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Preparation of K-Co-Mo-C Catalyst and Its Catalytic
Performance for Mixed Alcohol Synthesis
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Abstract: A K-Co-Mo-C catalyst with remnant carbon was prepared by the sol-gel method. The carbon content
was adjusted by adding different amounts of carbon precursor. Catalytic behavior of mixed alcohols synthesis
from syngas was investigated over the catalysts. By combining different characterization techniques, such as X-
ray diffraction, thermo-gravimetric analysis, N, adsorption isotherms method, and temperature-programmed
desorption of hydrogen, it was revealed that the presence of appropriate content of remnant carbon increased the
dispersion of active phase and improved the yield and selectivity for alcohol. For the catalysts with superfluous
remnant carbon, the selectivity for alcohol decreased and the selectivity for hydrocarbon increased, which might
be due to the fact that with the increase of amount of carbon precursors, Mo species was readily reduced to the
metallic state. For the sample calcined in air, the metal oxide precursors were easily aggregated to irreducible
compound, so the activity for alcohol synthesis was low. The sample with 2.8% carbon had the largest surface
area and pore volume, and showed the highest activity for alcohol synthesis. Calcining sample at higher tempera-
ture in inert atmosphere also caused the activity for alcohol synthesis to decrease obviously, but the selectivity for
C, . alcohols increased markedly.
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Fig 1 XRD patterns of different catalysts prepared with
various citric acid/(Co+ Mo) molar ratios
(1) 81, (2) S2, (3) S3., (4) 84, (5) 85
(S1~85 are K-Co-Mo-C catalysts with z (citric acid) /n(Co+ Mo)
of 0.2, 0.25, 0.3, 0.4 and 0.5, respectively.)
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Fig 2 XRD patterns of 83 treated under different conditions
(1) Calcined in argon for 4 h at 400 T
(2) Reduced in H; for 5 h at 475 C
(3) Steady reaction in feed for 300 h at 330 C
(4) Calcined in air for 4 h at 400 T
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Fig 3 TGA curve of S4 sample
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Table 1 N, adsorption and TGA characteristic results of the catalysts

Ager  d, V. Carbon

Weight gain by Mo

Catalyst mi/g nm ml/g content (%)  oxidation (%)
S 8 991  0.02 4} 0.2
S2 18 194  0.09 1.4 1.4
S3 25 166 0.10 2.8 1.8
5S4 21 167 0.09 8.9 2.4
85 15 152 0.06 12.3 3.3
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Fig 4 H,-TPD profiles of different catalysts
(1) S1, (2) 82, (3) S3, (4) 34, (5) S5
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Table 2 Performance of alcohol syntheses over the catalysts

Catalyst CO conversion Selectivity (%) Yield of H,O content Molar ratio
(%) CH, C,+H CO, Alcohol  alcohol (g/(kg+h)) (%) Alcohol/HC €, OH/MeOH
S1 5.7 24.5 4.9 70.6 — - — - -
S2 10.2 14.2 12.9 56.6 16.4 27.3 9.2 0.6 3.2
S3 17.1 14.9 16.8 46.5 21.8 74.3 9.4 0.7 2.4
S4 17.3 16.0 20.3 46.2 17.5 59.8 12.2 0.5 2.2
S5 11.8 18.8 19.6 46.8 14.8 33.3 15.3 0.4 4.2

HC — Hydrocarbon, C;.OH— G, alcohol, C;. H—C,, hydrocarbon.
Reaction conditions: =310 T, p =4 MPa, GHSV=0.4 mol/(g'h).
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Fig 5 Alcohol mass distribution over different catalysts
(1) CH,0H, (2) C,H;OH, (3) »-C;H,0H, (4) i-C3;H,0OH,
(5) n-C,H,OH, (6) i-C,H,OH, (7) n-CsH;;OH
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Table 3 Influence of calcination conditions on the performance of S3 for alcohol syntheses

Calcination condition CO conversion Selectivity (%) Yield of alcohol n(C,, OH)

