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Study on the chemical cleaning effect of polluted membrane
by MBR process for hospital wastewater reuse

ZHENG Zekun, LI Jincheng™ ,JIAO Shuo, XIA Wenxiang
(School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266525, China)

Abstract: MBR process is utilized for the reuse of hospital wastewater. However, membrane
fouling leads to a continuous increase in transmembrane pressure difference and a rapid de-
cline in water flux. To elucidate the efficiency of chemical cleaning in membrane fouling re-
covery and to assess the changes in membrane performance before and after cleaning, the ef-
fectiveness of various chemical cleaning schemes on a membrane unit that has been operating
for one year was investigated. The membrane surface was characterized using Scanning Elec-
tron Microscopy (SEM), Energy Dispersive Spectroscopy (EDS) and Fourier Transform In-
frared Spectroscopy (FT-IR). The results indicated that a chemical cleaning method invol-
ving 24 hours’ successive immersion first in sodium hypochlorite and then in hydrochloric
acid could restore the water flux of the membrane to 79. 1%. SEM analysis revealed that the
impurities on the inner surface of the membrane were entirely removed after the chemical
cleaning, whereas some deposits persisted in the pores on the outer surface and cross-sec-

tion. EDS analysis identified the insoluble silicon and aluminum salts on the membrane sur-
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face as the primary inorganic compounds responsible for the membrane pore fouling. FT-IR
analysis detected a significant presence of polysaccharide organic compounds secreted by the
microorganisms on the membrane surface, which can be effectively oxidized by chemical
cleaning. Finally, based on the research results, the chemical cleaning mechanism of the
membrane was determined, and some suggestions were put forward to enhance the effective-
ness of chemical cleaning.

Key words: membrane bioreactor(MBR) ; hospital wastewater; membrane fouling; chemical

cleaning

P& Bt V5 K AE K L A5 A 6 T KA AEL R T ARk AR 8 , e o & — SRRk 75 e, an 45 Fh
259 THTE R ORI A SR IR S L SRR IR AR A R 7 (MBR) T2 b B S e 5 7K, 32 %2
I3 B R R T T8 Y 22 B, DR MIBR B2 L At — 2 b B T2 %o S50 81 1) 2 6k S AW e 184588 17 e
TG KALBR G 2 b

T =HEFCRHNER MBR T 2XH5 KA TR BEALHE, T2 [ H KA FEARAE R 500 m®/d, B
K EE T ERE 12 KM BB a i 7K . MBR T2 8RO K K BiRa 2 AH i T4 (AR By A7 A s
R 8 ) ol H A e ¥ /K [ FE AR R e 3 ) 18 A2 381 T — 2 B BRI L — S e ZE L e TR
Bt 75 7K HR PR R AP 2 4 L B4 v o T AT R i el At o, FA P 11 05 e o 9 7 o, 3 /K R BB DA B oy B P
S e s AT K AR M ) (5 ) 5 5 R e P L, R A 5 A A b T R AT R S A
PEHOMHE DR X TS Y RPIRAS S MLFE B A B . S EOE RO B 22 . AR SCHR I DA )R X SR TR
H A A RS 2E A 505 G AT o B P T %) B Y5 e A3, M A5 B 5 1 kO 2, A 8 v M ) T e 3k
FPL K MBR T2 GRS

1 SREMBKITE

1.1 SEEH
L1 1 SCEeHIBERE SRR

TRESR FH A= Ay v s 21 5, MR RE S AN 26 1 fTn . MBR AR BE3t b A 2 4 A7 min 3847/
3 min MYE”IRIERGS 8T 0217, 7 min AIEIBAT 7K 4 Brpl B BE U8 s 7K MRS MO s 1ok AL 3k A
PIARHEA TSR s 7E 3 min 8 My S0 ] ok RS H T Bk et 3 3 7K 3t 5 D04 A6 5 3 T s e W B 5t 7% » DA
TR/ %o FRE TR 75 4

F1 HEFERBTHEESH
Bt fLA/pm  SME/pm NAR/pm JEEE/pm JEER/(m' e m P ed D gk R/ (LR D
R GEKID 0.4 650 410 120 0.2~0. 4 550

MBR B2 1T 1 4FJ5 » B 1 A0 75 3615 B0 fin
i, o BRERH 3 75 R B A 2 RS VR
I RATRANERE IR . ARGk 20T T Xt
FEE 5 % B A0 8RR 5 A 9 % S B as AT ) R 2 4
PEATHORESE G, il 1 R .

1.1.2 fe5255)

ARSI 55 2R FH 1 Ak 2 35 Uk 25 7 Sl IR TR A
(NaClO) F#: R (HCD , ¥ Ry fh A ali, 1 3 [ 2548
PR AR FRA 7. NaClO By 36 4 Sk B (LU K1 MBR T2k
CLit)h 4. 5% ~5. 0% . FHZE /KBl A 3 Y0 BTH DRI W HCL ECH1 4 1 mol/ L f8 3 e VR s LAt S I
2= 1R 4R 4t




LR ] HOPEH, 45 BEBE TS /K B MBR T2 75 Yefb 23 Ue R 52 91

1.2 XWHE

HRAE R4 35 Y MR L AL~ T8 R R NaClO 1 HCL 4407 R 78 ¥k NaClO 32555 i 4 Ak
VEFEAL TS Y B9 HL 43 » HCL I 32 2 F R R BR LS F = A i URU L AR SEB SR A 3940 19
NaClO F1 1 mol/L HClYE RGBS WF 58 Sl F NaClOHC K 35 415152 1 T TERSCR
12,1 JEPERBIRE AR

XA 2 25 750 1 Ve A FE A AR ZEL 0 o R ek A i P e A 52 7 K o ARG 85 308 7K e G 0 2% SR 5 5 g
FAY3E 7K B A TR EE S E e (D TR IR TR .

