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Abstract: Five kinds of Mo modified Mo-Fe composite catalysts were synthesized by introducing Mo into the
precipitation, oxidation and drying stages of Fe catalyst preparation, by which the binding forms of Mo and Fe could
be regulated. The catalysts were characterized by XRD, SEM, TEM, BET, XRF, XPS and H,-TPR. The Shenhua
Shangwan coal hydroliquefaction experiment was carried out in a 500 ml autoclave. The results show that the
synergistic effect of Mo and Fe promoted the activation of hydrogen and the decomposition of coal, and the activities
of Mo modified composite catalysts for direct coal liquefaction were significantly improved. The high distribution of
Mo on the surface is beneficial to the transfer of active hydrogen from solvents to asphaltenes, and promotes the

conversion of asphalt into oil. Mo co—precipitation with Fe affected the crystal growth of iron—oxygen compounds,
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with the decrease of the grain size, and the increase of the specific surface area and reducibility. Mo—Fe compound
synthesis by introducing Mo into ammonia solution, with uniform distribution of Mo, showed high catalytic activity
and the yield of liquefaction oil increased by 4.4%. The impregnation of Mo into Fe—based catalyst did not change
the structure of iron—oxygen compound, but the enrichment of Mo on the catalyst surface increased the collision

probability with reactants, and the yield of liquefaction oil increased by 5.0%.

Key words: direct coal liquefaction; Mo—Fe composite catalyst; synergetic catalysis; surface distribution; active

hydrogen; oil yield
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Fig.1 Synthesis process of Fe—based catalysts and Mo-Fe

composite catalysts
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Table 1 Proximate, ultimate and petrographical analyses of Shenhua Shangwan coal

TS BT (553550 /% EGHT /% TEE ST i 5380/ %
M, A, Vi Vitrinite Inertinite Exinite C H [0} N S
3.89 5.76 36.30 48.8 49.2 0.0 80.70 4.78 13.19 0.95 0.38

T LM 2 PRI s A — 28 TR IR O35 V| —JOR TG IRIEIE S o 2. JUZR M T IR TG IRIEME s S OB ZE 4 2R
F2 TAAEIREFI AR

Table 2 The properties and ultimate analysis of the recycle solvent

TCE I HT (53 80/%
I M (g/em’) FrHka AT EU (me/g)
H S N 0
0.9905 0.49 18.88 89.490 9.718 0.003 0.021 0.768
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Fig.2 SEM images of Fe catalyst and Mo—Fe composite catalysts
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Fig.3 TEM images of Fe catalyst and Mo—Fe composite catalysts
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Fig.4 XRD patterns of Fe catalyst and Mo—Fe composite

catalysts
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Table 3 Texture properties, Mo content of catalysts

AL B RL/mm L& MY (m?/g) LE/(em?/g) LA /mm (Mo/Fe)(XRF)/%  (Mo/Fe)(EDX)/%
Fe-0 14.9 76.0 0.29 15.2 — —
Mo—Fe-1 12.3 141.6 0.48 13.4 4.94 5.05
Mo-Fe—2 12.1 150.6 0.46 12.1 5.11 1.70
Mo-Fe-3 113 133.4 0.43 13.0 5.02 3.86
Mo-Fe—4 153 79.5 0.26 12.9 1.51 0.88
Mo-Fe-5 14.9 81.6 0.26 12.6 4.88 10.94
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Fig.5 Pore distribution of Fe catalyst and Mo—Fe composite

catalysts

Ko MEfLHIrZEH
Fig.6  Structure diagram of Fe catalyst and Mo-Fe

composite catalysts
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Fig.7 XPS patterns of Fe and Mo—Fe composite catalysts
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K8 AL H,-TPR F¢k
Fig.8 H,-TPR patterns of Fe catalyst and Mo—Fe composite
catalysts
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Table 4 Results of direct coal liquefaction on catalysts

——
) SRR AREOR R0 - RO :
SRS 7K I i

Fe-0 86.7 4.1 14.9 12.7 7.9 55.3

MOO3 85.1 3.9 14.4 12.8 6.4 55.4
Mo—Fe—-1 87.9 4.5 14.0 13.4 5.3 59.7
Mo—Fe-2 88.0 4.4 13.8 13.1 8.0 57.5
Mo—Fe-3 88.2 4.5 13.9 13.2 7.2 58.4
Mo—-Fe—-4 87.9 4.4 14.2 13.1 7.7 57.3
Mo-Fe-5 88.2 4.5 13.8 13.3 5.3 60.3

TE : MoO Ay T B (A (A2 K 5 = S 8 CBUM 35 HERT AR BRA B , P HPRLEE /N T 100 nm, T 84 Mo/ T4 0.19% I
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Fig.9 The reaction pathway of direct coal liquefaction
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Fig.10 The relationship between oil yield and surface area and surface Mo/Fe ratio of Mo—Fe composite catalysts
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