V. WS TIESFIR % 14% % 8% 200% 8 A

Eco-Environmental Chinese Journal of Vol. 14, No.8  Aug. 2020
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074
Bl B, TSR
2 DOI  10.12030/).cjee.201910072 hES RS X703.5 SCHERFRIRES A

ENERIE, B 0%, ARk, A5 HUARIAIEEXS A AR MBR Z3BR75 Qe 52 [T]. PR TR A4, 2020, 14(8): 2164-2175.
YIN Xiafei, LI Xiufen, HUA Zhaozhe, et al. Effect of electrode distance on pollutant removal by the spontaneous electric field
MBR[J]. Chinese Journal of Environmental Engineering, 2020, 14(8): 2164-2175.

HURR ] BEX H A2 HL3 MBR £ BR{5 9 5520

AR EFH A A A
LITHKF WS A TRk, o8 214122
2ILHEBIREAYHE AT SLEE, T 21412

3 VLA KA B R SRR RAET oL, 9590 215009

B—1EE. ENEIE(1990—), L, WA, R m . A E AR R IEK . E-mail: yinxiafeill@163.com
MEFER . BFHFF(1968—), L, WL, Hz, RN HEAEYH AR, Email: xfli@jiangnan.edu.cn

W E AN (MBR) B AET5 KA B GUAR B vz (N SR, BEXE LR B HEEE R . S TR TS
Yy BB, ALK MBR 5 AW E BT K A BB R G, E— 2D B AR R K e v B o e T T O AROKE B
43 B8R DR AU A A0, DhoA SRR BHARAE L, DL AT 980K 2k (Cu-NWs) 5 rL LB AR A BA AR A1 B, # s B 2B
HL 37 A ) S i 4% (SEF-MBR), FSRACBBIHIE K, WF5E T N R R AR B BE T B Az i 3 5 B A A8 fb B i e ) 2 Bk
BORX A A i iR AL A e B R A . S5 R MEAR BN 4 em BN 2 em ), HARYEERET
41.7%, KAk 75 % & (chemical oxygen demand, COD)., M4 (total nitrogen, TN) F1 &L B (total phosphorus, TP) F) #¢
B MIBEAR T 31.3% . 24.2% F137.5%; Hi M ] #E % SEF-MRBs V5 Ifé i 1 P 5w R K, HL 1) 785 F %3 %6 il -MBR 1) 5%
Wi 5 B R R DR R/, B RT HLO, MR EEHR T T 80.9%, MM #E T COD MINH;-N AR, 25 T ik Y5 b s
R, MIMBRAR T TP W&, =4E 0k & G5 B (EEM) 25 B S 7n , 15 /K iR 28 0 4 R A0 457 IE 06 9 1 i B R AIG
T 5.3%. Tl SEAE R R RA LY stk ke A A B sR B R S MRS . AR SEH S s B AMB R, W]
SR A KK B PR AR (R [ . IR BR AT FEAIK MBR IZATRUA, & MBR £ R HIS BLR, SH AE 1E 15 K 1)
MRS 2%

KR mAREIEE; H4mig MBR; MIWE; COD LBk; AR

SRS RN R B2 B SN 25) o3 | 2o e R £ e B I N Ty 1 < 9 | /AN S LD B ) (S e
KIS e Z [ A7 G H 48 28 1 B AR 1% 15 /K A 385 [l T2 28 i /K 9% U5 e 1 J 2 - B 2 — P
WF & KK . AT AR . 5 G /N BB B 5 K AR BEE R, S IR A 1 T K Y A R
AARZENHIE L

JEHE ) BV 4% (membrane bioreactor, MBR) PRUH: B4 (9 7K K BT . BRI 15 U8 7™ F B8 R 1 206
S5 S0 B R 5 K A 38 K [l P 45 g B R RV 1 IR 22— B, MBR Hp % JREZH 1 AT ER R
Y. Mw . KR AIY ARG Gy, —J5 i, B0 ai N AT LA I ] O/ 450 45 00 1% 14 75 e Tk
B, ARCEBAKTWAEITG Y 5—Orm, SEEMTEEGIEM L, KA HLY05 E
It HEA: 2019-10-14; RAHEHA: 2019-11-29

