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Abstract

Hierarchical Fe-ZSM-5 was synthesized with the aid of 3-glycidoxypropyltrimethoxysilane (GPTMS)
and then was modified by the ammonia-steaming post treatment. Various techniques, such as XRD,
SEM, N; adsorption-desorption, UV-vis and NH3-TPD were used to characterize the as-obtained
and modified hierarchical Fe-ZSM-5. The direct oxidation of benzene to phenol using N;O as the
oxidizing agent was conducted on the ammonia-steaming treated Fe-ZSM-5. The results showed
that compared to the steaming treated Fe-ZSM-5 catalysts, ammonia-steaming treated hierarchical
Fe-ZSM-5 catalysts preserved more mediate strong acid sites and ex-framework iron active spe-
cies, thus exhibited a higher catalytic activity in the catalytic oxidation of benzene to phenol with
N0, while the frame structure and pore structure of Fe-ZSM-5 was almost unchange.
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ERERERF G- A EZEFERERNE) = FREREL(GPTMS)ERH T & T £ & FL.E#IFe-ZSM-5, KH
KBS Fe-ZSM-54 F I BT /G403 . FIHXRD. SEM. N BiFt. UV-vis & NHs-TPDZ 5 5t kb3
FIFe-ZSM-5HET T RAE, FHEHR T A EHBA 2 FIREN0FALEHI R B F I tRE. &5 FRR,
FUKBSHE T KESAERFe-ZSM-57 T B R EMAFLEMZHUA R, (BAE T EL M P EBER+
DFIIE B ZEVE MG PR, TR 2R B S B R H B A B A AT 1
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1. 51§

KR EERAHACTIER, TR T, B2y, Rl &R Tk, B2 At 575 R
BIFE. BHAT, Tl BRI R RIE AT, R ZE YN f 2[1]. kK,
MATTFEE 0T 738 R B A A & 2R I (70, Herh B BN AT S i) — Mk 2 BL NO AR A,
ALK — DI IR EY(BTOP) [2] [3]. Fe-ZSM-5 X iZ B B A R AT (AL RR [4]-[6]. BFFERIL, KES
AbFE Fe-ZSM-5 R F=AETE Z (R Fe WpFh, R EMEAGRIRITEE. KA SG Fe-ZSM-5 4 i 1) & 42
BRIBLIT 2B 2240, B 2R A0 B A BRI FeO, R (L i AL FE S b O ) Fey U EKE £ 4% Fe ML &4 —Fh
TER) [7]. FEMESEN[8]RILGHHNE KA AL 1933 A1 43 F 0 AH A T 78 R — b B AR F I K 28
AEEERT AR B SRR BB, R R I S A A S 1 o H G T 2K R AL 3 Fe-ZSM-5 1T BTOP
1) J5 23 A WA TE o

A SCAE TR ) A i B ALGE R ZSM-5 3R 1 [9]-[11], fE/KIE B FE A, I i N\ fek doe 1 006
7 GPTMS ((3-FR 4 £ 2 H AR L P 88) = FR AR ) 50T a6 T A B e E T, SEmm T Ja SRR 2B, Ak
T2 HILEEN) Fe-ZSM-5, BTN} 2 K FLEE ) Fe-ZSM-5 4 T BE T R /KR SMHE, 2K B 5
XFH A > FIRAAME R 52, 8 T KRB S 15 IR 7E NoO S8l A0 8 1l 2K 1y s 37 Hp ) e A
fi.

2. KISy
2.1. FFIHRRIE S

S FIR A S IRAT I TAE[12]. &R 4L N: 0.07 Nay0:Si0,:0.02 Al,03:25 H,0:0.2 TPABr:0.1
GPTMS:0.005 Fe. fifb2ctt:Ay: 110°CHifk 2d, 180°Chutk 4 d. fimAbse G, g, PESR TR .
)i 550°C T 45k 5h, 13%] Na B! Fe-ZSM-5. ¥ Na %Y Fe-ZSM-5 & 122 #e /5% H 2 Fe-ZSM-5.

FERE AR OB, N A, Ak (—E B E 2 BN 20K) &l s R ER RN, RAEK
ZKIR 57 R4 300 mbar, 550°C FACEE 5 ho HsKZE AR i iy 448 Fe-ZSM-5-s, i & 53 44 5%.
15%. 28%% /K ALIE 5 (RE Fhfir 4 N Fe-ZSM-5-asl. Fe-ZSM-5-as2. Fe-ZSM-5-as3.
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2.2. EHIZEE R M

NoO — A5 S Ak 2R 1l B 19y 1) 5 B 7 ] 58 R 8 Je B 2% 1 384T, 0.2 g fiE4K57I R0 0.5 g 40~60 H FIA7 Shb
RA LR R NE . RBHTHEAFIZE He AU FEM Lhe RN AT R: RS 593 K, N,O:7K:He =
1:1:28 (BE/REL), SN 60 mi/min (NTP), %534 18,000 ml-ge ~hte SN JE IR A 2HE(E
(Agilent) GC-6820 Atk AT AEL 73 #T, FID Al 25, OV-101 B E4HE .

