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Research progress and development trends in heterogeneous Fenton-like catalysts for
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ABSTRACT China is one of the major antibiotic producing and consuming countries in the world and demand for and output of
antibiotics are increasing year by year. The wastewater produced during the production of antibiotics is of complex composition, high
chemical oxygen demand, high concentrations of toxic and harmful substances and strong resistance to biodegradation. This is
problematic for the process of pharmaceutical wastewater treatment. Additionally, due to the extensive use of antibiotics, a variety of
antibiotics are constantly released into the environment, with adverse effects on aquatic organisms. Although antibiotic concentrations in
wastewater are low, the accumulation of low-dose, long-duration antibiotics can lead to the development of drug-resistant strains that
threaten human health and the entire ecosystem. Therefore, how to effectively remove antibiotic residues in water is an important
challenge toward ensuring the safety of water quality, the environment, and ecology. Advanced oxidation technology (AOP), which has
an extremely high oxidation potential, can generate hydroxyl radicals in the reaction process, and can degrade organic compounds
rapidly without secondary pollution. Therefore, it exhibits clear advantages in the treatment of antibiotics in water. As a kind of AOP,
homogeneous Fenton oxidation technology (Fe?'/H,O, system) has attracted considerable attention owing to its rapid reaction,
simplicity, and high degradation efficiency. Heterogeneous Fenton-like oxidation technology using an iron-based solid catalyst instead of

Fe?" ions can effectively reduce the formation of iron-containing sludge and broaden the pH reaction range to overcome the shortcomings
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of Homogeneous Fenton. Moreover, recycling of the catalyst has been developed rapidly in recent years and has achieved ideal results

when applied to the degradation of antibiotics. In this paper, research progress in heterogeneous Fenton-like catalysts for degradation of

antibiotics was reviewed. Based on the core issues of heterogeneous Fenton-like catalysts, the methods, measures, and new viewpoints

for improving catalytic performance were expounded upon. Aiming at the problems of heterogeneous Fenton-like technology in

degrading antibiotics, future development directions were presented.

KEY WORDS antibiotics; water treatment; Fenton oxidation; heterogeneous Fenton-like catalyst; catalytic performance
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B FF I8 45 J vty , A R 55 AH 2K Fenton fi 46 57 52
) R 22 1 6 Y, (E K — 438 A F 5 3 Ak
T B, B T A BT A R o dgg b

ZIF-8(Zn(MeIM),, MeIM: 2—H J bk w ) J& — Fif
& B AP ZEMRE, FE KW B AR E P R
b2 o 1, Wang 551 B K ok il £ T ZIF-8/
MnFe,0, & & ¥ #}, ZIF-8 Bt P4 A9 MnFe,O4 JE B T
Zn—O-Fe Z5H4, {2 3F T S IRZSH B9TE 1, 38 m 1 xF
AT UL 1 W i, A A A AR A R A
ZIF-8 7] LIRS HL 45 1K MnFe,O,4 $2 i H -+, H.
HARTH 45 TR AT Hy0,0 1R, RN A
ZAE 300 WU BB S R, 90 min 1] [ fi# 92% f 1U
INF, B IR G B S R BR AR AR SR T 5K 82.5%,

AR FIAE 3 ~ 11 /Y pH 78 B X PO 3 2% #5004 AR
LF WA AR . Hou S5 40K FE Mk (nZ VD) 111
HAEEAYIEE MIL-101(Cr) Hiil# T nZVIMIL-
101(Cr) & & # ¥, nZVI/MIL-101(Cr) & B K 9 It
FEAR, XoF PUFR A KW N 625.0 mgrg ™!, MIL—
101(Cr) B 5 KW R 1T DL %50 Fli 317 DU BR 2%, i
nZVIAE R 3 M A7 1535 A HyO, 72 A 36 1 i 6t
VYRR Z HEAT “ IR, MOFs Hl nZVI 454 % Pd 3
R TSR AN AR B IR RN, B A DU
EBRECE TR 96%. WF5E B nZVI/MIL101(Cr) H
A F& %E B9 25 Fenton Jz N i PE 2D By 2R IR HY
120 min 2837 8 K 0.6 mg' L', 3 IRPGIA XS PUIR K
12 BRI 90% L L.
2.1.3 B F15245 5% H2E Fenton i 1L 55