HEEWE: BEEE LSO LT RS (2016YFC0400707); TTHE “/N K AA 67 H (2011-INHB-004); T 7548 T 18 1w 12 2 AR 2L
W2 AL RHRF BT T4 55 H (KYLX16_0812)
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] SIE 4, R i 2k R A B R o TR Tl A W i s 28R R AR T A 3 U8 45 B I ] (sludge retention time,
SRT) ZE 4, # A 1Y SRT 23 F B4 AL Wy itE A URRE I, REARIS VRIE P, AT 52 i ¥ e ) 23 BR K
W LR A R TR AR R R, RIS IR PR, R s e KBRS, AR SLPR
N7 A H, 6 MBR i N8 F SR BE Y F 3 2 7 AR A AN B RERE N IE AT A o A W R Rk R G
(microbial fuel cell, MFC) H i i A= 9 vl S8 Ak 5 7K TR A AL (L7 B4R SR Bl e, i = 2F HL g
] IF IR S AR T . 35 e L BR0 B A, HO P AR B o 37l 1 R s R s R R OR . W
SRS e 2B . MA ST MFC A & MBR 35 & Ab BEA= G V5K, 25 R M, OV g8 sis 11
270 d, WU N 84.2~568.4 mA-m, WAEWIREVE EMZ AL, COD EBRFRE T 353%. It
Hb, TE MFC B IR AL B Ao A 2 i F IR SRR 7= 4 H,0,, #F— 2R m AN LY, ©f
WY R, HO, IE 5o 2 IEAHC KR, —MMw, Wi, HO, i Ew#E,
A ] T 15 e 0 1) i o

FESE BRI, AR 43 B MFC PR 4803 RIS 1 B T A0 i B AR B0 ™), AR Tt Kig 17 .
A GE R T A A 85 7 Sc e f5E, o B s 43 B iy DR 480 5 4 4, TR AR X 2 57 7 IR 48R A
EIREE, LA HE H 4 94 K 28 (Cu-nanowires, Cu-NWs) 3 F, {3 38 i U /5 5 MBR 1) 5 43 55 4 ot 3 B A%
MR, FIEE T AR B3 R A W) W 2% (spontaneous electric field MBR, SEF-MBR), ) &b B A2 0] & 7K .
ERALE R G, AR AR W B R N E RN R 2 — . PR EIEE X R4 K COD.
R BRI, 43 M sk Ak B COD B A Bk B R HLER, BT FEAIK MBR i 1T A, HfE i
MFC i SEBR R o %45 AR T A IR REFE TS K Ab Bl MBR R G0 iy ik — 4 5 0 RS %
1 MR57F%
1.1 KRR

¥ A Cu-NWs 5 H Bl 8 B4 B R B9 S K 16 em. 58 13 em BB F, S Al M 6k 22 [
SETENT , ARAT F 0 ST B s R A, HA OB R 260 em® SE 5 FIASEADL% K By 230 mg- L
%M. 60mg L AN, 40mg L' oKL . 20mg L' 4K . 198 mg-L ' NaHCO,, 12mgL"
KH,PO,, 170 mg-L"'NH,HCO,, 2.4mg-L"'MgCl,-6H,0, 1.2mg-L"' CaCl, il I mg-L™' FeCl,-6H,0 41",
12 XBRE

SEF-MBR %¢ 8 [ 25 A W] 1 B o H AR A B L 2% 73 B o DR St R 40l . — % A U R
B 405 L, ¥ A SHE TIRAMN, ¥ A3 hoE R & Tar e, BRAMNT TRags

BB BRI BOR N 03 m>hY), B rp R R RO VE R o Bk A SR OERE S 500 Q AMRHAH
T LR A EE 43 915 R 2 em(SEF-MBR2) #l 4 cm(SEF-MBR4), % 1 75 ] PVDF 1306 i 20 155 R 5
e R
s }
>
igjf}" .ACuNWS# -

SR

ik

(a) REA (b) sL1E|

E 1 SEF-MBR X ERREEMIYE
Fig. 1 Schematic diagram and physical photo of SEF-MBR reactor
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13 WA

IR St 52 0 5 KAME AT 1Y% 58 MBROUE AL A 16 %K) 1& PET5 U8, #E 3 000 rmin™ B5.0 5, 43
BIA N E] 3 A B R A% R A = A s, 1SRRI 3 gL R 4 gL' BERLR /K 8 i i
B (WA 11.25 mL-min™") #F A DR, IR0 K O 28 4 D Al DX E A B 4800, o Je 22 FREad i o
Ko FRGIK F115 85 B} [A] (hydraulic retention time, HRT) 24 12 h, SRT 24 30 d.

24 SEF-MBR 19 U6 H1 & Fl i 480 & HL,0, W JE AR AN KR HEE R E 217 21 dJ5, RN 4y a sh ko,
kAR EIBITH B, B2 1T, SEF-MBR2. SEF-MBR4 FIX} HE-MBR {173 [ 4 B 37 38 i 43
A (1.20£0.06) mV-ecm ™', (0.70+£0.08) mV-ecm ™' AR H, H,0, 4% & 43 5 A (0.94+£0.19) mg-L™"
(0.18+0.02) mg-L ™" FIAAG H . 55X} FE-MBR # b, SEF-MBRs HAT ¥ & () #3758 & Al H,0,.

