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Abstract: A series of cobalt-based catalyst samples supported on double mesoporous MCM-41 for Fischer-Tropsch synthesis (FTS) were
prepared using three methods, incipient-wetness impregnation (IWI), vapor-induced hydrolysis (VIH), and excessive impregnation (EI). The
catalyst samples were characterized by N, physisorption, X-ray diffraction (XRD), temperature-programmed reduction (H,-TPR) and Raman
spectroscopy. The N, physisorption results showed that the samples prepared by IWI and VIH retained the double mesoporous character, and
the cobalt particles were mainly located in the pore. The FTS results showed that the reducibility and dispersion of active species of the sam-
ples prepared by IWI and EI were very high. The catalyst prepared by IWI had the smallest Co;O4 crystallite size and the highest dispersion
and showed higher FTS activity, lower CHy selectivity and higher Cs; selectivity.
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Fig. 1. N,adsorption-desorption isotherms and pore size distribution
of different catalyst samples. (1) DM-MCM41; (2) Co/DM-
MCM41(IWD); (3) Co/DM-MCM41(VIH); (4) Co/DM-MCM41(EI).
DM—double mesoporous; IWI—incipient wetness impregnation;

VIH—vapor-induced hydrolysis; EI—excessive impregnation.
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Fig. 2. XRD patterns of different catalyst samples. (1) Co/DM-
MCM41(IWI); (2) Co/DM-MCM41(VIH); (3) Co/DM-MCM41(EI).
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Table 1 Physico-chemical properties of different catalyst samples

Sample Surface area  Pore volume Average pore  Probable pore Co0304 crystalline Dispersion® Reducibility
(m%/g) (cm’/g) diameter (nm) (nm) size* (d/nm) (D/%) (%)
DM-MCM41 692 1.3 6.5 2.5,17 — — —
Co/DM-MCM41(IWI) 483 1.0 7.6 2.5,17 12.0 8.0 48.8
Co/DM-MCM41(VIH) 502 0.9 6.5 2.5,17 8.4 11.4 24.4
Co/DM-MCM41(EI) 484 0.8 6.3 25,13 19.4 5.0 52.5

“Calculated by the Scherrer formula d = k4/cosd (20 = 36.9°). "Calculated by formula D% = 96/d.
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Fig. 3. Raman spectra of different catalyst samples. (1) Co/DM-
MCM41(IWI); (2) Co/DM-MCM41(VIH); (3) Co/DM-MCM41(ED).
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Fig. 4. TEM images of different catalyst samples. (a), (b) Co/DM-
MCM41(IWD); (c), (d) Co/DM-MCM41(VIH); (e), (f) Co/DM-
MCM41(EI).
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Fig. 5. H,-TPR profiles of different catalyst samples. (1) Co/DM-
MCM41(IWD); (2) Co/DM-MCM41(VIH); (3) Co/DM-MCM41(EI).
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Table 2 Catalytic performance of different catalyst samples for FTS reaction

Hydrocarbon distribution (w/%)

Sample 6/,C X(CO)/%
C, C,—C4 Cs. Cs—Cyy Ci,—Cis Cro+
Co/DM-MCM41(IWI) 220 54.05 7.86 2.03 90.11 23.69 29.25 37.17
230 72.84 7.93 1.63 90.44 24.72 27.98 37.74
Co/DM-MCM41(VIH) 220 15.24 20.76 5.17 74.07 23.65 37.93 12.49
230 22.62 23.72 5.60 70.68 29.99 32.96 7.73
Co/DM-MCM41(EI) 220 68.42 9.50 7.16 83.34 27.90 24.10 31.34
230 83.03 10.56 751 81.93 31.75 24.76 25.42

Reaction conditions: n(H,)/n(CO) = 2.0, GHSV = 1000 h ™, p = 2.0 MPa.
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Fig. 6. Changes of Cs. selectivity versus CO conversion over differ-
ent catalyst samples. (1) Co/DM-MCM41(IWI); (2) Co/DM-
MCM41(VIH); (3) Co/DM-MCM41(EI).
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