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1A B 20 K M e, LT 100044; 2. 3K 2352 0%, dEaT 100084

W E SRV HHAN (GDE) SR A = A FLE A @ AU A HyO,, (AXF 88 FIRJRAE A5 . S — R, A
SCHYHE T — Bl 3% T S8 BR AR UR (4 L S5 014 2R (SRIS-EF), g 51 AHUIR 2k #E 5 GDE # B iy A 4 FH i 5 1k & 9 404k
e 1. MR BAERSE FBOMA =, @ Y5 R D R AR RS i Fe, MR A hE (o)
A AR, s s e M B R S04k . LA 100 mg L BRI VP A (CIP) g HARY , 8 & B0 M ik 2 9 4 iy
TG A AL R (ROS) S AE HL4E AL AiE f1, 45 S 55 W] SRIS-EF REfi% £ 22 28 il 0 25 W J¥ 19 -OHL, Xt Lt T A Rk &
X CIP B~ L BE 1, & SRIS-EF i TOC B ik R 5 W # EF M LIRS T 12.1%, Lo, % T SRIS-EF /K R ik
AR TRL . WI4G pH. H I 2 B S R R PR AR AL RE A2, 45 T SRIS-EF 1k & 09 e £ 4 14« Ak i AR
2.89 cm’, #J4A pH 3.00, F L% E 30 mA-om®, UL AR T R N 60 min B 0] 4 58 4 2 Bk CIP, 4k 3 360 min J5
TOC £ BT 3K 47.3%, XK ZR o TTHLE F AN T4 HLIR 19 A i Gl 647 70, A i CIP P9 Y NI
FEZPINH, . NO, M F AR, MR Adm TR, PR, & SMRMAN _RENMEERE, HdH
MRk A o WFSEAIESE T SRIS-EF 14 2 78 WAt /K rh e W i A5 AL TS Y O i £ 5 i S Ak M e

KHRIE R RPN RIR; BRI AR RN A

HAr, ARV RV, CLA/id 5000 Fh2y Y7 G g R s, Hd il Thid Rk
250 AR AR B T A — 2 AR Rt HE R 4h, K IHER B 7R 3R 35
SR A R 24 B AN U AE R 2 S I s, X AR B AR S IR A AR R Y, R 2 00t
FET CAUELAEM R K . H T K FE K S5 4 SR A i T AE7E e A= 22 o [T, 3 ol #  7K Ak 2
J7RBRAK P A R AL AR OR BRSO R, R F A MR E LT . RE M PUERE
AKALE T2 M, HAT, B2 E A L T2, (electrochemical advanced oxidation process, EAOPs) # TA
hRE WS A AL 2 bR K R P A F UL, FE B Y (electro-Fenton, EF) & & b, AR YT HLHL M (gas
diffusion electrode, GDE) %)/, -V - [& = #H 5t 11 45 ¥4 m] LA fif 28 AR 5 1 R ko e AR 3 SR s g, 3R
SR R S H,0, By &0 A1, ZHANG 5517 AR W 0775 A Al % GDE MR A7 ekt , R IL T
) H0, A2 7= 68 1, HLU AR AE 30 min P A 35 F] 95%. {H GDE MM iR J5 Fe* e 18 25, B SEF
GDE B 1 EF 14 Z (1 AL R B F Fe®*/Fe? i) b JEL A1 24 R 121
Wi EHEA: 2022-08-09; A AHA: 2022-10-25
HEEWE: ERARPSEA LB H (51978036)

T—EL: KU (1998—) , L, i LHFS A, zhangnii0@l63.com; RNBEIE/EE: £ & R (1976 —), B, WL, #H#Z,
amwang@bjtu.edu.cn
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BTG, AR G G ARCREBRE D ZRAR, ik eke FHom =, Md T Rk
5 EF {& & (slow-release iron source, SRIS-EF), LA 3L 8 & %% R 26 A= i 254 2 i Fr 75 Fe* 1 H,0,, M
HEIKRERE . AR ARG HE4T 100 mg-L™' CIP 7F k2% 4= i H,0,(electrochemical oxidation-
H,0,, EO-H,0,). EF Fil SRIS-EF 3 Fi {& R rf () B i 2% i, X Lo T AR e i B . Fl 3L %85 B R0 46y
pH X} SRIS-EF {4 R B& fft B BE 52, f# AT T 4K R b H,0,. Fe’'Fl-OH M98 4k, 256 WA (03 1 B8
T EF B, BT T B4R 5 L GDE HL#) i SRIS-EF {4 & i 1k % figt 3£ 75 ¥ & (ciprofloxacin,
CIP) ) s b HLEE
1 #Rl5E%
1.1 SR F

