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Table 1 MBR membrane fiber parameters
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Table 2 MBR online chemical cleaning process
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Fig. 1 Schematic diagram of the experimental setup
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2.1 JBEKKBRSH
VK HEROR i & 2023~2024 4F H SE44F
KA WLF= 3.,

k3 R HE K HEA AR A R 2023~2024 S A ¥ 8EKOK R
Table 3 Design Intake, discharge standards and water quality of 2023~2024

e COD BOD; NH,-N TN SS TP

Btk /(mg» LY <620 <280 <55 <65 <350 <7
— AfRfE/(mg s LD <50 <10 <5 <15 <10 <0.5
2023 4E A kK /(mg « L1 742.01 321. 24 61.76 69. 28 353.76 7.37
2024 4 H K/ (mg « L1 769. 44 362. 37 68. 93 76. 42 357. 96 8.20

M 3 AHMER 3% ) IR T I K 75 Qe vk
ATH FPEL AR IR PR, EOEAL A . AL
TG YL il R 28 L 2024 4F COD 1 BOD; 243 3]

R BEHE R 24 70F01 29 76 SHAE Y R GERI LR K
rhiti o [ 05 e ) R H 25 0 e, 20 A (NH; - ND
FLE CTND By R b 553 B3R 2 2506 F1 1826, X4l
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Fig. 2 Variation of normalized membrane flux in

actual engineering operation within 7 d after CEB
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Fig. 3 Variation in normalized specific membrane flux
recovery rate and water permeability before and after CEB
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Fig. 5 XRD patterns of MBR membrane surfaces (internal/external) before and after cleaning
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Fig. 6 Content of major heavy metals and metallic

elements on MBR membrane surfaces (internal/external)
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Fig. 8 Raman spectra of MBR membrane surfaces

(internal/external) before and after cleaning

TR AN P A SRR L o3 AR B — 1 ¥ e ) A 55
SRR N — 2R AHZ R R AR P (R AR
TR BRI A ME G2 X 2 R B H AR E
(5% B ) S BUB M RE Gk se K JF 5] & T Y
P A AR A B
2.6 SEYTEEHIBNH

7£ MBR IR HLIS e 4R T5 e )
TCHL AR R 2o A R Al 7 AT, iR A5 A
= AL AL A S AR R — A AR A ) 9
PEZ. A AR A 1) K & EPS/SMP &
—COOH., —OH % RE 7 , A i Fe v 5 22 2 41
Cd™ AsOf" FEEBE T AN - & B& &
Yy ik BEEAAE T A L) B A G A0 TR By e R T AR
WK T T E 4 Jm e E AR R ik FTIR
Al Raman S8R SE S0 A MLIEDEZ  HLBERCIR 25
F R A/ N B EE 4 SR Ak (an CdS) sk & 48k
ViRt FERAE b, X 2 3 XRF RERINE] Cd
B I 5 o L XIRD 20 A1 b 1 ol 28 177 s ARG 11
FERE T B 25 5 s A ALY R B R R A SR S A
AL TSR NG AE S HESEA RS
T BN AR M 1) 4 i B A X R TR P R B
T AW G A O T 4w O ML TS Y g
{RIE s AL 2F 35 e NaClO S8 AL PR VeI 1E PR i A
ML RIS . SR A A DL - 4 B 4 A 45 . 1
T BB T A R B X i S I B A S
PR A ZH 4 (i P (B Tl R K 5% B 4 (i
W.Ge) ,££ 5 54 B il ™ ¥ & Az Z R N s A
& B KA AE B Y (dn XRD 15 3 98 )5 K Y
GeP,O; \MnAlF; 58), iX S 30 T 15 P B0 1k
M AR R EORER
2.7 IRAELEPEBTENREBRLEE

HIRFSE #8757 MBR B 5 4t 2 — 4> il A 4L
Yy ALY N 4 R 5SSO U SR A RIS YR &R
%) A Y CEB (L RE bR B Z B T5 44, 5% B 1
HEE A ENCNTG Y A 1 i, OB RE
MR, CEARRE RIEVEH Y, FE Tl A5
YUHLIHE 53 Uk F BOaE ARG W G I, AT N R RS
B H R R FUAE I SR T

FHEPEEEE X5 YW BUE Ak, kR
B A BILEE I )2« I B 1 TE LR 7 w0 25 DT
TR R R i R AR 3 R PR TR
PR, A 120~144 h #F7—R, R 1 200
~1 300 mg/L AY NaClO & &, 7l 30 ~45 min,



414

TEMGTESE SR PN 1R R MBR JIRAZ 575 JpL A U I - 103 -

BEN AN PR d S ey A = DN A <]
PLEEME , BH 11 HA% FE LI R o 4 SR A2 5 07 251
AU A T Bk B 1~ 2 Rl el e kKR /TP
Febrdm e i, 76 NaClO 5 . B —k 1% ~2%
(BT 3800 B Fr A6 IR 15 WIS Uk - 1290 20~ 30 miin,
HAZ U B SR A B AR AT B R B 1k
SR MBS AV w852 G35 . A W D 31 85
J1(TMP) iy L TR it 2 kPa/ K, sk f558 i 767
VEJE MR B2 R FF AR T 95 %0, N7 45 S8 5 775 Uk 8] b 2 57
B fih 2 oty B R VR
2.8 BEFIEBERMUREHIREFRLLN

