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Direct Epoxidation of Propylene with Molecular O,:
Progress and Challenge of Cu-Based Catalysts
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College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, Fujian 361005, China)

Abstract: As an important bulk chemical, the annual production of propylene oxide (PO) is around ten million
tons, but its industrial production methods are still suffering from severe drawbacks such as high cost, many by-
products and serious pollution. In contrast, direct epoxidation of propylene with molecular O, (DEP) has the
advantages of atomic economy, environmental friendship and so on, which attracts more and more attention.
However, the competing process of a-H abstraction of propylene and high activity of PO make it a grand
challenge to simultaneously obtain high PO selectivity and high propylene conversion. It has been recognized that
among the coinage metals, Cu-based catalysts exhibit excellent catalytic performance. The present work would
summarize recent developments of Cu-based catalysts for DEP reaction. We would concentrate on how to tailor

the Cu-based catalysts and pointed out some of the existing problems that need to be further studied.
Keywords: Cu-based catalysts; propylene epoxidation; direct epoxidation by molecular O; facet effect; promoter
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Fig.1 Reaction network for the oxidation of C;Hy by molecular O,
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(A) Catalytic performance of 1% CuO,/SBA-15 modified with different alkali metal or alkaline earth metal for DEP

reaction; (B) Arrhenius plots of 1% Cu0,/SBA-15 and K*-1% CuO,/SBA-15 catalysts for DEP reaction®”
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Table 1 Catalytic performances of DEP over different Cu-based catalysts in recent years

ne I, Catalyst Conv. /  Select. / PO formation rate /  TOF/  Temp. / Space Pressure / s
% % (pmol - g™ +h™) h™! C velocity / h™! MPa
10/1 VCe:Cugps-NaCl 0.19 43.4 162.5 — 250 — 0.1 [59]
172 Ag-CuCl 2.33 33.6 — — 350 18 000 0.1 [60]
171 1% Cu/SiO, 0.25 53 — 0.09 225 30 000 0.1 [13]
171 K*1% CuO,/SBA-15 0.7 41 2 100 17.5 350 18 000 0.1 [5]
6/5 K*1% CuO,/SBA-15 2.2 24 2 200 18 350 18 000 0.1 [27]
171 K*-5% Cu0,-Si0, 2.0 25 2 000 — 275 18 000 0.1 [27]
171 KAc-Cu/SiO, 1.3 61 — — 275 30 000 0.1 [26]
2/1 VO,-Cu 2.7 16 230 — 230 15 000 0.1 [48]
22/9 CuAu/SiO, 0.13 70 — — 300 22 500 0.1 [46]
4/1 Ru0,-Cu0-NaCl/SiO, 10 50 — — 250 20 000 0.1 [49]
172 3% Cu-2.25% K/m-SiO, 2.90 20.49 1549 — 350 20 000 0.1 [47]
1/39.5 Ru0,-Cu0,/Si0, 13 26 — — 225 18 000 0.1 [61]
2/1 Ag-Cu/BaCO; 3.6 55.1 — — 200 2 000 0.1 [43]
1/39.5 Cs*-5% Cu0,/Si0, 7.5 34 — — 250 18000 0.1 [4]
1/5 Sn-Cu-Na/Si0, 0.95 58 — — 250 20 000 0.1 [50]
2/1 Rhombic dodecahedral Cu,0 0.8 13 57 5.26 250 15 000 0.1 [35]
172 2Cu/5Ru/NaCl/c-Si0, 9.4 35.6 — — 300 20 000 0.1 [62]
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2k 1
12 Ru0,-Cu0-NaCl/SiO, 10 40 — — 250 30 000 0.1 [51]
12 2%Cu-5%Ru-1.75%NaCl/c-Si0, 9.6 36 — — 300 20 000 0.1 [63]
1/5 Sh,05;-Cu0-NaCl/SiO, 0.66 43 — — 250 20 000 0.1 [64]
2/1 AgiCu/Cs,0-a-ALO; 5.5 48.5 — — 160 2 000 0.1 [25]
10/31 Ru0,-Cu0-Cs,0-Ti0,/Si0, 40.1 7.1 52 000 — 272 848 0.1 [52]
12 Ru0,-CuO-NaCl-TeO,-MnO, /SiO, 14.55 23.1 21 690 — 297 848 0.1 [53]
12/1 Ru0,-Cu0-NaCl-TeO,-MnO, /Si0, 5.9 25.3 25 980 — 297 152 727 0.1 [65]
2/1 Ag-CuCl,/BaCO; 1.3 71.2 — 0.72 200 3 000 0.1 [66]
1/4 Ru0,-Cu0-Te0,/Si0, 0.35 47 4 400 — 250 152 727 0.1 [58]
2/1 Ag-Cu-Cl/BaCO5 1.2 83.7 — — 200 3 000 0.1 [57]
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