AN A (C;H;O,FN;-HCL, MW 367.8) 4 il 97.5%, W H il E TAY . LKA IR
Bk (FeSO, 7TH,0, 99%). JC /K i % 4 (Na,SO,, 99%). Wik (H,SO,, 96%), 4 % 1k & (NaOH,
98%) F1 — W FL AR (DMSO) 14 H [H 25 fb 2= i F A ], 2, 4-Z IR (DNPH) I H Aladdin, N[
ROHHCIR A DT, & 8k 99%, i FH A FH A0 4R T 18 25 bk 1w AL )2 o Bt IR WA Millipore
Milli-Q Integral 5 % 4t il 15 (1) HE 417K (18.2 MQ-cm) AL il .
1.2 RNEE

SRR EOR B EWE iR, 3MIRRR — i) -
S Y AR LR A SRR SN A P AT, OB BRETHUR HUR oL |17
B 150 mL, BAIBE % RuOL/Ti #i, BIHL % GDE Nig
H, SRR IR A 3.0 cm?, H2IAIEE A 1.0 cm.,
2SR LA 36 L-h ! %5 < A GDE HL e . EO-
H,0, R R H AN, T EAF I Tk

C02+H20+inorgan?6ﬁ ions

i

SRR O, Bk L HLO, M AL Jy . TR T A\ o

\ N S 4 E 2++H202

A5 EF {4 2 () 4 i A 1 HE45 00 I . BF (KR 2 o e

il 1AM 1.0 mmol- L™ Fe 1 Sy 4 £k 791 [ At 15 G (O e Y
D e (OHP'Fe*(Lym

Yy, SRIS-EF R Z b, SR FHAT IR B AR 1 O BRI

FgL fr th Fe*'c W AR &R ¥R A 0.2 mol- L™ 1 SRIS-EF £ERZE

H,SO, 5, NaOH ¥ 15 ¥ W %1 i pH, [ Wit 2 Fig. 1 Device diagram of SRIS-EF

VYRR G 0 B P A FE S (550 rmin'), 7E
P B [A] R A7 BORE S5 4 0.22 um PES 5 JE 25 wE 473 08 o
1.3 ShiEE

i FH 5% 3 U-2550 5408 Al WA 66 BE 3, i ad 1,10-38 FF 2wk i 1A 2R rp Y Fe? R Bk vk BiE
K 1K oA 510 nm® ., H,O, ¥ 3 3 i A iR AL £k (Ti0S0,) 1 %« Ti0SO, ' Ti(IV) 5 H,0, < i & %,
LAY, DE HAE 408 nm bW S FEEP. AR AL H,O, 1Y HE T A% (current efficiency, CE) i i 2
(1) FEAT IR,

nFCu,o,V

Tce = 7 x 100 (H
j Idt

0
P g WHERACE, %; n AR HO0, BB TH; Cuoh HO, IWE, mol'L™; VR
WAL, L; IRAMMAGEIMER, A; ¢ A, s,
i i DMSO-DNPH 5 W 22 {4 & o 7= /& -OH 9 ¥k J&£ 29, -OH A1 DMSO Jz N i & 2 A= A% P s
(HCHO), HCHO 7] 5 DNPH J% Jif 4 i HCHO-DNPH, jifi ¢t 5 ¢ Prominence LC-20AT W& #H €4, 1% ]
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HCHO-DNPH #¢ % , fifi i} Waters Xbridge Shield RP18 C-18 {44 (5 pm, 250 mmx4.6 mm), KiJ% K
A 355 nm,

