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Abstract

Fe-SBA-15 mesoporous material was synthesized by a hydrothermal co-condensation route and
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), Nz adsorption-de-
sorption, and UV-vis diffuse reflectance spectroscopy (UV-vis DRS). The incorporation of Fe pre-
served the mesoporous structure of SBA-15, while the Fe-SBA-15 sample exhibited a specific surface
area of 716 m?/g, an average pore size of 6.3 nm, and a pore volume of 1.12 cm3/g. A characteristic
absorption band around 250 nm supported the presence of highly dispersed framework-like Fe
species. Using phenol (250 mg/L) as a model pollutant, the mineralization performances of differ-
ent oxidation systems were compared. After 60 min, TOC removal was only approximately 10% for
Fe-SBA-15/03 and 16% for Fe-SBA-15/H202, whereas the conventional H202/ O3 process achieved
approximately 35%. In contrast, the coupled Fe-SBA-15/H202/03 system increased TOC removal to
approximately 60%, corresponding to about 1.7 times that of H202/0; without the catalyst. These
results indicate that Fe-SBA-15 shows limited promotion toward either O3 or H20: alone but mark-
edly enhances the coupled H202/03 oxidation process. The enhanced performance may be associ-
ated with the ability of framework Fe sites to facilitate interfacial H202/03 reactions and improve
the utilization efficiency of reactive oxygen species. This work provides a simple strategy for
strengthening peroxone treatment under high organic loading.
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2. SCUGER4Sy
2.1 RFSHR

VY 2 58 ke (TEOS, Filhi ], 4lifE >99.0%)1E NfEiE, Pluronic P123 (Z Ak, 144 F &E~5800.0)
VERRERG], UK G HBREL(Fe(NOs)s9H0, BIHi T, 4 > 99.0%)E Nekil, HER(EZ, 7iral, 5
AL 36.0%~38.0%) H T T & ik RIRFE . Mk S AE(SIO, FTiAk, 2 > 99.9%)fFE Xt BiA:
fs TALEE(NHAF, [E25, 4% > 96.0%)(E N S, HKEy(E 2, 405 > 99.0%)1E s 4,
EENE(EZ, it 30.0%/KER)TE AR BhEA T, s T & 88 BReemlueaast, Bk
R M al, S KN 2 8K

2.2. SBA-15 1 Fe-SBA-15 HI#I&

SBA-15 A H: B4, # 9.37 g TEOS 3% T 30.0 mL £& 17K, FHUKAE 30.0 min, id NEWR A. [[
i), Kt 4.00 g Pluronic P123 #% 7~ 70.0 mL 2.00 M #hERVEM ., FREEHHE 2 P123 B2, 1 NIEW B.
b5, fE 400 r/min B /18 HE T, KA BT IAVE B o, IREIS)JET 40.0C F##E 24.0h. Fr
S HTERAA R E R 2 250 mL KA N 28, T 100°C 4tk 72.0 he (RS HRAANEEIRG, KW
HIE B, HHEBTFKREDE, BT 60.0°C FHEZ T 15.0h. &5, HTRE MM E T 5L
t, BL2.0°C/min FITHEE T2 550°C, K582 10.0 h LLEBRIR ), EI15 SBA-15 H M K.

Fe-SBA-15 A il: B 5L, # 1.82 g Fe(NO3)3-9H,0. 9.37 g TEOS 5 10.0 mL £ T/KIRA, K
30.0 min, iC NIEW A. [ARF, ¥ 4.00 g Pluronic P123 A1 0.05 g NH,F 3T 90.0 mL 225 7/krh, RRekdt
FEA P123 SE VMR, ARG H 2.00 M ERERVEMR TR &R pH 2 1.5, 1 NI B, S5, £ 400 r/min {77
BERER, KV A B IINIAT B o, IRAIAIE T 40.0C FEE 24.0 ho K FrfS ir SR AR #2250
mL K# B H, T 100°C Ttk 72.0 he fix i ARG R =G, Hr-wiEses, FHEET
KRBk, BT 60.0C T4 15.0h. &5, KTHEEIAEGET SIS, LL2.0C/min 17HR®E
ZF4% 500°C, Kike 10.0 h DLEFRER T, EIfS Fe-SBA-15 #i K.