B 18 2t 2 — B i A0 R M R 1 A RO
%, BB &R B E AR R A/ T Hy0y
H,0 X (E®=1.776 V) I, X $& 4> J& B T REMS 5 1%
Y Ry 3% P AT AL Ho0, 72 4 -OH; 1 4 Ak iF Ji
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fi/NF Fe*'/Fe* Xt (E9=0.770 V) I & )@ & F, 1l Prrh. Nguyen 4512 55 38 — 58 ¥ AL il & T 1824
W Fet U ML i Fe/Fe* MG 30, [ I 43 2% i 4 ) BEHY Fes0,4 25 00 W S ER (] 2), I H F 78 % i Ann]
B RE ST R Hy0, 42 -OH. A, il ad B 1 1Y UL B Sk M0, 423 180 min J5 24 90% 11k
£7 /S U E iy vt B NG N A 11 AN WA N ERS L TN 12 F R A, TOC R BR%F R 62%, H 24+ IkiE
BRI VE . SEAE A Y % A 55OR AL B B AR Ak, i R B 2R

Du 5" SR R B RIPE S 46 T Fe/Si 3648 4l Fe;O, M A6 707 A [F) 4% 14 7T % 3k 96 205 1) B i
ZR ) TiO,, HEALFIFHE 4 0.3 g, H,0, & 10mmol- L™,  HUCRALH 18%. X EH T Zn BB 4 i T =Fe'
Rk i Jo 12 40 B0k 61076 (1 ik, 78 pH K 7.0, I il HyO, Z [0 (L T B i /2, 530 H,0, &1 43
JER 25 C, 220 W ARAT B AU 4546, SO0 min [ fi# %, AT 4E T 3219 -OH. Sharma 58P &R T
fife B AT IR H] 93%, AR IB AR TiO, R M R 4 B2+ 48 (Ce Al La*) il CoFe,0,, JHR5T T
2. Fe Ml Si B A TiO, AT BRAS %, fEE T i £ 4 BB kit sgm . wFo &M, 5
JEHE P TiO, BI=Fe #5555, 30 34 1 #4675 KIBAR ) CoFe,04 HH L, Fii - 4 B B 4% 1) CoFe,0,
() LR TR, Hu 451 38 5 7K #6145 W/Mo &1k i) Fenton I 1 i 35 1458, 3X J& fi T Ce™ Fl La™' i
Y1 (WMoO-x ) Jt T 491 K 2 At Ak 35 FH 1 B ik DU A 2% P TN HEAR AT, W H A £ 48 B 240N T R
TEMEAL R 0.8 gL', HyO, H1HE4 20 mmol L7, FEHE R T HEAR A L L. Vinosha 45 3@ i 2t
DU PR 2V B A 400 pmol L™, pH iy 4.0, LA 25 <C DUIEEA T Zn BUR (1 NiFe,0, 99 K S, B %5
21, 60 min 1] Bk 2% 91.75% By PUBR 2. Horp Zn B4 0N, A W) NiZn,Fe,0, $i 12 4 #i
L7 AT DL B 24 19 Mo il gk, hi AN R 7E s 3 /N | L T AR G R, (A A 1 A )
B, XA R A A T R v e RS ) g Tt

Light off

C/Cy

04} < P .
02 | =*= No catalyst -
4 [== Zn doped Fe,O, HSMSs
=e= Pure Fe,0,+H,0,+visible light