14 SHEE

R4 LIU 2802 gy v, SRR | PS8 (coulombic efficiency, C,). H# % & Jf 42
L. MLSS. COD. NH;-N, NO,-N. NO;-N. i (total nitrogen, TN) FIE % (total phosphorus,
TP) M . LLFE % 3 % (specific oxygen uptake rate, SOUR) & H [ G A5 E 7 vk I o >R HH 8 550V AH
{4, 3% (high performance liquid chromatography, HPLC, ACQUITY UPLC I-CLASS, Waters, USA) il| 72 = #
fiz B 11 (adenosine triphosphate, ATP)!'*, >R HI i ot 2 2 45 W 7 5% (confocal laser scanning microscopy,
CLSM, ZEISS LSM 710, ZEISS, 7 [ )W & & i e Uf 2 09 )8 B, SR = 4 98 6 )6 3% (three-
dimensional excitation-emission matrix, 3D-EEM, F-7000, Hitachi, H A<) MiL/K sp#H HLY 4 5, FE{E
JH 3DSpectAlyze #1347 BB G B4t it, 158 2900 A A7 A om B2 U, Sk UL B -5 1 43 6O B
B H,O, W EE®, 2,3,5-50 4k = 2K 5L U Mk (2,3,5-triphenyltetrazole chloride, TTC) i J5 ¥ I 5 5 Y it &
fif 1% 74 (dehydrogenase activity, DHA)!'",

o T fit SEF-MBRs HHLAE 2% K BE T COD ZBR TR gfE T, R4S WANG U Bydiil, XF 3 4>
S 4 () COD H HEAT 5
2 #ER5TR
2.1 EEARIEEX B4 BIiAEE N

5 F PVDF T8 B () B BH %5 3x10" Q-om, HATRHAS M F 1z gh, FREIE A4, SFEXT
HE-MBR %A 77 A4 B A fL35", SEF-MBR2 [°F- ) H A= #1358 B Lt SEF-MBR4 # 5 T 41.7%. 4

St PR [ B T R A PR R BE I L B B 900 o s 14
OO /IN . 8 UL L7 1 S B B A Iebechvovioio o BN
RR G B /N, A A TR A AR IR . 600 @ SEF-MBROZEE |- T
SEF-MBR2 11 1 /4 i 3738 I 19 B 5 UL AR 1> 2
ER ML, SEF-MBREYDIHHE ML FIBALE & 1*" =
LA 2 8 o B o B 4 om 16 51 0 1%
2cm, RAMBHMN16782 QREALE] 11758 Q, {10 3
e KAy 2h R 9% Ty 2.38 mW-m 2 2 75 £ 2.90 109
mW-m 2, s 1w 15 20"
5 WANG % 1 LIU %5 4i 3 1 45 SR A FLL L (A - )

. AHFSE o SEF-MBRs (1 H1L 37 00 R % . B2 FEERIEET SEF-MBRs #1232 & #i 2; #
Ak, 3144575 %] SEF-MBR2 fil SEF-MBR4 114 J& £ Biti%

Fig.2 Power density curves and polarization curves of the

bid % 550 0.23% A1 0.12%. 5 B A W52 1 45 SEF-MBRs at different electrode distances
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H(0.5~29%) 10202260} 1y A HBFSE TR 2 1Y SEF-MBRs FECRCR L, XAl AT 4 NEKH S
] H—, REMEES, MESE—ERE LR TIRAKEE, HEKEM DO WRERS, N
0.7~0.9 mg-L™', HEMMi M r= iAW G T, SEURBCREM; =, RAMEYFHA LY
JIE 7= A T B R TH AR, B B A B T AR >, K=, "RERTE B,
FEAS T A UL i A2 Re 56 AL N R BB I RICR D fede, EDREM N, B T 7 s i A3 AL A
(7= B e B 55 I AFERY, BB W) FE R g AR A LY (UL COD i) iad B R &=k e . SR
M, ABFREERELERG YR, REEREY S, AT ey LG, mEaERlkE
Aeo PIUL, (R FR7=A: 055 B 2 i 15 e ) B R R oY E AN
2.2 HREEX COD XBFBUR SN 5 #7