2.3. MRIRIE

KNI X SHERATS (XRD) 7 BT AR A AL 71 S LA 44, MR AE Rigaku Smartlab SE
RIFTHFA E3EAT, DL CuKa 5F4:(4=0.1542 nm) A4a5HIE, TARH R 708 40 kV AT 10 mA.
(O S i Sigma 500 Z 14 B 7 S M (SEM, B ENBEAT A%, No W - Bt 4535 2678 Autosorb-
iQ WM PN (e H) 1T 77 K NIZE, AKAEIRF o S 8 R BET &M R IR, BIH EHHEAL
153 A S ALEY « Fe PRI IBC AT PR EE RN 20 HCRAS B 58 4k - o] W38 G 63 (UV-Vis DRS)RAE, Y6l ti
fic % 60 mm AR ERF{HF (1) Lambda 750S %448 4] WAL £T 403 e 6 T (PerkinElmer, S5 [H) R 4.

2.4, Se

FAAAM IR AE S0 /MR PR B AT . LAl O SR, SRAERAER T Os, FHBIEIRS
SKIEGHEAN R N4 RS 25°C, K YIEHKE S 250 mg/L, RAEAEFCA 112 mL, SAH Oz ik
4 50 ppm, S AKAIE#E DY 18 mL/min, Fe-SBA-15 #IN& N 0.28 9o S Siid #2150 s I TR HRORE, i g 2R 1y
FEANIR(TOC) Ak« A LEAN [F S Ak R I 1L BE 7, ¥ E Fe-SBA-15/03. Fe-SBA-15/H,02+ H,0,/03
F1 Fe-SBA-15/H20,/05 X HEZH o HoO, 75 R M UEHTINAN R B, B Je 18N S5 3l
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2.5. DT E

S NI B BB (Total Organic Carbon, TOC) & &K TOC-L CPHCN200 #4545 HLER 73 # 43 (Shi-
madzu, HA)FATIE, FMEE LB IR E R, AR -FAT I E =R IME .

3. &R5118
3.1. Fe-SBA-15 B4+ S SR4S4E

WE 1), AT Sio 44k, SBA-15 Fil Fe-SBA-15 £ /N X ek 4 2 L e e A A LT RT
S, UiHH Fe 5l NJ5 SBA-15 A F M FLE 221 211 . 5 SBA-15 ML, Fe-SBA-15 AT I ik
I RE— %), RAGRSERFLIEREREZL . 456 Fe JRTEAEKRT Si BT UGS R
MEEREAL, ZILR PR Fe ik NIESECH LR 1 —AMAEE, HAUE XRD ANRe FA0IE B Fe i AR AL
W& [ XRD A WLELH] B 5 AR IR (] 1(b)),  BEPARE S R RAEAE K E AT R I Fe O3
ik, Fe Y0 T B T FE o HOIRAS o N2 MR - BB 46 Stk — B3R i, A% S CR AR S 2 A FLA R
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6.3nm, fLA&H 0.77cm¥g ¥ % 1.12cmPlg.  FIREA B Fe 5l A FFARIE eI W ALE S 2E, M AEBE A FL
SEMSEMIEEE, SRR SEICEWE 1R,

(a) (b)
\o/\ —Fe-SBA-15
—Fe-SBA-15 h
3 =
N &
2 2
é — _SBA-15 EU; —SBA-15
= k= T
—si0,
—Si0,
1.0 1.5 20 25 30 35 40 10 20 30 40 50 60 70 80 90
2Theta (degree) 2Theta (degree)
(©) 800 ()
7004 —*=SiO,
c ——SBA-15
T 6001 ——Fe-SBA-15 —=—Si0,
S N —e—SBA-15
3 % ——Fe-SBA-15
5 400- 5
=] a
g 300 2
S 2001
>
100
0~ T T T T T T T — T
00 02 04 06 08 10 2 10 100
p/p, dp/nm

Figure 1. Low- (a) and wide-angle (b) XRD patterns, N2 adsorption-desorption iso-
therms (c) and pore-size distributions (d) of SiO2, SBA-15 and Fe-SBA-15

[ 1.Si02. SBA-15 F Fe-SBA-15 HY/)fa(a) &I~ F(b) XRD [EliE&, N2 MRS - fit
Mi(c) R FLIZ 51 7R (d)
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Table 1. Textural properties of SiO2, SBA-15 and Fe-SBA-15
% 1. SiO2, SBA-15 F1 Fe-SBA-15 HIfLLEHE 3

