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Abstract: To mitigate membrane fouling in the membrane bioreactors (MBR), an electrically
assisted conductive ultrafiltration membrane unit (E-UF) was developed and operated in parallel with a
conventional ultrafiltration (UF) membrane under real municipal wastewater conditions. The operational
performance and antifouling mechanisms were systematically investigated. The results showed that, while
maintaining stable COD, TN and NH,"~N removal efficiencies, the E-UF system significantly suppressed
transmembrane pressure (TMP) development, with steady-state TMP reduced by 83.6%-90.6% compared
to the UF. The corresponding specific suction energy consumption was also markedly decreased.

Excitation—emission matrix (EEM) analysis showed that the fluorescence regions associated with
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protein-like organic matter and microbial metabolic products in the E-UF effluent were markedly

reduced. Microbial community analysis indicated enrichment of denitrification-related genera and

reduction of potential electron-competing bacteria in E-UF. KEGG-based functional prediction further

demonstrated enhanced abundances of key denitrification genes, suggesting a functional shift toward a

more complete denitrification pathway. Electrically assisted operation optimized electron allocation and

reshaped nitrogen metabolic networks, thereby reducing fouling precursor production and mitigating cake

layer compaction. This study provides mechanistic insights into the coupling of electrochemical regulation

and biological nitrogen transformation for sustainable fouling control in MBR systems.
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Fig.1 Schematic diagram of MBR-BES coupled system
and E-UF system

HE A ) S g A KA B AT i R v, T TS e 22
PR ML AN R W AE i T B AL N2 2R, 5 &



www. cnww 1985. com

IO, F IR A A TR AIEIR N IETHRE RT R

%A2 5k H 15

B B 75 Yo 2 I R, 51 TP R T i 3 e
IO R AR S B AT I S — . AR
b2 2 G038 o A WA B SR A AT DL I 1) Ak
BB T, 7 A L A B O T B K AR I DR
N, LRSI L IR D R B AR A i SR
AR Ak, AT G 3 R RV R AL R M R B A
15 A AT o TR R BES 5 MBR ARG,
S ELAA T ) B IS e s S . AR ST R A
) MBR-BES #§ & FL W B & A& 5 Fi B0 FH A 2, J2
TEAE4E MBR 5 BES AYFEAE T K 5 B D) fE S5 B g
Sr B UIRe— Ak, f B ZH 76 AR B L R I B A%
PN IB AT, HAE B3R 1 B R RS e F 3, S B
BT 75 G g A R 1 D 7 R 4%
1.2 SEASHBRERENHE

56T R B IR DA rL B AT Ry SRS SR
S HL R SR 5 4y B R AR AL SR ALY BURE 4
W — AL B B 5 o o0 B8 2 5 I L 2R A 9
L7 (PVDF) Ry iU SR 5 2R A ki e B (PVP)
S BALF  N=F LN e Bl (NMP) S5 75, 51 A48
K TIO,E A TEHLAN K PR 2R 43, DAR T 5536 T 1) %
AR FF IR AR S A R P AL R TE . 5 IR
FE 70 CAA T 1 FE 2 58 40 A T i R T A
Hodr TiO, B4R 290 15 nm, HoA 22 NMP Jii & (1)
274% it

S HL SR DURRAT R I B T 9K AR 5 B
SR ZH 45 R A 3% kT F G IS O 3 o AL T2 A AR
FEAE  H (15£5) nm BG4 KR 53 80T S BE (29 100
mg/L) H, SR 5 5 5T 43 0K 20% 1Y 4 UG R ) i
(Nafion) ¥ IR A I 4 75 4 5US U 8 T A %
T, FART IR S koM i me A o B SR vt )5 i
5 R A 5T U A T O AT 2R 1, SR AR IR UTVE A
EEALTE L) 60 CAAE T BRI B 43 15 )2 (BRI ] 2
920 min) , AR RH R SR EEMRGNE
A H R, RUEEE YR 0. 63 mm,

R RAE AT BEAAR 7K T34 T RE T, ok e &
I I S Sl 7K it (BT R R 25 em?, BRI
B2 15 min, AR S EEZ 3IR) . &1,
1£10.0.30. 05 50. 0 kPa 5 L [IE (19 40 7K i B 4351
J9(57.23+7.90) . (193. 89+9. 71) F1(308. 88+5. 06)
L/(m?-h) o AT 0L, 38 o 55 00 1R 25 5t RAF R PR G R
(R?~0.998) , &AM G 1R 2K 188 ZE(L) 20K
6. 29x10* L/(m?-h-kPa) , & B 7E 3 F ) 3 Bl Py Jigs

SR HATRRE 7K AR R

JiE R T FL A5 #4381k SEM AT 207, 3T b ] I
SEMAG R K B bR I XL O TG T (n=105) , 45
KRB R MEES, L0 RWFELLRE N
(27.97+8.21) nm, TAECH 29. 09 nm, FLFE EE 57
A 7E 20~40 nm X 6] (WLIE 2) .

2 EESHEBEERESEMEREILE
Fig.2 SEM surface morphology and pore size of

composite conductive ultrafiltration membrane
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Fig.8 Schematic diagram of fouling evolution pathways under UF and E-UF operation
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