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1.1 X5

FEWE, MR 4(99.9%), 1ifEdE kA b RHE A
RN ) 5 RE IS, 43 BT /K H gk R, 409 ()5 &
380, 14 nm, LR TN 250 m*g, Bl ib ()
T2 F A RN T IR L 50% (43850 KR, Blhr
TR CE) A RRA A ER IR (HF), 40%(Jit 47
B0, H LR FNEBRA ] ; FeCly-6H,0, 4l
>99%, i ARIBLE B A FRA A 5L, 4l
99%, IR Ze B A A FRAF .
12 ELFIHE
1.2.1 AfLBK Cooo-MPC i 55

TG, B 12.5 g FERHA T 50 g M4tk , RS A
20 g (40% (i 5340 ) BEIE . IR A WIFE S T
FE12 WG B A TPk e (R &8 - 100 <C
TAREES h, PR TR 2 160 CJGFARFE8 h). (&R
FiRE, B R AYCRY, SR H IS f oK &
TR, TR FHE T, AR
WA 0.5 h ABR i a3, BlE AU
TLA2 C/min THEZE 600 °C, FFAEMIEE FIR4F3 h.
WRALZE HE 8 HE (109 O 20550 ) A B LA 2
SO, FEH . ££ 100 CEL25 5544 T T4 12 h RIAS 44k
AFLB% , 1E A Copo-MPC.
1.2.2 Fe-P/MPC 1%

$ 2.42 mg FeCly-6H,0 Jil A % 1.0 g 2(50%)
A5 mLaKH, FHFAEZE R T HEHE30 min, A5 MA05 ¢
Cooo-MPC JG AL 12 h. AT S % 7E 80 “C/KiA
T T, MJE AR T 160 CHET . K TS
AR T L i, ZEA ST . 5 C/min
FHEZE 900 °C, FFAEZIREE T OR4F3 h, RIFSf1L 5]
0.1Fe-P/MPC. 3 3 245 FeCl, - 6H,0 72, v] i 75
0.2Fe-P/MPC F10.5Fe-P/MPC 1L 5] .
1.3 ELFIRRE

{di ] Rigaku SmartLab 3kw X SR AT ST X
I ERAT I RAE (X-ray Diffraction, XRD) Jill izt , HAFeR
U8 Cu Ka, 8 HURAHL LS00 40 KV F130 mA,
RS HER R 0.020 , HRETERI 100 ~90° . FIH]
Micromeritics ASAP 2020 4= H sh/ 8 o Ak 5
R LE 2 T RURIFL S5 R R . AT, FE AL JETE 180
C AT 4 h DAL 5 W B Y K A= 5, B S 7

RS T HEAT(-196 C) W BRI, L fi Ak
7 ) H 22 1 L Brunauer-Emmett-Teller(BET) 7 2
i+ 5 #%, 3 T Barrett-Joyner-Halenda(BJH) J7 1
A LR A . A5 H 8 (Scanning Electron
Microscopy, SEM) E{&F Hitachi S4800 X% I3k 1%
AL 2R T ROULE S ARAE (5 L . AL B S
445 (Transmission Electron Microscope, TEM). H
5 5 i 7 B 54B% (Scanning TEM, STEM) £ 439
7 51 #1385 (High resolution TEM, HRTEM) [&]
8T FEI Tecnai G2 F20 {5 (i HLE 9 200 kV) 3¢
15 AL X ST F BB (X-ray Photoelectron
Spectroscopy, XPS) {5 B F Thermo Scientific NEXSA
ST RETSAN EARAT . AL Y Fe &5 il L
ICP-MS U E , {ii FH{X %% 4 Thermo Fisher ICAPRQ).
1.4 EALFEEITA

R (4 mmol), AT (100 mg) A1 57| (&
5 mL) ILAZE] 100 mlL 5 R SR 28 H K S5 10 42 4
Ja L WA E NI AR B S IR, IR A
ZUCE A ¥R RAIRE S, TROE R
JEN RV 6 h. RNASHE , 57 RIRE N 48 BT K
R, BEJS TR RN I A AR (). R
AH - i % X (Gas Chromatography-Mass Spectrometry,
GC-MS) X 7= Wy #E A7 7€ V3 B, Bir A% 245 O
Agilent 5975C/7890A. i I L £ K 46 B 7 K I %
By S A 7 % (Gas Chromatography-Flame Ionization
Detector, GC-FID) X 7= #1475 & 437, It AR
K Agilent 6890A.
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Fig.1 (a) N, adsorption-desorption isotherms and (b) pores size distributions of C¢»-MPC. and Fe-P/MPC catalysts; (¢c) XRD patterns of
Ceo"MPC and Fe-P/MPC catalysts

