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Abstract
generate electricity and degrade organic substrates via bio-oxidation on the anode, but also remove bio-refractory

Bio-electro-Fenton (BEF) system is an emerging advanced oxidation process, which can not only

pollutants via Fenton’s reaction on the cathode. The bio-electro-Fenton system was applied to the removal of trace
estrogens, and both the removal efficiency and the optimization of performance were investigated in the bio-
electro-chemical system equipped with the Fe@Fe,0s/non-catalyzed carbon felt (NCF) degradation mechanism,
including external resistance, the cathode iron content, acration rate and catholyte pH. It was found that chemical
oxidation was the main pathway for E2 removal, and external resistance was the most significant factor influencing
E2 removal rate, and the E2 removal was maximized when the external resistance was close to the internal one. The
systems with Fe@Fe,03;/NCF cathode showed a high E2 removal performance under the optimized conditions,
mostly over 90%.
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PERIXT B2 £BRAYTIMK, JFXZ BEF RELERR E2
H S R AT O0A, ST RS IR MR R 15K
A B HH 7K AR B AL B AR AL S IR AR

1 MBI E
1.1 SEIKH

S vl T ) B2 b o A AR ) (B2-d2)(4k
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GOLA B AT HEAR IR (B 1% = F 3L 00k b (trimethy1-
chlorosilane, TMCS)AY N,O-X (= F H ik g 36) £ 1k
i (N,O-Bis(trimethylsiyl)acetamide, BSTFA)4= 3 Il
F 3% [ Sigma-Aldrich 23 7] o HA Ak 22350k 43 #r
afi, W H R A A IRAE
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ER R BREE (4.5 cm x 3.5 cm x 0.3 cm) L iR B T 4
mol/L /) HCl W, 12 24 /MY )R, BUHEVE.
¥ LR R E A 4 K, DL BRI 2R 0 25

Fe@Fe,05/NCF & & FL I Hil1E: 7% £ il ik
X BEF R LRBCER LW, FIETREAEAR
) £k & B 19 Fe@Fe,O5/NCF Z 5 Hifl, Wk 1. LU
Fe@Fe,03/NCF-D HL#l M, FREL 0.2703 g FeCls:
6H,0 Al 2.25 g NaBH,, 43li#T 500 mL Al 200
mL BB FKF, B 100 mL Fe* "W, ZiMNA
40 mL NaBH, i&7, ffi Fe i J5If W B 7 6 H b
I, #lf58 Fe@Fe,0s/NCE-D.
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BERHI(4.5 cmx 4.5 cm x 0.3 cm), P A gk 5%
) Fe@Fe,03/NCF & A5 B AE N B . BAM % LUK
8005 e (R I ZLREARRE LR IS U8 ) M 40 1, 08 R
BRUR, PHAR R FR 4Lk : CH3COONa (1.0 g/L),
NH,CI (0.31 g/L), NaH,PO4 12H,0 (6.63 g/L),
Na,HPO,-2H,0 (3.67 g/L)F1 KC1 (0.13 g/L), FAM &
JEA 120 pg/L E2 B9 0.1 mol/L NaCl &k, 71/
1.0 mol/L HCI 45 ¥ W 19 pH #4516 3.0 ZE 471,
F 42 R 3 M 100 mL/min B9S2 B S, LAE B A
WEA TR . LHrh, B0 — Bt ] B = B
1 mL ¥ 5, IF FAOH 63— BT B FH AL (GC/MS )il
E B2 WREE . WU SCIAE 30°C Nk, JfiE 3
APATRE . SER ARG, e B I E2 B F

*1 FARAKES=EHERILFIE L
Table 1 Cathodes with different iron content

5303 m(FeCly-6H,0)/g m(NaBH.)/g AR Pkl /mg
Fe@Fe;05/NCF-A 0.0154 0.0308 0.73+0.012
Fe@Fe,05/NCF-B 0.0332 0.0664 1.54+0.056
Fe@Fe,05/NCF-C 0.0676 0.1352 2.44+0.025
Fe@Fe,05/NCF-D 0.2703 2.2500 5.15£0.042
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404 FE (30 mx 0.25 mm x 0.25 pm), #HS WA,
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F£R 100°C, TEMGIRE N8 1 min; K5 LL 25°C/
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1 HOR IR 2 260°C, AMER; &5 LA 5°C/min 1)
HETHE 2 300°C, 28 1 min, BB THFE]R 17
min. FERE T BT IR RAL B 2k R 4 i e N
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BAT, PEEEARUN 1.0 uL, MS DL ET P HL B,
3R d Al 70 eV, 7E 1 £ B 1 K I 455 5K
(SIM) F #4728 &t o 27kl B2 i [ s Fnge
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RGN BHFHAEREAR, Do Bl im . & T8
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R ah, dEmse e TR E R i th 4
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Polarization curve (a) and power density curve (b) of