FL A [A] BE 6 COD 2 BRACR 1Y 52 m 45 R a3k 1 o . X BE-MBR. SEF-MBR2 il SEF-MBR4 [ 5
g K COD 2 [ R4y 51 87.2%. 93.4% F1 90.4%, H F 3% MBR X COD 2 [ %5058 4 48 T %
H-MBR, HUIHHEFEH 2 cm B fe 4. 7E SEF-MBR2 1, A5 ML 7E 1 48 0 R 48000 118 22 B 8 43 1)
H 59.2% il 80.6%. M YINSFUI Ao 45 8, A A E R 77.0 mV-em ' 1Y 7 #it X SEF-
MBR 448t F1 R 480 v %5 A AL 19 2 B 3R 5 ) R 57.0% A1 87.1%, 3% i3d I R4S 1% 4L it SEF-MBR 1) F
A L3 i B A, (BN R TS e W 1 AR BRACR . 3 A B R e B H 7K COD B e R (OB s
KAL) V5 Ge Wy HEFORR ME ) (GB 18918-2002) — 2% A Arif, i, [/ H 3% MBR XF COD 2% BRakH:
I F X B-MBR, HPLAH A FE R 2 em B f:4E. 7€ SEF-MBR2 i, Hi7K CODJy 21.7 mg-L™, W2
T HbF K PR TR ARVE ) (GB 3838-2002) IV 2545k, KK Al K .

#z1 TEEMREET COD HEBRMR
Table I COD removal effects at different electrode distances

Ak K45 T2 H7KCOD/(mg L ™)

FA TS BEBRE/%
bii IRE K T4 IR AR
SEF-MBR2 328.149.2 133.847.5 25.9+4.8 21.743.6 93.4+1.2
SEF-MBR4 328.149.2 135.3+16.2 39.243.0 31.6+2.4 90.4+0.7
Xt HE-MBR 328.149.2 146.8+4.5 54.7£2.6 422452 87.2+1.3

SEF-MBR2 F1 SEF-MBR4 JR 483t (1Y) COD Z:BR345351 K 59.2% 1 58.8%, ¥ T Xf B-MBR(55.3%).,
TE SEF-MBRs 11, B T % 48 09 DR 48 G A 90 %F G BIL A 0 B i A L 77 flL G2 1l 2 B i — 38 40
COD Jf AL ReIE X Inl e, HL™ fo T 19 [ A6 A HI b 25 VA8 — &8 2> COD., ok, A5 45, 55
HL 3 (<10 mV-em ™) XF4H AT ™ A= s, PR s e s, (R T ALY R S% . DHA 7] RAE
A XA WL R R RE 1, DHA s, 16 M5 U8 h i A 9 0 WP g SRl b, A B 1 0
bR Z1 . SEF-MBR2 Fll SEF-MBR4 [R 4 il 75 e (1) DHA & &)} 29.7 mg-g™", 1fij ¥} #8-MBR 19 &
WK 246 mgg'. AAHMGAAEESR G T A B E M, MRS TR A R A A LY (L
COD i) M i %R . SEF-MBR2 44 ith X COD ) 5 bR R e iy, M 80.6%, 43 %1 tb SEF-MBR4 1%}
HE-MBR $2 55 T 9.6% #1 17.9%, HJFEHEATREIA A LLT 2 50 A 200 T A s, SEF-
MBRs 4f %3t 75 & 1) DHA & & & 46.9 mg-g', 1fij X B -MBR 75 ¥ [) DHA & i 4 40.0 mg-g'; SEF-
MBRs 4f 483t A /> i H,0,, FUEA HLYTS QLY BE g /N o A L 2010 o — Ak oK, bl
HUA IR 4 em i %0 %2 2 em, AR R & T4 41.7%, PR EB = AEmBL, 7AW
AL FE 5, SEF-MBR2 (1) H,0, “F- ¥k BEHE N T 24 80.9%, XFHE-MBR &£ 774 A A 45,
U A8 A K I B HLO, 0
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M COD 5 45 2R (% 2), gt — B4 B S N i AR S AR WY IR AR T L A A L S A R i
JEVE X COD B 1 5Tk -

% 2 SEF-MBRs #1%}8-MBR & COD # & & £ HIE 54

Table 2 COD balance calculation and removal mechanism analysis in SEF-MBRs and Control-MBR mg-d”’
P4ty H4E ‘ o
e \ : — ‘ ‘ BEHIEMAE RGN
G FE FRRIHFE TR gt Yirre R
SEF-MBR2 2936.9 72 203.4 14919 256.0 95.0 4963.4
SEF-MBR4 2936.9 3.7 182.6 14919 64.8 150.1 4803.0
Xf #E-MBR 2936.9 — — 1491.9 — 202.5 46313