3. ZREITE

M XRD P (P 1) rhar DL 22 31 28 K 28 S AL BN K 28 S AL B JS Fe-ZSM-5 5 FF MFI B9k, 45
AP R AF. M SEM (1A 2)Fmr DA 8 B 20 K 78 S ER 5 (RE S RSB R AR RAR (b, L AT 4T
& 1.0 pm AUERIERE, PR K 25 S AL B S R 1 AR 154 SRS

P 3 KBS ME KRS G 2 95l Fe-ZSM-5 il 41 2 T Ny T SR 28, MR E 1, ASF
IKZSAE IR ity B ARALARR) N W P S5R 2 10 RS ot FAT AH S I FLZ5 A o it R L5 A0 B I
%1, WERPH, SAFREMEUKZESTAIEE, B R mARRILILA ARk, 25292 350
m?g 1 0.19 cm®>g .
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Figure 1. XRD patterns of Fe-ZSM-5 under different concentrations
of alkaline steam treatment
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Figure 2. SEM images of Fe-ZSM-5 under different concentrations
of alkaline steam treatment
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Table 1. Physiochemical properties of Fe-ZSM-5 under different concentrations of alkaline steam treatment
1. FRIRESKESAIBEZRTL Fe-ZSM-5 H AN FItHFLEMSH

Sample UK IR 1 5 B0 (%) Ser(Mm*g™) S, f(Mm*g™) V. aem*g™) V__oem*g™)
Fe-ZSM-5-5 0 349.2 167 0.190 0.112
Fe-ZSM-5-as1 5 353.7 170 0.191 0112
Fe-ZSM-5-as2 15 350.8 1 0.186 0.107
Fe-ZSM-5-as3 28 346.9 180 0.179 0.096
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Figure 3. N, adsorption-desorption isotherms at 77 K of Fe-ZSM-5 under
different concentrations of alkaline steam treatment

£ 3. 77 K FARIRE RKES B E % 5K FL Fe-ZSM-5 35H 5 F i N,
R - BRMiSEE sk

MFE R BILLAME (14 ) B, B ZUK AR B R, Rh T4k 45 DY T 4% DY 1 A4 A8 T 3% 5 1)
420~500 cm AR KL S, EREAR DU A Al-O K, Al B fPEEE Si/h, T AL S Si R E
FHIT, BEESE SUAL JR/h, SEOIEERD, BB X AR BT 20K BT NH; 7T 5 3424
BT R SR AT AR FAR K28 &4, 72 A 1 2 R A57 [EL 25082 A 7K 43— 3 ARG i B 2R S8 /E R JE A O...H
B, DUIRSE a2 i8] .

[ 5 &K AT FE RN Z 7K 75K (28% = /K) A BE )5 1) 2 4 £l Fe-ZSM-5 P41 73 -1 ) NH3-TPD K&,
2K &AL 1) 43 0740 B A SR h s B P AP IR LA, (H 2 /KA S Fe-ZSM-5 73 il
b, ZUKZESAEERS TimEAE 2R, AR .Om SR mFz8] [13].

Pérez-Ramirez 55 A [1410F 70 & I iy il /K 28 AL B )5 43 1B 28 BBk IE MBI B 2840, i FE v BUE
LS, AR TR AT . UV-vis BE(E 6)EoR, K47 4H £ HIL Fe-ZSM-5 il 41 5 F i
FEAEWK 215 nm (B2 VUL b Fe® <O BT ET) M 278 nm (8% \ Tk 45 44 o AT )
Fe®*) b H B A IS [15] [16] 0 T Z /K ZESACFRIG , 43T 07 AR08 SRR i 06 v v e 57 1E0 RS 3, BB 73
SR Fe* B SRR B B T 404N, Xin 25 A [L5]30 MR IS I AR5 R &5 B 0%, (KT 260 nm ) Fe®
—O HT R ERAT g, 43 BIALTF 277 nm, 333 nm, 427 nm 1 545 nm (1)) \ i 44 45 ¥ T 7 ) Fe*,
RRE [ Fe®, B Fe,05 FIKEURL Fe,0s. UK FES KIS T fE B KAK T 200~350 nm [A]. A4
S R SO R B, B S K A AR BRI A B 2R PR R SRR B
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Figure 4. IR of Fe-ZSM-5 under different concentrations of alka-
line steam treatment
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Figure 5. NH3-TPD profiles of Fe-ZSM-5 under different concen-
trations of alkaline steam treatment

[E 5. FEIRESKZSAIERG Fe-ZSM-5 5#AR NH;-TPD 3k
nd
MIE 7 7151, SEKESE G5 TR AR T &, 28%Z /K S AN EE B8 A1 4 07 IS e 2
WIGHHAL A 24.0%, [N 3 h JE RN 21.6%. IX AT REAE BT 2K Z8 A BEAR X T K 8 S AR BE G 437
A 2 FE IR B 2R IE A, R E K RS B 2 R IR IR O — R R

4, &Eig

FIAN IR B ZUK M ZUK 2R T 2 FLE5 ) Fe-ZSM-5 WA 7 i . 12 NoO S AR BLE I 21 ) (1
SN, FOKA TSI B AR B T A 3E T, 45F XRD, SEM, ZLAMEHE, N, I UV-vis,
G2 T T BOAT 20 b, FUK A BEAR BT b MK 28 SRR PR 0 07 ) R SR S5 R AN FLEE R SR /)
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Figure 6. UV-vis diffuse reflectance spectra of Fe-ZSM-5 under
different concentrations of alkaline steam treatment
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Figure 7. Conversion of benzene as a function of reaction time

over Fe-ZSM-5 under different concentrations of alkaline steam
treatment
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