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Fig.2 Possible reaction pathways for aerobic oxidation of benzyl alcohol over nitrogen-doped AC catalystm]
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oxidation of benzyl alcohol to benzaldehyde[zﬂ

3 SHBIBRE LA
TERSEPETE R R, 2R I B 2 2

SLBRBTR T LG ERERY 47 S AL, (L R

AEFIRREALTEVE RS, AT BIERT, SR kAL

TEEA BB PERERY, SR, B AR T-5)
EAERREING, Jfgok — i, w5 4 s
P AR = = X% N o 7 >/ A (R 7y 2 =R <N}
TR BGOSR
RIS, 5122 57350 T Z2F LA A Al Xt 4 8 4 oK
LR, e A4 B g AR, DT =5 11
BB I LA URRAR AL RE.

RIBAZ LA R B4 SR AORRL 2 — 25
SRR, AR G 3R 0 4B R R T LA A 5t 4R
2/ S A | E| S g A B S YA il i [ AT =T
A E AR, R ik R B A A BRI TR
AE5t & B s (8w, (B RAEM SR S h T4 )8
i 7% AT PERERY. Rt S-S Y T 4
JEAKKLT B E BB 7 AL B S BB PR PE AR
e —Fpigiz.

3.1 A EEEMKAFHIBESILHME

Re BT EA T EZA ., AR
LS, AR R P 25 2 REEFINR Y, S8
PRIE PR, A BT W, BIB 2R LA R AT
AR 2 A B Kok 750 XA X EE, 45
KA LARRAE 5t 42 B N Kok B 28 A R 7 L.

S T HEA U 5d6s, Y 4 — A T
S Jd. SR, 44 AR I8 B GRS B, #4 Al 4 40
KL A O 2 IR H o B P C ST AN AR R, S
R A PR E AL P RED .

Mao %55 R HIMAA S S B8 . NH,C1 R &
NaHCO, R {E AL, & W T A8 2 ) 2 fLk b R
(NPC). 5KBZ4HY AwPC 1L, Au BORIAR /D T
5.1 nm. WEBA TR B 51 A T 08T S 9Kk
T SLEMFRAE 60 °C. 0.1 MPa . NPC X 25 H i
M5 AL 2R B 98.9%, HEFETEFEIT 100%, PRSI A
SR T IR T 6 AR R R B, AR TR
HH e T 4L

Xie 20 R & SO 0 SRS AT E Y JE Ab BE 3
PREIB A A1 B0, IR AR R8RS A T kE
0 3 nm 1Y F R S YRR, S, A SRR
TR 4 M 20T B e 4 AR A 1 i A A A K 1)
PR, A BB R S 9K 2 AR 2L A A
FH 3, Al 4 i K 7 ] LA LA /N R AR R e AR A
BRI, FK 034 BB 24 BT LI T
— IR BRI A AR .

BRSO ARG P, (FR 4 B4 &)
FEBR ] T AR R . T AR R & B 4 e AT



55 6 1 X A BRSSO B A AT S i 563

A LAV FHAE B ) S B AUk v, (R4 40K 1
AT R h 28 2 R AR AL B R IS
RCR AR, 1% Pd IR B 2 Z AL R B
PEACTEPE R . AR ML AN S [l oy 3 S 0 AT, J—
o HOA LG e v A 30,

Xu 20 R F127 SR, A4 — it i
U8, o] S o8 S JR, A T & A A7 Lk
(NOMC), AT LIAE Sy A £ 80 12 43 B0k 2% 19 Pd
YKL T, E A S e PR AL e B Y R A1
AP RE. X AT BB B R Pd 94 KR T2 50 4 BUTE
NOMC H, 5z fA b i A1 BRI G =22 117 A P AH B
VEFIARZE T X 2K F B A AR VR .

