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Degradation of Norfloxacin by Nano-Fe,0,/H,0,

ZHANG Di"*, WANG Yi-xuan'*, NIU Hong-yun’, MENG Zhao-fu'

(1. College of Science, Northwest A & F University, Yangling 712100, China; 2. State Key Laboratory of Environmental Chemistry and
Ecotoxicology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)
Abstract: The degradation of norfloxacin in aquatic environment was studied in the presence of Fe, O, nanoparticles and H,0,. The
effects of solution pH, temperature, dose of catalysts and concentration of H,0, on norfloxacin degradation were surveyed. The
degradation behaviors of different substrates by nano-Fe;0,/H,0, were investigated and the reaction mechanism of norfloxacin was
discussed. The results showed that the reaction was strongly pH-dependent and favored in acidic solution (pH =3.5). The removal
efficiency of norfloxacin was enhanced with the increase of temperature, catalysts dosage and H,0, concentration. The degradation
efficiency of norfloxacin by nano-Fe,0,/H,0, was significantly higher than those of sulfathiazole, phenolic and aniline compounds. In
the presence of 4. 4 mmol-L ™" of H,0,, 0.80 g-L ™" of Fe;0, and T =303 K, norfloxacin was degraded completely in 5 min. The F
element in norfloxacin molecule existed totally as F~ in solution within 5 min, and the removal efficiency of total organic carbon was
57% in1 h. In the ESR spectrum of nano-Fe,0,/H,0, system, the characteristic peaks of BMPO-+OH adduct was detected, however,
the intensity of the peaks was reduced to 5% with the addition of tert-butanol, a strong - OH scavenger, and the degradation efficiency
of norfloxacin was correspondingly decreased to 10% in 1 h. These results indicated that - OH played an important role on norfloxacin
degradation, and the reaction proceeded based on a heterogeneous Fenton-like system.

Key words:Fe, 0, nanoparticles; degradation; norfloxacin; mineralization; -OH radical; Fenton-like system
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1.1 ki)

ANIKE ZHAE DY KA S R R AR
Al JH,0, V2K BT T AR H Il A A R ) A w4
i, 35 Sk oy Al 50Tk Pk -5 - P -1 -k v k-
A E M & Y (5-tertiary butyl-formyl-5- methyl-1-
pyrroline- oxynitride, BMPO ) iy /7 [H B} 5 B b 2= T
FUIT G W Wi A vb J2 1 Sigma-Aldrich 2y w42 4k (28
JE >98% ) 5 525 K Oy 4l K.

FRELO. 10 g Wi s vb A&, %l /& 100 mL 2 B 1
K L B 000 mg- L™ () i i vb 2 i A . R T
WD AR T W T TR Rk v R, i A VR T
TR N> & 1) 3R
1.2 (AL 4 5 R AE
1.2.1 42K Fe 0, (¥4 %

K I PUUE 77 ) 4 0K Fey O, H K 5.2 ¢
ANKZEABTN 2.0 g YK A & A 2% T 200 mL
5% B A8 25 8 K H N 0. 85 mL ik £R 1R 5 /1A
AR R KB In# & 358 K JE, A 20 mL & K
(25% ), 10 )m i BBk 2 5 JF 0 & AR 375 246 30
min J5, OK7K IV HL AR U A0 K Fe, O, MUK H 25 59
FARIBHRE T, &5 Fe,0, WURL 4> HIAE 110 mL
KPR AE A
1.2.2 44K Fe,0, MIEME

) FH 3% 51 ¥ 2 8% (TEM, H-7500, Hitachi,
H ) WS 145 1 48K Fe, O, $URE 1) T 35 AURL 4%, 3
TAFHL & A 80 kV. 4K Fe, O, FUk: i1 4 1 BE K T 4%
FHgsm it (VSM, LDJ9600) % 35 F I 75 A X 5
GATH 2 M (XRD) W 5E 99 K UKL 1) A4 25 4. HE 3R
AR AN, DB BET 250l 52 ( ASAP2000V3. 01A
Micromeritics, Norcross, GA).

