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BERLZ KRS, SR B R, BIRBRIIA I T DT AR BUA | BT stk | SLDTTEE KIS AHILR
LA B BRI P e AT S AR PR T s W R R B R A T A AR R A
(5] it U Qi SR AR WA 6 ORI i BEHIDRE Bk R | ARTRR BRI, Ak A Ak, R fagfe & P BRI
b, AER R BRI R R, R KA S 0] o s SO g N ORI e AR, SR AR A
REFERCR. FET UL, AR SCMARGUK NG BT AT B0, K BRER 5 70 000 4R B 8 70T i 1A sk
R, WEBR AR EFRIK, A2 BB, AT R AL, il e 1 BRI TR S B AY Y B
. Xt PRI A FIALSEAT T 08, JRESE T HAEAR B HLYRH S Yl B B9 Fenton HEALTERE.

1 SRIEES

1.1 RKFENEE

TRERBR AN RIS R R (K EE T YC B RE 40 1L TR ZE r ) 3 MRERh R (S 434X 36. 0% ~38. 0% ) . A Ak
B, AR E B AR RN (A2l REE T XU A2 R BB A FRA R ) 5 7K BB (45410 19 T i 53
BN Na,0 5. 6%, Si0, 20.3%, H,0 74. 1%, KT RXMLEIEIL ) ; W H W (RET KBk ik T
FEEHL) 5 5,5- - 1-nEng k- V-4 {64 (DMPO, Aldrich 2] ).

Ultima IV 5 X S2EAT MY (XRD, HZR Rigaku 23 #]) 5 SU-1510 U 7 B f#08% (SEM, H 7R Hita-
chi 24%]) ; TU-1901 BRI HA] L3 66 RETH(UV-Vis, dbatEArAF]) 5 3300DV Rl B &4 458 TR %
BEE(1CP, 3E[H Perkin-Elmer A F]) ; K-Alpha % X 2R GH FHE1% (XPS, 32 [E Thermo Fisher Scien-
tific A ) ; Bruker A300 % EPR 3% (EPR, %[ Bruker 24 H]).

12 SHYBAYFHHHE

¥ NaOH, NaAlO, FIZKBEESF5 M8 Na,0/A1,0,/Si0,/H,0 FE/R R 16: 1:19: 370 IR 4, Fo il 5 1)
FIRW, =W FHRIE 12~24 h, &H.

Fi M8 Na,0/A1,0,/Si0,/H,0 BE/R R 2.9 1: 8. 4: 209 Hl & L5, # NaOH Fll NaAlO, i& T2
Bk, g I A K B A ) R, AERI BB RE T IR Fe,0,/Si0, BEJK LR 0.05 A
Fe(NO,), « 9H,0, 4k&ediidt 1 h IS BN , WOEHIE 5 min ZATA WK T, 58] BEER" ;
W HA A LR UGR LM AT A EEN N 229, T 100 °CF fhdk 24 h, fEr=gngH, FZEBKRKE
ik, 90 C T 10 h 13858k Y BTk, 108 FeY-WG.

YERXT I, AMEGE KRS ATE AR R EC 7 il 28 1 38k Y 8000, 100 FeY-HT; FHIREERS bk
i REAR R AR W IR BE RS I 7 85 TR B BRIW NaY 43 ¥, 10 H NaY-WG; LIAH[F] Fe,0,/Si0, EE/R I,
¥ Fe(NO,) 5 - 9H,0 (A5 NaY-WG IR ST, A7 FIAHES T 3C A5 AR ATl FeY-1E. B A&
Y17 550 CEAHA R BE 4 b, 193527 .

