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Catalytic ozonation of ibuprofen by Fe-Al,0;/SBA-1S5 in water
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Abstract SBA-15 was synthesized hydrothermally in acidic conditions using block copolymer as
template. Fe-Al,03/SBA-15 mesoporous molecular sieve catalyst was prepared by loading iron and
aluminum on the surface of SBA-15, and it was used for catalytic ozonation of ibuprofen in water.
The characterization results of transmission electron microscope, X-ray diffraction and nitrogen
adsorption desorption showed that iron and aluminum were uniformly loaded on the surface of SBA-
15, maintaining the ordered mesoporous structure of SBA-15, and having a large specific surface
area. The activity evaluation results of different catalysts showed that the loading of iron and
aluminum significantly improved the catalytic activity of SBA-15 for ozonation of ibuprofen in
water, and iron and aluminum had a synergistic effect. After 60 min of reaction, the TOC removal
rate of Fe-Al,03/SBA-15 was 90%, while that of Al,05/SBA-15, Fe/SBA-15 and SBA-15 were 65%,
50% and 36%, respectively, and that of ozonation alone was only 26%. The experimental results
showed that the synergistic effect of iron and aluminum was beneficial to the decomposition of ozone
into hydroxyl radicals, superoxide radicals and active atomic oxygen. Ibuprofen and small molecule
organic acid were adsorbed on the surface of the catalyst, which was conducive to the mineralization

of organic matter. The catalyst remains high catalytic activity and stability after being reused for 6
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L1 ARSI

— i B3 I Y EO20PO70E020( P123, MW 5800, 43 #74li, Sigma-Aldrich) , 7 % 35 (/- Mrali, A ik
BT bR 24, 4 i S ER (AICL; 6H,0) | 45 i A Ak 4k (FeCly-6H,0) | IERERR U L1 (43 Hr 4, 2y
SR A R AT, A B L4 ) BMPO(4:#74l, 34 b3R5 ( Fig) A BRA &) 4tk
(HLBH% R 18.2 MQ-em) HY Milli-Q HE 2l KA Hl A5 . FH A9 pH H 2 mol- L™ #h 2 A1 2 mol L™ & &AL M
TR
1.2 AT 6l

SBA-15 il &1L LA P123 AR 7], 1E fERR U £ R0 RER, 7258 B2 5518 T & B SBA-15. ELK Tk
FRELU 4 g P123 ABEA Y, LA 125 mL 2 mol- L™ #/%, 40 °C 1HIR M4 T i ft B B¢ &%k, IR I5 2%
P2 9.63 mL IERERR VU 1, Akt F1 24 ho B (A AR 2, #E 100 °C KGR fhik
48 h, A5 (160 SR PR 2= b P, ZESXCT 4G 80 °C T4 10 h I, FH D IR e 23 SR T 550 °C ke
6 h, 1] SBA-15.

AlLO4/SBA-15 #i % FREL 0.89 g AICI;-6H,0 ¥ T 10 mL /K, IFf# S5 A 2 g SBA-15, $i+E 1 h, 4X
J& 85 C ML 10 by DL BRI R 2 K, SRE I E P 7E2s 40T 550 °C Bibe 6 h 153 AL O3/SBA-15.

Fe-Al,05/SBA-15 il £ . i f& FeCly-6H,0 % T 4 mL /K Hr, i it J5 A 2 g ALO4/SBA-15, #8 7H
1 h, 85 CHET, SR)5 FH Db b /e 25 A 40 300 °C 4% B8 30 min, 15 #] Fe-Al,O5/SBA-15 fi# 1k 5] .
Fe/SBA-15 ML ()il 25 F1_E R 2500, A SBA-15 1E R 34k,
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FH X 83 A AT 51 (XRD) XA B 25 A T A7 R AE, M 2 12 BRAE R R 40 kv, BRAE LI
100 mA, ] Cu Ka(2=0.154059 nm ) 4 5 A i 4 U5 A AL T ) 35 K0k B 43 4 78 H A JEOL-2010 %437
RGBS T B (TEM) BT 00T, LATC/K SRR, X RE S 788 7 B HR3% , (8 LSOk 43 1 R
If e, WRE . FAEERE A, Nl B R A 200 kV. A AL ) A E R TR RT AL AR L L& o A R S5
Micromeritics 23 ] ) ASAP-2020 b2 i BN & . FLAE . FL2 204 FH 20/ W o6 - ot o 455 ViR £ FN1 Barrett-
Joyner-Halenda(BJH) 75 3% 73 #7 . 151 3 11 % L 1 83 (pH ) 2R H B3 2K 3C Nano-Z890 2 Zeta HL A3 Al
EL,
1.4 SLE%EE 55Tk