100 nm 0 |™*= Zn doped Fe,0, HSMSs+H,0,+visible light
F 1 L L L L L L L

-30 0 30 60 90 120 150 180
Time/min

B2 Zn 134 Fey0, 250 WHERA S G /R S B BRI 24 T 3 Skt 20 i REA IR IR R M 2 T [l f ) =)

Fig.2  Schematic of the formation process for Zn-doped Fe;O, hollow submicrosphere mesocrystals and degradation of cephalexin under different

conditions (illustration shows the recovery of the catalyst under an external magnetic field)™”

BI85 G TR Fenton AT K T AR Fenton 42 T2,

PrAE R LB a3 1 frs. 22,1 JGHBY
2.2 ERANsh37EE Bh G5 BT A H G IRBE R BE K = IR A

Bt r L R R S5 | A SF A2 Fenton (FRYESME T =M RAFTEIE LN Fe(OH)™) id Jit Ky
1A 22 v ke 186 38 S AH 2 Fenton LW BUBFSEE 518 T ME 8k I 7 A= -OH( 3K 8) , 1 H H,0, 1Y B 82 6 it ib
I RV, AR AN B R LS a2 2 B, DLk fie = 4343 - OH {2 #F Fenton W #E47T (= 9). — ik
F & T 5 AHJC Fenton, 5 #HHL Fenton. S AH i 1 ELA GAE TG M 2F S R b R E G BT 3R 4
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Table 1 Study of degradation of antibiotics in water with doped and composite heterogeneous Fenton-like catalysts

Catalyst Antibiotic Reaction condition Degradation effect Reusability
. . . 0.3 g catalyst, 10 mmol-L™' H,0,, 220 W Xenon lamp . Fifth cycles /
(18] gl 2325 > y
Fe/Si codoped TiO, Metronidazole 0.0006% pH 7.0, 25 C 93%/50 min 30%
WMoO-")  Tetracycline 400 umol'L" 0.8 g'L"" catalyst, 20 mmol-L™" H,0,, pH 4.0, 25 C 91.759%/60 min F‘f;hgcg;“/
. 4
. - 90%/180 min,72.3%
. 20] g s
Zn-doped Fe;04 Cephalexin 10 mg'L 0.10 g catalyst, 0.1 mL H,0,,350 W Xenon lamp TOC/180 min
. _ 0.5 g'L"" catalyst, 10 mmol-L™' H,0,, 100 W LED lamp . Fifth cycles/
- _ [10] R > 22, 5 y
o-Fe,0;@g-CsN, Tetracycline 40 mg'L pH 55,25 C 92%/60 min 0%
. B 100% /90 min,72.3%  Third cycle/
[48] -1 -1 gl > y
FeCu@C Sulfamethazine 20 mg'L 0.25g'L" catalyst, 1.5 mmol-L™" H,0,, pH 3.0, 25 C TOC/240 min 90.1%
. . B 0.3 g'L™! catalyst, 10 mmol-L™' H,0,, 10 W UVC lamp 98%/60 min,64.2%  Fifth cycles/
91 g , 202, , , v
TiO,/Fe;0, Tetracycline 50 mg'L 23+1°C, pH 7.0 TOC/120 min 90%
Fifth cycl
1GO-APTMS-FMBO®)  Sulfamethoxazole 0.2 g'L" catalyst, 2.4 mmol-L™' CaOy, pH 7.022+2C 95.4% /120 min ifth cycles/
0.039 mmol-L™! 75.6%
_ - . 100%/10 min,51.3%
_Fe. [50] . 1 . 1 . 1 N 3
Zn-Fe-CNTsl Sulfamethoxazole 25 mg'L 0.6 g'L™ catalyst,400 mL'min~" O,,pH 1.5,25 C TOC/10 min
. _ 0.025 g'L™" catalyst,1 uL-mL ™" H,0,,100 W 100%/120 min,68% Fifth cycles/
_ [12] gl g yst, 1 [ 20, 3 ifth cycles,
NiFe,0,-MWCNT Sulfamethoxazole 5 mg'L Mercury lamp, 25 °C TOC/120 min 80%
. _ - 97.9%/180 min,52.7%  Ninth cycles/
03 0159 5 gL catalyst, 5. 1'L™! Hy0,, pH 3. o Y
C@FONC Tetracycline 0.015% 0.5 g-L™" catalyst, 5.0 mmo 205, pH 3.0 TOC/180 min 85.8%
Fifth cycle/
ZIF-8/MnFe,0,!""! Tetracycline 20 mg'L™" 0.3 g'L™ catalyst, 50 mmol-L™' H,0,, 300 W Xenon lamp 92%/90 min 182 ?;Z €
nZVIMIL-101(Cr)l'?  Tetracycline 200 mg'L! 0.20 g'L ' catalyst,50 mmol-L ' H,0,, 25 °C 939%/120 min Flg’ ;Z;le/
. (4