F1 Co-MPCH KR Fe-P/MPC LTI ML 1R
Table 1 Structural properties of the Cqy-MPC and Fe-P/MPC catalysts

. Y . s _ Fecontent' /%  Pcontent’ /%
Catalyst Sper/m™g™) S, /(m g) VS Mm'g) V(g ) D, mm
(Mass fraction) (Atomic ratio)
Ceoo-MPC 703 329 1.25 0.17 7.93 - -
0.1Fe-P/MPC 494 148 1.00 0.08 7.25 0.108 1.84
0.2Fe-P/MPC 524 192 0.91 0.10 6.50 0.217 1.63
0.5Fe-P/MPC 471 142 0.92 0.07 7.23 0.543 2.21

a. BET surface area; b. Micropore surface area; c. Total pore volume; d. Pore volume for micropores; e. Mean pore diameter;

f. Determined by ICP-MS; g. Determined by XPS

148 1 55 (SEM) X Fe-P/MPC A8 AL 3 317 I8 50 2 4F
(Il 2(a), 2(d) F12(g) ), & BRI ELAT EE WA 1 Vi 2 AR
S5 . 2R R 5 S HL 55 (STEM) 43041 Fe-P YY)
FhEY 3 HCEE O, 4N 2(b) #12(c) itz , 0.1Fe-P/MPC
AR 2R THT A DL B I 4 S Ok A1 5K, 3R B Fe-P 4
FEAEAE TR T 51 05, X 5 XRD 20 Br 4 SR — 2.
b5 Fe £ 3G I, 7] LU £ 0.2Fe-P/MPC 1L 5
FE U H BRS040 B AR SOk, R P& AN
MITEOLT , 3254 Jm 1 20 2 3 304 TR 40 KR Uk
TR S04 4w 1 7 38 31 0.5% (BT i 73 40,
AT RERE K AR IR TE L. 45A XRD #AEL;

A[H10.5Fe-P/MPC 2 [f 1) 44 K UL 228 Fe,P 43 &
Bk .

9 T BT 0.1Fe-P/MPC AL 7] 22 1 4540 ST 2%
A3, R o A T L B (HRTEM) AT X SR g it
T (EDS) H AR HIEA T RARSHT . W& 3(a) B, 4
AT v 43 H B I Sl L S A LS R, X
BET 25 5440 —2. [FA, B 3(h)-3(d) W Efel
TR T2 e T 5 22 SR A AR T A ALK,
ZEE RS XRD RAFLE FA—2. SE—2E 1 REIE /b7
gER W RMEAFIF CL P ORI Fe LRI LI HHL, X
P P A Fe Y34 5) BN LA 2R A 1
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Fig.2 The SEM and STEM images of 0.1Fe-P/MPC ((a), (b) and (c) ), 0.2Fe-P/MPC ((d), (e) and (f) ), and 0.5Fe-P/MPC ((g), (h) and (i) )
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Fig.3 HRTEM images of 0.1Fe-P/MPC and corresponding EDS element mapping
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22 L MERETTEM,
FE2 G T ASRMEAL AL RS SR &0 [ g
TEVE, 458 BRI BRAK Co-MPC S 4215 34 P-MPC

Yok @R AL TS (Entry 1, 2), 1 0.1Fe-P/MPC i
s TERE , AR >99%, BN 99%

(Entry3), 1% 3 W Fe J2 fiff 252 i A0 77] ) 5C it Al

R2 FREUFMNHEERMSENE

Table 2 The catalytic activity of different catalysts in the hydrogenation of nitrobenzene®

Entry Catalyst Conversion of nitrobenzene/% Selectivity of aniline/%
1 Ceo0-MPC 0 0
2 P-MPC 0 0
3 0.1Fe-P/MPC >99 99
4 0.2Fe-P/MPC 23 96
5 0.5Fe-P/MPC Trace -

a. 100 °C, nitrobenzene (4 mmol), catalyst (100 mg), toluene (5 mL), 6 h, H, (4 MPa)

