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Fe,0,@nSi0,@AL05. XA ALK R0 B R AE AN FL
TN, [FIRT BB Fe GUKML T [ 22 FLIN . FHZA
A FEERS 0 AR SEIR T Je 8 AR S A Ak M
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1 SEBGER4y

1.1 SEEEER

NIKA G (FeCly-6H,0), 2 5, Z R
(NaAc), kB2 VU 2. FR(TEOS), #3281 (NaAlO,), IR &
(CO(NH),), MUK A F ALK (FeCl,-4H,0), 1,10-4
FER bk, — B UM Mo 25 T A BRI [ b v B 7
Tk w] . KGN H, - H,0) 1 3 KHERHE R AL
2RI PR L A B AT R R R 4 A
it —4lifk.
1.2 #5117 Fe,0,@nSi0,@Al(OH), BIIR A H &) &

WiV Fe,0, 19145 )2 B 2.7 ¢ FeCl-6H,0 1A T
100 mL Z B, /il A 7.2 ¢ NaAc RIZUESE , #:455)
BRI AR 2 F1 L) 200 CHI# 10 h G &=
T, 2B TR 2B Pk B AR 60
T 12 h 1533 Fe;0,

JofL Fe,0,@Si0,(ic N Fe,0,@nSi0,) B £ B
0.1 mg Fe,0, 875 70 H07E 50 mLARFRIA TR (2 mol/L)
2B TR BT E IMARTIE 4 1 10 L1
MEEFIK, 1| mLAHEK, A H0E 2
BT, TEINA0.5 ¢ TEOSTEHE6 h, #4158 F RE
FH 258 F /K B Ve 5 7R 125 TR A T L 60 C
T 1 d153)] Fe,0,@nSi0,.

Fe,0,@nSi0,@A1(OH), 7 4K 1A &Y Hl £ : HL0.2
g Fe,0,@Si0, 8 7 43 HUAE 20 mL 2585 F 7Kk, 1.0 g
NaAlO, F12.9 ¢ CONH), % f# 75 30 mL LB F 7K,
WAERIR G, RIZHE 2 5 B RS 5475
BN ZEHLL 140 CHN 12 h 5438, FHEB 7K

M OBEE VIS TE40 CHEZ THEAR T T 12 h18
3| Fe,0,@nSi0,@A1(OH),.
1.3 #514EA 7L Fe-N-C/Fe,0,@nSi0,@ALO, EL IR &

F 18 15 17 45 Fe-N-C/Fe;0,@nSi0,@A1,0, i
1B : BLO.1 g Fe,0,@nSi0,@A1(OH), #8745 23 HU7E £
P, A FeCly - 4H,0 1 Phen B0 45 21 19 7R
AU Phen-Fe fit £ 1 dCHEH | Fe 55 Phen HYEE/R L
1: 4, HIRB W Fe (9% N 6 mg/mL, Phen-Fe™
5 Fe,0,@nSi0,@A1(0H), 1Y 5 12 .4 Phen-Fe™* Y 3
W), HEMO.1 o) =R FMEHHE 1 dJ5e
ERZERAT BN LLBAAKE S s AR AL TE N DR AP T Kb 2
h 538 Fe-N-C/Fe,0,@nSi0,@A1,0, fEALH] .

h T AR BRI R AR, FRATRRS B
TRl Phen-Fe™ BE SRR UEI T T HE2R . XN i
k.5 4 44 M x-y-Fe-N-C/Fe,0,@nSi0,@AL,0,, H: 1 x
FREBEIREE | y 4 Phen-Fe™ BB f i .

14 IRAEEFRIEB NS

5 5.0 mg FIAHEALFRI AN 0.5 mmol (<4 AH JE AL &
TE— R, A5 mL 2 BEAEE f 19 N,H, - H,0
HEFE A . TE 80 C BTV SR N #I AW i+
DIF IR B ISR N . S T BRER RN B, AR 7E
— 2 B[] o S el i, FHA AL G Sk i u . 2
R RE S AR GRS B . BRIV IS, FH Sk
WAL, T8 P SOE A S50, DAk ) i mT
HAfHE.