TE: —AJ0)" LI FER s A PR FE

KB COD &0 53149 mg-d™", 7E MBR RS, R & s S ith 3 1o 4% 48 A= 9 % i 53 531 mT
DAV REHE K 55.39% 1 28.1% HIFESE A HLY (UL COD i1), #E/K hAEE A WL (UL COD i) %5 &
aob DR ARl B A ) 5 i S B o AR R S a7 R TR A R R 1 A 3 P G R R T e ) K BR
F,OHS, DRSS ERR 2Ry T, HAAREEE R, REMAEDIEE
Moo DRAARIRS , HH K 075 Y G o BV MERR R AL AL, AU Y COD TH AR D . R
it COD AYTH #E 2ok AL S E MR AR . B A fL 3 ok 05 A0 Ak 300 80 Ak A s T M E e ik, )
B, AERYREM S, HAaokis yEF R Z . A, BT UEAE R LB CcOD i siikhE A &
HL 7 B ) B TR, B AR F A S R 8 BRI AL, R LA AKOK A LR R
2.3 EBARIE) FE X B SRS SR B9 #2043 A

VLA X NH,-N A e BRECR A0 3 3 TR o 3 A4 B g g HH 7K i B NHG-N e B 24006 iR 3R B (s
IR AE BT V5 Ge Wy HE PR fE ) (GB 18918-2002) — 2 A A5 il Al M 3% 7K 24 5% BT & 45 #fE ) (GB 3838-
2002)1V ZKFRifE, HKIK BT R4

#* 3 A EHREE FNH-N B X R

Table 3 NHI-N removal effect at different electrode distances

PR F 45 T2 H/KCOD/(mg-L ™)

B BERE%
HEK P& 7K T4t bR IR RILEIIS
SEF-MBR2 35423 17.8£1.9 0.120.1 — 100
SEF-MBR4 354423 18.6+1.0 0.840.2 0.2+0.1 99.4+0.5
XHIH-MBR 354423 21.4+1.8 1.120.4 0.6£0.2 98.30.4

TE: —ASEF-MBR2H K A FINH-NUJE

SEF-MBRs JR 48t F1 47 40 i X NH;-N 9 23 B 32 34 5 76 B -MBR., % 8 -MBR IR 40t X NH;-N [
2B %R 39.5%, = T SUNEETHI 48P (g BiF o2 45 5, B 7 DR S B02E W 19 [6) Ak FE 3 6 — 38 2
NHI-N, 3 AN % i IR 4 59 DO H1E 0.7~0.9 mg- L™, KAGHAL I, £ NO;-N FINO;-N, 44
TSR B AR RS AL RN, RORFRAR T NHI-N A9 & &, X B -MBR 1 4 45 800t X NH-N f 2
BRR K 95.0%. 4 HL AR A1 HE A 4 cm 45 %6 2 2 om B, PR AT O NH-N 25 5% R 48.4% - Tt 51| 49.8%,
IS NHG-N 2 BRR 95.7% L FH%1 99.4% . #F A AR /ER T, SEF-MBR 2 iAW &
VR I PRI R A BRI B, ELA 480 AR 19 HLO, FEIRHENHL-N 225, B4k &Rk B,
= () s, R R, A RO HORERER X YW 0 A3 AR R B A A T
WAEAM W AE R et g B, B e UF 2 A — s e, #F— PR ENH]-N & i, £ SEF-
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MBR2 ¥ ¥ H A A 2 NH;-N
2NH3 + 3H202 — Nz + 6H20 (1)
SV A RENOL-N FINOG-N £ BRGUR G136 4 o . o T KA #E A7 R A AL, NOS-N AP 1k
JE40.02mg L' NO;-N A3k Ry 1.2 mg L',

%4 TEEBIREETNO;-N FINO;-N H KRR
Table 4 NO3-N and NO3-N removal effects at different electrode distances

HEK e 4% T2 7K COD/(mg L ™)

1YL A SLBRE%
ik PR A 7K B4 T 4 7K
SEF-MBR2  0.02+0.01 0.1120.03 0.0120.01 — 100
NO;N  SEF-MBR4  0.02:0.01 0.1120.05 0.01 — 100
SIFE-MBR ~ 0.02+0.01 0.21%0.16 0.0120.01 — 100
SEF-MBR2  1.2340.40 1.29+0.64 7.18%1.24 5.74+1.47 —
NO;N  SEF-MBR4 123040 1.58+0.44 9.85+0.88 7.651.22 —
STEE-MBR ~ 1.23£0.40 2.02+1.27 12.04+1.62 9.2242.19 —

TR AR AS ™ A 1) IR SR P 5 412 148 ST A Ak B iy AR Ak B Bz, 7™ AR 2D i INOS-N FINOS-N, - 78 440t
W, EEEARARNY, NO-N MR E R AL, NO;-N [k RS i, SEF-MBRs 44t i 7K NO;-N
B it I-MBR I, X EZIHEFLIN 2 4 —J7if, SEF-MBRs B B A& T 2 Ak
P& (ammonia-oxidizing bacteria, AOB) {1 (10.0 mg-(g-h)™") FIIV fif§ iR £k 44 1L B (nitrite oxidation bacteria,
NOB) 7§ 4 (12.9 mg-(g-h) "), H43 5 Fe Xt B -MBR A9 & T 170.3% F1 11.2%, {23 Tt ; 55—
T, HORD AR A8 A% 3 R aF A, AR B S A0 TR S A ARG, BRI T K P NOS-N Y
i, Ak, SEF-MBRs H1/#% NOB {if 14 = T AOB {f 1, X it B F NH;-N %A k. A NO;-N J& 2 4t fiff £k 18
R BRE AL BREY, SEF-MBR2 114 3. fiFf 10 5 fige 18 52 %4 (2.95 h'") W% & T° SEF-MBR4 (2916 7h'"), M
1 FUEBA T SEF-MBR2 HUfH T K4 A il AL 8508 -