Sample S (m?/g) Pore size (nm) Pore volume (cm®/g)
SiO2 562 5.8 0.82
SBA-15 598 5.2 0.77
Fe-SBA-15 716 6.3 112

SEM 25 (1 2)Eor, Wk Sio, EE R BUR KBRS, M SBA-15 M EoR8 —4E/N 7458, b4,
Fe 5| NIA2 T SBA-15 A TESH, SR F) SRR

Figure 2. SEM images of SiO2 (a), SBA-15 (b) and Fe-SBA-15 (c)
[& 2. Si02 (a), SBA-15 (b)#A Fe-SBA-15 (c)&Y SEM

3.2. Fe MM B RS 5 5 BUFE

Fe-SBA-15 fE£J 250 nm 4b th LB & SRR (141 3) . Xf T Fe B 2R REMBL, I BOEF 5B 44
T EL Fe HLRTHGIERE A K, Tﬁﬁ?i%ﬁ%ijdf& Fe¥*'Mfh[7]. 4t /IMA XRD WEfr2etb. |~
XRD A WH &GS BRAM L KA LA SR, ATYONAWEFORE b P ) Fe 522 DL 2 MU 1 S
SO R R AT AE %ETETEHE’JE, fﬁ'ﬁi%ﬁTEUﬂ% X I ANIA] Fe BE L4544 B N 3 A v R A 2
Ak, PISEASCOCR FAF N - PEBESC R IOSCRFUESR 1 AMEI LB TR -

3.3. NREIFEMiFFR P Fe-SBA-15 X FEM 1L 1% RERIRZAT

WK 4 frzs, 16 250 mg/L KMy 26444, Sl Oz 7E 60 min P FEARZKEN ) TOC 223N L) 10%. 1
Si02/03. SBA-15/03 L\ [t Fe-SBA-15/03 ] TOC £BRFIFEAL THAK/K T, Fe-SBA-15/03 I A st ik 3
T Os A A R 3 . X — S5 MU, (UKFERRE M 3L Fe AL iR iE Os 4 i I AN /& ATEAR SIS 2%
PERSEBL ROV AL . S Fe MR E A Bh T4 Fe iR, (BRI Ea M. REAREAE LS O 1)
G [ S e F7 T REFR 1] 1 B AL R4S R . Fe-SBA-15/H,02 18 % TOC ZFRHEZ N 16%, 1iH Fe-SBA-
15 X F— O3 B Ho02 IR A 3515 55 - H202/03 14 F 1) TOC 22 Za i i 24 35%, J Bt tH 22 8L peroxone
AR A AT B — B .

2 Fe-SBA-15 I\ H,0./03 ¥k R J5, 60 min TOC Rt — 012 M 240 60%. HHE L L 7] H202/04
R F, B2 TOC ZB/K LRI 1.7 5. BT Fe-SBA-15/03 fll Fe-SBA-15/H,0, 34 K 3L H 2R ALK F 1)
WARCR, X —45 R K] Fe-SBA-15 MAEAL/E I HA B R I E I H & W, HORTELE H02 5 Os 3k
SN ECENTE i N
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Figure 3. UV-vis DRS characterization of Fe-SBA-15
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Figure 4. TOC removal of different oxidation systems after 60 min
4. FEIE MK F 60 min # TOC £ ELEL

3.4. Fe-SBA-15 38k H.,0./0: i8& S EER NI S

H202/03 1 R IZ LR 2 Ho02/ HO, BEEAR I O3 70k N B B EE U B, T $2 mi-OH &87%
PEEWIRN A AR [15] [16]. fEAA R, Fe-SBA-15 HIMIA{E TOC <[ %) 35%1% & £ 4 60%, i
HH 0 B Fe A7 a5 AT BEBE— AR iE Ho0,/05 75 [ - VR AL AL AR . ATRERITE 6L F5: Fe f55 H.0;
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TERGRTIL E P A (23 HoO, 70 Fe A7 B S Os P 5 0 R ig AR DL FLEEMFE S Os.
H202 5535 YW TE G 14 A7 pit B 3 1) J S e e 6 o (BLA3 9 2, Fe-SBA-15/H20, Sk R I H £ 16%
) TOC x4, Ui BHAM BEIF A2 ] SR #iL 45 Fenton-like 423K 5 =01k [E#E, Fe-SBA-15/031k %t
WA 10%1) TOC Z:Fk. Mk, F&HFIAERE Fe-SBA-15 Xt Ho0./03 # & [ B M 2% BA (R EE ], 1

