and K addition and the reduction condition of Fe-based catalysts for Fischer-Tropsch reaction are
studied in a continuous flow reactor in this research. The catalysts for the reaction were prepared by homogeneous precipitation
followed by incipient wetness impregnation. Physicochemical properties of the AO3 supported Fe-based catalysts are characterized
by various methods including X-ray diffraction (XRD), temperature programmed reduction (TPR), and scanning electron
microscopy (SEM). Catalytic activities and stabilities of the Fe/Cu/K catalyst are investigated in time-on-stream for an extended
reaction time over 216 h. It is found that a reduction of the catalysts using a mixture of CO and H» can promote their catalytic
activities, attributed to the iron carbides formed on the catalysts surface by X-ray diffraction analysis. The addition of Cu induces
a fast stabilization of the reaction reducing the time to reach at the steady state by enhancement of catalytic reduction. The
addition of K to the catalysts increases the CO conversion, while the physical stability of catalyst decreases with potassium
loading up to 5%. The Fe/Cu (5%)/K (1%) catalyst shows an enhanced long term stability for the Fischer-Tropsch reaction under
the practical reaction condition, displaying about 15% decrease in the CO conversion after 120 h of the operation.
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Figure 1. Schematic diagram of experimental apparatus for Fischer-Tropsch reaction.
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Figure 2. Changes of CO conversion with time of Fe catalysts after
reduction with H, only, and with CO/H, during Fischer-
Tropsch reaction.
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Figure 3. XRD patterns of Fe catalysts after reduction with H, only
(A), and with CO/H, (B) at 375 C for 12 h.
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Figure 4. Changes of CO conversion with time of Fe/Cu 1 wt%, 3
wt%, and 5 wt% catalysts during Fischer-Tropsch reaction.
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Figure 5. H,-Temperature programmed reduction profiles of Fe/Cu
1 wt%, 3 wt%, and 5 wt% catalysts.
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Figure 6. Changes of CO conversion with time of Fe/K 1 wt%, 3
wt%, and 5 wt% catalysts during Fischer-Tropsch reaction.
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Figure 7. Scanning electron microscopy images of Fe/K 5 wt%
catalyst before (A) and after (B) Fischer-Tropsch reaction.
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Table 1. Hydrocarbon selectivity of Fe/Cu and Fe/K catalysts
(reaction period: 60 ~ 100 h)

Fe/Cu Catalyst Fe/K Catalyst
Addition (wt%) | Cul | Cu3 | Cu5| K1 | K3 | K5
CO Conversion | 0.63 | 0.69 | 0.70 | 0.79 | 0.74 | 0.61
Selectivity (wt%)

CH,4 43 | 74 | 87 | 94 | 103 | 9.0

Cr-Cy 27.6 | 24.8 | 26.1 | 23.1 | 24.1 | 29.1
Cs-Cy 46.7 | 53.8 | 52.2 | 444 | 478 | 412
Ci0-Cio 225 | 184 | 193 | 245 | 16.6 | 16.6

Cao+ 32 | 30 | 24 | 80 | 11.5 | 13.1
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Figure 8. Changes of CO conversion with time of Fe/Cu 5 wt%/K
1 wt% catalyst during Fischer-Tropsch reaction.
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