ES

J T EEXT T2 I+ CEB F B Ak e ms A
R S PEAS SIS R A0 )5 L T % L T DT Tk T R A
Ak G TR TR T R REETS Y s ol . il 9 &1 10 s,
L9 Gy A, I e 7 28 5 ok FH Rt Ak 3
WITERR S U R4 B B SE bR iz 7 HL A L Y
TH VR AR T AR I R RIS Y R . TR
W7 dpysts A Ak R B R R A T
JRJ7 %, 4G S P R ol 37. 23 L/ (m®
h) R 2 32. 80 L/(m? « W T} 13. 5% &
JEAZE R e fb iy Rl [ 11, 78 L/(m® « h) A4
FHEAFEL9. 51 L/(m* « hH JWIRFIREY KE
23.9% . FEABATIIE] . PEAk Jr 2 07 25 53 ik
F20.93 L/(m” » h), LIRS 16. 22 L/(m”
h) E 29, 0% X B RGE KBRS T3 =
B B E ST . AT RO T A RO S
TR YRR, DR GRE o E, 7 d NI TR
W R 7L 0%, it fb 5 2 N 68. 420, tHXT T
R 0 5% . FF SRS 1T R0 H (AN 35 — R 358 —
AT R R (17, 170 BT
T5(26.4%0) . XWAIE T R ALTE e RE A SOt i A
B B8 11 5T 20 45 A HILBE I » L LI JE AL, ()
INF o JEIAME S A B4 62 R Al BV e Bl v il 17 DRI v
FERACATT BRI » B 1k 5 A PLEE R 245 6 T8
i LA B i [ A2 A 3 X s A7 iR A T 2 i
18 B AERE DU R B I AT LA B EE

P 10 B R B X (As) Vi (Cd) 45 iR
G JE L LARRE (SD 4 (AD S 5 8535 e R Ak i vk
T EHFRI N SR L BREE 1. LN TR R
B, A BRIk 75, 400 R L PR E IR 62. 5%, fEAN
BRI SRR BT 2 B R 2B 1R 1880. 800
FREBRARIK 62. 8%, X HALKE T Mt + A b+

SRR AR BRI ASS 2 A% O LB < R I o 2 19
NaClO # AT VA B 72 B8 )8 1Al
BRI FE T (AR ERIAR BN 5 1M S S PR AR AR
PR UENI I i 2% G v A 0 R RO I e o T
N As Cd LA R TCHLR AR I (T2 2R or 2 Sic Al B9
WGP NIRRT HE . 3R RN AN JOT RS
g [F) AR AR - R W 2R S B T X A 15 Y2

R AT R
40
. RSB A
35F ™, o ARAJE R TR T S
~ b B
< 30f L "
" .
e/ 25 ’777777,77&”(\,;;' 777777777777777777
I 20F L
2
= I M»
ol o

0 24 48 72 96 120 144 168
] /h
&9 CEBJ5 7 d WEERR TR B AT 0 br e Ak IR e £ 28 1k
Fig. 9 Variation of normalized membrane flux in actual

engineering operation within 7 d after CEB

100 100

90} 7 B Ganam 190
, = jinman 80
80F b 1 [ R 1
= 70t
j=19]
~ 60}
=lo]
£ 50
ig 40f
&1 30}
20
10t
0 \
KR BEELEx EELKEK EEXX
pEPE pEPE pEBE pEpE
As Si Al cd
Bl 10 #EvERTE MBR ENANE R EEES)R
MEEiESE

Fig. 10 Content of major heavy metals and metallic
elements on MBR membrane surfaces (internal/external)
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Mechanism of composite fouling and optimization of maintenance
cleaning for MBR membranes

WANG Haiyang's, WANG Weihong', LOU Qiang?, WU Yiping*
(1. College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University,
Urumgqi 830052, China; 2. Xinjiang Kunlun New Water Source Hexi Water Affairs
Co. , Ltd. » Urumqi 830000, China)

Abstract: Overcoming membrane fouling is central to ensuring the long-term, stable operation of
membrane bioreactor (MBR) processes while minimizing energy consumption and operational costs. The
mechanisms governing fouling regeneration and evolution following online maintenance cleaning (CEB) are
particularly complex. To elucidate the fouling mechanisms in an A?/O-MBR plant in Xinjiang after four
years of operation and to optimize the engineering cleaning strategy, this study systematically characterized
membrane foulants using scanning electron microscopy (SEM), in-situ Raman spectroscopy, X-ray
fluorescence (XRF) and Fourier-transform infrared spectroscopy (FTIR). Results indicated that inorganic
and heavy metal foulants primarily consisted of Cd, Si, Al and As. The organic fouling comprised a
gradient composite layer with a gel network of proteins, polysaccharides and lipids stabilized by a
recalcitrant aromatic framework of humic-like substances. A dense residual layer of cross-linked proteins
and humic acids on the membrane surface post-CEB was identified as the root cause of rapid fouling
recurrence. Based on the mechanism of this composite cross-linked fouling network, a precise cleaning
strategy of “oxidation-dominated, acid-assisted, high-frequency short-duration and on-demand triggering”
was proposed. The optimized bench-scale protocol effectively mitigated fouling, increasing the average
membrane flux by 29. 0% compared to the original, and demonstrating high removal efficiency for scaling
elements. This enables immediate flux enhancement and fouling control, providing theoretical and practical
support for optimizing full-scale cleaning strategies.

Key words: MBR process; membrane fouling; chemically enhanced backwash (CEB); membrane flux