1.3 THEZERELMERE

4 100 mL 50 mg/L . HELHE WA 250 mL #EIEH T, HI 1. 0 mol/L EhFRIAFW AN 1. 0 mol/L H 4
AR pH AR, mJEIIA 0.1 g 43 Fifif A7), e 60 min 3520 P-4, MA 3 mL 30%
H,0,, JFR N I, — @B A)JE BURE 2 mL, %01 0. 2 mL 1. 6 mol/L Na,S,0, £ 1. B, B L
JEVEWL, WA S L 7R S R K (664 nm ) ZbIIROERE , #4230 r=(A,-A) /A, T AL %
Pt r (X, Ay R A 53000 R DR TR — 5 B TR] BBCHE KA RO )

1.4 FeY EWFIH B E LR

¥ 38 Fenton RBAR R T FeY BI0rFRi IR L B 08, Ve, T, W50, FRRAEA R
SEARAE T P AT Y R VA VR 0 A R A ST R, DA S I A 1 S A% 1 O A ) A 49 A4
'k

PERE.
2 GRS

2.1 EAFRIE
2.1.1 XRD 2 #r V7R Y AR TR] D5 4 4 19 4 1 0 E Al 19 XRD 35 1. ey 7= i 2 3R SR H s T

—_
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FAU Z5MI I BB AT, X R RS FeY MEAGTIGREE 1 Y BU00 10 A9 FRAE S RS . LIRS T A ik

A BN B A T 0 NaY-WG 28 B 5 e 1 485 0 i

(B 15%ZE ). X0 ia5E R Hom A BRI S il & 1

Gy S, TE W SR R EE I AT (FeY-WG, J Lo A Lo @

B35 b) , i 2B 5K b bk (FeY-HT, & 1 l |,

WL o), TR BT A =P i 45 T A BT | | i

AR, MENXTE, FeY-TE i i B A 25 1 52 e i il \ =
AIEEY B4, T Fe(NO,), - 9H,0 AA— S 10 15 20 25 30 35 40
SEMERYE , FEREATR A M B b, 1 BT 40 i 20/(%)

PRZE TR YRR (BT 1 34k d) . Fig.1 XRD patterns of NaY-WG (a) , FeY-WG(b) ,
2.1.2 SEM £AE & 2 MR 53k il 4% 09 R 50 4 FeY-HY(c¢) and FeY-IE(d)

THRES Y SEM BB F. Hh T i AL RIAR R NaY-WG K[ & 2(A) TRIAR MRS, ok 21w &30 %
BOVHEE; AR HER T | AR AR A & Bk 401U FeY-WG[ K 2(B) ] Al FeY-HT[ K] 2(C) ] ) fh ik
PRI B R. WK, R TN S1A S T b B R U R A, 5341, KIS
A 1Y FeY-HT 7= S 4TS RTUREE 2\ T A 1 SR AT, IR B 1 A AL T I 48 1) FeY-WG A il R 1T

Fig.2 SEM images of FAU zeolites synthesized through different routes
(A) NaY-WG; (B) FeY-WG; (C) FeY-HT; (D) FeY-IE.

MASOMLRE , 32 i TR EERE fh Ak AR rh s ) B i oA B, BRI T 20 S A G B ek SR b
PR - T2 et R, T A AT R A A BB 2 R ) IR BRE I TP A S5 R BT R [EAE F A, TSR T
TR e A IARTE S, LLES TAc ik il 2 O Fe Y-TEAE S [ 18] 2( D) 1S T NaY 43 T ki fn
TS,

2.1.3  UV-Vis bl 2E50-1] W3S AT DARAE I U 4 & ) 75 50 F i B 4 b e AR, B3
KA 3 ORI D7 il #8 1) FeY A£G UV-Vis 35 &. AU, FE5L FeY-WG Fl FeY-HT {{AE 200 ~320 nm
IX B A5 BH iy, Hed FeY-WG A R 8 256 nm, FeY-HT 5 RMIE 4 240 nm, FE 5
£ 200 ~320 nm ALFRICH T IH)E R O —Fe™ (RS, ULEAFE S Fe’* LAY ELA 7 AEE F o0+
TR R A AR s FeY-IE FF L 7E 300 ~400 nm [ A 09 W S0 04 3R WA o AR FE Fe—O0—Fe HYHLF1iF
¥, TVAJE R4 0L E B S BLOL ISR Fe O, ISR, L IRa5 RN, 581 MR I T Ak vk D ki
FHIARN Y B0 ) B 28 a5 kg b, IS 20 [RGB PO EC AL 2R A, BB SR8k Tk i 881 254
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IEFI AT fLIE P o ek A B A S AR