1.5 FRIE

F) 1 4 B 7 2 3B (SEM, ZEISS Sigma 300)
132 5 H1 7 0 {85 (TEM, Thermo Fisher) X #f 5 3E
17 TIESFRAE . 76 X PertPowder fif 1Y I, LA Cu-Ka
AT A X BTRUR, 76260 #75° ~90° R NHEAT T
X A AR AT S (XRD) 2387 . A FH X G40t B 7 g
#%(XPS, Thermo Scientific K-Alpha) 43 #f T Fe-N-C/
Fe,0,@nSi0,@A1,0, ¢ [ (4 HEL 125 . F 3% sh ke i
4 5% 7T (VSM, LakeShore7404) ] & Fe;0,. Fe,0,@
nSi0,. Fe,0,@nSi0,@A1(OH), Fl Fe-N-C/Fe;0,@
nSi0,@ALO, 1Y % 1 . % H ASAP2460(micromertics)
HE AT N, W B - B B 45 IR £k 38 45 BET (Brunauer-
Emmett-Teller, BET) H £ L ANFLAR 2046 . R AR
FHETEL(GC-2014C, EIEFEALS | ID, KB R,
WA . RIS 512 wondacap-5. 01, 30.00 m. 70 °C..
0.25 mm, 0.25 pm, RALEREE: 250 °C, Kl =&
J&: 280 °C ) M i AR SEAR LR I S AR



55 3 4 JE AR @EEAFL ALO, FREK Fe-N-C fiALTR (¥ il A B AR pa AR SR AL R I U (9 HERERIT 5 223

2 R FISEM, W 2 i . [ 2a 52 A Eovk A s i g v
Fe,0, [ TEM [& . [&l 2b & Fe,0,@nSi0, ) TEM &,
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PR . N T REES I ROIE S, SPRESM T TEM BRI Z SR, h1a) )2 R Si0,, ANE LR Al
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uonerodead L1ejox
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NO, Cat NH, catalytic reaction T, Phen-Fe** load
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R —— ) C—
N,H,-H,0
[ -

Fe-N-C/Fe;0,@nSi0,@ALO; Phen-Fe* @Fe,0,@1Si0,@Al0,

1 Fe-N-C/Fe,0,@nSi0,@ALO, fi A5 () £ T it
Fig.1 Preparation process of Fe-N-C/Fe;0,@nSi0,@Al,0; catalyst

(OH)5. & 2d—f & Fe;0,@nSi0,@AlI(OH) BT SRR AR A FLESH . ZEAR G AR, e, HaJefL sio,
TR A% B SEM K, SEM & 15 /R Fe,0,@nSi0,@  AJ LIBEGR R 15 HF BRES R i . Hk, A-FL Al
ALOH); Tl Bk K /ANFIE AR ¥ 47, i 2 1 B9 ALOH); (O, 52 AR AL T8 imr i e e AL, 1 FLRE M4k
MEFEIR . NaAlO, SR FZ M ECIMHEAEM, £ B iR SRR TR il ALY

Fe,0,@nSiO0, fiERFR P3[R 41256 4 ALOH), JE i A KR MXRD AT T REM YA . B 3atE: Fes0,.

200 1

K2 (a) Fe,0, 1 TEM & ; (b) Fe;0,@nSi0, [ TEM £ ; (¢) Fe,0,@nSi0,@A1(0H), ) TEM & ;
(d~f) Fe;0,@nSi0,@A1(OH), ARl AEL SEM ]
Fig.2 (a) TEM image of Fe,0,; (b) TEM image for Fe;0,@nSi0,; (¢) TEM image of Fe,0,@nSi0,@A1(OH);
(d-f) SEM images of Fe;0,@nSi0,@AI(OH), at different magnifications
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T Fe;0, B9 37 J7 AR i A 4584, B LAFE2 0 =18.3°
30.1° , 35.5° . 35.1° , 43.2° 47.2° | 53.5° |
57.1° . 62.7° kb K BLE T Fe,0, " 00 BT A 1
S 43 51 XF B Fes0,(JCPDS No.88-0315) [#J(111).
(220). (311).(222), (400), (422). (511). (440) F1(533)
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SIS Fe O, A —3, W] Fe,0,4% 5 KL E
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K Fe L5 TR AL KL . ] 3b J& Phen-Fe™ BHIE 1 2%
N 6% I, FEAS RIS T K5 bets 2 A9 FE 5 9 XRD
B, ol & B, B R R 1 TR, FeyO, Fl1
ALO;(JCPDS No.77-2135) AT 5 g i 5 32 i vk /)N, %]
700 CHFHZR ; R BeiR BEART 700 CH, A AT

