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El 1. E-MER REFRETRE
Schematic of E-MBR. 1: water inlet; 2:
water outlet; 3: anode carbon rod; 4: resistance; 5:

Figure 1.

cathode membrane; 6: anode chamber; 7: bay level; 8:
cathode chamber; 9: aeration pump.
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Figure 2. Degradation of COD in different reactors.
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Change of COD under different carbon,
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Figure 3.
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TE FIRE TR AL B, BT L16(4)1EAC
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(UL COD BUEFRIR), HEMHHEE S Ak K A Ak
M. @BITRIAIER LI EAIRILE 1,

AT EAZ SR, A F R K R I ) e 4

J& I E W E > Fe? 0.2 mg/L. Fe** 0.1 mg/L .
Co”" 0.1 mg/L. Ni* 0 mg/L. Mn*" 0.2 mg/L i,

iR A BT R IS I B 55 1, TEM R T
PLIS YL R R e, O 97.82%. K4 45 T
RS R IEAK) . ARATE TR 550 (15 K
H1 C/N/P 2 300:5:1). fLAbE TR M )@ 4Ry
K C/N/P A 300:5:1 HLIA 0 4 Jm e 2 Ak
&k Fe** 0.2 mg/L. Fe*" 0.1 mg/L. Co*" 0.1 mg/L.
Ni** 0 mg/L. Mn?>" 0.2 mg/L) =Rk Fi KA 58
V¥ EERTIREE 7/ S5 S VWD AN L
DA W, WAL, 15X A HLTs S pi
Wt it R AR Z ARAAAT AT S50 1) S K A B I F 42
B, BRI BIEEE T 16%M 23%, HIEM T4

*1. ERTEMUERLEARSE

Table 1. Orthogonal experiment results of metal element optimization

Tests Metal elements/(mg/L) Degradation

Fe** Fe** Co** NiZ* Mn?* rate/%
1 0 0.10 0.15 0.15 0.10 92.64
2 0.10 0.20 0 0.10 0.10 73.81
3 0.15 0.20 0.15 0.20 0.15 75.26
4 0.20 0.10 0 0 0.15 97.62
5 0 0.15 0 0.20 0.20 90.10
6 0.10 0 0.15 0 0.20 87.70
7 0.15 0 0 0.15 0 71.20
8 0.20 0.15 0.15 0.10 0 93.87
9 0 0 0.20 0.10 0.15 79.82
10 0.10 0.15 0.10 0.15 0.15 86.39
11 0.15 0.15 0.20 0 0.10 82.62
12 0.20 0 0.10 0.20 0.10 96.04
13 0 0.20 0.10 0 0 95.80
14 0.10 0.10 0.20 0.20 0 96.15
15 0.15 0.10 0.10 0.10 0.20 93.92
16 0.20 0.2 0.20 0.15 0.20 90.62
K1 89.59 83.69 88.89 90.94 89.25
K2 86.01 95.08 93.16 85.35 86.27
K3 80.75 88.24 87.36 85.21 84.77
K4 93.29 83.87 87.30 89.38 90.59
R 12.54 11.39 5.86 5.73 5.82

actamicro@im.ac.cn
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Figure 4. Degradation of COD under different culture
conditions.
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RFRTGVRREE, 15 R4 AR LR 2,

M2 2 AT AL, fERE RIS, fufbis sk
PEF BRI R A5 Y8 i MLSS A 4.562x10° mg/L,
FERARALRE 352 214 F i MLSS (3.716x10° mg/L)4&
BT 18.5%, 1SR LEMMARIMAFE/NT 1 1
NE 1.02, XFMHTEREG R,
15 RS R R E SR, IR/ NERAR LTS
WA, 5 BARB B R URL, 15T MLSS
HOK, WEK, ISRERARRES, 5leEd
AR IRAL o PR SURL TS R A TE BT LA B A 4
20 B RD P P 0 e, B v ML ) 14 £
A g5 T HILTS Y 1 3 A R4 5 S 0L 3 () A AL
Uik

AR IR T VR TR R, AT LA SR 2
HI5 YR SVI TR A MRIAIL . Pifbsisesk
PFIR , SVI FARAGARI ) 121 mL/g FFEZE 113 mL/g,
TSRV E 41 m/hb 82T+ % 52 m/h, £HER
SERY T, DUMEERE MWL B A A . A AR
FH PRSI I R AL T B B S B0 Te v R

®2. RNFFIEREE

Table 2.

Sludge characteristics in the reactor

Culture conditions

Sludge characteristics

MLSS/(mg/L) Proportion/(kg/L) SVI/(mL/g) Sedimentation velocity/(m/h)
Unoptimized culture conditions ~ 3.716x10° <1.00 121 41
Optimize culture conditions 4.562x10° 1.02 113 52
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Figure 5. Anode potential and cathode potential of
the anaerobic E-MBR reactor.
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Figure 6. Composition of sludge components.
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Study on rapid start-up of anaerobic E-MBR and microbial
characteristics and membrane fouling
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? School of Ocean Science and Technology, Dalian University of Technology, Dalian 116000, Liaoning Province, China

Abstract: [Objective]| In this paper, an anaerobic electrical membrane bioreactor (E-MBR) coupled the anaerobic
membrane bioreactor (MBR) and microbial fuel cell (MFC) was applied in the industrial coking wastewater
treatment. [Methods] The culture conditions including nutrients and metal elements of the influent of the reactor
were optimized by orthogonal experiments as 14.3 mg/L PO,>, 0.2 mg/L Fe’, 0.lmg/L Fe’", 0.lmg/L Co™",
0.2 mg/L Mn”". Under this conditions, the removal efficiency of COD, the sludge characteristics, electrical
performance, extracellular polymers (EPS), microbial community structure and membrane fouling of anaerobic
sludge in the reactor were investigated. [Results] The results showed the removal rate of COD was increased by
23% compared with that without optimization. Meanwhile, sludge concentration (MLSS), specific gravity and the
settling speed increased, while the sludge volume index (SVI) decreased, indicating that the enhancement of the
anaerobic sludge granulation and settling performance. Each component of the EPS of the sludge such as the ratio
of protein to polysaccharide (P/C) soluble microbial products (SMP), loose EPS (LB-EPS) and tightly bound EPS
(TB-EPS) decreased by 0.12, 0.25 and 0.16, respectively, which indicated that sludge was more easily degraded.
The electrical performance of the anaerobic sludge was enhanced. The results of high-throughput molecular
sequencing manifested that the community structure of sludge in the reactor had changed significantly, and the
dominant bacteria group was prominent. The results of scanning electron microscopy (SEM) showed that the
pollution of the cathode membrane of the reactor was also reduced. [Conclusion] The optimization of influent
culture conditions could improve the efficiency of wastewater treatment, shorten the cleaning cycle and make the
operation more stable, which provided a theoretical basis for energy saving and environmental protection of

industrial wastewater treatment technology.

Keywords: anaerobic electrical membrane bioreactor, orthogonal optimization experiment, sludge characteristics,

conductivity, microbial community structures, membrane fouling
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