FH LR A o g5 A CIP Wk B, B AR, KDk 4K oy 278 nm. FEA 77 AR 1A HLIER Mk
JE Al SR FH VRAH €0 3% AT I 5, 4354 & BioRad Aminex HPX 87H 4,4} (300 mmx7.8 mm (1.D)), #
DA R 210 nm. CIP R 72 AR B T AL ES - (NO, AT o) SR FHBC 5 DSS 546l 2% ) DIONEX
ICS-600 & - {1, 1% 1Y (Dionex Co., USA) M| %€ , & JH] TonPac® AS23 BH B 7 22 #t A (4 mmx250 mm) Fil
TonPac® AG23 4" HE (4 mmx50 mm). 4 &R oAz B0 20 &0 (NH,-N) ¥ B2 SR 2R I R 06 TR 52, 46
KR 620 nmP7, ¥ W B ALK (total organic carbon, TOC) #¢ B F1| F 1% Ht TOC-LCSN TOC 43 #r
{XAE NPOC T #4743 B R R 99 L FiL i 20 % (mineralization current efficiency, MCE) i i 2
Q) 5.
nFV,ACroc
432%107mlt

C,;HsN;FO; + 34H,0 — 17CO, + NO;™ +2NH,* + F~ + 78H" + 78¢" (3)

K e W CH AR, %; FREHEHE, 96487 Cmol'; V, WIEWAIKR, L; ACc N
TOC ¥ 4L, mgL™"; 432x10" KPR FEHHE; m MG EY 0 Tk IE T8 H ; 8B
BE, At RIRBNETE, hy o METEBEHE, B78GK 3).
2 ZBR5iTie
2.1 AEEAZERNERST CIP BRI

W JeXt T EO-H,0,. EF fil SRIS-EF X CIP [ AL e A2, &5 AN 2 Fis . XX 3 AR
1) 80 775 RO BRE BOR TG G R, HEML B G Xl e, iHEg R mE 1
TN o H TN A A T A Y R v B -OH B AT MR i S Ak fiE 77, EF A1 SRIS-EF 4 HE7E 30 min N4
CIP 5¢ 4 [ f% . T 7E EO-H,0, & & h, JZ % 120 min J5 CIP % B % AT 29%., X — Bl 4 51k & Xf
CIP " {1k 6 S MWy & . % 360 min 5 , EO-H,0,. EF il SRIS-EF 1& £ i § 1L 3 73 % K 6.1%,
35.2% 1 47.3%. 1£ EO-H,0, 1, CIP &M R Mu fb R IMAL, X 2& i TiZzad fE a3 AR %A Ol /4
M, RER T H,0, BALRE 18055, X CIP 4 T 45 i IR g J1 4 fR . SRIS-EF & R 8™ fb i & T
EF K& . & T EF K RSN Fe™ 78 S i 91 50 5 i Ak 2% 77 A2 1 HL,0, iV [ B, ifii GDE B A% %
Fe’ R U 3022, B0 T 250 s b 4k & A=, i #E SRIS-EF 14 5 H 28 B R n] FR 22 4T 1 Fe™,

[ JEO-H,0, ZJEF R SRIS-EF
100 o B o TN IR “

x 100 ©)

McE=

| I:IEO_Hzoz Q
N DA EF S
80 N 40 - SRIS-EF
< r A
S g *1
i 60 - 3 30 ,‘E
&
E \ g
& 9)
o L L
£ 40 S 20
20k 10F
L NNNTAEATNIA T[]
0 5 10 15 20 30 45 60 30 60 90 120 180 270 360
J2 v B[] /min JZ 07 s} ] /min
(a) CIP[EfRZ (b) TOCEPRFE

2 EO-H,0,, EF %0 SRIS-EF & & CIP FEf2E 1 TOC LR ZE
Fig. 2 CIP degradation and TOC removal in EO-H,0,, EF and SRIS-EF processes
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87 5 R BT B FeX M H,O, B0 e, 1k
oAl FE A B K & OH, S R 1k
CIP.
22 ARITRERNIIES