b B R SR S 00 A o T e I i N R TP AT, RO AR AR 1.2 L BRI 1.5 g AL 2k A
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1 LVREER 10 mg L A& SRV Wi 0 B i 2 v, R SR R AU S8 A0 1 pH (B 21 7.0, AR S el R4
i 3S-AS B RLEUR A AR (ALt R A FRA R 724, 30 mg L A9 B4R/ R A AR &AL O A
B3k HE AR A%, TR A SR I B2 200 mL-min”, BB KWW, BT A RE 5 B IS 7 Z00m
AJLiE 0.1 mol- L™ BiACHR B2 EAZE (¥ i AR Ax (9 5L 48, I 0.45 pm i R 2F 24 U8 S0 08

FK AR 3 25 e P SR FH v SIOROAH {63 (HPLC, 1200 series; Agilent, Santa Clara, CA) M iE, 4 i+ A
Eclipse XDB-C18 column(5 um, 4.6 mmx150 mm; Agilent). 4341 55454 B A K 60:40(V/v) 2. iR
R W (20 mmol-L', pH = 2.5), Al 40 °C, #FFF & 20 L, Yt~ 1 mL-min', MG %4 220 nm.
SMA PR (TOC) K & H: TOC-VCPH AU S A HLAsR 73 BT S 2 . FEL 50 8 SH I 0 B (o P 4 [ oA 5 e
] ESP300E % B i i 2 4iR I 354, R SR 43257 BMPO [ e 38 7 325 185 0 58 5 o 8 T B 1%
PEEDIF. AXES TS5 3480 G, T AR %R 9.79 GHz, D1k 5.05 mW.
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Fig.1 (A) The low angle and (B) wide angle XRD pattern of different samples
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Fig.2 TEM images of (A) SBA-15, (B) Al,05/SBA-15, (C) Fe/SBA-15 and (D) Fe-Al,0;/SBA-15 samples
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Fig.3 The N, adsorption—desorption isotherms (A) and pore size distribution curves (B) of different catalysts
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Table 1 Surface area, pore diameter, pore volume and pore wall of different catalysts

AL AR L Beii/%wt  HERIRY (m*g™) fL#%2/ nm FLE/(em® g") FLEE/ nm

Catalyst Si/Al ratio Fe content S BET Pore diameter Pore volume Pore wall
SBA-15 — — 726.8 6.34 1.12 433
Fe/SBA-15 — 12% 564.1 6.29 0.91 4.46
Al,05/SBA-15 3 — 4242 6.01 0.56 4.90
Fe-Al,O3/SBA-15 3 12% 359.1 5.36 0.43 4.98
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Kl 4 AR T2 5 A5 3% 25 . TOC 22 B R AR . Fe-Al,O5/SBA-15., ALO5/SBA-15, Fe/SBA-15 fll
SBA-15 X 41 % 5 1) W B 2< B K43 531 A 2.8%. 5.7%. 8.0% Al 9.7%. 5 Ml LA A A T 2 M L, ik R
AL T2 18 5 1 S BRER s, (B 5 35 42 5 TOC K BR38, 78 0 60 min, B R SE AL T2 2
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Fig.4 Removal rate of ibuprofen (A) and TOC (B) by different processes
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Fig.5 Effect of initial pH on IBU removal in ozonation alone (A) and Fe-Al,0/SBA-15 catalytic ozonation (B) process
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Fig.6 BMPO spin-trapping ESR spectra recorded in methanol dispersion for BMPO-HO, /O, (A) and aqueous dispersion
for BMPO-"OH (B) with ozone
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Fig.7 Stability of Fe-Al,03;/SBA-15 in catalytic ozonation process
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