TETE.
2.1.4 TLE M LIAIEE S SR TR DL b
(ICP) XK 3 AN 7 ikl 55 /9 FeY AL ZEST .

TIOLE SN, &Ry TR L AT, 7GR E
Fe/Sif Si/ Al BE/RHEIIHIFI R K0T, &= i)

Si/ AVBEIR AR BT, #9297 3. 0. RHEME b fik 200 300 400 500 600 700 800
H I FeY-WG 7= it Fe TR ARXS & 1 (Fe/Si B J/nm
IREEA 0. 084) 5 1% 48 K 34 i AL il 75 1) FeY-HT ) Fig.3 UV-Vis adsorption spectra of FeY-HT (a),
Fe & & (Fe/Si BE/R HN 0.082) #H2Y, ¥fEm T8 FeY-WG(b) and FeY-IE(c)
Table 1 Elemental analysis data of FeY zeolites synthesized via different routes
Elemental content/(mg + L") Molar ratio
Sample . . .
Al Si Fe Si/Al Fe/Si
FeY-WG 12.29 39.43 6.63 3.09 0.084
FeY-HT 14.52 42.90 7.05 2.85 0.082
FeY-IE 14.18 42.49 6.54 2.90 0.077

TR HIFHI FeY-IE ) Fe %1t (Fe/Si BEJR LN 0. 077) . AR £ 75757 A By 1 1 2 S5
Fe B T AR BET R & 07 i IE RV BT Joig T s fid 2 AL ok il it 2k, 7e01 iR BE Y B
BE, #W R VBB T | RESRARICE £ R R R I | DOUE B B AR T R, AT REAT A 0 0 R 41400 o
FESRBR P IS, PRI 4 v R B R LU AR OR 480 o T 1A S Sl B vl ek 408401 0SB
YA ST HER A, AW AR AR, SOk BE R LERS AR, 2R P Bk i i 22 R OFR
W, 56 UV-Vis SRRSO, TEARSSRAPE T, R BRI b AT i A 5k Y 20370
i, BRIF T RES TR I ELLAPUEC Az )y 2 A T1Les 72548

Y RGO AR SRR . | ]
215 XPS FAE 4 4 T 3 ORIkl il o,
FeY ¥ i (1) XPS 3% . 76 XPS 3G E r, Fe, A WJ¢WWWMTWWW
Fe,, B TLRR I i B 00 ) 50 A4 S AL A AR o Rk, T | 5

AT T2 P A h R A B 2. i 4 el

JIE’ 3 ﬁxlﬁljﬁ‘{fﬁiﬁ%ﬁ/ﬂ FeY ﬁé'ﬁ]qj Fe?ps/zm%ﬁé} 705 710 715 720 725 730 735
WAL T 711,68, 711.98 1 711.88 eV 4k, 15 B EfeV

FeY-WG, FeY-HT Hil FeY-IE H 4477 =4y Fe’* %, Fig.4 XPS spectra of Fe,, in FeY-WG(a),
7oh, AT 725.62 eV MEILY Fe,, A TR WL A] FeY-HT(b) and FeY-IE(c)

PLiE—HAIESE Fe™* BUAFAE.

