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Off-line Cleaning of MBR Hollow Fiber Membranes Using Ozone Micro—Nano
Bubbles
YANG Tian', WANG Liang"?, ZHAO Bin'?, ZHANG Zhaohui'?>, GUO Xiang'?,
GUO Zhixin'
(1. State Key Laboratory of Advanced Separation Membrane Materials , School of Environmental
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Abstract: To address the environmental issues associated with harmful disinfection by-products
and the disposal of acid/alkali wastewater generated during traditional off-line chemical cleaning of
membrane bioreactor (MBR) hollow fiber membranes, ozone micro—nano bubbles (0,—MNBs) technology
was applied to the off-line cleaning process of MBR hollow fiber membranes to investigate its cleaning
effect and optimize relevant parameters. The results showed that the cleaning efficiency of O;—MNBs was
consistently higher than that of traditional acid/alkali cleaning methods under the same cleaning duration.
Under the conditions of ozone aqueous phase concentration of 5 mg/L. and cleaning time of 120 minutes,
the cleaning effect was best, reaching 96.6%. Furthermore, to address the issue of uneven internal
cleaning caused by increased packing density in membrane modules, the layout structure of the O,~MNBs
injectors was optimized to improve the cleaning uniformity. After optimization, for modules with a packing

density of 16.7%, the cleaning efficiency increased to above 90.5%. Even when the effective fiber length
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was 60 cm, the cleaning efficiency remained above 88%. O,—MNBs is an environmentally friendly new

cleaning technology that can be used for off-line cleaning of MBR membrane modules.

membrane bioreactor (MBR);
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off-line cleaning; membrane fouling

JEAE W) R 2% (MBR) I K AR e iz 12 2
PRI 2R il 24, o s e ) R R g8 s XX —
SRR, H A R BCH AR R R T e s
YU REIE R AR NN SRS . RS RN BT
PR i A Ak 2 Bk 0 e i O i O S T A A2 6
o AR MBS ], B Uk T 40 4 BRI Uk
LA Ve P2 b i E X Al s e B R
U 1) L BRI ARHE LA 0 B AN ol 395 Je ) 5 5
N RE WG TS e 1 Fe I R B L BRACRS, SR
M, A% G Ak 2405 U6 R B R 24 700 AN (S0™ A= A 501
BERI ) I TG R R AL B R, T R
e H = A S IR A E I VR T TR O
Hh s 21 A OB RL T EL A B I Ak 2 R D SR SRR
(0,) FLROTHVRB AL T A . 1N —Fhom A1k
I, B4R T 3E i BB AL AT - OH A 5 T 422 SR Ak XL
HARFRBEARA LTS G, DI A R il s e

UTAESE , AN R S0 (MNBs) R H: 5 e e i
F5 A A VROAE 5= B I R) | 8 %) SR T e AR DA R A
B IR LT Z BTz e R R
B, MNBs 5 5 £ P RV, 78 1 K Ak 3451 35,
JEBLH B RPN M E " . FHER TEg R A KRS
1L (MBs) , 0,-MNBs {4 2 ELA T i 1 A% T R 48
A W T R AW AE IR SRR, X4
PERE TS 0,-MNBs £ A RE B3 AL VR RUR , T ik
B B2 B AIG b 27 25 700 X6 IR B8 B9 A RS2 R . Rafryanto
ZE2R ] O,—MNBs 42 28 5% B % B S it i 22 4 h 35 1k
Ji , BEE H R R R T 24

25 H R E RS O,-MNBs 4% R 5| A MBR H23
ST L R0 B SIS VR, RS 5 B T TR
i ] B A 5 35 G5 S BRI TR SR R 5 1) 5 TR
ANFE 7R S0 AT UK B S A A M S G
PRACR A N FEMLT 5 38 L L1k O,—~MNBs B 53 25 1 25
) HEA , T50ve o YR 70 28 B S A 2 1 P 3 3 e N
5 AR A0 5 25 G VE Al 3 DR W X0 28 U R 1 5
W, IF I R H R 2B AT, B AE IR B AR T
FEAL N FHER AL BRI 48 T 5 R S8

hollow fiber membrane;

ozone micro—nano bubble;

1 MHE5F%
1.1 KR

JEUARE K 24 it « vhas 2R 2 R FH TS ) MBR B0
Ve U8 L H (%) PVDF Hhzs 2 4 5 OB, 22 42
J92 mm, AN 1.1 mm, FH LA 30 nm. #7452
e AR R AN R T USR5
FHEABR A,

S WV LH-DO1F 15 5 42000 AH e B 4G
A R RE TR 35 BT100S W B RUE S A2 7N 17 MLS—
A-1030G I LA & A= 4% . TR AR IS ZJC-NM-200L %Y
(e R SRy 2
1.2 BRAHHHE

R LA, B 50,100,150 #R Hr s £F
o 55 FH PR S B BT P9 AR R 60 mm Y [RIAS P9, 45
THFEEE DN NS 6% . 11. 1% F1 16. 7% K = F
FEEZE A A K B 43 501 R 20,40 FT60 em, o rfidE
T (D) SR P s 2 i T RS A B2
7 T T AR A
1.3 HHRIRIE

K JHE /R S Masterizer—2000 380G AU & 75
VR P S B RLAR 0 A . SR H 3754800 13 4
FL - S AU (SEMD) X AN ] 35 70 285 WS 20 4435 Ve il J
()RR 1T 75 4 )2 TE R A T 3RAE , 43 BT O,—-MNBs X []
— AL A S SIS TR BE 22 BT VR AR
1.4 REEBERFX

T2 6 T FH 2 42 ) T 5 A 52 56 % RAR ) MBR
RGP ETE— G PRRE (B EERET ),
WU VR B LT VEXT 4 . MBR th2s £F 4R Y O,
MNBs 525 4k 1 e 3% 8 3 2 | B2 ANk S
W R A AR Ve S we R (IR 1) o R R A
AARR AL R 99% RIS, T I/ 5 & AR AR I
RPN R AR . TR R R A 3 DL R4
SRR RN 150 mL/min, ARG IR 7
2 Limin, BEYE VR RV #5 9 E R HI S BE AR A
K AE PB4 ) 38 PR T B A (20+1) °Co Vg N
T GE B 25 B TR AVE A i TR

« 32 .



www. cnww1985. com M W, FMBR PR L6 S A R SR B X E e ok %4245 F3H
FEZK IR 20 °C VSR & 0. 2 Limin RS
»mj e AV BE 2 50 meg/L IR IRFR 4 LI S5 1 F AT,
i | o o B0 5 2 ST WV A S SR ORI e
it R R 2 AR A BT FEATRRI . 0 (4) A
ﬂ (5)FEAFIEL AT 435 K a
2 mRLitik
S [l 2.1 ORISR RAE R
AU SRS WAUK SRR RIS DRSO 2% 2. 1.1 AR RS S A
B 0-MNBs BIAEM RETE R B K S 2 2 S T VR P A B K

Fig.1 Schematic diagram of O,—~MNBs off-line cleaning
system
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Fig.2 Size distribution of micro—nano bubbles
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Fig.3 Cleaning efficiency of different cleaning methods
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Fig.4 Effect of packing density on cleaning efficiency
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Fig.6 Impact of injector layout on cleaning efficiency
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Fig.7 Schematic diagram of injector optimization for

elongated membrane modules
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Fig.8 AFM images of membrane surface
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