g2 SNZRIIZEEL R HAL

Table 2 Types and advantages of outfield assistance

Types

Mechanism and advantages

1) Photolysis of hydrogen peroxide increases the production of hydroxyl radicals;

Light assisted™>*!

2) Rapid regeneration of ferrous ion from iron complex under illumination;

3) Semiconductor materials produce photogenerated electron / hole pairs under illumination

1) Hydrogen peroxide generated in situ by electrolysis;

Electrical assisted?”*"

2) Regeneration of ferrous ion by cathodic reduction;

3) Suitable for wide pH range

1) More hydroxyl radicals are produced in solution by acoustic cavitation;

Ultrasound assisted®'%

2) Promote the regeneration of ferrous ions;
3) Production of hydroxyl radical and hydrogen peroxide by ultrasonic radiation;

4) Improve interfacial mass transfer

1) Generate a large number of “hot spots” to accelerate the reduction of iron ions to ferrous ions;

Microwave assisted”"!

2) Promote the decomposition of hydrogen peroxide to generate active free radicals;

3) Improve interfacial mass transfer

He B 23O AR HE T -OH BYAE B ELINER T Fe®/Fe®*
FIE AP Li SEP9 FEBIUR PG IR R, R T
TSGR it e P e ) R A ARR, A5 SRR, R
5 2% R A LL, 7R AR DL BH O T 7 Ak o il e H I
WA ) G5 A SR T i AR T Xue SE T3 i K Bk
il #& T BiFeO5 F Tt Fenton [#f# MU Z, 7E 500 W
AT ISR, PUBRZEAE 60 min PN BRI A [%f#. Zhu
1200 48 T Z TR Fey0, 91K BT H T8 4t 4l
Bl %) 53 A Fenton [ i PU 38 2, £ 10 W UVC 4T,
0.3 g'L " 4L 57 FH &, 10 mmol-L'H,0, &, pH {4
7.0 B9 R, 90 min PUFR2E (50 mg L") A9 [ it
BN 98%, 120 min J57 TOC ZERFikF] 56.5%.

Fe(OH)>*+hv — Fe’*+ -OH (8)
Hy0,+hv — 2-OH (9)
222 HyHB

1E Hi, Fenton i 2 /7 H,0, 7] 38 i H, fk 27 16 J5
FARR L4 O, JE s A i (2 (10) ), AT 9 T H,0,
1) 32 K A A, P38 3 B ARG D = 8k 2 T 2k
B7(X(11))5 H,0, &% Fenton 7Ji/. Rahmatinia!®”
WEFE T 49K Fe;0,4 1 57 AH HL Fenton T 25 MUK 5
LB RS, 7 200 mA AYSMINEL /T, 30 min
R R0OR AT 3K 92.26%, HLAF L RIE 1T 1Y R 300%
3REIA 3 81.6%. Ozcan ZPY IF5Y T Fe,O5 2P 51
I 4= (Fe,O5—KLN) XK i ¥0 5 1Y 5 AH Hi. Fenton [
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fife, £ 300 mA FJSMITHE HE T, 0.3 g Y Fe,05-KLN
SE 4 PR 0.25 mmol L K3 V> 2 VT 15 min, &b
HH 420 min 7, TOC 2 %0 98%.

