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Figure 1 The type of M-N-C catalyst (color online).
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Figure 2 (a) Illustration of geometric of M@CN. (b) LUMO/HOMO
(top) and charge distribution of (5,5)-12.9 CNT and NCNT (down) [9].
(c) Projected DOS of the p orbitals of C atoms bonded to Fe, in
Fe,@SWNT and Fe,@N-SWNT compared with that in pure SWNT [10]
(color online).

i1 FLIEBE 52 e 3L, 38 e M v ) Hh 11 3
B, WO SR AE AL R T (R B . R, U
THSINEH BT RPN ik, S8k
(B FEOAR ELAE P, 7B IR — 7 T AR AL PO AT T b
BRI,

TR AL, 28] A1 e UKL LR T,
A UARTT 1A S NI RE it R AR, ORAIE T A7)
BB RE R W R 0 & R 9K BN A
AHLE, WA At AR, SRS A (i
AR Z 5 B EYCRI Y, e B, 5T
TEAER. AT (R, HIEREESE), XLk
RIRTHEREARERNRCAIRE S, BEH BT
PRSI, TR 2 0 A7 2 AT ARS8 3l B i P i >,

3 M@CN % Jiik

FEALTR B AL P e 5 L & VAR AR R
PR, <@ ar ok iRy & SR RR AT AR A4 o DL K
EREFECR G &M bR E ), X FE T
W8 Rife A RS B, &J8-
PR TAE S A IRR M. 2 LT 4E )



rREFRRE: L2 2018 4E 2B 48 % 3B 12 1

R, BT EAL I (M/CN) I 45 7V CL 2 LI R,
CL A 2 Fh 7 10 i) DL SIZ B0 0t L 45 46 I R (0 50 42,
UNEFtik . PURB-UUIETE . BRI L. R 2P0
Wi 2R JE R B T4 B AL 7
(Mgac/CN) MFE H MR BIBRAE )32 B T A s e
N 5 AT 1 AR I 70 28K B 2 BILAE £ 8 mT DA B2 20%,
H TR 8 TR R R B R
SAER R T POE R, BETS A T YRR R 2 R
HIR JE, WAESE T M/CNAEAL I ) 2% 775, M@CNIT)
B ROTVER LA NP RE(ERD): (1) — 2 #iiE; 2) Ja
ELE . A E ARSI IR A UL L, v LA (a) &
JeE R AT R 5 B AR AT B R R e (b) 4@ AT ORAA
ZRT SRR FIRR AT XA TR A JE 5 08; () TR A e
SERI & 8 - R IR AP G BT R e

31—

— D IR TR RO BRI < e Y A T 3K
T RG SR RENLRE, BRREEEA—E
IR Y, PR RAIE TR R AT R FER &
M@CNMEALF. ERE e RE R, < AR &R 20 B 5e
S 07 i ON IR B R S A IR, [ IS A ST XA
LRGP R I R S AR fEE b
R AR, B n] LR i A IE O ).

3.1 fERM R A AR L 5N SR

i TR < R AT IR AR 5 AT A AT
PRECAA A, 7T DL 2 RS A ik 7 <) e
JB AR I AT, Bellera ™20 415 27

F 1 M@CNHKIA T
Table 1 The synthesis method of M@CN catalyst
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Figure 3 Illustration of the procedure for the synthesis of the
Co@NGS-T samples [31b] (color online).
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Figure 4 HRTEM images (a—¢), schematic illustration of the structure
(c) and the number (f) of graphene layers over Ru NPs synthesized via
calcination of RuCl;, glucose and melamine [27g] (color online).
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Figure 5 (a) Schematic illustration of the process used for the
synthesis of Ni@CN catalyst via carbonization of MOF structure. (b)

High-resolution TEM image of a Ni particle coated with carbon layer
[28e] (color online).
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Figure 8 (a) The illustration of possible reaction process for the
selective hydrogenation of 3-nitrostyrene on Co@C catalyst with
coverage of defective carbon layers (H, could “permeate” carbon layer
and be activated on the surface of metal) [12]. (b) Schematic illustration
of the nitrobenzene hydrogenation on the CN/Ni/Al,O; catalyst (H,
could not “permeate” carbon layer and could be activated on the carbon
layer. Besides, carbon layer can protect underlying metal from acid
etching) [29a] (color online).