SEF-MBRs A 1) 5 %0 2 il Ak 81 1 FH A L9 E S B 44 3 17 S g {6 ™, SEF-MBR2 #il SEF-
MBR4 H X NO;-N 8L B2 R0 518 20.1% F122.3%, WEAK T % B -MBR(23.4%). £ A /& #3719 7E
T, A B Cu-NWs S HLGOIE B T8 J7 [n) B8 2y, S S50 RETE f A= i2b . DTG 52 il 26 4 B 2
MBI, BSOS R T RO AR,

TN (1 £ BR AR 404 5 it 7R . SEF-MBRs JR %0 %5 TN 19 25 BR AR L, 24 0% 5 T XF 8 -MBR
(28.2%). TN 7EJK 4 M 32 %2t i 2k 9 25 1%y, SEF-MBRs H i A= Wy 76 18 8B H 3 V5 T A 48 v o 0% 1k
XI5 Y ) F2 PR R . A IE-MBR IR A TN LBR RN 48.1%, BiE B mENRR, TRk
TN EBRHE M 55.5% BN %) 67.0%, ®351E5 T AOB F1 NOB 3% 1, SEF-MBRs =4 i H,0, 12 i
THVYRE, MR T TN B LBRR . 34N SO0 #8450 7K TN FINH-N A 52 v 5 AR 1k

x5 AEEBREET TN HERHR

Table 5 TN removal effect at different electrode distances

Ak K% T2 H7KCOD/(mg L ™)

R B2 ‘ —— ‘ BHEBHI%
Bk REOEHOK SRR ERIRRK
SEF-MBR2 39.3+3.1 26.242.5 8.7+1.3 7.5+0.9 81.0£1.6
SEF-MBR4 39.34£3.1 26.9+1.5 12.0+0.6 9.9+0.7 75.5+£2.0

Xt HE-MBR 39.3+3.1 28.2+2.9 14.7£2.2 12.0£3.0 69.6£5.6
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AT 2, W, fE I TN B9 5B BA 252 .

%} H8-MBR " PVDF I X TN i % B % 0 18.8%, 1 T SEF-MBR2(13.3%) F11 SEF-MBR4(17.2%).
SEF-MBRs H i () TN £ B3 240K T A8 5 508 i R 0F 2R B A e, LR fifFsg 2200, BT e of
2 0] LATE 1% 52 PRI A fil 4k 52 A £k (simultaneous nitrification and denitrification, SND) [ 55 . th T
DEZ RSN R DO W BE B, DARS AR N Ry 325 32 B4 180 BR i R0 A0 350 4803 #E = B A% T
SR, WRVHE N AR BAE X, DU S RN BT, CLSM 45 SEF-MBR2 1 JiE i Je f )2 1)
JERE /N, i 87.27 pm, 435 [t SEF-MBR4 F1Xf FE-MBR X T~ 6.92% #1 20.21%. 4V Uf )2 & B/
B, ER A BRI BT 2 RIS, S SRS AR AR T, BRARAH AR R S B R BRI, 15 R IRTE
I TR B R )2 1T LA VRS sh A I, A AR i 190 W R AR it 47 B0k R A BE F1 %), A S v b — 3 0 A
ML DY i 36 B 2 N EBAE A RS AL iR, X BE-MBR X} COD (1) B % = T SEF-MBRs, X it
XJ HE-MBR W it A7 T S8 Z2 A LR, i B AR gt 7 40, AR BAR KRR