bio-electro-chemical system using NCF or Fe@Fe,0s/
NCF as cathodes

Fig. 1
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i, 7E 6 /NIFIN, RNigs A W 7.7%M B2 B 2Bk,
UEER 4 E2 19 2 B i 1 3R B R0 T2 HY IR AT P
T8 I i B W R P SO B R 14.1% 19 E2 9
Bk, R PR ARG E] B2, 25T 58 il
XFE2 WA — & MR VE A, (HAR &L E2 BT =
m BAM E IR, higs C FF NCF i, %
o] 5% o 3 T R B VR FH, B2 1 22 BRIk B 52.6%;
KNids D HAE 67.8%0 B2 #LBx, BT HEMKE
BF5 B 40K B Fe@Fe,05 UKL HA — & 19 WL Ff
it 117, B Fe@Fe,05/NCFE  HL B X B2 £ WL fff 5
BT NCF Bl . & 2(a)4h T B A1 R B R
7% D 4SS FHXT B2 BRI BTk R .
222 BUAFEERX E2 EREN T

SEuH, BEF RGUETEMAI B S50 F A& A
E2 WIE K, RGP AETE G W . A W B Ak 1Y
ST, Ik, SN 1000 Q, M TiE
17 R A D, 6 /NN, E2 KBRFRHA 77.4% . K
e 2ot A2 E R S, IR b E2 IR B i,
NEE ARG, VEBLBA, WA 14.4%1% B2 3% 7EH
e b, B2/ TIF B S5 T Fe@Fe,05/NCF-D HLAK |
E2 (W It & (53.7%), I, 7E1% BEF Rk
EATE R B2 ) EZ RBRALE . B 2(b)% A
P& SRAT T TN g 2% 0 43 W B AR AR T X E2
LR TR

R 2 HYHE Fenton &% R M & 4Rt

Table 2 Design of four bio-electro-Fenton systems

FNL A Btk = PR % (5174
A 100 mL BA#R I & —
B 100 mL F#IK 100 mL K557k —
C 100 mL F#IK 100 mL K557k NCF
D 100 mL (4% 100 mL ££F7K  Fe@Fe,05/NCF-D
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Fe@Fe,0,/NCF 1 fff 77%
AR5 B 6.4%

32.2%

(@)
53.7%

] SR A8 W5 ff

0 BT A He s
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B 2 FEEGTRER D SHHSBRMIERNREE@M
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Fig. 2 Adsorption of E2 on different media of bioreactor D
under open circuit condition (a) and Adsorption on
different media and oxidation of E2 under closed
circuit condition (b)
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Fig. 3 Variation of E2 concentration in BEF systems
with different external resistance under losed
circuit condition
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90%LJ I, MiAT 2 /M, B2 2% N Fe@Fe, 04/
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Fe@Fe,03/NCF-B., Nakrst Z:PH 58 2, W
H H,0, 5 R B (0 BE R L RRAIS, BOAR 5) 7=A:
FE %, Fe@Fe,05/NCE-D R4irh, ¥k hikik
R, PAETF W0, IREMRL, ANZ =R A m
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JEE IR FE AR 8 i, ARER B Tk B KAIK, DABURREE
P AR A R, GEHER 4FME 5K,
Fe@Fe,05/NCF-B H A 8 & if 1) Hy0, 5 BBk ik B
HIBEIR HE, T EA R B2 25K, FTLA Fe@Fe,04/
NCF-B JEHXT 255 AR B A 8}, RIS BEF R 48
i) fe FEBH A o

6
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=
= |
C. 21 ~
T -

1 |

0 T T T T T

0 1 2 3 4 5 6

t/'h

B4 MAEEZEHETAE Fe@Fe,04/NCF BRRFERF, BEIRE (a)F1 Ho0, ¥R E (b)BERT BB 4L
Fig. 4 Concentrations of total irons (Fe’" and Fe’") (a) and H,0, (b) versus time with cathodes containing
different amount of iron under closed circuit condition
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Fig. 5 E2 removal rates in BEF with cathodes containing
different amount of iron under closed circuit condition
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SN £ W B A5 2 A VE B B R VE . BRI
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Fig. 6 Variation of E2 removal rates in BEF systems with

different aeration rate under closed circuit condition
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7 HAEEFMGT, BEF R E2 KRER pH EH
T
Fig. 7 Variation of E2 removal rates in BEF systems with
different catholyte pH under closed circuit condition
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