1.3 sEg ik
VG D S B R AE 50 mL 3R 24 58 R R 3k

AT, IR 20 mL, 5 G0 AR ) 46 W B D 50
mg- L7 B IO 8 R 4K Fe, O, 75 AL
H 1 min, %W pH {E 1 0. 10 mol - L™ ) &0 48 14 4 Al
0 TR A VR B U B N I L T R R R R
F1 L4 200 remin )38 P 60 min, B 1 mL R M
VA VRO S B AFE O min IV SECVD AR U, AR S AE R
WP IR 2 R ) H,0, (30% ), T 46 N, B B
5 min BUORE T mL. K ICH A RE S 2 20 2 5, B
WO SE v SR VD IR
1.4 pHriik

T R R D AR A R SR T e O £ 1
/5 A A I 4% (Dionex, Sunyvale, CA) 5. 3%
ZAE N A C18 A1 (5 pm,4. 6 mm x 150 mm)
( Diamonsil , Dikama Technologies) ; ¥t &) 4 1 67% )
BRI (10 mmol-L7") | 22% Z i, 11% B 41
J8, i 1 mLemin =", AN WP K 268 nm.

MU 2 7 A B Tk B A (K2, Mettler-
toledo) P 22. BAH YLK (TOC) KA liquic TOCT & F
BURK 73 A I 52 . 7 56 ) A v it e 00 5 o b A
AN TCHLIR ) & 5, N S R Z R A LR & &
- OH A L - WA 3 e A (EPS 300, 48 [5 ) 3 52 , il 3k
)  BMPO. il & Z %y« 0o E4%0. 348 T, $145 78
[F0. 01 T, vk o) 2 20. 4 mW, f3 J% #5i 9. 75 GHz.
KT HLBORE B 55 B 1 R 't ORI M v
Fe 70 [F1# AR MRy 100 pg-L7".

2 iR

2.1 AL R

Fe, 0, i ki ff bt 2 i B 4 127 m®-g 'L WL BE 45
SR 1(a) ], FEP03E 7 6% [ 41K Fe, 0, i
KN 23 A L4 AT, R P 3 B R R AR TR AE 10
nm 25 AT . R I 2R 2 T 4K Fe, O, SBURE 11 G Vi A
R 33k 0, R WI 4K Fe, 0, FLAT R 5 ) I 4.
VLRG0 S 4 65.5 Am® kg ™' A7 4R % W 24 RE vE
20K SBR[ 5 K VR G R 16,3 Am® kg I,
FH A % 3 T e BP0 T 4 JEE M 20 B e ok L I
e, AR Sz 06 v 4% () 0 oK SR T LA AL T ) B ) B
SR 28 X LR AT S I 75 44 K Fe, O, UKL I 45 1F 16y
30.2°,35.6°,42.3°_ 53.6°, 57.1°f1 62.6°[ K 1
(b) T, 75 4 SE 7 HERRA™ S AR IR 454, B WA 4l 2K Fe, O,
R AT RLET (K 45 5 A&
2.2 gik Fe, O, b 5 A7 5 5600 S 100 5% i DR 2%
2.2.1  fEALAI &

W pH = 3.5, 7 =303 K, H,0, kK 4.4
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Fig.2 Effect of dose of catalyst, concentration of H,O0, ,
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30% FiAq ;2 H,0, W N3] 4. 4 mmol- LI, 5
min PN [ i %08 3 100% 5 4% 22 39 i H,0, ¥k &,
WD A B A LT RN HL, 0, B IR B
L, UK Fe, O, H2 il (¥ JLZ 8 &, T 7 A2 5 2 (1)
-OH, JE{R 2 1 30 B2 10 B i B2 o & 1 H,0,
AT LA AR T B - OHL, a3k 1M B LG iR 4 1) e fidd 2% 3. AR
I, B N 1) H,0, R RIG, BT LA H,0,
XF - OHFR i K 110 7™ A= 5% i n] 220

4K Fe,0,/H,0, & R B i Wi s 10 2 1, H, 0,
¥ 6 R K OR BRAIG, AX 2 D6 B Fenton J B B4 il 4 98
YWAN H,0, &K 1/5"°" . Navalon 2150 % 3 26 I
TEES A BB B gk & n BL S H,0, &K 4236 Fenton
SN, HAR AL H,0, 77 45 - OH (1) 3 P 38 i & F 3% A
Fenton Jx M. 1M A A& & tf H,0, H & & 44 K 4 2K
Fenton Jx W P ) 3/4, R 42K Fe, 0, X H,0, Hf
e v TR E AR E 1. T 482K Fe, O, FL AT AR 558 19 15T 24
P, BN 56 1 i 78 B 7 A R AT BA PR SN K v W 2
B, AT A R 3 i Ao 791 ) Ak 8 R BSR4 oK
Fe,0,/H,0, /& 2% B 7K 3 855 b i 50 B A R M 4L
A,
2.2.3 IR B