The other by products are mainly azobenzene and hydrazobenzene.

g7, HfefEfbd i 2l E 2R . g — 20 m
R & JE Fe & 5, L] 0.2Fe-P/MPC I
UG VERRAR , HAEALF A 23% (Entry 4), WA 17 S HL
BRZE AL, MM AT B R A 4 s kAR AT B a5 Sk
WFFEIILE R —3 . 2 Fe (1 7 4 5 51 0.5% (5
D I, JLIRCA A TG P (Entry 5), 454 XRD

25 B B 42 R WAL ) Fe,P S 2 il 54 i 4 2 3 114
fEALTEYEYI R

Fp T #2514 0.1Fe-P/MPC {4k 50 70 Al 34
TSN P, AT T O 4G STk Fe 3
AR AR BN &S 0 A R . 3R 3 il
7, 0.1Fe-P/MPC {4k 551 Jig 30 1 0 S5 i) e Ak I =0k

R3 FEGEBRUHEHERME R PR EE

Table 3 Catalytic performance of nitrobenzene hydrogenation over different Fe—based catalysts

Entry Catalyst Reaction conditions Yield/% TOF/(h™) Ref.
1 0.1Fe-P/MPC 100 C, toluene, 4 MPa H,, 6 h 99 334.0 This work
2 Fe,-P-C 100 °C, toluene, 4 MPa H,, 18 h 99 43.7 [21]
3 Fe-N-C@CNTs-1.5 110 °C, THF-H,0(1 : 1), 5 MPaH,,6 h 99 46.8 [22]
4 Fe/N-C-500 120 °C, ethyl acetate, 4 MPa H,, 15 h 99 0.6 [23]
5 Fe,0,@G-C-900 70 °C, ethanol, 2 MPa H,, 2 h 95 46.6 [24]
6 Fe,C@G-CNT-700 40 °C, ethanol, 2 MPa H,, 4.5 h 98 22.0 [20]
7 Fe-phen/C-800 120 °C, H,O-THF (1 : 1),5MPa H,, 15 h 98 1.5 [19]

AE , TR AR R SNy i B R H, R T 4544 T, 0.1Fe-
P/MPC AL 1Y TOF {H 55 T FLJ - Fe-Pogo-C A AL 5
2715
23 EUFIRREN

Fese MR R RE M B8 AR , L T %

£%0.1Fe-P/MPC {4k 57 75 i &0 g H g A e ok, 3%
AT T HAEAE PRS2 50 A Ak e, A 4 FT LA
BRI SRS , A< I B UEB AL 5
BRI Pk R R T R, X U 0.1Fe-P/MPC AR AL 57
TERSFEA NS Hh B B iR e
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Fig.4 Recyclability test of 0.1Fe-P/MPC in nitrobenzene

hydrogenation
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Mesoporous Carbon Supported Highly Dispersed Fe-P Catalyst for
Nitrobenzene Hydrogenation

NIE Chao'?, LIU Qi'?, GAO Guang', ZHAO Ze-lun"", LI Fu-wei’
( 1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China, 2. University of Chinese
Academy of Sciences, Beijing 100049, China )

Abstract: The development of low-cost and high-performance hydrogenation catalysts is very important for academic
research and industrial application. In this work, Fe-P/MPC(mesoporous carbon) catalysts with different structures
were prepared by impregnation-pyrolysis method through regulating different ratios of Fe’*/phytic acid precursors.
Combining with XPS, XRD, BET, SEM and TEM characterization, it was found that the highly dispersed Fe-P catalyst
(0.1Fe-P/MPC) has the best catalytic activity (TOF = 334 h™") for nitrobenzene hydrogenation, which is about 7 times
higher than that of the single-atom Fe,-P-C catalyst. Furthermore, the catalyst cycle stability experiments confirmed
that the 0.1Fe-P/MPC. catalyst has good stability. In contrast, Fe,P(0.5Fe-P/MPC) has almost no hydrogenation
activity.

Key words: hydrogenation; non-precious metal; Fe-based catalyst; mesoporous carbon



