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Research progress of nano-Cu catalysts supported on porous carbons for
methanol oxidative carbonylation
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Abstract: The oxidative carbonylation of methanol to synthesize dimethyl carbonate (DMC) is an important technological route for the
clean and efficient utilization of coal. Based on the excellent catalytic performance of nano-Cu catalysts supported on porous carbons,
the effects of the morphologies and pore structures, defects and additives on the catalytic performance were reviewed. The structure-
activity relationship between the high dispersion, high purity and electron-deficient property of nano-Cu catalysts and the efficient
synthesis of DMC was mainly discussed. At present, the nano-Cu catalysts supported on porous carbons still face several key challenges:
In terms of synthesis, it is difficult to effectively overcome the intrinsic agglomeration and oxidation tendency of Cu particles. In terms
of structural regulation, there is a lack of quantitative definition and optimization threshold for the degree of electron deficiency of Cu
sites. In addition, the existing research still has obvious deficiencies in the long-term stability assessment of catalysts and the in-depth
analysis of reaction mechanisms. Looking to the future, the development of the nano-Cu catalysts supported on porous carbons should
focus on precise regulation. For example, the rational construction of active sites can be achieved through precursor engineering and
source control of valence states. And the quantitative structure-performance relationship can be established using electronic structure
descriptors. Further, a dynamic self-stabilizing mechanism can be constructed in the reaction atmosphere, and the real reaction path
should be systematically clarified through the deep integration of theory and experiment. Ultimately, the high efficiency and long-term
stability of the catalysts can be achieved.
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Table 1 Comparison of typical catalysts for methanol oxidative carbonylation
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Fig. 1 Regulation strategies of nano-Cu catalysts supported

on porous carbons for methanol oxidative carbonylation

1 % FL o T30 A FL 45 74 50 fh Ak P e 11
AL

BT Cu B 5 2 1 RE B Y Hittig i3 5
F Tammann 7 & , FAE Hufif i 78 AP A2 7E SR 20 0 1 2R
AAEMA] o FEB VAR A AR Cufl AR FE
A 2% L&k B AR TR S AN AL EE 4 1) 2 ALk,
TIRAUER (HCS) A 7 A LK (OMO) i 4 K 5
(CNT) ZAE b 77 A (1 2) , R 2 FL R 80K
{147 Lt 2R T AR RN AL R 3558, PTG 84 1) Cu Bk
LR RRLS , NI HETE Cu P i) 43 BCPE AN RS E PR,

Cuw/HOMC Cu/CNT

B2 FRREZFLRABMK Cu LTI AR

Fig.2 Structural models of nano-Cu catalysts supported on porous carbons'!
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Fig. 6 Comparison of nano-Cu catalysts supported on super activated carbon and traditional activated carbon'"
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Table 2 Comparison of physical-chemical properties and catalytic performances of nano-Cu catalysts supported on porous carbons

YRR 24 /%

TR AR (mg-g'hT)

A7) Cufi#idE /%  CulbhiR~F /am TOF /b &% 30k
u?’ Cu’ cu’ | A

Cu@C-0.12 8.0 30~55 0 0 100 193 2.04 [17]
Cu@A-HCS 8.0 1842 0 0 100 1000 8.6 [17]
Cu@HCS-5 74 55 0 0 100 2504 238 [18]
Cu@Carbon 6.56 20 0 0 100 194 2.09 [19]
Cu@HCS-2-u 94 2.0 39.8 60.2 0 2184 6.7 [20]
9Cu/HOMC 8.7 2.9 18.9 81.1 0 161.0 8.3 [21]
9Cu/SOMC 8.4 6.0 53.6 46.4 0 135.5 [21]
Cu/CNT(2-5) 7.1 3.0 555 15.4 29.1 2200 32.6 [24]
Cul0/CNT-ALD 0.21 0.48 242 0 75.8 588 141.0 [25]
Cu/tGO-CB 7.12 203 25.1 45.9 29.0 2334 [26]
0.5Cu/SAC 0.49 22 44.8 24.8 30.4 316 44.6 [27]
Cu/AC-4 9.7 12 445 283 272 229 50.4 [29]
Cu/NCNT200 7.8 2.6 70.8 29.2 1789.6 17.6 [33]
Cu@NG/C-700 8.6 15.2 24.4 24.4 51.2 1881 [34]
Cu@NHCSs-3 9.8 74 0 0 100 1528 11.0 [35]
Cw/NHPC ,-400,, 12.28 43 19160 [36]
Cu/NG-10 7.0 75 0 43.7 56.3 1665 16.9 [37]
Cu/NCs-1000% 4.0 285 [39]
Cu/NCNS-8 103 11 0 357 64.3 3227 [40]
Cu,,/NC 1.20 59.5 16.2 242 3249 34 [41]
Cuw/MMC-3 114 33 11.9 88.1 0 3900 89.1 [43]
Cu/AC 11.0 10.6 22 97.8 0 1600 114.5 [43]
Cu/MC 5.0 56 342.4 [44]
Cu/MSC 5.0 3.8 495.1 [44]
CuO,@PC-2 75.7 45.8 37.9 16.3 1295 [45]
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Fig. 11 Schematic diagrams of effects of carbon vacancy defects on formation and stabilization of nano-Cu catalyst
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