H,0, ¥ & 4.4 mmol-L™", fi {1k 7 I & N
0.80 g-L~',T=303 K I}, %% 7 WM& ¥ (pH 3.5
~9.5) X s b AR ) B AR S . g5 SR s 2 (¢) Py
TN, VTR R S R VD R IR R AR AR R R A
JU(pH =3.5) i s vb A I FE R e s, 5 min Y,
WD BRI B 223X 3 100% 524 pH =4 I, i R 7D
SRR R TR B, N 1 h B R AR R T6% 5 4k
BEIGINEE W pH 5.5 ~9.5  BEMR AR TN 20% /i h .
LI % 5 Zhang'™ Rl Wang ™" & 4] 38 16 90 K Fe, 0,
X 28 JH R R Wy 2 ¥ G ) R P B k) 1) B g R A A
BL. VU pH N i R Vb R AR T R e B 2 AN R
. 58, B T 40K Fe, O, %5 5 7, R 1E 4
FER 91K Fe, O, KIHA 5 i 746, A B T 5
VR B 45 5 Fe, O, -V U B 2 5%, Wi
PRSI 3 5 gk Fe, O, AT Bl M 2R 55 op i, B 3
e FIR 1 Fe( 1) 8¢ Fe (1) 45 & 5 800w )
A5 AR BR B g3 B e A G B A R IR,
H,0, 7 95t sl v 0 58 b A& E |, PRadt o3 il k7K
MEA(2H,0, —2H,0 + 0,) ,H,0, HyHH % F%
1%, AT B 45 9030 L P B i o

TR TEBW T, 9K Fe, O, AT RES B J6 b, 30F 1
A Fe( 1) /Fe( ) R, P AR B 5K H
P JEORE 5 S5 B8 RS O B ASORT s el R v v L R

B REAT TR I g5 AR AN BRI R P (1 h) Fe
BT B AR TS 2% A A I PR (100 pg-L71) , WA
G RASI BT IE R RGO T S
Fe( I )/Fe( Il ) X o 5 vb 2 B¢ ff 149 52 0, 85 Fe, O,
YK ITRLAT pH =3.5 MM P 1 h. &
OB 5Bk Fe O, BUkL, WOE Bl . LLUE B3 Wk I
N, N Hy0, RIS VD B SRR 50 1% B3 b
BT ¥ Fe & 5 & 5 WA K K Fenton Jx [V, HF
0 51 S 5 TRV L 0 P . 5 SR R B, 7 % R Y TR
R B R R A AR 3 WY A% B A I N R AR AE A K
Fe, O, WikL &1, & th Fe,O0, WO LM 1 Fe (T )/
Fe() 5 H,0, &AM FHH 1 Fenton J BV
2.2.4 G pE

H,0, # & 4.4 mmol-L™", fi fb 7 F & A
0.80 g-L™",pH =3.5 I, % %€ T i B X 7% g 10 22 %
fif (5. g5 SR 2(d) Bros , M B 298 K,
N1 h D AR (R B A 50K B 50% . i A I (V)
ThEn, W s R B R R B E, B T =303 K
T =313 K I B3R RA WEZER, 5 min 2,
REfR 359 100% . 13k &5 R W Bt 45 W6 % 19 T
0 TR T 35 P 38, U R VD AL IR 2 B R A R b 1
I AR i R T v 3 o BRI, il AR Ak R 4 oK
Fe, O, M35 P52 WA K. % 45 R 5 94K Fe,0,/H,0,
1 2R 2% [ K B 58 v 1 I T R PR 3

3 RV ARR A

WD AR T A T B W 5 e B PR
EERIRT 0N NP e S O R oW 87 93 S B 1
RUE 3 Prow, S min Z W, D22 K 9G35
SO ¥l h 2N RS I 57 % Fe
A AR O AL R AR U RO I T AR R A
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Fig.3  Mineralization of total organic carbon

and organic F of norfloxacin
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M H T Fe, 0,/H,0, 14 5065 2 Wy Al )i (19 5
AH(6 h, 40% ).

4 AR

AT A A > & R ] Fe, 0,/H,0, & & B#
iR A7 HLTG G ) (0 4R G . Zhang 25 A8 AT B K
Fe,0,(5.0 g-L ") f1 H,0,(1.2 mol-L ") A HE 5 %k
Wee e 2 oy 0 2K Y v e ), it HL OB bR ) T B iR T R
(T2 8 h A 1 56 4= W At 2 T A0 28 v e ) RO 4L,
B (40% ) ¥ 55 A%. Wang 25 ] Fe,0,/H,0, 1k %
B 2 Y W Rkt H, 0, JH R V8 GV B B R N Y
9.1 f5. KWFFIEF 5T Fe, 0,/H,0, 1 50} it i e
WS IR B A &5 SRR, 2 HL, O, I BRI A4 50 4
W 4. 4 mmol - L™ F10. 8 g L1 I, il iz e o 71
B A7 s 24 H,0, ¥ B R £b 770 B 5 40 S0 38 21 1.0
mol-L™" I 5 g- L™, 6 h A fig 58 4 2 b fisk Jigg e .
HE AT, g0k Fe, O, 1A i AL 3% 1E 5 Bk B At IR 0 6
KR E PR TR B AR, TRy
Fe,0, MRIMPHIL AR E S Fe JR T8 5,1
A 45 35 G0 S 5 T 353 Fe, O, BURL 101, 84 0 1
JL 5 - Oy 45 i JU 2, S 3L 6 it 3kt 23 KK 48 e