A WA B A L 0 2 B vh S5 P AR SOEIE AL B ), FE R AR BOR T R AR RRAE 2R
EAFE T AR . 0% RS E Ex/Em=(250~290) nm/(310~340) nm &b 23 & §F 119850, 586 5¢
SR ] A — o R AT DU R K R 2SR A A O, SR A EEM W EEAN [R] AR () T 45 B
7K, I8 H 3DSpectAlyze 3443 A1 15 2] 26 SRR AR 0 A A7 B RN 3R BE , WT OR TN 25 PR 4R 1A 25 %b
It (3R 6). SERRW], HEAKRIE SN K B2 F A TE 2 A X8, 43508 Ex/Em=230 nm/
(330~340) nm F1 Ex/Em= (280~290) nm/(310~320) nm, ft (2 MR MW E MR . % B -MBR H K&
b R KL dg AR Y TR RN R K R 2R R Y SO R B XY R T SEF-MBRs, LB # H AR () R 4
25 BNt H K TR SR T B SO R A TR AR, X — AR TN & E AR E S S, &4
JRAR P s A W i % £, SEF-MBR2., SEF-MBR4, Xif HE-MBR #4917k rf 28 (0 52 i A28 s & R i 24
53 3 S PR AR 35.1% F1 20.4% . 34.9% F120.9% . 26.4% F 13.5%; 2532t - 580 v I S8 3 2 0 4 i
FH A1 AR B 4 A6 /F 1, SEF-MBR2. SEF-MBR4 H FRAIE W 1) 9% O 5 FE 4 531 [ A% 48.8% F1 12.3% .
43.5% F1 22.3%, i % B -MBR /B A7 7E A W) 00 B AE L, BT LA 40 Sl B IR 24.2% Al 17.2%;
B Ja 200 BEE YR VFJZE B9 SNDPE L, 9 ol 3 R 4 i BRI T 23.3% A1 25.1% . 22.8% 1 0.9% .
38.7% #1 17.8%. SEF-MBR2. SEF-MBR4 1% B -MBR H} 7K H 2 {0 42 ik 128 % 24 B2 1Y 98 )6 o 38 Lo ok
KAy BIREAR T 74.5% F1 47.7% . 71.6% T 39.1% . 65.8% F1 41.2%., 156 W25 (0 58 IR 4 i o 2R 2 T 25 1%
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Table 6 Intensities of the characteristic peaks at different electrode distances

KR KRR
TKHE JEA
(Ex/Em)/nm R EE (Ex/Em)/nm R
K — 230.0/340.0 55.46 280.0/310.0 37.17
SEF-MBR2 230.0/340.0 36.02 280.0/310.0 29.57
R4 b 4 7K SEF-MBR4 230.0/330.0 36.11 280.0/310.0 29.4
Xf #E-MBR 230.0/340.0 40.84 280.0/310.0 32.14
SEF-MBR2 230.0/330.0 18.45 290.0/320.0 25.93
T4 s SEF-MBR4 230.0/340.0 20.41 280.0/310.0 22.84
Xt BE-MBR 230.0/330.0 30.92 280.0/310.0 26.6
SEF-MBR2 230.0/330.0 14.15 280.0/310.0 19.43
JE K SEF-MBR4 230.0/340.0 15.76 290.0/320.0 22.64

Xt HR-MBR 230.0/330.0 18.95 280.0/310.0 21.86
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PR, VoK Th A s iR L bR R 05 = A AT TN B 2Bk
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34NN R TP 1Y 25 R AR AN % 7 iR o X HR-MBR 19 TP 2 B R Ik (67.2%), 43 % e SEF-
MBR2 Fl SEF-MBR4 F#1I% T 13.6% F19.4% ., FEPR A, TP 322238 o A 55 8 1) W B RN 38 26 ) 1) B ik
FZBr U, SEF-MBRs [/ IR &0t X TP i K BR R AL, 290 24.0% /247, X B-MBRI & T 2
7.0%, %t HE-MBR 400 b () TP LB N 48.6%, /3% SEF-MBR2 #1l SEF-MBR4 41X T 18.8% #il
10.8%. X —J7 MiJH P F SEF-MBRs A /£ L4 & TUZE TG . ATP & &5 MUY A R4
I FR, SEF-MBRs JR &t AL 403t 19 ATP % 524351 o 0.33 1 0.39 mg-g™', 43 Jill L X i -MBR #9
FER T 10.0% 1 14.7%. 53— J7 1, 40 AR s HLO, #F A4 I AR N 2 fif 7= A5 K O,, {2 uE 41 i
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&7 TEBRREET TP B ERYR

Table 7 TP removal effect at different electrode distances

K K45 T2 17K COD/(mg-L™)

R REBRE/%
HEK R4 7K b4 IR LIRS
SEF-MBR2 3.0+0.3 22403 0.7+0.1 0.5+0.04 80.8+0.9
SEF-MBR4 3.040.3 2.3+0.2 0.9+0.1 0.80.1 76.6+1.2
XJH#-MBR 3.0£0.3 2.5+0.3 1.3+0.1 1.120.1 67.2+6.3