A DY Huang5D ) FY B 050 vk 1 46
T 2 EA S5 AN y-Feibi(Fe@G), HTHEZEMR
¥, Fe@GnI ASKHUIR 1) 8 il R 25 S Ak, X R iE1L
7B AT WU (A A% 58 P (40 h I CO AL RARFRAE
~T5%)RNCy~Cy J2 Cs IR, AL IEPE AT RERVE T 4
JEFeXt 3 THI B J2 1 L 1 1 454 FH (Pt Fl A% 3 BB,
T J2 3 THT 394 558 P H 755 A B TSR B R . At
TR [FIRE B 7256 i T FeNi;@CNEAL TR, I
H N FHECOME A RCOME FEd, CO, ML A
200 h %A W i F 0,

B RRORM T8 10 B 4B LR (Ru@G-CS)
R A% 75 I FR P 2 1F T S 2R oy 2R 0 o 1 346 8
. Flln, 7E20°C. 1 MPa H,II4HE T, 1k 76e
TES N6 h, Fa2-F IR 58 A F5 10 N 2- H S 30 L.
X6 T 45 C=C XU AN C=0 WU (1) AN vl AL & 40 (b
PSR S-SR SE M), AR AL AT DA% B8 1 K C=O XU
J R, 15212~ B BE IR 12, 5- — FH JE kg,

1593



FFERE: R A BR L G AP () 48 B LA 2 AR AL S N AR 2P

412 EHBRMN

AR ) — P E E AU N, A DA G
il A SMAAE R E R (R AT AE. RS
T R RS, 0 S R R R 5 T
Hil4% . PhSiH,. /K& et

LiZ 5058 53 K5 B M-MOF /53 3| T — 251 A 15 24 B
BELSBEAFM@CN (LHM=Cu. Co. NiLHLE
%), I N FH LR A4S 5 O B (i-PrOH) A/ N AR 12K
HIEmME R N, R T B Mg . hA1e
RO, 5B S PR R R B A B R
IR, 275 5N T AR B
BOE R CARHL 1E % (¥ 5% &, o m] DA i s i A2 1R 3R 47

FR 2 — PP R AU AR, BE T LLo = AE
AR, WA LU H B R B R A B AR fE .
XiaZ P it — B R AT RE . = R AL 1
RAMBR T RSB w0 E SR 617
(Co@NC). VLHFERNAFERIRA, ZM7mnr LUEA
B R R 2- FUARJE-S-FH LRy (MMP),  RURAE T %
FLRNE B EGE RE, A R AR R I A R
BT A 1 R R LB R, BT LI A L7 L 4 kT LA
B b4 R A 43 i 2k, ORRr L R O Ay 1

4.2 AL

WHVE R & . AR . BARSE
ARG AL EAAR G — R AR N RN, R
FEAL T AU b s E W R A O, 0, ERE
38 P SR R oINS O B (U S SR L B
P20 ) SR AR 1E—OH Hh O—HU R 14 Iy 528528 11 Jin AR S5 o2 Py
AT MeAb, BT LIS B S IR 55/ 8 A HLBRTE fiE AL
FI T AR B, B, BRI A7 ZE AL R i S8l C-C
SR T TR L A AT I, A 2 7 W R B,
T HL A s B R B A I 7 AR A B 5 RV A
Uk, PREAE LI EURAR A 1 T B R Akt i A ik R 3R
A, O BN RS I Bk, AR T
RSN RENS OB AR TR, (A AR RE R
AR, XA TEHR A T AR S N B A
TRREME.

LiZ%5 N MOFAITAE (11 45 2% Bk 78 1) Co 5 kAL
TN BE B R AL RN AR, XA RIS 1
TEIREF AT A LI S AT B A A R

1594

BE(110°C, 1 bar%*/<, 48 h, KVEHE ), 10X T HBERE
OEE . 2R I B FL AT A W) 5 0 K 1 e 8 ]
(60~96 h). HRTEMZ R 5oR, & JECofli & A Mk 2%
S, Bk R DI R A R R A TR R R
M. BRGNS 7o, BT R A R,
i HAEBE (& @ s e, FHIEEFIRK K. Beller
A2l s FEY G 45 2R B L7 1 C 0,0, HEAL 7(Co;0,-N@C),
12 FAEFHO.2 Y B R AN 2611 T, ARl 2 FR A
B AL A I A 2K F R H R (60°C, 1 bar O,, 24 h). %/
W EA B e RE ANl i e 1, i ELRE RS i
2 R R A AR R, R TR - K, PO,
VERBRI AR, IERERE 15 28 R RE R A2 B & A0S
P2, BAR MR R TR E LD, (HR
MY SRR AN G/ . JiangZE ™ F F ZIF-67 AR
O)AA, I RS B T RIS A b B 1N 4 R B AR
(Co-CoO@N-doped carbon), IXF B4l 9 BE7E (KT
(0.2 245 IIK,CO5) IR 25 A1 T A5 2R FH e 1 Y I S A A K
PR FES(80°C, 1 bar O,, 24 h). LiZl i k5
MOF 5 C3N IR & Y15 2] T 515 24 i 0. 7 & )8 &
(Co@NC) AL, Z A AT BESE TEAS I BRI 175 150
TR FR R R R SRR B 2K F R FR TR (60°C, 1 bar
0,, 12 h). fAi135 H, BT Mott-Schottky 2B FIAFLE, 4
JEEK T AR T RERZE, BT HICoMUE S
BRI A, B HX AT A B E R
IR &R R A 5 F A