14 5 Fe,N ) (JCPDS No.83-0879) JLF—%; 4%
BEIREE A 700 °C R FULIREE RS, FE i A i
Fe,C' 2 (JCPDS No.89-2722) — %% . [&l 3c f& k5 be i iE
3700 CHY, Phen-Fe™ BRIE 1 28 A ] B 75 2 A R
A XRD &, AT LU H 24 Phen-Fe™ BHE 13
Tt K 6% 5 (AT 506 5 FeyC — 3 1M Phen-Fe™ HiE
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TS0 , 17T Fey O, P ATT ST WA X ALO, SR 63255, I
& Fe, O, IUATT SR I FR 231 ALO, YHE G . 1 3d J2&
Fe-N-C/Fe;0,@nSi0,@AL0, i 1k 7 1 BE 3% &, X R
FIIEA C. N, O, Si. ALFFe, H A4 5 XRD
YA RS AH XTI

L 2% T FRURI AL 205 46 2 A7 a1 75 LA R
R P EZE M. 15 TR Z5H S
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| I‘ i et S N T el A W 1 e ety P v Bl g VSt Y
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- | ‘ . 3 |700 °C -6% Fe o
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7} | | . = Sibdee R PPN (-
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S [ ; L g |
- Fl =
E Wzmw h-:m M'MM”M(M:)W = 1500 °C 6% Fe
5 | g (4?0) ’ﬁ 5 : 2 | e A
| 1° | ST | (533) PDF#89-2722(Fe,C) |
WW' 'wh,dhl A | 1y |J| Jl [ | L 1
PDF#SS—OSIS(Fe,T)J) | Fe,0, PDF#83-0879(Fe,N) X ‘ .
: L.l | P T POIFT 2B GRG0 1 1 1 T .
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(d)
(c) Fe-N-C/Fe;0,@nSi0,@ALO,
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IS T .._,‘._m (Y A A
700 °C —6% Fe
q Si
—_ I bt MM,
2 [700 C-4% F é
:;, \"""“"‘v—-'fm.a'«..-..s - (P A A A A 8
£ 700 °C 2% Fe | Al
= ""L’—J‘-—JLMM-}M N Ao
Fe Fe
PDF#89_272.2(F:EIC:) 1 I 11 “il JI L 43 kg sun wilaeass llag la Fe
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K3 (a) Fe,0,, Fe;0,@n8i0, & Fe,0,@nSi0,@AI(OH), [ XRD I8 ; (b) ARl BRI 1 Fe-N-C/Fe;0,@nSi0,@AL0 A5 i XRD 4] ;
(c) Phen-Fe™ B 7 24 RIS ) XRD 8] (d) 700 °C-6%-Fe-N-C/Fe,0,@nSi0,@ALO, AL R A
Fig.3 (a) XRD patterns of Fe;0,, Fe,0,@nSi0, and Fe,0,@1nSi0,@A1(OH);; (b) XRD patterns of Fe;0,@nSi0,@A1(OH); catalysts at

different calcination temperatures; (¢) XRD patterns of different theoretical Phen-Fe™ load;

(d) the EDS spectrum of 700 °C-6%-Fe-N-C/Fe;0,@nSi0,@Al,05 catalyst
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B, H Fe,0,@n8i0,@A1(0H), B 9K 1A b 2% i £
LR, SRR 9K 457 m* g, 0.2 em’+g ',
14.9 nm. 1} Fe-N-C/Fe;0,@nSi0,@AL0, it 1k 571 1