22 EUFIREL R

221 WHER pH EhEwE  AELNAR R pH (25 1 Fenton [ BB EENSHZ —. K
5T pH (EXT I H 615 (MB) Rt REAGF2 I, 877 SO I s pH (E453 %14 2.0, 2.5, 3.0 f13.5,
WE FeY-WG A0 B BE A it 32 25 RN 5 B, JOWi 4T 30 min J5, 4% 014G pH
5 2.5 WF, 3RA5 7 37 FF LW VAR (0 R I R i . 62. 9%. TRMESIE T, H,0, 16 Fe™ B AL T 774
- OH, &SRR H A BT - OH M4, (HAEBSRINIRMESRIE T, 555 FB FeY 40 T i 445 H0 1Y
B, P pH (ER 2. 0 BB @R Ky 54. 4% , 55 pH (EN 2. 5 BB FEAS. FH pH EZ 3.0, AFEX
o7 S [E) B JBE € ANy 42. 6% , AkEETHE pH (E 2 3. 5 R BB R — 25 B AIK A 40. 0%.

222 H,0, AEWHEmE LA Fenton VTN H,0, 7E A 1L ) 2 T80 43 7= A= B A s S8 AL P 1Y
- OH H M3, HIk, H,0, MRl R E 2B —. a8 R AR 4G 1,0, WRIE
H 82T ORE H,0, A7 X Ak R A S PP L 5 5, S5 AN 18] 6 TR, 4 RN AR &R R IA H,0,
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Fig.5 Effect of pH value on the decolorization of Fig.6 Effect of initial concentration of H,O, on the
MB

decolorization of MB
pH: a. 2.0; b. 2.5; ¢. 3.0; d. 3. 5. Reaction condi-

tions; initial concentration of MB: 50 mg/L; initial

Initial concentration of H,0,/(mol + L™"): a. 0; b. 0.098;
c. 0.196; d. 0.294; e. 0.392. Reaction conditions; initial con-

concentration of H,0,: 0.016 mol/L; catalyst dos- centration of MB: 50 mg/L; catalyst dosage: 1.0 g/L; temper-

age: 0.5 g/L; temperature; 25 C. ature; 25 C; pH=2.5.

I, 7 R B E 3 AT 23. 9% 5 B B 4 H,0, WP 0. 098 mol/L ¥ 0. 294 mol/L i, MB i {5,
FtlL T 79. 4% HEREF 98. 8% ; (AAKSENI K H,0, WIUAVE E 2 0.392 mol/L i, MB B 53 5 1ff {15 22
93.9% , XA HE TR H,0, 5 - OH @l RN AER HO, - A%, BT - OHYREE, i HO, -
F o BER S RE IE/NT - OH H i, I S BUEIL ROV TG PER) R RE. (i 6 Al bl , H,0, HI4AR K IE
0. 294 mol/L I, AT LAARAS 5 PR 14 fh e e .

223 AT HENAAENZE  FeY-WG 43T A7 i H & X H ;@gmﬁy&m Fenton Ji {b [ fi b
REFZMUNP 7 Fr7s. =5 FSE (181 7 354K o) s, AEFI Tt AL, ¢ {@*Jﬁﬁﬂﬁwﬂ’ﬂm@ﬁ“ﬂc
AR/ A TR 0.5 /L HIINZE 1.0 g/L I, BT 91. 4% 4 w5 i KA 98. 8%, X2 Hh T1E
—EVRETL I, MR R RO gt T BRE A R, M e TG PR R R, fEdE T - OH A
BB A 5 AR LRGN FeY-WG AL 2 2. 0~4. 0 o/L B, AR TIEZE 97. 4% ~87. 5%. X
A BB T i A AR B AR T S IR R H,0, 2B, b Ah i i 4 AL B T BEXT - OH A
P 7 A T R ARRONE 3 PP 2050 7 40l o3 e s oy 3 R A1

