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Influence of Optimized Sludge Reflux Mode on Multilevel AO-MBR Process
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(1. Central and Southern China Municipal Engineering Design & Research Institute Co. , Lid. , Wuhan 430010, China;
2. Wuhan Urban Drainage Development Co. , Lid. , Wuhan 430070, China)

Abstract A test device with treatment scale of 0.15 m’/h was used to carry out an AO-MBR process to treat low C/N urban
wastewater. Best sludge return form was explored to reduce the impact of high dissolved oxygen sludge return on the front biochemical
tank , by optimizing the sludge return mode, dissolved oxygen and sludge concentration control and other measures. Eventually, the
effluent quality to reach the surface level IV standard was achieved. The results showed that in the form of coupled MBR process,
biochemical tank could significantly ensure the dissolved oxygen environment of each reaction zone and maintain the balance of sludge
concentration in each reaction zone by multi-stage reflux, so as to further improved the effluent quality. When the water temperature
was below 12 °C and the influent TN was 23~33 mg/L, the reflux mode 4 could stably ensure that the TN removal rate reached more
than 60% and the effluent TN reached about 10 mg/L. When the influent TP was 2~4 mg/L, the TP removal rate was more than
85% , and the effluent TP was less than 0. 3 mg/L.

Keywords multilevel AO process sludge reflux  dissolved oxygen control MBR process multi-point influent

B e [ ) 7 K Ak PR SO RCREOR B H AR 3 SN RBR AR T5 K T 2 7 B ik i ARG ) A5 1

T, 25 X5 K AR RT3 T ST B HE R T
XS K) H LA 5 KA T 2B T
B ) R KOK BUESR 0 T 28U AT — 2 A HEik
PRUERITSK T, S bR kot S0 e A BE . 50 T

[WFmBEH]  2023-03-01

[(E£TH] WA @A RITE ST 5 S K AL 3
oA AR T 2R

[BEEE] HFEE(1991— ), 5 Wi+, TR, #F5 7710 kK
1R75 YL 514 , E-mail ; thingbao@ 163. com,

T WAl RAIE K BT RS E SR B, R 2 4 BIF S I A
Mo BT, 29 A0 T2 H /N BEFEL A
PERELS PUoh i AT RE JT 5 L, TRE I Bk
Z AHWAATEE B YRR R A& ZRIR AR T KT
IRPRAMERI, Dy iE— 20 14 5 B AU BR B RCR , B
TAYLER S RS IEAH ST 2L, m
AO-MBR"' AAO-MBR" | Bardenpho-MBR'* | £ %
AO-MBR %5 .25, IS T R 45 (4 i B R BEROR
Hr, 29 AO-MBR T 25 [a) iy H 4 Wi A T 2019 £t



16 L S N
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 3,2024
March 25th, 2024

ST IR TS KT R B T TR
FHER D | i 2 5E 385 (38 1T 200 PR P it
MBR 3t AR A V2 V7 [ 44 ( MLSS ) Joi £ v JiE 1]
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Fig. 1 Process Flow of Test Device
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Fig.2 Biochemical Tank of Test Device
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Tab.1 Raw Water Quality in Test

s HifH
COD.,/(mg-L™") 124~265
BODs/(mg-L™") 53~75

TN/ (mg-L™") 20~36
HA/ (mg-L7") 13~17
TP/ (mg-L™") 2.5~4.3
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Fig.3 Sludge Return Mode of Multilevel AO-MBR Process
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WS B D FE A R R X AR A OG5,
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T RIFMBASCR , BRI A2 E 3 & A0
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3:2,

R 2 Fron, EE R B 175 17K CoD,, .
BOD; FIZ A IIRENE T2 15 B b 3R vfE IV 2545 4E (TN

KRN, Z2 243 9 88.31% +0.91% 91, 57% +
0. 69%F1 95. 83%+0. 59% , i ATEMEI T4 T, A
LY EACRS AL S N B e 41, R AR T8 R 2
P A0 T2, & TS MR EE AN DO g AE (% T 5%
PR (11~ 12 C) PREFE R I AU W R EE . SR
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Tab.2 Influent and Effluent Water Quality of Test Control Group