WA, F s e i EPS AT LIE N S A BEGEAF I, 45— &84 TP SEAAAE EPS H, 3 ¥ 7 9k i o]
WK & B s e — R HE R AR Z& T Ik B BR #5 i9 H Y, SEF-MBR2. SEF-MBR4 1% it -MBR 1
EPS & i 70 W] A (12.2£0.6), (12.2+0.4) I (16.4+4.8) mg-g'. AW IR T I E b i A=Y w .
EPS AW T BEIE S MG &, o0 TR IE B ML/ AL, TP 51ERE & & 2 22 W& 208 Wk
AETE#) & & . % 8 firsn, SEF-MBR2. SEF-MBR4 FIX} I -MBR () & & b, 7604 9 i iy
EPS FI_ L& W, TP hEAEIEREIr b LE R K, P B DL R IR 3L 8 i B2 R (polyhydroxyalkanoates,
PHA) 4 g VR WS W i KR o IE W, 76 2 RS TR ER VB (0 VE L T A i 2 R R 2R 32F A EPS, &
Je il A S s A ACE Y, EEERER T AR R EL, SRR R KR M E B
4 g A= K1

x8 FEMPHIEESREE

Table 8 Species and content of phosphorus in the aerobic tank mg-g’
LN EPS U
EAS - - -
TP 1E®E TP IEBE TP 1E#
SEF-MBR2 32.3+£5.0 4.1+0.4 44.0+£26.0 6.0+4.4 0.7£0.1 0.2+0.1
SEF-MBR4 22.349.1 2.7+1.6 25.7+0.1 3.9 0.9+0.1 0.3+£0.2
X BE-MBR 17.6£2.5 2.3+1.1 25.443.5 4.542.2 1.3+0.1 0.5+£0.2

3 i
1) A BF 5% #4219 SEF-MBR 25 5 3 1t 1] 1135 7K b A3 BL40 64 Ak 2 68 1 AE v 37 T 8140 A i 48 A0 30
A AR YE Y, RIS COD, MR T R AR RO
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2) MM FE A 4 cm 450 R 2 em B, B A E I IRER S T 41.7%, R TR % B

238 mW-m? #2 & £] 2.90 mW-m 2, IS rE A A HO, L 0.18 mg L' 2 / %) 0.94 mg- L', 5%
45 MBR M1, SEF-MBRs 4 %03t {if P75 J¢ DHA F1 ATP & B0 5145 T 14.7% F1 12.8%.

3) Bifi % R A B) BE A 98/, K CODL, NHG-N., TN FIl TP 435 ) 31.6, 0.2, 9.9 F1 0.8 mg-L™" [%

3 217, KRKEH . 7.5 0.5 mg L™, eI E B TE KN BE 75 YL W HE BCRS #E ) (GB 18918-
2002) —Z% A #ifE, Hod COD FINH-N i85 2| (b K R85 B An i ) (GB 3838-2002)IV 2K b i,
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Effect of electrode distance on pollutant removal by the spontaneous electric
field MBR
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Abstract Membrane bioreactor (MBR) has been widely used in the field of sewage treatment. However,
nitrogen and phosphorus were difficult to comply with the criterion of Integrated Wastewater Discharge
Standard. In order to enhance the pollutant removal effect, MBR could be coupled with other novel sewage
treatment technologies to further reduce the pollutant concentration in the effluent. The reactor was separated
into anaerobic and aerobic tanks by baffles. A novel spontaneous electric field membrane bioreactor (SEF-
MBR) was established to treat synthetic wastewater by using graphite felt as anode and prepared Cu-nanowires
(Cu-NWs) conductive microfiltration membrane as cathode. The variation of the spontaneous electric field
intensity under different electrode distances and the response of pollutant removal effect to the change of the
spontaneous electric field intensity were studied. The results showed that when the electrode distances decreased
from 4 cm to 2 cm, the electric field intensity increased by 41.7%, and the chemical oxygen demand (COD),
total nitrogen (TN) and total phosphorus (TP) concentrations in the effluent decreases by 31.3%, 24.2% and
37.5%, respectively. The influences of electrode distance on the sludge activity of SEF-MBR sludge were
negligible, but both higher than that of the Control MBR. With the decrease of electrode distance, the H,O,
concentration in aerobic tank increased by 80.9%, which promoted the degradation of COD and NH;-N, and the
uptake of orthophosphate by microorganisms, the TP content decreased accordingly. Three-dimensional
excitation emission matrix (EEM) indicated that the characteristic peak fluorescence intensity of tryptophan in
wastewater decreased by 5.3%. The contribution of membrane filtration to organic removal decreased with the
increase of electric field intensity. The spontaneous electric field and membrane filtration were complementary
and synergistic, which provided double guarantee for optimizing effluent quality. This technology can reduce the
operating cost of MBR and enrich the theoretical achievements of MBR technology.

Keywords celectrode distance; spontaneous electric field membrane bioreactor; electric field intensity; COD
removal; nitrogen and phosphorus removal