S 100 S 100 T

g 80 580 ¢

ko) 8
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Fig.7 Effect of catalyst FeY-WG dosage on the de- Fig.8 Kinetic curves of decolorization efficiency on

colorization of MB catalysts FeY-WG (a) , FeY-IE(b) , FeY-HT
FeY-WG dosage/(g + L™'): a. 0; b. 0.5; ¢. 1.0; (¢) and NaY-WG(d)
d. 2.0; e. 4.0. Reaction conditions; initial concentra- Reaction conditions; initial concentration of MB: 50 mg/L;
tion of MB: 50 mg/L; initial concentration of H,0, : initial concentration of H,0,: 0.294 mol/L; catalyst dosage:
0.294 mol/L; temperature: 25 °C; pH=2.5. 1.0 g/L, temperature; 25 °C; pH=2.5.

2.2.4 A & 7 3% Xt Fenton (WL 89 B 0r FEPAFMEAEICIAAME T, 705 HIAS R 75 vk 1
() FeY ZrT-0fVE R HEALHR], BIFFEHONE PR A R A e R PR BE , 25 R ANTET 8 Frs. NaY B14p 10
il TR TR R R AR, ORI R, LB @R AU 18. 2%, J& R I P iRARAY. &8k
Y BSOS R T K A2 Z2AH Fenton B, M CLRIGA Py, DARRBENE i ALk il 4 1) FeY-WG 3K
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T SR SR, fRYE ICP JTTRTEE R, 76 3 FORFE 7 dil & 0 FeY 3 Fifif bR+, FeY-WG H
ARk ifidm, AT 1,0, MG, Wil LR, 55—,  SEM EA4E (& 2) g5 8 n]
W, SEGKIERIE Y FeY-HT A, MREERE S AIEHI & 211 FeY-WG B Mk B s g,
R T AEAE— E TS B , (R 2R ek & oG PEOL s B B3, AT 1,0, 164k, e 75
R,

22,5 REHWAWMNE  Fenton N A=A K - OH, R THFFSHEAL SN IS PEYI A, dE—2AE
S FeY-WG HEALFIVEH T - OH WfETE, LLS,5-—
FH - 1 -t S k- V=42 AL 91 ( DMPO) g [ e 4 412 71
IZE T Fenton JZ R H =42+ OH A9 B 7 I f% 2L 4%
(EPR) 1, fnl& 9 firzn. ££ DMPO Hl FeY-WG 1K %
A H,0, 5, EPR 3P BoR 7 R4, K
DMPO 2z %] - OH X5 J5 T2 B [ Hi 3 DMPOX 19

FEAETEIA], SXURSE T i Fenton LN FeY-WG fiE{t 3460 3480 3300 3520 3540 3560
KRR - OH BUTEAE. Magnetic ficld/G

2.2.6 ENFE A MR FIHREER &S Fig.9 EPR spectrum of DMPO hydroxyl adducts
Z AT FeY-WG X7 H 56 5 1 RGHEA 7t (e, 5 56 obtained from a solution of DMPO,
1RO h) SERJE, B043 8 15 min U FeY- FeY-WG and H,0,

WG AR, 20tk T4, FHRAMRER R ORI R, ST ER SR, DI SN AR E
P, SCERE R UL 10. 24T 4 YGESEIRI AT, FeY-WG AL BB LR AT AL F] 909% DL I, K3
R AR M. TS T Bk Tl A O ML FeY-IE YE£407 4 IRAGERE IS, IR 87. 9% &K =

;\? 100 A) ;—\o\ 100 (B)

& 80 - g 80

g 8
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Fig.10 Successive recycling experiments of FeY-WG(A) and FeY-IE(B) for decolorization of MB
Reaction conditions: initial concentration of MB: 50 mg/L; initial concentration of H,0, : 0. 294 mol/L; catalyst dosage:

1.0 g/L; temperature; 25 C; pH=2.5.