0,+2H" +2¢” - H,0, (10)

=Fe’*+e” —» =Fe’* (11)
223 Tk

TR s S 4 A A A ) 3R T A K IR

PRk A ) R L R RS, s =Fe’ I8 Iy =Fe*,
117 EL 25 2 48 HyO, H 43 7 AR ik 3 el Bk (X
(12)). WLk, S Ad s W o+ s 3, 3458 1
o2z RO L Qi AERY il 85 T AR ETIR CuCo,04 9K
A 750 7 e A B T R AR SE A PR R e AR RN SR
24 10 mg #E4L 7] . 500 uL H,0,. 400 W i 2h %
H190 °C AYYRJE, 50 mg L' SE A FR K ALE 4 min N B
AT #5842 B, B 5 1R PR TS B i ARCR AR R AE
86.4%.

H,0,+ MW — 2-OH (12)

224 M B

N RO S, SRR SR
R SR, A A F A i e i, anfe ik H,0,
M H,0 H 43l = A 5 3 il 2 (0 (13) ~ (14)),
Ao )" FRosmEE B, A AE R H,0,(2(15)),
i LB 75 5 | A3 W s B T A T, Ak 1l 3
55 b B 5 70 0y B fih, A 3E=Fe* /=Fe” E 28, Ntk
S0 %, Hou 5581 ) BB 75 il B 1) RE S
5+ HH 2 Fenton M {671 L B MR DU BR 3R, M D) R

SOW,F6304 Fﬁiﬂ‘j IOgLfl ,HzOz }Eﬁiﬂ‘j 150mm01'L7',

pH {E M 3.7, & A 22 °C, 60 min AKf 100 mgL™!
[ PUBRZE R 93.6%, TOC Z:BR*H 31.8%. Ma 2502
TE M5 BT LK Z 4 4 (nZVC) i 4k H,0, B
iR it WU 2 (5 mgL"), nZVC H &k 025 gL',
H,0, #¢ ¥ 4 20 mmol-L', J5 Ky 2542 °C, 3
ol 240 W, B3 20 kHz, Zb 3 30 min J5 £ &%
Al 3K 91.5%, TOC 25 R % 31.8%, 1 K 5 A
Il B 9 nZVC/H,0, 1R R X5 TR B2 1 L BR AU
46.68%.

H,0,+))) - 2-OH (13)
H,0+))) » -OH+ -H (14)
4-H+20, —» 2H,0, (15)

KEFTER M, SR 51 A% 5+ A2 Fenton
T EMEACRCR A £ T 25, (B3R I oh 3 14 [
IfUL 8 T 4R AR A, 3R] B 2 BR A R ML
.5 AR SN 5 B T BOAl e, AR R BHOE 956
Fenton ZERIHRAF ] 1| 2P 3R, BEH 7870 A HI K