1) GDE H ik H,0, A= stk fg . e 7 AR
i 3 2% 4 T EO-H,0,. EF fil SRIS-EF {& &
H,0, B4 ifBi . ik 3 aTRAEH, 3 360 min
JG, 0.03, 0.06. 0.09F1 0.12 A-Hi i X Ny )
H,0, /= & 1] ik 1431, 31.71. 41.55F1 54.08
mmol-L™", Xf M A9 HL Uit 25 % 43 5l 24 63.93% .
70.82%. 61.86% F1 60.39%. i% 3 W] GDE B #%
REA A 1L 2¢ -ORR &4 . H,0, k& 7E L N 4]
WL RS N, 180 min J5 AR B 3 FRAY
P, KR W T RN b R AR R RN 23 T FE R
H,0,(3\ (4))0 Y1) 4 & $hn Fe al F) FH 22 ¢
BRME AL A Fe I, PP AR HO0, &2 5 Feb' &
AR N, HLO, We B R MR AR . B T SRIS-
EF (K&t Fe? Fr2Afr i, 25 0 S I 7% o T
FLEF 1K & , SRIS-EF 1A & 4 5% B H,0, Wk & i
i 7 EF{K &, JZ /¥ 240 minf5 , SRIS-EF fl
EF K & 5% 8 H,0, % & 18 T8 &, it
H,0, A& J R 53 fif 35 ) AR X

H,0, +2H" +2¢~ — 2H,0 4)

DR FE T Pk AL, B 40 F 1,
16l B EF,  SRIS-EF {& & £ % LA Fe B A HF
gy, O HEAT ) 120 min B, % A Fe?
TEON 3259 mg L' 7RI A, Fer &bk
H#E ., 20 minJ5 Fe’'¥k ¥4 F % . {H SRIS-
EF o B, F' Wi 5SHAER -SSR,
SRIS-EF {& & ™ Fe*'<x i 2 Kl FH , +¢ 2 7™
A -OH. i EF f&R &, i HiJ5 Fe ik 3 Il Ha it
) T AR, X R R Fer' e S b=k
[ 5 Wk B HL,0, iR Bl f2 N, Fer il 3 % fk
Fe¥*, 20 min J5 Fe* W MR A E, (HX B H
F GDE HL WA 22 1) Fe iR JFLRE 1, X I 25 i 2
N SEAASE IF, ARFEHRRELE A -OHL

®1 EFRFRFEBIEN—AHNERNERE
BRI R

Table 1  Apparent pseudo first-order rate constants and
mineralization current efficiency in different systems
Wi fif i & ky/min™! R MCE/%
EO-H,0, 0.003 0.989 0.03

EF 0.379 0.963 2.53
SRIS-EF 0.144 0.968 6.57
60 -
| —=—E0-H,0,-0.03 A
50 L—e— EO-H,0,-0.06 A
T | —A—EO-H,0,-009A
= 40 | —v— EO-HZOZ-O.IZ A
g | ——EF-0.09 A
£ ) [T SRIS-EF-0.094
i
¥
= 20 |
o
= 10 [
0 -
1 L 1 L 1 L 1 L 1 L 1 L 1
0 60 120 180 240 300 360
SRR ] /min
3 FRIERZET EO-H,0, K%, EF 1 SRIS-
EF #F H,0, B0E AR 1B R
Fig.3 H,O0, production in EO-H,0,, EF and SRIS-EF at

different current densities

60 - 1
L e
50 | i‘-l»\.__i__.__"‘ .
r - m -1 mmol - L' Fe*- i@ -
40 | - @ — SRIS-/ANiHi i,
F —a— | mmol - L' Fe**-EF-ifi /1, s
30} 1| —e— SRIS-EF-ii IR i

-

Fe Y i/(mg - L)

I
P T T (R (U P R |
-20 0 20 40 60 80 100 120

SN A ] /min

4 FEERMABEFHMET, SRIS-EF FRMEL
EF k& th FeiRE T
Fig. 4 Evolution of Fe’* in SRIS-EF and EF processes under
energized and non-energized conditions

3) AR R d-OH A A5 B . K 2 A iy -OH #k B e 2 T HUE AR e J1 R/, o AT i i oA [)
VK 2 22 0] [ FR S RE RO X ) . | P S T, EO-HLO, 1R R AXA /b -OH A= i (21.2 pmol- L), F B %A
F M H,0, NEEA R -OH, % fbAE IR SS . 7E% M EF R R, RN AI IR SERT S min 9, AR
H ) B N ) Fe?' 5 B Ak 2 A i H,0, B 2, -OH 2k iH R AR PR . 22 )5 -OH ¥k i L AS F- 4k &2
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WK, B TRE, W FRINE TR, (L
Fe™/Fe’ i R AL R R 3R, RNRBHFLL R A JF [ eEF
~ 000 4 SRIS-EF