A 55.3%. VL B8R it— R0, 58738k 100 [

ALY FeY-E PO ARRIRRAGIAE 5 g |l

b, 33V IGE A TS 45 FRAY 25 Bk T3 Fe - :

WG [t BB PR L7 e FL AT B0 R 1 2

PRI R 2 B 1 B P24 P 54”

227 HEMERTEONECER k% 3

455 VRIS S AL 2 B A8 FO AL FeY -WG RO T TS

50 100 150 200 250

fetERE, 78 LRSI AT, XPARR Gkt 17
THEALRR AR SC 0, 45 R E 11 s, LR FeY-
WG Xof 52 R — R [ 257 ] ok 81 A ) A A o fe
B AR (98% LA 1) 5 X YukERE [ W] a. Methyl violet; b. xylenol Orange; c. amre 1 ;
PATE 10 min PLER 76% , 2t R H 86% ; TE X d. bromophenol blue.

Time/min

Fig.11 Decolorization profiles of FeY-WG for
different dyes



No.9 % KE. FeY B 45 F 55 69 F 25 & B 4E 48 Fenton 1E40 M 4% 1991

AT i 0 5 BRI AR, (Al —E I a], e AR AT LIGA R 909% LA L. DL EAREN], FeY-
WG AL A R R AL R A —E BTz 1.

3. &5 i

Xt 430 AL Ge K A B DA kctt , IR EERR fbfb il 46 T HA FAU 541 &8k Y RLor i
RN FeY-WG. W FAESEAT Sk SOR BT bR 25 1 W0 4R 88 I v i A 7K, T DA KR 44 v i g 48 vh
(A AR B i, R A A T s, O — s s i 45 vk SRS SR B, TRBE I T Ak T
ISR Y BT oS I RE , T A R A R S e BRI T RS R v - R4
DRI it P SR R A0 AR AR . TT R A 25 R R R Rl e & il B rp AR 28I T A R, AR
BRI LLTR] S O B DU BC A7 B 2R, L IRER TC R VB R LA SR AR E . DA FeY-WG A fiEfk
FIAGEE T AEFIAH Fenton (KRR, N H T 3L B ML G R 0 v, #5587 pH A H,0, R R fi ik 7 H
ARSI R A RE e, 15 BB A5 R . pH (2.5, PI4R H,0, WREE 0. 294 mol/L, FeY ff
EFIHE 1.0 o/L. fEM AT, FEARATRE] 98, 8%. [ MK SCIGIESE T L iR FE A Ak
Bl OH AYAFHE. BEA, HOEE TSR T il 46 B &4k Y B0 Fim AL i) B R e (v e, 45360, 18
BEIE S AT A5 1Y) FeY-WG AL R B B S A0S A A= PR Re, HonT T2 Fa ILY R R A%
Tl R Rt | P R B AR R A T AR e 1, SRR AL T A Y A R A LY RHE
IR AL HR A —Fh A SR SR SR iR
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Abstract Iron containing zeolite with FAU structure was synthesized via the wet-gel crystallization method to
improve the traditional hydrothermal synthesis of zeolites. X-ray diffraction( XRD) , scanning electron micros-
copy (SEM) , Uliraviolet-visible (UV-Vis) spectroscopy, inductively coapled plasma(ICP) elemental analysis
and X-ray photoelectron spectrometry ( XPS) spectroscopy were used to study the structure, morphology and
composition of the zeolites, which was compared with those of samples prepared by traditional hydrothermal
synthetic method and direct ion exchanging method. FeY zeolites were employed into heterogeneous catalytic
system based on Fenton reaction, which had good catalytic degradation performance against methylene blue.
The effects on the degradation rate were evaluated, including initial pH value of solution, initial concentration
of H,0,, dosage of catalyst as well as different preparation methods. The optimum operation parameters for the
Fenton oxidation were determined. Stabilities of the catalysts were also studied by successive recycling experi-
ments.

Keywords Wet gel crystallization; Zeolite Y; Hetergeoneous Fenton reaction; Catalytic degradation
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