FEAL, FLARRL, SRS BN 129.7 m*- g7 0.3
cms'g_1 . 10.9 nm. % F Brunauer-Emmett-Teller(BET)
A B % 1 Barrett-Joyner-Halenda(BJH) 5% 71 3]

%1 Fe;0,@nSi0,@AI(OH); #1700 °C-6%-Fe-N-C/Fe,0,@nSi0,@AlLO, B 1S5
Table 1 Structural parameters of Fe,0,@1nSi0,@A1(OH), and 700 °C-6%-Fe-N-C/Fe;0,@nSi0,@Al,0,

Sample Sper /(m*+ g ™) Pore volume /(cm’+g™) Pore size /nm
Fe;0,@nSi0,@A1(0H), 45.7 0.2 14.9
Fe-N-C/Fe;0,@nSi0,@Al1,0,4 129.7 0.3 10.9

1 Fe;0,@nSi0,@A1(0OH), Hif 9K & il Fe-N-C/Fe,0,@
nSi0,@ALO, ALY HL R BRI FLAR 345 . 4Kl 4a
JIE7I T HRAA VAL 7 ) N W52 8 R 45 TR £ 1 A TV 7Y
SRR BAEAERT S B0, SRUIFE i TP AR s A 1L
45 . Fe-N-C/Fe;0,@nSi0,@A1,0, 4 1k 71 17 1€ A5 Xf
BEOR W 5 PR & 1 T Phen-Fe®* 5 = B850z W B 7
RUTORAAR L5 76 R il B R heid i, izt F vh = R
237 A JE VAR NH,, JFAEE BT R, TR
TR EFLEREE M, R LR A, S BT A7
TE A AL AR Al 0 B LA 20 0[] 4b Tl

180  (a)

—a—Fe;0,@1Si0,@AI(OH),
“Fe-N-C/Fe;0,@1Si0,@Al,0,

160
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Adsorption volume/ (cm’+ g™)

40

20

dV/dlog(D) Pore volume /(cm’+ g™')

Pelative pressure(p/p,)

Fe,0,@nSi0,@Al(OH), FISRIALE 1.7, 2.0, 2.7, 3.4 Fl
71.7 nm ZbAG I, FRIRTIRIR A FLIR SR BRI e
B NB A FLIE LN . Fe-N-C/Fe;0,@nSi0,@AL0, fi:
AFITE 2.4 F128.7 nm AL A7 I, BEHIAEAL ] 1A FLoT
AR e, N HRIE ] LUE L 0 1 FLAR S A
I B L Fe,0,@nSi0,@A1(OH)  Bif SRR 1 112, k¢
i R T A FEE A LE, SR
FRAL, X AT e i TR Zk)= R 116 P4 55
Fe 1) AT SR kE ST R ST Fe.

H XPSHF5E T Fe-N-C/Fe;,0,@nSi0,@AlL0; i 1k

0.25

(b) —a— Fe,0,@nSi0,@A1(OH),

—*— Fe-N-C/Fe,0,@1Si0,@AL0,

0.20

0.05

0.00 1 1 1 1
10 40 100

Pore Diameter /nm

K4 Fe,0,@n8i0,@AI(OH), F1700 °C-6%-Fe-N-C/Fe;0,@nSi0,@A1,0, W5 i B 45 iR £k F A L2 oA 18
Fig.4 Adsorption isotherm and pore size distribution of Fe;0,@nSi0,@A1(OH); and 700 °C-6%-Fe-N-C/Fe;0,@nSi0,@Al,0,

FIICR AN A2 RS A TR A 5. Kl 5a
A iEE T EE R C. N, O, ALFlTFe A4 . 5] 5h
JEC Ls BREATE , A5 284.8 | 285.6 F11288.8 eV
3AVERIE I, 43 5% C = C/C—C, C—N/C—O Al
C=0/C, =N, C—NEMC, — N1 H BRI A
SR e TR0 B S RN Ls N
Y3k, LA LA A RS 399.5. 399.5 . 400.5,
401.6 F1402.7 eV [ 51U, S 5IRT R AERE N | Fe-N,
MEig &, A s AR A AL AL, 2545 B 2b R Se 4 43