I H COD¢, BOD4 TN A TP
K/ (mg- L") 145. 00+9. 63 55.00£2. 00 26. 11£3.03 14.10£0. 41 3.0420. 38
K/ (mg-L7") 17.00+2. 16 4.65+0. 55 17.56+1.20 0.59+0. 10 1.22+0. 13
P 88.31%+0.91% 91. 57%+0. 69% 32.37%=3. 13% 95. 83%+0. 59% 59. 77%+0. 94%
—Z% A FRAE/ (mg- L") <50 <10 <15 <5 <0.5
HEINZ/ (mg-L7") <30 <6 <l.5 <l.5 <0.3
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6~7 mg/L {5RFIF A 300% T, KA X FHA 1
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Fig.4 DO Control in Each Reaction Zone of

Test Control Group
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Fig. 5 Changes of Sludge Concentration in Each

Reaction Zone of Test Control Group
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4 BETE IR AR LU o S IR B AR 1 X AR 2 XN
U4 3 X BEAE A SRR R DO X5 X3 it | fig
AR R AT I BL A X DO R ENL T 1.5~2.0
mg/ L, J5 SE A X 155 0.2~0.3 mg/L, WIKE 7 ff
7 AT BRI 20, 45 [0 7 2O T 1A 4% DX Jak
(5 ek B YA VR, o i 0y =X 2 Fn 3 2R F,
B4R T XOFBF40 2 XY MILSS AHZE50/0N, Il 7
4 T4 X I MLSS # T P-4

B 6 #Kiafr THAENIX DO il
Fig. 6 DO Control in Each Reaction Zone under

Each Operation Condition
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Each Operation Conditions
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IR FIH K IV K ATHE (30 mg/L DL ), B £ Fil
1SRRG N Bk 8 TIRGF A YRR BE . 12
H 24 HAKIRH 15 CHFEZE 9 C, 35 COD,, EHF
A PR AR PR FE T AL B | T LR
V5 TR 29 AO-MBR T 254 Bk g 1
SRIMA WA A 1817 )5, 150 {640 T 0.45~0. 58,
SRR T 22K 1 0. 75, i A B 8L i v e, o]
AR AR KA HLH e B X 1 V5 Ve e B R 32
FHRAFAE—E R, A T, SR it P9 4 4 X Y
LR 0.02 kg BOD,/ (kg MLSS-d) , /N T1E4¢
TG VR ER 1 0. 2~0. 4 kg BOD,/ (kg MLSS-d) ,
AT DL KBRS BOD T i i J2 45 i 1) MLSS f A=
WK i A A P B A A T ) Te ik
RBGE R AN, FECE S, IRHER S 77
PR A PTG, DI @ s 5 e B ZEARR
N RECRIFE TS e R BR TR RE (R ST,
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SRR i 5 VR, AR UE KRR 5 K TR )
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Fig. 8 Variation and Removal Performance of COD,,
under Each Operation Conditions
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WAL R /N5 B R E 2, O — 20 18 K5 e I
P 3 i AU N R ST A A ALY 2B
REH,

(2) @A EBRTERE T

R T TETS K BATHEIV 28 K AR, &
RUR R E TR T 1.5 mg/L, WL IRBfT1E
M TEE BRI R IAE] 1.0 mg/L LR, (HA
IR T 2B R BT 1.5 mg/L, PRI, 7EAR IR 55
PR IRE K E RS ISR S5 B

WnE 9 fiR , KR A 8~20 °C , K E A it
WeRBEAE 13~ 18 mg/L B} 4 FlizfT T.OL T KRR
FEIRF 1.5 mg/L LIR, LBRRIEAREH 95% LA I,
FE 12 P RIFT T AR 2R B K U v
F 1.0 mg/L LA EyIE AL, J PR AT A 5k 5 e [i] Be
KRR 12 CLAT WL 32 38— 2 5,
AEfR B IR AR, W] WLAE MLSS 2 8 000 mg/L /2
A H AKX DO BTk AL T 1. 6~2. 8 mg/L T
RESCEE m A A LR MERE . B TARE K AR
WREERLAIR , JEAS R IR B b F K IV Zebmifls , A K 2 A
iKE] 20 mg/L DL b B 3 TG ORAIE H KRR E 3 #
1.5 mg/L IR,

