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Table 1 Doping amount and active site content of nitrogen-doped graphene in different preparation methods

Catalyst Preparation method N content/% Pyridine-N Content/% Graphitic-N content/% Ref
N-graphene CVD 7.7 24.1 - [21]
N-graphene CVD 10 77 23 [34]
N-graphene CVD 1.6 ~100 0 [42]
N-graphene Hydrothermal method 10.13 21.8 27.3 [43]
N-graphene Hydrothermal method 9.69 Total 68.0 [44]
N-graphene Thermal treatment 10.78 60.1 20.6 [45]
N-graphene Thermal treatment 0.66 29.33 41.11 [46]
N-graphene Plasma treatment 8.5 26.5 24.0 [47]
N-graphene Plasma treatment 2.4 9.4 15.6 [48]
N-graphene Arc discharge 343 46.4 29.2 [49]

R2 MO EREARAHEAEZPELAESEUNRRE

Table 2 Doping amount and active site content of boron-doped graphene in different preparation methods

Catalyst Preparation method B content/% C=0 Content/% BC; content/% Ref
B-graphene Plasma treatment 1.400 - 33.30 [22]
B-graphene CVD 4.300 - 67.80 [52]
B-graphene Thermal treatment 0.014 60.80 - [53]
B-graphene Thermal treatment 0.059 68.50 - [53]
B-graphene Thermal treatment 1.610 4.28 0.71 [56]
B-graphene Thermal treatment 2.900 5.04 1.67 [56]
B-graphene Solvothermal method 0.200 1.29 - [57]
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Table 3 Application of doped graphene in the field of catalytic oxidation reaction and content of active sites
Catalyst Active site content Catalytic application Conversion/% Selectivity/% Ref
0 C—=
B-graphene E AT Benzyl alcohol to benzaldehyde 16.0 98 [57]
NG-800 o S@Q%Yrggihl}ifg\] Benzyl alcohol to benzaldehyde 8.0~10.7 100 58]
NG-900 L g?{;ﬁ;ﬂllfzﬁ Benzyl alcohol to benzaldehyde 6.2~8.9 100 [58]
NG-1000 00550 g-‘g;dﬁﬁigﬁ Benzyl alcohol to benzaldehyde 8.7~10.8 100 58]
32.2% Pyridinic-N .
N-rGO-300 1385 Gﬁpﬁ{‘t‘lgN Phenol degradation 95 - [62]
N-graphene % 18:,)//;’ g}r';})dﬁﬂllg'_g Glucose oxidation to succinic acid 100 60.8 [64]
NH,—+GO(3.8) %gf))//;’ Cp}¥erli;iﬁﬂl12:§ Glucose oxidation to succinic acid 100 67.9 [64]
N-graphene 50?,;?5 r};ggiglcc_%\l Ethylbenzene to acetophenone 23 88 [69]
N-graphene 3(1)3//;, g}r’;ﬁi%zﬁlj Ethylbenzene to acetophenone 99 85 [70]
N-graphene 14{4{)/0"/()13(}}?;%11211152_\11\1 4-Nitrophenol to 4-Aminophenol 100 0 [71]
NMC 383% g}r/;;dﬁﬂii:ﬁ Dehydrogenation of Propane 18.6 84.6 [74]
BMC 10219 f{’%CB:C? Dehydrogenation of Propane 339 ~88 [74]
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Research Progress on Active Sites of Nitrogen and Boron Doped
Graphene and Their Roles in Oxidation Reactions

LI Shan-qi, LI Shuang-ming*, YU San-san’
(College of Chemical Engineering, Shenyang University of Chemical Technology, Shenyang 110142, China)

Abstract: With the gradual popularization of green chemistry, carbon materials as the most promising green metal-
free catalysts have attracted much attention. Chemical doping of graphene by introducing heteroatoms is the most
commonly used method to improve the catalytic activity of carbon materials. From the perspective of structure,
the active species with specific high charge and spin density in doped graphene act as the active sites in the
catalytic process, and the catalytic activity of the catalyst is positively correlated with the content of the active
sites. Moreover, the content of active sites in the preparation method can be adjusted by changing the preparation
conditions, which is conducive to the development of doped graphene catalysts with high catalytic activity. In this
paper, the functional groups that can be used as active sites in nitrogen-doped graphene and boron-doped graphene
are reviewed, and the effects of preparation methods on the content of active sites are proposed, and the role of
internal active sites in oxidation reactions is discussed. In the end, some suggestions and prospects for future
research are given, which provide ideas for developing more efficient doping graphene catalysts.
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