PH AE (2 2F Tk Al R, HLAT B [ (4 oL FH T 5.
2.3 FEMENERERE
2.3.1 i HRERERFE A Fenton S 1 i 4 AL 7
i Ak ARG, ME LU, T LR N B
FEAE R, HAT, B8Ok 2 i o8 & v 8 H it
Bl £ (PS, S,047) B Atid S L & AFE & Fenton i
() SRR, Ok B R 1R o Sk R 32 2 2 B A R AR
H 5L (SO, ) R AT RN, 585 H AL (EC=1.7 ~
2.8 V) AH L, B R AR 1 P 3 B A B e Y AR AL e 3
(E°=2.5~3.1V), BRI (30 ~ 40 ps) i KT F2
SEA M (<1 ps), 0T LAFER 2 78 A5 AR A o
B A B9 AF B E ], i AT PAEE 2 ~ 8 19 98 pH YE Fl
WS B LS DA SO P, o 7 R R Bl 2k
TFIE AR AR BB AR AR A i BE 0% B v X (16) Frw.
Ding 5PV WFE T F#ER 9K T 16 A 3L B
TR B R 3 A 1 3D B, AR 2 0.3 gL, it
fRER &4 1 mmol L™, W 2 & 15 pmol- L7,
pH K 4.0, IR 4 2041 °C, 60 min FEMHEZRTTIA 96.4%,
30 min () TOC £ BR R L) N 83%; WA, WL /it
WRER LK 7 pH N 6.4 I TV G670 J2: 1 A it 58 K
SR ] 1k 89.3%. Pulicharla 2554 FI] JH 2 4 2k 1% Ak 1ot
T TR B % i 4 25 2%, F U 0 2 1000 pmol- L7,
i B BR Eh W BE N 500 umol L, 4B R E N
1 umol-L™", pH 4 3.0, i & & 20 °C B, 2 h iy B firt
%R 94%, T HLTE 58 pH 3 B P9 #0 HL A B b i R
fift 3 AL, pH o~ 10.0 B AT 78% W R M %6, F AN 8k
AL B R ER - A B R AR B P SR s an =X (17)
Jras, WA iy Fe? GmE i 20 (16) SRAS BRI AR B
LR Fe*', Fe' ol Fe* il J5 ok Fe* (X (18)) P2,

$,0;” +Fe** — SO, +Fe’* +S0;~ (16)
Fe’ +28,05™ — Fe** +2S07™ +2S0; (17)
Fe® + 2Fe*t — 3Fe?* (18)

BR T i SRR RS, i A A R R (PMS, HSO3)
L RE B G A A AR AR il 2k (5 (19)), I 4Rk
A 4 BB R £ Ak BEUK AR A LTS G W i IF A
R TE, B A S 5 4 26 Fenton {4 £ A S AL 7
JO7FH K A AR 2R B R e A AR A R RCR
HSO; + activator —» SO; +OH~ (19)

Wang %50 DLk S0 BB 1R 3 Ry 481k 711, AR A4
KRFFDERS T, B 523 T 4 L MnO@MnOx {4
BRUT P AR R A AR TP AR G BP9 i, MnO@
MnOx {4k F) 76 48 B8 30 min J&5 , 705 40910 B 00 [
KA AR 15 3] 98.1% F1 81.4%. Liu 2553 &
BT BiysFeOgq FH 1 Abach S S i 1R 5 19 A 22 420 9R
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b B, 7 60 min PN 72 S D AL I B AR R 86.5%.
[ s, 30 A T 2 B R & L 2 ATk AR AT % HE S
4, 45 F R W BiysFeO,/PMS 14 £ 5% 26 EUR 7D 2 1Y
PN E ST

YE R BB AR [ 2 A9 75 A4 3 ZEOR R, PS A
PMS EA BUAAIR, 7K 5 1 e R0 IR 858 A A i AR 35,
LB AT 2 AH X Ao B A, 5 F KA A i A
s, XA e T AN H0,. KW, 5T
BRER AR I 2 09 0 5 R R AN 2o S0 it R 6 ] LA
A Fenton A4k it A AL S Y R AR A
232 WIMEAF

W57 3¢ B — BB B 5 700 1 in A 0T DL ek 36 45 R 46
e tbEae. # H A VLR B T2 A 7
WHRFR | APIERR . & iU 218 Je Hodh s ThL4)E
BTEANM RS, XBELN S 54k
T =Fe’ I B &9 [=Fe’ L], G IIER T
e A i e - A B 3] 4 Ak 0] 2% 1T () =Fe, 1 i 4
=Fe” 14 i (3X(20) ), finPl 53 4 Fenton J52 Ji K 5.