Song WRMZH"" RS Xu MR T, %4
FlmiR sk, 8 EBBAA LK. S28 kK, A
VR FIBRG 14 L A5 A B e PR TRL BE o R B 2% P A FLlk
FY A S B LR TR — 52 AR EEAE 750 C,
RIESBIEM LB HIZE 0.3, Fl& M ABIA TN

FUERA HRERGA S 637m g, FUARLH 031 em™ g,

HILAE R AR T8 Pd GOK KT F 28 B i e i
FRIPHRAG T AR & R R A, XA 55 T Pd 90K
KT8 BRI B AR BRI EI AL R
FARSLIE A TR s AR AL T ] .
Hao %0 Jl i P & Pd BOSR A BB RS W)
KBRS E) Pd 99K KT 3 nm 1 & IB 220N
KER (PA@PBFS-500), UA] 8. 44 Kkr 4 =5 B /3 HL
RINB A DL B AR 5 3R Z ] i 4 G FH IR
F Pd@PBFS-500 5 (= (1 4k 1% ¥ . >4 Pd@PBFS-

@CHZOH + 0,

Kl 8 Pd@PBFS-500 (g4 ™
Fig.8 Synthesis of Pd@PBFS-500""
500 FHAE 2R HY it i) 4 Ak A A S RIS, L9378 R
A3, 80 °C ZKARA BT LI 0.5 h, 20 e AL A< 1
AR F 87%, A R F YIRS 100%.
Wei 257 L N-FF 3 1tk w6 o i (NMP) oy U,
A B I, 1535 /AN A S (NGO), JIf

¢ @CeH@OONOPd

DAEAE Ry AR 3R AT T 3% 0 i 4 850k 7.8% 1) Pd
YRR T IR IB I Bl 5 ARB A 2B 1 28
Pd GKRFAH B, N BY5IA B T A SR H
T AT R AT A SR R T A I PR SN, eAh, FEN
FATEZE B A A Ak FR R, B4 72.2% 61k
N 94.5% W REVE . L DA Ry 244 SR 1 () i e
RUR & 5 & TR KRR T8 BBC A S5, A R b 5 1
BRAAXT AL B A ELAVE 0, DN 255kt 4 T
Pd 4K R SR AR, M K ek T P 4.
FERE SRR AT RN T, 5 4 T KR 17
R EB AR L 0] LRI R AP AL R 4R
DA R UL AR B Bt RIENGE, PRI T N
G AR A m AR U 4 Jm TR BB 22 A b
BRI e AR A T, J2—FR T 2 A 8K
7.
3.2 I ERERWARNFRB RS AL R
Zhao 21 L) i6 (9 DES (IR 60505 70) R
TR A IR, SR FH BB A 04 7 0 Tl LLCKS 4t 4 K
BT A BB 2 R R IE MR (Co-N-C). BF5E
NGB LR 30 F B SRR RO R, 2t X
Fb S 2 B0 67 28 0 KR T AT M AR AR B 2R T
P T o 2 H R P 2 A 3R AR AR (<10%), 1T Co-N-C
Xof 2 F A A A SR AT LATA B 92%. Co—N A R /&
R A SRR R R B TR A A, Co 5 N Z B AF
TEMRIVEH.
Wt i, Sun 25 ™Y SR T T B AR O K e S
(1) BE 57 B8 49 (Co-PhIm) 4977 27145 T 2% Co
YKL T B 24 B A1 BB (Co@N-C). LA 5
LA 1,3,5-= 7 HY IR R 2 0 R B U ) 45 1 T
Co@C F1 Co/AC, Z&it 5245 &, Co@N-C Xf p %2
S 1) 7 Ak R IR B 99%, i £ 1 F] 90.9%, {H &,
Co@C ¥ i BERE) % AL 3 H AT 23.5%, Co/AC X
BT (R AL R AALAT 17.1%. Al TARF 52 360 25 BN
NAE Co@N-C JEALFIH, Co 9Kk T 5B 2R A R
A1 B 2 [AAFAEEMAIVE FH, 5 b o4t s 5 g 1 L
R 9: 9 3B 78 F B 4410 A Bl 7 2 b i B i oK
B 5RZ MR LA EF B FHEAER, &8
ISR T X E T W RAE, 95 S5 AR
H H2E, 7R A REERITERT R, C—OH #4k C=0.
Barakat 25 28] Ni 7T A5 Co RAMRFIAIAH
HAER. Fu %™ SR R SR A B 7 4 T E
BAARINFUIRARL R BOE 8 E N
Kb T (Ni-Co/FDU-15.). SEI DL 2 B iy



564 G S

k. $37%

9 Co @ N-C M AR Z AR A A A
Fig.9 Aerobic oxidation of lignin-derived
alcohols by Co @ N-c™*!

RV X T Co/FDU-15 #il Ni/FDU-15 %}
7 FRE 20 RS2 ). 285 SR 3 WA AR R A 25440 T, Nii-
Co/FDU-15  fifb A H EE G AR A 5] 93.4%, HEFfE
PETAF] 97.8%, 1ii Co/FDU-15. 1 Ni/EDU-15 , %7
FH P2 f s A 33 40 ) 2 87.9% 1 67.8%, 1Ll T Ni-
Co/FDU-15 L. iXx —&5 £ Ni 5 Co 2 [A]
HAMREH].

