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Abstract — The technology enabling the large-scale production of catalysts by extrusion is very important for the com-
mercialization of the Fischer-Tropsch process. In this study, the influence of the binder on the extrudate of Fe-based cat-
alyst well known as FT catalysts has been studied. Inorganic binders such as kaolin, bentonite, alumina sol and silica sol
and organic binders were added during extrudate preparation. The extrudates have been prepared with various compo-
sitions, and the physicochemical properties of the extrudates have been examined by XRD, BET, PSD, TPR and UTM.
The optimum binder composition of extrudate was established by comparing the FT reaction activity.
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(1) CO + 2H, — -CH,- + H,O(Chain growth in F-T synthesis)
(2) CO + 3H, —» CH, + H,O(Methanation)
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(3) CO + H,0 <> CO, + H,(Water-Gas Shift reaction)
(4) 2CO <> C + CO,(Boudouard reaction)
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Fig. 1. Schematic diagram of fixed bed reactor for F-T synthesis.
1. Micro filter 6. Fixed bed reactor

2. Mass flow controller 7. Hot trap
3. Check valve 8. Narmal trap
4. Gas Mixer 9. 4-port valve

5. Electric heater 10. 3-point thermal couple
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Fig. 2. XRD profiles of pure catalyst and catalysts kneaded with
various inorganic binder.
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Table 1. Physical properties of the catalysts with various inorganic

binders
N, adsorption method

Catalyst ~ BET surfacearea ~ Pore volume  Average pore size
(m*/g) (cm’/g) A)
Pure cat. 89.4 0.18 56.3
C-K 85.7 0.19 68.0
C-B 76.4 0.17 72.0
C-Al 124.3 0.36 94.1
C-Si 110.0 0.25 67.9

- K : Kaolin, B : Bentonite, Al : AS-520, Si : HS-40
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Fig. 3. Pore size distributions of pure catalyst and catalysts extru-
dated with various inorganic binders; (a) solid inorganic
binder, (b) liquid inorganic binder.
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Fig. 4. TPR profiles of pure catalyst and catalysts extrudated with
various inorganic binders; a: Fe,0;—Fe;O,, b: CuO, Cu,0—Cu,

c: Fe;0,—Fe.
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Table 2. The influence of inorganic binder on the catalytic performance for Fischer-Tropsch reaction
Catalyst Binder CO conv. CO, Selectivity Selectivity(C-mol%) in H/C .0/0+P
(C-mol%) (C-mol%) CH, C,-C, >Cs in C,-C,
Pure cat. None 95.1 33.6 1.7 3.8 94.5 87.5
C+K* Kaolin 95.3 322 2.5 5.7 91.8 87.7
C+B* Bentonite 94.7 32.7 22 5.3 92.5 88.4
C-K Kaolin 93.6 325 5.0 7.4 87.6 66.6
C-B Bentonite 92.9 34.9 43 6.8 88.8 24.5
C-Al AS-520 91.4 35.8 45 5.7 89.8 21.2
C-Si HS-40 66.7 19.5 1.8 3.5 94.7 65.4

*Mechanical mixture of catalyst and binder

- Reaction condition: reaction temperature = 280 °C, reaction pressure = 10 bar, space velocity =2000 cc/g,, h, H,/CO =2
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Table 3. Physical properties and mechanical strength of the catalysts extrudated with various formulations of inorganic binder

Catalyst Composition N, adsorption method Strength
Cat. Binder  Kaolin : Al,O, (in binder) BET surface area (m%/g) Pore volume (cm*/g) Average pore size (A) N)
40B-E (1) 60 40 95:5 46.1 0.14 101.2 29.0
40B-E (2) 60 40 90:10 553 0.15 80.2 524
40B-E (3) 60 40 83:17 57.0 0.17 96.9 74.8
40B-E (4) 60 40 80:20 59.5 0.18 97.1 70.0
30B-E (3) 70 30 83:17 72.0 0.23 99.3 60.2
50B-E (3) 50 50 83:17 53.5 0.16 943 50.8
Table 4. The effect of inorganic binder composition on the catalytic performance of extrudated catalysts
Catalyst CO conv. CO, Selectivity Selectivity(C-mol%) in H/C 0/0+P
C-mol% (C-mol%) CH, C,-Cy >Cs in C,-C,
40B-E (1) 94.6 353 8.5 74 84.1 473
40B-E (2) 94.9 342 8.5 7.2 84.3 46.8
40B-E (3) 95.2 332 9.3 8.7 82.0 46.9
40B-E (4) 94.7 34.0 8.7 8.1 83.2 46.9
30B-E (3) 96.4 323 8.1 8.1 83.8 47.7
50B-E (3) 93.6 324 11.2 8.8 80.0 429

Reaction condition: reaction temperature = 280 °C, reaction pressure = 10 bar, space velocity = 2000 cc/g,,h, H,/CO =2
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Table S. Physical properties and mechanical strength of the catalysts
extrudated with various organic binders

N, adsorption method
Strength
Catalyst BET surface Pore volume Average pore N)
area (m%/g) (cm’/g) size (A)
40B-E (3) 57.0 0.17 96.9 74.8
40B-E (3) -MC 87.2 0.14 47.1 85.4
40B-E (3) - PVA 84.9 0.14 46.7 80.7
- MC : Methyl cellulose, PVA : Polyvinyl alcohol
0.8 7 —e— 40B-E (3)
—A— 40B-E (3)-MC
07 —— 40B-E (3)-PVA
_gE: 06
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£ 054
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Q
E 044
2
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Fig. 5. Pore size distribution of the catalysts extrudated with vari-
ous inorganic and organic binders.
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Table 6. The effect of organic binder on the catalytic performance of extrudated catalysts

Catalyst* CO conv. CO, Selectivity Selectivity(C-mol%) in H/C .O/Oer
C-mol% (C-mol%) CH, C,-Cy >C in C,-C,
40B-E (3) 95.2 332 9.3 8.7 82.0 46.9
40B-E (3) - MC 92.1 329 5.2 7.6 87.2 32.1
40B-E (3) - PVA 91.4 339 5.5 7.1 87.4 471

Reaction condition: reaction temperature = 280 °C, reaction pressure = 10 bar, space velocity = 2,000 cc/g,,,h, H,/CO =2
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