[=Fe* Ll+hy —» [=Fe’*L]* » =Fe’*+L (20)

Huang %5 PO 58 T Fe;O4/ % R 5 5 A L 2%
& 2 (Fe;0,/UV/O,) X 15 LU B 11 [ fire , JHC 2 1o L
U E] 3 7 (Fedt FFeZ 3+ 43 5 6 718 DU T A4 £ %
J\ TR AL (R 2l ), 7F 0.5 gL' Fe;0,, 1 mmol-L™!
TR, 10 mg L' WP B, 9 WS ST, pH
3.0, Y BE R 30 °C By Fefd: N 55 F T, Fe;0,/UV/O,
A Z2 AT AP % il i 9 U0 &2 40 F-. Wang 4607 i
#% T a-FeOOH Jf- 5 F R 41 & F & T 41 k0 - iR
TR R AE AN RRGS T B R A i M E, 7 0.4 gL' o-
FeOOH, 20 mg-L™" i ¢ M5 IE , 4.0 mmol- L™ FfiR,
8 W UV T, pH Jy 3.5, I &}y 30 C 1y e fE 51
T, 40 min X fitf i W5 E (1) 23 BR 2 97%.

Fe* Fe** Fe,0,
GO Czo(e €O —cor P20,
|
Fe? o' / H
Compls n =2
dissolutfon | Re-adsorption |
,;}.-W 1/ g -OH ' :S H,0,*——HO,
Fe(CZO4)33'W———;F€(C204)22'E
b .

Iron cycle Radical reactions

.l Electron conduction
in Fe,0,

el

Crystal structure

B3 Fe;0,/UV/O, 1A 11 RN ALFHC
Fig.3 Reaction mechanism of the Fe;0,/UV/O, system"

J3 48, Pan P ERIE T £ D 1R (EDTA) |
TR R RV IR R X AN RIS AL Oy L BR i i —
W W 1 5 W, JE S A A B Fe/0, TR & 7 Z
BRI RN 0.4 g L', pH Ry 4.0, fiff e — FF W 0 1k
J9 5 mg L S E R, 360 min (YA 10.5% B i i
TR mEnEgt LR, oA 0.3 mmol-L EDTA
I & & (Fe®/ EDTA/O,) 7£ # [F] 2 14 T 60 min X fiff
il — R IE 1) 25 B RN 70.3%, Sl A 4 mmol- L' B
% £ B4 52 1R 2 (Fe®/0x/0,) 180 min P X fifk fiie —
s 0 (Y 25 B R 0] 3k 85.2%, HIl A 16 mmol-L™
Na,HPO, ) 5z I 1A % (Fe’/R 2 £5/0,) 360 min fiff iz
R mRE BRI N 77.8%. BFFEFRBAELA I INA
i AR TR e R E ) R BR R, R T
AR AEM T Fe® 2R A e i, -4 iF
THE BB Ak, B AR T
O, Miffb kR, 2 1 T 5 2 1) Hy0, FITE 4 H
SEfG = A, W AR TR T R I ) e R

3 K5 E &R & %18 3X Fenton
L

SRR R bl N A 5 R IR 7w el = )
PSS WA A5 P I — K ), R T sk /D A R AR
PR, L OB 5% 3R ) IR & S A 2R
Fenton f# b 71 {H 15 ¢ 1, 5 2l 50 A 1 9 i Ak 7
AL, 9 IRt B8 5 4 DR ) i A 751 SRR
YD TR A T RE, 1T ELAE R UR H s> | 3R N
MH ZR S0 R, X RRE SE 2E A A
SURTXE /W
31 W¥EZEAERZE Fenton L F

