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The Effect of Promotor and Reaction Condition for FT Oil Synthesis
over 12wt% Co-based Catalyst

YONHEE PARK, JIYOON LEE, JONGTAE JUNG, JONGYEOL LEE, WONJUN CHO, YOUNGSOON BAEK "

Korea Gas Corporation R&D Division, Incheon, Korea

Abstract >> The synthesis of Fischer-Tropsch oil is the catalytic hydrogenation of CO to give a range of products,
which can be used for the production of high-quality diesel fuel, gasoline and linear chemicals. Our cobalt based
catalyst was prepared Co/alumina, silica and titania by the incipient wet impregnation of the nitrates of cobalt
and promoter with supports. Cobalt catalysts was calcined at 350°C before being loaded into the FT reactors. After
the reduction of catalyst has been carried out under 450°C for 24hrs, FT reaction of the catalyst has been carried
out at GHSV of 4,000/hr under 200°C and 20atm. From these test results, we have obtained the results as following
; in case of 12wt% Co-supported AlOs, SiO; and TiO; catalysts, maximum activities of the catalysts were appeared
at the promoters of Mn, Mo and Ce respectively. The activity of 12wt% Co/ALOs; added a Mn promoter was
about 3 times as high as that of 12wt% Co/Al,O; catalyst without promoters. When it has been the experiment
at the range of reaction temperature of 200~220°C and GHSV of 1,546~5,000/hr, the results have shown generally
increasing the activities with the increase of reaction temperature and GHSV.
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GHSV : Gas Hourly Space Velocity
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Table 1 Calcination condition of supports

¥-AlLOs SiO; TiO,
1000°C, 5h 450°C, 10h 560°C, 5~8hr

Cobalt(Il) nitrate hexahydrate
[CO(NO3)2‘6H20]

‘Water addition @ RT

Cobalt nitrate Solution

Promoter addition @ RT

‘ Co + Promoter(X) Solution ‘

Incipient into support @ RT

CO/ Ale}, SiOz, TiOz
(Powder)

Dry (110°C, 24hr)
Calcination (350°C, 3hr)

CO—X/A1203, SiOz, Ti02
(FT Catalyst)

Fig. 1 Catalyst preparation method(X=promoter)
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Fig. 2 Schematic diagram for GC analysis of products and
activity test of catalysts
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Table 2 List of studied promoters with Co -based catalysts
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B o o o
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Table 3 The activity comparison of the best promotors with
Co-based catalysts

catalyst promotor XDC o seliﬁiL\‘/ity Activity
[%] %] [mol/gCorhr]

12wt% Co/ALO; - 16.4 4.0 0.084
12wt% Co/ALO; | 1/8Mn | 22.0 5.7 0.113
12wt% Co/SiO; - 10.1 7.6 0.046
12wt% Co/SiO, | 1/8Mo | 32.6 6.7 0.079
12wt% Co/TiOs — 5.7 7.6 0.027
12wt% Co/TiO, | 1/8Ce | 31.3 53 0.037
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Fig. 3 The activity comparison of Co-based catalysts with
the amount of promotor

Table 4 Co and Mn metals content of Co-based catalyst by
ICP-OES analyzer

sample Co(%) Mn(%)
12wt%Co/ALL O3 11.96 0
12wt%Co/ALLOs + 1/8 Mn 12.52 1.548

Table 5 The H,-Chemisorption comparison of Co/Al,O3 with
the amount of promotor

promotor(Mn) amount(mole) 1/16 1/8
Dispersion (%) 0.1328 0.0537
Metallic Surface area (mz/g) 0.3634 0.8984
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Fig. 4 The activity comparison of Co-based catalyst with
the amount of promotor

Table 6 The activity comparison of Co/Al,0; catalyst with
various bimetal promotors

xco | methane activity

promotor %] selectivity [mol/g-Corhr]

[%]

- 16.4 4.0 0.084
1/16Mn 22.0 5.7 0.113
1/16Mn-1/16Mo 22.6 45 0.108
1/16Mn-1/16Zx 19.3 5.5 0.092
1/16Mn-1/16Mg - - 0.061
1/16Mn-1/16Cr 21.5 6.8 0.051
1/16Mn-1/16Ba 16.4 7.2 0.039
1/16Mn-1/16K 4.2 9.1 0.020
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Fig. 5 The activity comparison of Co-based Al,Os catalysts
with reaction temperature
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Fig. 6 CH4 selectivity comparison of Co- based Al,O; catalysts
with reaction temperature
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Fig. 7 The activity comparison of Co-based Al,O3 catalysts
with space velocities
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