SV 7 7 - OH 5

£ SRIS-EF fA &, Fen] B #lii =/, +§ ERa
22 5 i b 2E R O H,0, & AR SR R N, DA X 300
RE-OH YRR/ A, 120 min I /£ 7O ¥ 1 E
Al ik 7787 pmol' L', & ¥ Ml EFfk & /£ S
B -OH ¥R 1Y 2.56 fi5 o X J2& T -OH A il R op $Eesa—= .
5 H,0, il Fe (& & i 1E te (X (5))%, ARAF5E 0 20 40 60 80 100 120
i A0 P 25 30 ok 2% TR A TR L 45 A e R A IE 4k BRI/ min
B 1, [A i it GDE H 8% vl £ % A i HL0,, E 5 EO-H,0,. EF #1SRIS-EF {f % #"OH #94 i

BB F A S EE RS -OH, AR -OH A= i1 I Fig. 5 °OH production in EO-H,0,, EF and SRIS-EF processes

= = fl Lk i > _
3 25 PROR U BE T O BO-HLO<<BF< o) o ok e T/ R o RS

SRIS-EF. H,0, /R E# TOC KRR T
CoZ dC.on — UCon C (5) Table 2 Evolution of Fe*', H,0, and TOC removal rates in
-OH Fer -0 SRIS-EF with different columnar iron rod areas
g, Con H.OH ¥ , },lmOl'Lil sk I HETTEAY Fe> e g/ H,0, Bk E/ TOC
B B %O (umol'min) M L; A -OH ™ (mg L) (mmol'L D Rl
0 — 41.55 6.1

E/:J —T‘Z iéj % /IJLE ’ min; C].]zoz ﬂEl] Cpez+ﬁ} jnJ[J IEIL: H2OZ

N _ 1.45 16.42 17.79 38.7
1 Fe* ¥, pmol-L™',
, 2.17 25.34 14.31 44.1
2.3 SRIS-EF K& [&f# CIP 20 & =
TS . 2.89 32.59 12.26 47.3
D AR A, g2, FEESE
3.25 36.70 7.78 443

T AR B, Ak A G R HLO, I R
BT HE R, AIANGE -OH M4 il [/ 6 v i e o iF 5 7 Bk A 3 1w AU K, SRIS-EF & & %t CIP iy %
fiff 2R 6 o FE AL B 360 min f5, 8K AR TE R 4RO A 1.45. 2.17 A1 2.89 em’® [ SRIS-EF 1K & 11 iy
TOC LBRFE 30 H 42.2% . 47.1% . 47.3%. (0 HERAE H LT 2.89 cm® B, KR X CIP #fkfE 1 32
P H, 360 min 5 TOC £ BRH N 41.6%. X Z&H TIHRR T T2 Fe” &S HFE-OH, Ml B %
CIP W k% (X (6)*7,

Fe** + -OH+H" — Fe’* + H,0 6)

2) LR . 8l 7 SOWe T R A 5 B B0 CIP 78 SRIS-EF 1A R i iR S0 AL B RS 0 . 24 L i 25
M 10 mA-em™ $#& 7+ 5] 30 mA-em” B, H,0, PP i 2 F A JFoE B 2.90 %, A BT A R TOC i 2 B #a 4l
1 38.7% $&15 3) 47.3% ., HL Ut 30 mA-em 2 I, BB AL R IR, AR TR FR N H,0, #il
-OH, & Z 4= 1 H,0, B B 3 A SR WAL N 60.39% . Hr ST 8045 Bl s 7 4 22t 50 T CIP [ fige 4%
B W 360 min 5 A [\ B R %5 BF 4 8 F SRIS-EF 1K £ 9 TOC 2= [ R 4> 3 4 38.7% . 44.1%.
47.3% F1 44.3%, 3¢ W B %% B 4 30 mA-cm 2 i SRIS-EF (1) &b BRAS R f 4f-