T, AR 51k B4 R B -t B AT —
SE AL VE S 01 ™ DL Zn/Co X4 T
AR (ZnCo-ZIF-68) NH%, B (PR =i -Co-
4,4'- e T IKRE) (PZM) A5E, BT ZnCo-ZIF-
68@PZM st B A Kl 4 il iR T e
A BBk LAY Co B P4k (Co,/P-NC).
ML) Coy/P-NC E A Ak 7 B, X 45 o ROHG 2R H et
PR O B 3¢ 0 HH AR 5 1) % AR R R AtbAT]
RIVEFES T 2-F SE DR et At J A Ak B 25
T KRR b AR IE G DA PR T R 27, i Tk
Co—N J& S FITE PR A5

Li 45173 G A0 A 3 A AR A A SR 1Y
REY, 1525 T B BB A0 Sk, 78
O FH 8 P P ) A 4 SR A S R R R B R R A
TR ZRAE, IIFRA G LB T B RN 1 56
BRI AL T B A, T2 DL
AL AP AE. Co 5 T 5 RHATHAL, Co—N, &S
ARG PR A, AT THREI S R ALER AN P 10: S0 T4
A7 B PT LA W BR8] Co—N, 3R THT, I #E HL 3R 1H
PEATIHAIE G AL 54 F 2R T2 BOR H By
TR, BT AR

(0]
o

L y /L

L
0, Iil
L\ L /0
_~ L | L
o et P
L>(: \L _HZO L>C0\L

L=N,C,0

10 Co-NG % 4 F Ay S8 S S v ] ik S L
Fig.10 The possible reaction mechanisms for aerobic oxidation
of benzyl alcohol over Co-NG™

VI 2R 2 AL B 9 BE2E A AL 9,
R AEALTE RO D HESCR A R AT B AL SR
1M, B2 Z AL PHRLEAT LER AR . fLBRA IR
DU, T2 KA ROHEA R A, A T SR 7EfLIE A
GFOM R, X LB IR M 2R IR TS R Z A AE A T
VR, R THIEALPERE S Tl fE.

TER AL A PR P AL B T, B2 2 AL
BT RHA BL R —Rhar @ s A AEAR R, ansk 1.
BB ITR B AR, 708 B — 182 Z fLAR AT
BRI 2 AL L S — B2 Z LB RHiE AL
PR B —, MR PR AR S 2 fLa bk
HAZA AT AL, 53— B2 Z LA R

R 1 B—BEZILmME £BRSIABME. GHRBBRSABRMHNRE

Table 1 Similarities and differences between single doped porous carbon materials, co-doped porous carbon materials and supported

doped porous carbon materials

Co-doped porous

carbon materials

Supported doped porous

carbon materials

Single doped porous
carbon materials
Active site Single
Catalytic effect Poor

Synergistic effect No

Multiple
General

Yes (between elements)

Multiple
Remarkable

Yes (between metals and heteroatoms)
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Research Progress on Catalyzed Selective Oxidation of Alcohols by
Doped Porous Carbon Materials

LIU Wei, GAO Yong-le, JIANG Li-jia, DUAN Ting-ting, HUANG Cai-yan, RONG Mei-zhu~
(College of Chemistry and Chemical Engineering, Yunnan Normal University, Kunming 650500, China)

Abstract: Carbonyl compounds are important organic intermediates, and selective oxidation of alcohol
compounds is an important reaction for the synthesis of carbonyl compounds. In this type of reaction, doped
porous carbon materials can be directly used as catalysts or catalyst carriers because of their unique properties.
The preparation methods of single doped porous carbon materials, co-doped porous carbon materials and
supported doped porous carbon materials are reviewed, and the possible active sites and catalytic mechanisms are
pointed out. Finally, the problems that need to be solved in the current problem of doped porous carbon materials
are discussed, and the design of green and efficient doped porous carbon materials loaded with non-precious
metals is a future development direction.

Key words: doped porous carbon; alcohol; selective oxidation; catalysis
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