Wu SE PV 8 1F i 5 AH2E Fenton f# 46 57
HT A &R, 78 1 mmol L' 1Yfik HO, VREE T,
0.1 gL' B £ 4 pH (E y 3.0, N I
25 C WEAER B AT, " EAEHER (50 mg L")
1E 60 min N JL-F- 58 4> Z5B%. Munoz 5P 5% 1 LU
WEARE Jy S A 2 Fenton i1k 77 [ A il Jrie Y 302 e
MIReTT, 85 R R, ZEMEL RSN 1 gL' H0,
B 25 mg L' WE R 25 °C . pH R 5.0 1)
AT, ASF] 240 min A9BSR Y S mge L' A i il FH
A 58 A R, BT KT 50%, HR KT
1 mg L', H =YK Sz 47 ] it Jie PR O s 11 41k ik
BILFRFEAZ. Sun S0P KRR ZE ™ 4t By
WA | IR ARV 0 F P T e fik il i W WE 594, 7E pHL Ky
3.0, IR 25 °C W AAF T, 60 min it Jiig 15 WE F4
B B e 21T 38 999%, L DU A1 34 5 1y 350 6 3 AR AN
7. Kamagate 55 5% HI &6 50 2R 2k 00 AH Y
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2L+ LB A R W, 7E pH ol 3.00 N I BE
S 20£2 °C . 24 W UVA AT B B9 2514 7, 420 min
SV 1 R AR SR h 9442%, TOC £ 6K N 72+4%.
Ayala-Durén S5 PVBIFSY T 4k 0 i (5 A R - 50Ch
25% W] Fe,O5 Fl 5T 5t 73 %0°h 8% ) CeO,) 1 by 5 AH
J% Fenton £k 751 X fif iz 198 W (1% o4 ik 200 SR, Wk k™
AR E N 03 g L', HyO, W BE A 1.0 mmol-L7,
pH K 2.5, ZE WIS 15 W 2B SEXT BEA T, 30 min J5 i
JHie E I (100 pg- L") IR T4 A% B, 7 AH [F) 5% 14 &
MFFE T X A e — PR W E () R £, 45 min n]Rg H:
ek i 2 A1 G AR R
32 U YMSEFEYARNHSERBAS%AMEE

71 2183 Fenton &1L 7

LA 5 15 7400 R DRk ] 48 2 b A R SR AR
h 5 AAZE Fenton AL F I HF SR EAGTRATIE R, R
Al R B AR A RIS, Hofk S pE AR
FE. BRI R A RREA R, X iR AR 2%
Sy 1L AN IEAT RN eAh, 4 db A Bk A AR A
S PP AT B SRR RL, BT DUAE g —Fh
JEAHE AL I % A LY. 22 i A Bk SRR R R 1
T M TR0 A T3 P A LA S Sl B L AR T Il
) 5 # 2% Fenton 1L 57 B T 2 (42 8 {ip
T 8 BIF 9 S 81 P R AT T 310 246 TR 24 b A ik R 1A
AbFE K H AR R B BT, BT LA AR A
B—F i B i S 402 Fenton 1L, M ¥y uk K
FEP A O A A BRI R L T R AR TS e
AALRETT LY A, 1T FLREZE A AT 2 i & )8
TR, HAT I AR AP PR ) SR X

Magnago 551 P TH 82 &0 it b s D & i 1T
NiFe,0y, ff 5% # B & B 1Y B2 2% S A2 — Fp A 340
5t At Fenton AL, 78 pH & 5.8, K BH O IE 5t
T, 180 min X 5t ¥ B4 10 mg- L' 43 AP 3 5
ERCR AT IR 99.23%. Cao %517 3 i JB b v B8 V5 T
il % T ZnFe,04, B 5% 3 W 75 [ /K H 54 05 g,
H,0, ¥ & 4y 2.5 mmol-L™", #I#f pH 4 3.0, 75 W 5K
SIS B 200 T, B W B 10 mg-L' A9 W7 HY 3k
Wi TE 120 min B ALy 88.27%. Ah, Li 551
SR A0 K A D 4 R Tl B K vl 2 o)
# 7 Cr Al Mn # 2% #] ZnFe,0, 94K Bk, 7F pH 1 K
6.0, fEALF &K 0.8 g' L', HyO, 4 0.1 mol
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