3) Wikt pHo HIE 8 AT UL, FERRYVESRAF T CIP B SCR B AF, vV 25 R T SE K 52 17 i R] 4 AT 52
B CIP 5% 4 K& fif , SRIS-EF {& R 1 pH & HIE H ) . ¥ 4h pH 4 3.00 BF, TOC LBR%H 47.3%,
PEEHA R 2 AL BE ) i . pH=2.00 I A R LR 22, TOC ZLBRRN 46.2%. X &t T ik g 75
o WYk Bk, & Fe MR R N Z B, Rt 2 0 H'2 5 H,0, 45/ 8 ke iyl E s
(H,0,9), il -OH A a (X (7)P". 24 pH=7.00 i, AbFE 360 min 5 TOC 2 B R AN 30.2%, KA
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1.0 1.0
L - 2
—a— .45 cm? ;1‘3 sz
0.8 ——2.17 cm? 0.9+ Lrem
L —A—2.89 cm?
—A—2.89 cm?
2 L —v—3.25cm?
0.6+ —v—3.25 cm’ s 0.8
- £ I
S S 07t
B L.)F -
0.6
021 L
05
0 —
Il L Il L Il L Il L Il L Il L J 04 Il L Il L Il L Il L Il L Il L J
0 10 20 30 40 50 60 0 60 120 180 240 300 360
S [A]/min S 5} 7] /min
(a) CIPREfR=R (b) TOCZ:RR3
6 A EI##ZEMEFTH SRIS-EF A&+ CIP (EEERT L
Fig. 6 Degradation and mineralization of CIP in SRIS-EF process at different iron rod areas
1.0 1.0 -
08 09
06 - - 0.8
U S
S 4 $ o07f
. o L
0.6 - —a— |0mA -
02 F | ——20mA -cm™
05 —A—30mA -cm™?
ok +* 7| —v—40mA-cm?
1 L 1 L 1 " Il " Il " Il " J 0.4 1 L 1 L 1 L 1 L Il " Il " J
0 10 20 30 40 50 60 0 60 120 180 240 300 360
S s A /min SN B[R] /min
(a) CIPFEf#R (b) TOC KRz

7 SRIS-EF FRZAFAREARZETHCIPEBEERT LE

Fig. 7 Degradation rate and mineralization efficiency of CIP in SRIS-EF process at different current densities

1.0 - 1.0
0.8 0.9 I
0.6 _ o8
o 2
S}
S S 07F
© 04t 8
U
0.6 - —=—pH=2.00
02 L —e—pH=3.00
0.5 - ——pH=5.00
0+ | —v—pH=7.00
1 L 1 L 1 L 1 L 1 L 1 L J 0 4 1 L 1 L 1 L 1 L 1 L 1 L J
0 100 20 30 40 50 60 T 60 120 180 240 300 360
SR B[R] /min SRV s [A]/min
(a) CIP [ (b) TOC L=

8 SRIS-EF {F A G pH T8 CIP &R M F L E
Fig. 8 Degradation and mineralization of CIP in SRIS-EF process at different initial pH
Bm pHAMT F A Wk IE 1, H 5 A UTTE . [A I H,0, if 25 73 fi# il H,0 fl O,, F%
fiK-OH M/ 2E, 1 A CIP R 005 T 3,
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H,0,+H" - H;0," (7
24 ARIFRBBEENEINEFRENER
CIP 43 F 4= i A vl e WAL 2 S A I 2215 00 o P &1 9a) AT I, A8 B F %) v B35 Bl 5 i fof o)
[i] ZE < 1fif 384 0 . #£ EF fil SRIS-EF H % 360 min J5 , F Bl & 5 40 15 2 B IS (H 1Y 100%, X 3 W
CIP 73 F " Y C-F 78 -OH Bili T W 2 B i IR & A= W 45520 K 9(d) AT 0L, CIP [ g B v N oo &
FE LI NO, -N BB A W P, W 360 min 5 NO, -N fil NH,"-N Jit & ¥ & 4 5 4 5.35 mg-L™" il
021 mg'L™', HEH| CIP 4y FrHUREIHR AT E, 525 -OH MM, v HEI NOy-N J& K H IR %
Wi LS N R 1 A AP,