B9 Hisfr TO AL EPRIERE
Fig. 9 Variation and Removal Performance of Ammonia

Nitrogen under Each Operation Conditions

(3) TN LBgIERES BT

WE 10 FiR, & T T TN 256 3 i oxt i
RIS B BERY 32. 37%+3. 13% B FH T3] 50% L) |-,
HEIK TN FRERJE o 23 ~33 mg/L i, fEfa @ ik 5] —
%% A HECARE (15 mg/L LT, Ui 7E RS MBR
TEMIERXT , 2t Z2 9 3 (B 2 404 X I 46
XA AR X R A X)) BB 35 PR IE A5

XY DO A&, e om B ARCR . 78 | 5 = 1 A el
WA 2 N TN KRRk, ¥k 8 50% 444, A
KA B A bR , BRI 2 th BUBFR LS ; M 5
A3 MM FX 4 F,IN EREFREER R, K5
60% L) I, K TN SF3(E 40 g ik 2 12 mg/L
10 mg/L, AP AR . Wy = 1 ARl
A 2 AR E DO E IR I 2= a4 1 X, R B IX
BURR 22 B4 21X DO &5 (DO J ¥R 47 T
0.6 mg/L ZE47) , X HE /KB U5 I TEAFE S, AR A
TSRS, S8 TN L%, B3
THAE 2 X DO FEAK 2 0. 48 mg/L, TN 2[5 R AH
PETHT 24.38% , UL IABA 2 IX 1) DO 44 il % B AU
e CHE, M T 4 FRMEBE TREN TN
EBRACR, oK BT AR 10 mg/L AT, I,
JKIRAR T 12 °C i, 38 3 35K MLSS 1] 8 000 mg/L 1
DO 14 = R AR PRI i 1 e

10 #3247 T TN 254k I kg
Fig. 10 Variation and Removal Performance of TN
under Each Operation Conditions
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R UL I T R s L S s Ak R g, PRIl
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& DO, A Bl 152 3 R s Ak SR Ak , i v 2 7K e U5
A SR R EUE C/N RS T 0 TN 2 Bk
REFETt .

(4)TP ZBRMERESHT

WK 12 iR, dEK TP i E N 2.0~3.4
mg/L B, 57720 1 F1 2 T HK TP B vk B 3 7
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Fig. 11  Variation of Nitrogen Concentration along the Process

under Typical Working Conditions of Multilevel
AO Process
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Fig. 12 Variation and Removal Performance of TP

under Each Operating Conditions
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PErbRmEtERE . AN AR R SR RSy B ke
B, K SS H i AEAE S A TP Tk 258k, B 7 5K
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N4 B N b PN R AR G TR, T K I 42 45 RO X
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(5 VR 5 by 1E— 25 5 AL B U1k B8, 76 O AIE H K
COD,, FIEEIRARRTEE T, A 3 i i e s 1, 74K
C/N KM TS TN LBREEREMEET

(3) ZE/KIRAR T 12 CHE, i i 42 = MLSS 1A%
8 000 mg/L, IR I 775 4, ZE#EK TN Ji = ik
JEh 23~33 mg/L B, figfe PR E 25 B %55 2] 60%
Phb L, S KA R 10 me/L 2247 TP 2R R 4g
15, FEHEK TP TR Bl 2~ 4 mg/L B, KFRFA
# 85% L) |, LI KA T 0.3 mg/L IYEK,

(4) TEAZ 55T A3l e ik y5 e Iml 3, S
B T VR MR B, RAIE KRR (B RIHE T 4 58
15 KRBT S AR K K 5 T 3 i R HE
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