s “H =

Mr, Fe-N-C/Fe,0,@nSi0,@AL O, #1671 4 43 J& -N,
JEFe;N 7Y B 5d R 750 IsHIR MR 7454
fie, £ 3/, Hd1530.1 eV R Fe— 0%, 531.4 eV
FAl—O%, 5332 eV R C—0—Cht 22 5] 50 J2:
Al 2p ASANI , 45 A BETE 75.4 eV AR XTI R ALO, H
AL, VR ZE A48, Ui AL A7 RS T
AL, HA Al—O4# ™. [ 56 Fe 2p K54 , 14
B 710.3 eV & 4 J& Fe s Zk ik 1L 4, 711.7 eV J& Fe-

N,. W] Phen-Fe™ 5 = R FUHAE mi iR pead 7t rh



226 2 T | i %36 %

g b
(a) Cls (b) Cls
Fe-N-C/Fe,0,@nSi0,@Al,0,
g 3
L £
z z
£ £
£ £
& :
= =
Ll Ll
Al 2p
1 1 1 1 1 1 1 1 1 1 1 1 1 1
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(c) Fe-N, N1s (d)

Intensity (a.u.)
Intensity (a.u.)
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Binding energy /eV
0 Fe2p,, Fe2p
5 Fe 2p,, f
Fe™ 2p,,
Fe'* Satellite
2 3
] £
jd &
2 g
Fe' /Fe,C
1 1 1 1 1 1 1 1 1 1 1 1
80 78 76 74 72 70 68 735 730 725 720 715 710 705

Binding energy /eV Binding energy /eV

&5 (a) 700 °C-6%-Fe-N-C/Fe;0,@nSi0,@AL0, B XPS 4 & ; (b) C 1s K411 ; (o) N 1s KE4IE ; () O 1s K54 ;
(e) Al 2p K5 AT ; () Fe 2p K54S

Fig.5 (a) Wide-scan XPS spectrum of 700 “C-6%-Fe-N-C/Fe;0,@nSi0,@AL0s; (b) the C 1s;(c) the N 1s;(d) the O 1s;
(e) the Al 2p; (f) the Fe 2p spectra

WAL Fe-N-C 4544 , BIBZZWEREPEAERTIRIR  Fe' 2ps, MIFe™ 2p,,, W Fe 2p,, Ml Fe 2p,, 4b 1
LW B A BE 7109 F1 7243 eVAMAIXNT R Fey0,. 1 718.9 F1732.4 eV AF A% Fe* Fl Fe'™ (1)
i Fe™ 2p,, FIFe™ 2p,,. T13.8 F1726.7 eV 43 HIXF R TR
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TEHIRT, FIH VSM 43T Fe,0, . Fe;,0,@nSi0, .
Fe,0,@nSi0,@Al(OH), il Fe-N-C/Fe,0,@nSi0,@Al,-
Os W REPERRIE i 6 fir7s . IR H AT LB Y, T
AR RE G X 2 B G M. o, Fey0,@nSi0,

100

‘Fe,0,
80 I .Re,0,@nSi0,
60 L ‘Fe,0,@18i0,@AI(0H),

40

20

Magnetization /(emu-g™)

Magnetlc (
_J Separation
-100

-2.0 -15 -1.0 -5.0 1.0 2.0

Applied magnetic field /T

K6 Fe,0,. Fe;0,@nSi0,. Fe,0,@nSi0,@A1(OH), 1700
°C-6%-Fe-N-C/Fe;0,@nSi0,@AL,0, it VSM Hi £k %]
(i R MR RE R 1) [T ik $1E)

Fig.6 The VSM curves of Fe;0,, Fe;0,@nSi0,, Fe,0,@nSi0,@
Al(OH); and 700 °C-6%-Fe-N-C/Fe;0,@nSi0,@Al,0,

(illustration of the recycling of external magnets)