Atmosphere Temperature (%) CH, C+H CO, Alcohol (g/(kg h)) n(MeOH)
Ar” 400 17.1 14.9 16.8 46.5 21.8 74.3 2.4
N,* 400 14.8 14.8 15.7 47.4 22.1 65.0 2.5
Air 400 12.8 10.6 24.7 52.0 12.7 27.0 7.4
Ar 400 23.4 13.2 22.3 43.3 21.2 111.6 2.6
Ar 600 11.2 10.4 22.0 48.3 19.3 41.8 6.6

Reaction conditions: 8 =330 C,p =4 MPa, GHSV =0.4 mol/(g*h); " 6=310C.
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D X ERE SRR ARG AR K. FEE
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Table 4 Influence of reaction conditions on the performance of $3 for alcohol syntheses

Reaction condition CcO Selectivity (%) Yield of H,0 Molar ratio
i P GHSV conversion alcohol || conpent  Aleohol G+ OH G+H
T MPa (mol/(g'h)) (%)  CHy GH o CO Aleohol  (g/(kgeh)) (%) HC MeOH  CH,
310 4 0.4 17.3 12.8 17.7 44.8 24.7 63.0 12.0 0.8 2.3 1.4
320 4 0.4 19.8 12.7 20.3 44.2 22.8 85.9 11.7 0.7 2.5 1.6
330 4 0.4 25.4 13.2 22.3 43.3 21.2 111.6 14.3 0.6 2.8 1.7
340 4 0.4 30.6 13.9 24.4 44.4 17.4 1121 20.7 0.5 2.7 1.7
350 4 0.4 33.8 14.6 25.2 44.4 15.9 130.7 24.9 0.4 3.0 1.7
360 4 0.4 43.2 16.1 28.5 43.8 11.6 105.1 36.4 0.3 3.3 1.8
330 3 0.4 19.0 12.2 24.1 46.8 16.9 75.9 12.8 0.5 3.4 2.0
330 4 0.4 23.4 11.4 22,3 43.8 22,5 124.9 11.0 0.7 2.9 2.0
330 5 0.4 27.6 11.2 21.6 43.3 23.9 151.6 11.2 0.7 2.8 1.9
330 6 0.4 33.6 10.9 20.5 42.4 26.2 211.2 10.9 0.8 2.7 1.9
330 7 0.4 40.6 10.9 20.4 41.6 27.1 245.0 11.3 0.9 2.6 1.8
330 5 0.2 46.2 11.7 23.2 43.1 22.0 118.4 15.4 0.6 3.0 2.0
330 5 0.4 27.6 11.1 21,0 43.4 24.5 151.6 11.2 0.8 2.8 1.9
330 5 0.6 21.5 11.0 20.9 42.3 25.8 185.8 10.0 0.8 2.7 1.9
330 5 0.8 19.4 11.1 19.7 42.4 26,7 194.8 9.7 0.9 2.6 1.8
330 5 1.0 16.2 11.1 19.1 42,1 27.7 206.4 10.0 0.9 2.6 1.7
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Fig 6 Influence of reaction temperature (a), pressure (b), and GHSV (c¢) on alcohol mass distribution over S3 catalyst
(1) CH;0H, (2) C,H;0H, (3) »-C3H,0H, (4) i-C;H,0H, (5) »-C,;H,0OH, (6) i-C,H,0OH, (7) n-CsH,,OH
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Fig 7 Reaction stability for alcohols syntheses on §3 catalyst
(1) Alcohol selectivity, (2) CO conversion, (3) Hydrocarbon
selectivity, (4) CO, selectivity, (5) Alcohol yield
(6=330C, p=5MPa, GHSV=0.4 mol/(g-h).)
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Fig 8 Anderson-Schulz-Flory plots for alcohol synthesis under different reaction conditions over S3 caalyst
(M, — C atom percent/C number) ‘ )
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Fig 9 Influence of reaction conditions on the probability of chain growth (a)
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