5 HLHIER

YK Fey 0,/H,0, 7k 2 M 10 B il 05 90 00 A2 10 )
N AL 8 T2 Fenton N, Wi 5 F2 (1) ((2) fias, 4
VWP MmN — i &1 H,0, I, 41K Fe,0, % 1
Fe( 1) /Fe( ) 5 M K 2 8] & A= S A6 8 TR Y,
A - OH A - HO, % [ iy 3. X 48 5 iy 3 2 s A fk
AL LLVAR B AL R [ R (3) ] HE,
~HO, 15 AG 5 P4 - OHVE P 59, HL7E 7K ¥ W b B A
I AR B2, DL AR Fey O0,/H,0, K 2t il 36V A 1
S AL B A 32 2L - OH RS 1.

100 +
80
g 60 |
—— AT
£ 40 o R TE
(a) MR
20
0 1 1 1 1 1 1
0 10 20 30 40 50 60
f/min

Fe** Fe'
‘re“ +H,0, — e+ - OH + OH”
Fe** Fe'*
(1)
Fc' Fe’*
‘ ' Ho—b‘ ++ HO, + H'(2)
Fe'* Fe**
- OH + WP — 7 W) (3)

TR SE iz N B SRR R S R SO
Fe,0,/H,0, A Z (- OH, f] BMPO 1 % - OH {1 4}
. A5 RN E 4 (D), v DLW ) - OH (¥4 A5 41k I
(fE ool 1:2:2: 1) JUEW T e b i F2 b K
-OHRI =4 o4 T ik — D UE W - OH i = 2 1) 4 1k 1
F L 7E BN 8 N - OHL )7 B 70 B0 T I, ek i
h U P R 2.5 A% A F At e W 4% A AH TR ) T B
N (H,0, ¥ A4 4k 77 F & 43 93 4 4.4 mmol - L™
F10.80 g- L' T =303 K.pH =3.5), In AT B
Je VTR AR R B A 2 E W] WA, S min 2,
WD B A 2 AT 5% 51 h R AR AL N 10%
[ 4(a) ], [0 -OH {5 5 B T95% 7o 47 [ Bl 4
(b) ]. ixsegf R W AE i s b B2 1 B A ol A% b - OH
AR . AT ST EE S Wang 252 [T 5T
G5 R—5, 9K Fe, 0,/H,0, 7k A A0 B A A AL 4 )
(19 5 WAL R 26 Fenton Jz B, I Hb 32 LA AL 71 4
i B v A () - OHL

6 g

(1) 41K Fe,0,/H,0, & F 0T LA & 2% He %
il 7K PP R RS AL R B N U R VD B ) R R
WEFW. Y pH =3.5 I, KKV 5 min J5, W A
(1 B figt 220k 31 100% , 9 T 3 56 A A4 A o AL IR
BT h 2 AN LR 57% .

33 400 RO

500 AT

(b) "OLLI M

4 BUT BT VD AT 7 A R - OHLIR 5

Fig.4 Effect of tertiary butyl alcohol on degradation of norfloxacin and - OH
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(2) 35 AL 7R FE RN H, 0, 3 JE X 3% S0 2
(1) B2 il 0 A7 5% Wi, 4 H, O, R Ak 700 R B2 49 0l v T
4.4 mmol-L™"F10.80 g-L ™", & w5 T 298 K I, 5
min Z P, U S0 A 5T A B AR

(3) 44K Fey0,/H,0, 1k F x5 i g6 v0 A2 1) B i
HLHJE T 28 Fenton J W, [ fif ik 72 v - OH i 3= 211
AAAEH.

(4) [N 58 G 94K Fe, O, A 3 1o 14 43 85 4 H 5
A NER I 2 B3 T 08 A7 Bk 8 7 3 L TR Ut 0 8>
Fe,0,/H,0, /&5 & T M 458 A 4 B AL 2 A A &
2% 3L -
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