B T RENS M AL B R B S AL/ BRI 2, M@CNIE
REME A RO AL C-HER (V& b 3% 4. MOFATA &5
F B A0 FINT S AL TR E BT B0 S AL S (TBHP) 1
MR A T B L 2285 T i M fsp® C—H
HOHABBRE ST AR R D
Fe. WUEMZEES Trhiisp’ C-HEEIRAERS IS LA
PETE BRI & B B, eSS R 4%
TR, Lin P RE S RI5 44 m gk i 0078 1 428 Cofit
I BE S AL Z ORI A A L 2R 287 (0.8 MPa O,,
120°C, 5 h). HIECTFRRGUKAE MEALFICY, Atk R0
RN RRERMEZ. YLK E BN SRk
A, ERSMEREMFNIZAET, WL b
AT R, B, XA T AL AR R
AR PR FR SR 0L 2 PR T S J O G e
SRR A S A i S AR ),



rREFRRE: L2 2018 4E 2B 48 % 3B 12 1

4.3 EPERLEIIA

BHREEHEE D TIEZ AR B, &
AHIEEAEAL, T AR K BB B S4B 2 BRI K b
RAFEAA ST, AR, AL
i, FEBRIIREERUE SR, BRI LR LS4
T T A A At 401 ) S TBHP B LK 1% 10
T, BRRPRIT ARG L o A AL AL A
7 F 8 A A

ST AR, FE7E R B TE L (1)
T4 X R BT, R T
FEFH G, RUS TFI0BI N RIS HE— 5 4 B B2 1 i 725
B, K, M@CNEILFIRE LA S 1. Higit
S 0 52 5 1A 1 BRI (GP) X 0/ I AR 8 i
1.85 eV, T H A TE 4B Coli KM 5, Co' @GP 4,
SR BS RS FREE10.6 eV, H:JH B 4 8 Corl LUK
TR BIGPHEHGPR I A B T3, 42k
B TR B ANFIEFGPE, Co’@NGPX 4/ [R5 e

F 2 M@CNTEINEAEAL S A 3 P AR

TEEF)0.4 eV. Yermakova5! il ik BE 0 1 42130 B %
TREHE KRB FINI@C), &BEMAETIHER
[ 15-7-7-5 TG (Stone-Wales 5 [¢ )i 15 H, 7 F RE 6 7E
Tk 2 A0 TR PR B, T NS T 56 5 ) A 28 0 D) A X o
R, XU WK E R %A v DOEH, 75777 131
FLiE, FSABRZ 2R 1H 1) Stone-Wales BB LA K 51 N4>
JEA BT BRI Z N Hy 7 FHTE RS, (2) &R AR
R THBL7E B EAFAEBRBG, AAREE SR 0 70T L%
R RS B R TR AA RS, 75 S s e Fh e o
TR R R AR AR T

F2FIH T SCHR A HOE FIM@CNAE AL 7 78 S AL AN
R 5 Js2 2 H B T BE TG VAT 45 4. DingZ& PR E S
o AT AERR Z R A, EER RS R E EE N
SRR TR TRERM, N T wER BT
WL EAIE T RTINS REEEE T RE),
iR Z RER R AR T B K b B S,
R A N, RKZ R ARG ORI I 4
J&, T EERYE S E N (pH=2~4)Z AL I R U i1

Table 2 Understanding active sites in M@CN catalysts for hydrogenation and oxidation reaction
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Figure 9 Possible active sites in M@CN catalyst for hydrogenation
and oxidation reaction (color online).
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Figure 10 (a) Schematic illustration of Mott-Schottky-type contact of
Co@NC; (b) N 1s and (c) Co 2p XPS spectra of Co@NC-x [50] (color
online).
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Figure 11 (a) The valence band spectra of CN/Ni/Al,O; and CN/
Al,0O3; (b) H-D exchange profiles of the samples [29a] (color online).
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Figure 12 Redistribution of the electron densities after the CoNi
clusters have covered by one to three layers of graphene [11] (color
online).
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Synthesis of a N-doped carbon coating metal catalyst and its
application in the heterogeneously catalytic reaction
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Abstract: Nanocarbon material as catalyst and catalyst support (carbon-based catalyst) has been widely used in
heterogeneously catalytic fields, due to its high surface area, tunable porous structure and easily modified surface
chemical property. Metal and nitrogen co-modified carbon material (M-N-C) as heterogeneous catalyst exhibits
excellent catalytic performance in the hydrogenation/transfer hydrogenation, hydrodeoxygenation and oxidative
reaction. From the structure of M-N-C catalyst perspective, it contains carbon supported catalyst (M/CN), single atom
catalyst supported on carbon (Mgs/CN) and nitrogen-doped carbon coating metal catalyst (M@CN). In this feature
article, we focus on the introduction for the structure, property, synthesis methods of M@CN catalyst and its application
in the heterogeneous reaction (hydrogenation, transfer hydrogenation, oxidation) around the achievement of our group,
in order to provide ideas for the design of new heterogeneous catalysts.

Keywords: heterogeneous catalysis, hydrogenation, oxidation, carbon coating, carbon-based non-precious metal
catalyst
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