A S 0 R — P AL

35. ETEAFIRET—WLE TOC ¥ HERLLE

N T HE— PR Fe-SBA-15/H20,/03 1A R AE i Hifif A LTS A (e A rh v RE, IR E C A LR
AR RFEAT LU, R A B AL 0T B AR E — A6 1) TOC B AE S (MR)YE R EA 5 45
_TOC, x7n
C. xt

cat

Horh, TOCo A UG R FE(MA/L), 7 9 TOC 2:BR3(%), Coa MEILFIVKIE(QIL), t A RIMT IR ().

T2 BT AR ENA RN MR (. FERHNE, BT ARG R VIank
FE. ANFIR RN A2 S, %S EEH TR FE IR R LRI e R, T
EFERE AP AL FIAE G M . AHEFT Fe-SBA-15/H,02/03 14 & 1) MR {Hi£ %] 45.90 mg-TOC-gcat *-h*, 7F
i3 Fe B AA LW A0k 2 b 2R I HH A v R SR LRI A BE 0 o (BRI, AR FURH 2R )
46 TOC ¥ FiE(191.25 mg/L) B i T 2 Ok R R, R 9 Fe-SBA-15 1w ML far 25 41 R T Re % A R ik
H202/03 I 2 HF A LB 2B . SR, BT ANES R s A A EZE R, MR EAREE AR
WFIAAERE . B, 1245 5 R EH T30 Fe-SBA-15 X% H0./03 # &8 M it 2 B G B SAR SR, T
JEUE BRI T T A S GE A R .

MR

Table 2. Comparison of catalyst-normalized TOC mineralization performance of reported catalytic oxidation systems

=2 TEECEREFRPRLENTREIT— TOC #LHRELLER

TOC Catalyst

Initial TOC

Catalyst Pollutant (mg/L) removal dosage Time (h) MR Ref.
(%) (9/L)

Co010Cel0@MCM-48  Sulfamethazine 5.2 64.1 0.20 2.0 8.29 [10]

CeOx@SiO2 Nitrobenzene 11.7 925 0.20 15 36.08 [17]

Commercial ZnO Atrazine 2.2 73.2 0.06 2.0 13.44 [18]

Fe-SBA-15 (Si/Fe = 20) Oxalic acid 5.3 86.6 0.20 10 23.08 [19]

CeOx(111) Oxalic acid 86.0 86.0 1.00 1.0 22.92 [20]
Fe-SBA-15 Phenol 191.3 60 2.50 1.0 45.90 This work

4, &g

AR FH K RGE ] % Fe-SBA-15 A FLATERL, HHF 7t HAE Ha02/03 5 A S A 2 TR FE 28 1y ok 7 v R4
FEERIR:

(1) Fe 5l NJ& SBA-15 (11 F A fLE IS BI{4 B . Fe-SBA-15 [ EL R HIAN A 716 m¥g. “FHfL424 6.3
nm. LA 1.12 cm¥/g: XRD 5 UV-vis DRS FL[F 57 # Fe DL/ B 2L B M7 AE

(2) 7£ 250 mg/L Ky %AF F, Fe-SBA-15/03 Fll Fe-SBA-15/H,0; [£] 60 min TOC Z:[5Z /5L 21 10%
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H116%, R EAMRE B — S AR B AR AR A BR

(3) H20,/03 15 & ) TOC L5214 35%, Ml Fe-SBA-15/H,0,/0s 1k R $EH £4) 60%, ZIATMHEALT]
peroxone f& & (1) 1.7 fif, XKW Fe-SBA-15 RefiS A RUE I Ha02/03 #E G AL, i i LR AR SR 0™
LR . AR R AN FL Fe JEFRIGE AL peroxone i FEAN B s A HL A7 IR KSR AL S22 5%

& H
2025 45 5 B BH i R 27 [ 5K 2= AR A AL Ik iH- K11 30 H (202510371014)
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