(49.06 emu-g™) 11 16 1 #5 £k 38 FE /N T Fe;0,(83.05
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Llﬁéﬁz%f—ﬂl, VRGBT e, FR AR ] il
A, kRS B A R nymEma v, A BT
PR AR TR AE SEBR A [l
2.2 LTI ERE TR
X AR5 ) A 0 A AL R R AT T A AR PR e
iR, L 4- AT (4-CNB) 568 i & Ry 45 80 152 1 A
R IAE RN 5. VLGB R, B 5eiie AR
N,H,-H,0 H & i 4k 57 i Ak BE, an k23R 2,
Entry 1). 0] 15t 76 N,H, - H,O B Ak 2 b LA &
A, FRIIZMEAL RN T B JF R (32 2, Entry 2, 3, 4,
5). F IR % N H, - H,0 (1 FH &34, 4-CNB 5% 4k
iR . 24 N,H, - H,0 &5 T 2 mmol A, 90 mim P
4- FAANE(A-CPA) Y= I KT 99.9%, LT8R

2 700 °C-6%-Fe-N-C/Fe,0,@nSi0,@AL0, ¥ S 4-CNB & N,H,- H,0 Fi 2%
Table 2 N,H,*H,0 dosages screening of 700 °C-6%-Fe-N-C/Fe;0,@nSi0,@Al,0; transfer hydrogenation of 4-CNB

NO,
Cat .
N,H,-H,0

: _NH,

Cl Cl
Cl
Entry N,H,+H,0 /mmol Reaction time /min \©\N
H, /%
30 2.1
1 0 60 1.0
90 0.9
30 26.5
2 1 60 45.0
90 56.6
30 64.6
3 2 60 88.1
90 >99.9
30 68.8
4 3 60 944
90 >99.9
30 72.7
5 4 60 98.5
90 >99.9

Reaction conditions: 5 mg catalyst, 0.5 mmol 4-CNB, 5 mL ethanol, reaction temperature 80 °C
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M. ¢, NyH, - H,0 3 2 mmol BIAT

3¢ 3 J& Phen-Fe™ B¢ 1 28 0 6% AR LAAS
[ B R e (A AL S 56 . e R T A5 Y R bR TR
700 CHT, 4-CPA {977 iz i, X2 T 700 CHf
Phen-Fe™* 1 = B G FE /338 I Fe-N-C 4544, 1%
UG PELL S Fe 446 T R 06 P A0 o5 . 17 2 B e T
JE 5 F 700 CHY4-CPA B 7= R Wi FEA%, X2 H T
SR FE 3 e R BT AR AR R P e T e A

53 Fe BB G 7 05 FRATTE 44 7T 3K 1K Fe,0,@nSi0,@
AL(OH), L 700 °C %% B 1l Fe,0,@nSi0,@AL0,, F 11
#; Phen-Fe™*. 455 ] 4-CPA 7= R L2k, i
PR RS B K 5 5 S FL AN L R TR 46 /)N
45 Phen-Fe™ $RAL TR VENT S5 /0 . 28 AR, HTgR{A
Fe;0,@nSi0,@AL(OH), 7E 1 ZiE P4 43 A B B
HARAET A el B B 700 “CAik

F 4 BRI E 700 CIHY, FE 5L Y Phen-Fe™

% 3 Fe-N-C/Fe;0,@nSi0,@AlLO, ¥ NS 4-CNB B & 15%1R £ B9 1718
Table 3 Calcination temperature screening of Fe-N-C/Fe;0,@nSi0,@Al,0; transfer hydrogenation of 4-CNB

Entry Temperature /°C Reaction time /min “ [ ]
e %
30 5.6
1 500 60 10.9
90 14.1
30 20.9
2 600 60 37.9
90 50.8
30 64.6
3 700 60 88.1
90 >99.9
30 31.6
4 700° 60 39.9
90 523
30 7.3
5 800 60 13.9
90 17.7
30 33
6 900 60 6.1
90 7.8

Reaction conditions: 5 mg catalyst, 0.5 mmol 4-CNB, 2 mmol N,H,*H,0, 5 mL ethanol, reaction temperature 80 °C.