6~ 7
Ll I
sk 6
4L a3
Lot g 4t
W 3k =
£ | 2 3
e 2t |
o 2+
L ) [
1L —=—EO-H,0,
| —e—FEF Lr
—A— SRIS-EF I
0+ 0k
1 " 1 " 1 " 1 " 1 " 1 " J 1 " 1 " 1 " 1 " 1 " 1 " J
0 60 120 180 240 300 360 0 60 120 180 240 300 360
SR () /min SV s ] /min
(a) Fifk)i (b) NO;-N¥ &
025 e
R ke = —— —m — = —— — = *
I = HEAE
0.20 O 10 F U//] [NO,-N]
~ o [ INH,N]
g £
015k i i
£ § 59%
Ev( T 6F 48%
& 010 o
g g
o Zz AT _30%
Z 005F = EO-H,0, =
—e—FEF Z 2t
ok —a— SRIS-EF
Il Il Il Il Il Il J 0 J
0 60 120 180 240 300 360 EO-HO EF SRIS-EF
J52 o7 B[] /min
(c) NH,-N¥k (d) NH,-NFINO, -N#e 254k

9 EO-H,0,. EF # SRIS-EF {k &/ F\ NO,-N. NH,-N #1 NO,-N #1 NH,-N ;R E#I 3 1t
Fig. 9 Evolution of F,, NO;-N, NH,"-N and NO,-N and NH,"-N in EO-H,0,, EF and SRIS-EF processes

Ra A 2k i v R A R TR A VG 00 A T R AR R X CIP 0 F IO PR RE BE PO, 1] 10 S Bk T A [R) R &R
B f CIP o B2 h A R IR A ZE BUIE I, RMMES KRR T AR T EMERER . Bk, & SRMN—
R 4 TP AT LR o FC v PR Wk J32 it ik i 1) B T R 22 JH =i, [ 360 min J5 7E EO-H,0,. EF #
SRIS-EF {4 £ H ik i 43 5134 %) 0.064 . 1.53 A1 0.77 mmol-L™' . iS4 I 2/ 1 & SRR MR, Hk
& SIS THE R O E SO T BE R



511 KL ZORERIERE & U B AR iR Al L S e R B P VD A 3603

15
12
0
s 09
g
£
W 0.6
m 03f
0 -
1 " 1 " 1 " 1 " 1 " 1 " J
0 60 120 180 240 300 360
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Enhanced degradation of the antibiotic ciprofloxacin by electro-Fenton using a
sustained-release iron source coupled with a gas diffusion cathode

ZHANG Ni', REN Songyu', ZHANG Yanyu”>, WEN Zhenjun', SONG Yongjun', WANG Aimin""

1. School of Environment, Beijing Jiaotong University, Beijing 100044, China; 2. School of Environment, Tsinghua University,
Beijing 100084, China

*Corresponding author, E-mail: amwang@bjtu.edu.cn

Abstract The electro-Fenton (EF) using the gas diffusion electrode (GDE) can produce H,O, efficiently at the
gas-liquid-solid three-phase interface, but its reduction ability for Fe’* is very weak. A novel EF process of
SRIS-EF based on slow-release iron source (SRIS) was constructed, in which the oxidation capacity was
enhanced by the synergistic effect of the columnar iron rod and GDE electrode. In SRIS-EF, SRIS can
continuously generate Fe*" by the coeffect of the electric field and the acidity of solution, the generation and
utilization of hydroxyl radicals (-OH) are enhanced, the degradation and mineralization of pollutants were
accelerated accordingly. The oxidative capacity was characterized by quantifying the major reactive oxygen
species (ROS) generated during treating 100 mg-L™" ciprofloxacin (CIP). The results showed that SRIS-EF could
consistently generate more -OH than EF alone. The mineralization ability of different processes was also
compared, the TOC removal rate of SRIS-EF process was 12.1% higher than that of the conventional EF
process. In addition, the effects of iron rod area, initial pH and current density of SRIS-EF were studied. The
optimal conditions were determined as follows: the area of iron rod was 2.89 cm?, the initial pH was 3.00, and
the current density was 30 mA-cm . Under the optimal condition, CIP was completely degraded within 60 min,
and 47.3% TOC was removed after 360 min treatment. The generations of inorganic ions and organic acids in
different processes were measured. The N and F atoms of CIP were mainly released as NH,", NO,™ and F. Four
short-chain carboxylic acids: oxalic acid, formic acid, fumaric acid and malonic acid were detected, the higher
concentration of formic acid was generated in SRIS-EF process. The study verified the excellent oxidation
performance of SRIS-EF process on the degradation of refractory organic pollutants in water.

Keywords sustained-release iron source (SRIS); gas diffusion electrode; Electro-Fenton; hydroxyl radical;

ciprofloxacin
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