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Research progress in the oxidative conversion of methanol/dimethyl ether
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(1. State Key Laboratory of Coal Conversion, Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan 030001, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The synthesis of high-value-added oxygenated chemicals (such as formaldehyde, methyl formate,
dimethoxymethane, polymethoxy dimethyl ether, etc.) from methanol/dimethyl ether through an oxidative route boasts
advantages of high atom utilization efficiency, distinctive product characteristics, and low carbon emissions, attracting
significant attention as a pathway for high-value utilization. However, the oxidation conversion of methanol/dimethyl ether
also confronts several challenges, including difficulty in activating C—H bonds at low temperatures, susceptibility to deep
oxidation at high temperatures, and difficulty in controlling the chain growth of C—O bonds in larger molecular products. This
review will focus on the latest progress in elucidating the mechanisms of the activation and cleavage of C—H bonds in
methanol/dimethyl ether molecules at low temperatures and the controllable chain growth of longer C—O bonds by relevant
research teams. It aims to outline several representative catalytic reaction mechanisms, thereby providing valuable insights for
this field and related research endeavors.
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Figure 1 The low-temperature oxidation of dimethyl ether to methyl formate over MoO5/SnO, catalyst
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(with permission from ACS Publications)
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F1 R/ —RREEaAEL

Table 1 Selective oxidation conversion of methanol/dimethyl ether

Catalyst Temperature/ C DME conversion/% CH;OH conversion/% MF selectivity/% Ref.
MoO;-SnO,(SnCl,) 160 339 - 94.1 [30]
Dyos (0.0384) 120 11.6 - 82.3 [33]
Mo1Sn3 130 16.8 - 82.0 [34]
MoO;-SnO,(Hydrothermal) 150 22.0 - 77.6 [35]
Mo0,-Sn0:(0,) 110 12.5 - 96.3 [13]
VTS-400 145 - 98.7 98.6 [5]

Pd/TiO, 50 - 9.0 100 [6]
ReO,/Ce0, 240 - 40.0 90.0 [40]

% (nm2 SnO,/Mo atom)
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Table 2 The growth of C—O chain during direct oxidation of methanol/dimethyl ether

Cays Reaon " DME T CHON T DMM T DMM. T
temperature/ °C conversion/% conversion/% selectivity/% selectivity/%
H;PMo,,0. 240 2.0 - 46.0 - [11]
MnClL-H,SiW ,0./Si0, 320 8.6 - 39.1 - [14]
Mn-(1%Sm+SiW ,,)/SiO, 320 9.5 - 60.3 - [16]
V,0s/H-bate-873K 230 9.4 - 73.5 3.6 [23]
V,0s/deAlmm-H-MOR 230 10.6 - 50.1 28.1 [24]
Ti(SO,),/AC 240 8.4 - 77.5 6.8 [19]
Ti(SO.),/CS 240 11.7 - 433 325 [20]
Ti(S0O.),/PC—H,SO, 240 9.7 - 89.1 7.6 [21]
Ti(SO,),/TS-400°C 240 7.8 - 82.6 - [22]
H,0,/Nb,Os 120 - 58.0 100.0 - [9]
V,05/Ti0,-AL,0; 120 - 48.9 89.9 - [41]
Mo1Sn20 140 - 30.0 90.0 - [43]
FeMo@HZSM-5 220 - 85.6 29.1 41.0 [10]
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