a: The precursor is Fe;0,@nSi0,@Al,0;.
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PRS0 2% . 4% . 6% F 8% HIMEAL 525 . 24
Phen-Fe™ Hig 72 AR T 6% A 4-CNP ) 77 R A1,
JE PR 15 PR 4H 9 Fe ()0 A0 R I DA S PR S I 5
43EFT; 24 Phen-Fe™ BEE 7 2 B 8% B, i T 1%

PEZH i Z2 Wi A R, ZR R B 28 AN . 115> Phen-
Fe™ BLIE 51 i 6% I, 75 F 5 M LA R
4 AR BRI T, TG PR ) Fe )OS IEHLH.
S ATEA FLES Y, AR HEAL IR B A R4 A

% 4 Fe-N-C/Fe;0,@nSi0,@Al,0,# S 4-CNB i Phen-Fe’* 121t f1 2 2 H 75 1E
Table 4 Phen-Fe™* theoretical loading screening of Fe-N-C/Fe;0,@nSi0,@A1,0, transfer hydrogenation of 4-CNB

Entry Phen-Fe™ /% Reaction time /min C'\Q\N
H, /%

30 8.5

1 2 60 11.7
90 15.7

30 14.9

2 4 60 26.4
90 29.8

30 64.6

3 6 60 88.1
90 99.9

30 115

4 8 60 18.5
90 252

Reaction conditions: 5 mg catalyst, 0.5 mmol 4-CNB, 2 mmol N,H,+ H,0, 5 mL ethanol, reaction temperature 80 °C
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A 4-CPA 1Y 7= 2R 5 [ 1 Bisf 1) 48 A6 an 1] 7a—d Ir 7
SRR, AR S T 5.0 mg I, 4-CNBE 60
min PN A] DA 58 %Ak, 150 B A7) FH o K s o ik
S, AL AR T, TR PR AR R
FOK, TR AL 2 A TR A5 . B N, H, - H,O 9

LK T 4-CNB, FT LR W AR Z o N H, - H0 Ak B
AICKIEAAR . B, T LA E— 3l 12407 /e
KV %N By )2 B . SR i H k i1t
BN In(C/C)=k-t, Horr €,k 4-CNB W) IR ik
B, C, oA SOV EFTA] t (min) B 4-CNB AR . Q& 7e 11
BRI TR N 2.5, 5.0, 7.5F1 10 mg I AL 4
F439°40.0182, 0.1481, 0.1652 F110.2292 min™', J&&
B — AN RO R LA A ) 2 A 3
TSR R e, Fo 5 mg 1) 5 R 2 2.5 mg
1994 . R, 14351147 0.9880 . 0.9643 , 0.9457 F110.9891,
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2.3 fEINME RHEIRK

PR T 9 RS T DO A R 1 i ) Tl R
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3 5700 °C-6%-Fe-N-C/Fe;0,@nSi0,@ALO, LI & g KB R EBME
Table 5 The transfer hydrogenation of various halogenated nitrobenzenes catalyzed by

700 C-6%-Fe-N-C/Fe;0,@nSi0,@Al,0; catalyst

NO, NH,
Cat.
R > R
N,H,-H,0

Entry Substrate Product Time /min Conversion /% Selectivity /%
Cl Cl
1 ©/N02 ©/NH2 90 >99.9 >99.9
al NO, a NH,
2 \O/ \©/ 90 >99.9 >99.9
Cl Cl
3 \O\ \©\ 90 599.9 599.9
NO, NH,
Br Br
4 @/ NO. Ej/ NH, 90 599.9 599.9
Br NO, Br NH,
5 \©/ \O/ 90 599.9 599.9
Br Br
6 \©\ \O\ 90 99.9 99.9
NO, NH,
I I
NO,
7 ©/ @/“Hz 90 99.2 599.9
I NO, I NH,
8 \O/ \©/ 90 99.8 599.9
1 |
9 \O\ \O\ 90 99.1 >99.9
NO,

NH,

Reaction conditions: 5 mg catalyst, 0.5 mmol substrate, 2 mmol N,H,+H,0, 5 mL ethanol, reaction temperature 80 °C

=, Wi, AR = 4-CNBREFT T
TR BT . BRI BEES S, M A g
Yy IS0 3 R DO HE AR TR, FH JC K Bk
R, A BZE TRRAT w8, LT T —IK

RITEIRSEL . iR 6 Fiaw , FEESE 7T RGNS
4-CPA 477 AT 28 T 85%, HEHENES T 99.9%.
e, AR FE I AR - B RE E
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Time/min

B 7 ZEARFEIR 700 C-6%-Fe-N-C/Fe;0,@nSi0,@AL0, HIE T, 4-CNB 755 1 4-CPA F= 3R Fififsf [8] (1945 fk Hh £&
(a)2.5 mg; (b) 5.0 mg; (¢) 7.5 mg; (d) 10.0 mg; () A [FFHE A 700 °C-6%-Fe-N-C/Fe;0,@nSi0,@AL,0, ¥R I 4-CNB 3 1124015
Fig.7 Conversion of 4-CNB and 4-CPA yield versus time at different dosages of 700 °C-6%-Fe-N-C/Fe;0,@nSi0,@Al,0,

(a) 2.5 mg; (b) 5.0 mg; (¢) 7.5 mg; (d) 10.0 mg; (e) kinetics of 4-CNB transfer hydrogenation of 700 °C-6%-Fe-N-C/Fe;0,@nSi0,@Al,0,

Reaction conditions: 5 mg catalyst, 0.5 mmol substrate, 10 mmol N,H,*H,0 and 5 mL ethanol, reaction temperature 80 °C

% 6 700 °C-6%-Fe-N-C/Fe;0,@nSi0,@ALO, 31 4-CNB B IME M FTEE A%
Table 6 The reusability of the 700 “C-6%-Fe-N-C/Fe;0,@nSi0,@Al,0, catalyst for the transfer hydrogenation of 4-CNB

Cl

Cl

Cycles Wi)\\I \©\ Selectivity /%
0, /% H, /%

1 0 >99.9 >99.9
2 0 >99.9 >99.9
3 0 >99.9 >99.9
4 0.1 99.1 >99.9
5 1.8 98.3 >99.9
6 11.3 88.2 >99.9
7 13.8 854 >99.9

Reaction conditions: 5 mg catalyst, 0.5 mmol 4-CNB, 2 mmol N,H,+H,0, 5 mL ethanol, reaction temperature 80 °C
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Preparation of Magnetic Mesoporous Al,O; Supported Fe-N-C for
the Transfer Hydrogenation of Halogenated Nitrobenzenes

ZHOU Li'?, LI Jun-qi'*", ZHANG Wei'?, CHEN Chao-yi"*, LAN Yuan-pei'”
( 1. College of Materials and Metallurgy, Guizhou University, Guiyang, 550025, China, 2. Guizhou Province Key
Laboratory of Metallurgical Engineering and Process Energy Saving, Guiyang, 550025, China )

Abstract: Here we synthesized a magnetic mesoporous Fe-N-C/Fe;0,@nSi0,@Al1,0; by calcinating 1,10-
phenanthroline-Fe’*(Phen-Fe’*) on magnetic mesoporous Fe;0,@nSi0,@A1(OH), precursors with the assistance of
melamine. The catalyst with an optimum calcination temperature of 700 °C and theoretical Phen-Fe® loading of 6%
showed the best catalytic performance in the catalytic transfer hydrogenation of halogenated nitrobenzenes. The high
catalytic efficiency of the catalysts was attributed to the large specific surface area and pore size, which enabled the
excellent dispersibility of Fe species and facilitated the mass transfer during the reaction process. What’ s more,
Phen-Fe’* ligands could restrict the overgrowth of Fe species and then obtain active components with smaller particle
size. Mesoporous nitrogen-doped carbon layer could be introduced by the calcination of melamine and Phen, which
could anchor the Fe species to avoid agglomeration or even leaching and increase the stability of the catalyst. Fe-N-C/
Fe;0,@nSi0,@Al,0; catalyst can be recovered by using external magnets due to its ferromagnetism, and reused at
least 7 times without significantly decrease of activity and selectivity.

Key words: magneticmesoporous; Al,O5; Fe-N-C; transfer hydrogenation; halogenated nitrobenzenes