Q] _Qz

R :T X 100% @D)
AR MEEAEUERCR s Q, M HIT LS IE VRIS BB /K & 5 Q. M HLTAL A IE PERT VB /K & 5 Q BT i

BATTIYIE K
1.2.2  FRA S A B R W 4R 4

Z: HRQ 23 21 2 8 0/ i BB T S A 5 0 g 75k ) (HY /T 213-—2016) , XA 2# 3 VR AT G B 25 £F
YR 22 34T Wi S A i B AN IR AL R A R T o DA 2 B PR R Y 224k
1.3 HEFERRHORLE

D) BERTIE 5307 R HPEE 28] Sigma 300 $94# HL - W 7058 (SEMD X w28 SR 4 i R DB 848 1k
AT 5T ML R 5. 00 kV,

2) BEF M TTE T R FHBETE /T (EDS) X i 2 T U4 A8 i o0 e A 43 # o

3) WSR2 T 3 A « R AR L AR 4 21 RS %A% CET-TR) % 88 3% 1 {2 ) 5 L 1 i 141 1 A8 sk
15534 AR EGE 2 4000~500 em ™' FESEFERECH 32 X,

2 BREHH B
2.1 HFFEXEDKBERNFRLER 70r

(=N
(=1
T

Kl 2 Sk ] NaClO, HCl #1 NaClO +
HCL 4 & 5 200 i v DR AR . SR B —
NaClO FIE— HCI(6 h) #Y ¥ BERER S B
A 12. 6% F 28. 9%, Bl B (] ¥E M & 24 h

W
(=1
T

2B YRR /%
=

30F
Je BV N 21, 796 R 45. 3%, ¥4 55 L
NIRRT R NaClO(24 h) +HCI(6,12 ol
Al 24 W) BB UERCR 53 67. 306.76. 804 o L T T T
79.1% . NaClO 3= ZAREE E AL AE HI X A L « 0\0“’%0@“\§ e C\@A\oAWﬁox&:gowg\;;o\ww
WIHEAT BRI B — NaClO XA 75 UL > Nc,xogado@;\;oom“
AR T8 — HCL XA 3 BERCR , 18 B8 1Y gt

EEG YIRS R . H i TR JobLEg
FEHAVRGR T 8RB R sy
A it NaClO KA WL o ik Fad i HCL 3 25 BRI H 9 JCHILER S W) o A BB 21 i A3 U2k
e
2.2 HEFBHIREYIEEEL I

s SRR R B PE, BAR BATHUE I RE ) ABAETS KR PRIE T, B A0 B Ik it B 4 2 e PR 78
A MTIT S BB 22 W 28, SN JRE B 7 K B KOK BT . AFFERSIB AT 1 AR R AT R IS 22 04T T 2R
A5 2 NI 20 A A2 L 45 2R AN 2 R

IR 2 PRl AT LAFE M 0 T I 22 1) - 47 I R4 o i 2 R T SR (3 P I ) 2 Sl L L
WlEAT 1 AR5 X A P B BE R 7™ A A S A R o {ELIR AL 2 T Vi 9 W S8 e 5 JBE 07 (R 24 T 6
S UL A2 TR 15 4 Py B B B AT — T 10 S0 T2 ) o I JHL 224 SR P ) 24 71 e 38 2050 o 92 Y6 ) A i

Bl 2 AR 7 = TACR



92 RO TR R 546 &

XA 2 HN . I AR~ I 2550 A M2 BEAD R 7 EEHAT IR AT S I N 25

R 2 LBk (NaClO-24 h+HCI-24 h) BT /SRR 1 se2s 4k

[ T VEHT HUEE
22775
VB S (R B /N B S hi i3/ % VT SR R /N Wi SRR/ %6
1 9.2 33.0 8.5 30. 5
2 8.7 31.0 9.1 31.0
3 8.5 32.0 8.4 27.0
4 7.8 29.0 6.9 22.0
5 7.3 25.0 7.1 23.0
Ty 8.3 30. 0 8.0 26.7
B 7.0~9.0 25.0~45.0 7.0~9.0 25.0~45.0

2.3 RERESEOTESIN

MGG B IE AT 1 AR R EAICHEA T A 2 24 7013 0, IR T VR A s B R WDIRZS AN 3 o, s
1 145 B T (0 748 o, R T (O AR G 2t i FH K e 9 7 XA 3 63k MBS B0 o 0 JBE 22 B (AT IR 5
AWM B2 i i UE R IR AR L BT IR AR IR 22 R i A AR B .

S T —

(a) BBE T (b) o2 5 Ve Bl 148 38T (c) 2 1 Y5 B2 T
SIRI VT4 SR A VeSS i

TRIBUIE TT AR A — BB 22 o (8 P19 L S0 RS 1 ) FL BT T UL L S 2R A 8T 4181 5 Bl i R 4
AT HH Ao eI 22 S0 3 RN R 10T 95 Qe 5O . ARSI R AT A2 i © R B i i
Tk BRI R ALBR S5 O B TR B ABHLB N (AN R A DUARUR R BLI BON B 2 B 245 1L
IR VERTAI N R I LI T — 2 IR A IR)= - i T AR U8 )2 B T AR ZUR  ZUR T R BER 4L
R B REALBRASH . X RILEAT 1 ARG, P as AR R NSRS TR B 1 5 Qe R DURR B AR, R T S 3
I BB RE IR KR T R L B TS Qe R A b B DT RUIRZS AN [R] , 7S ifT Hy T 4 T 32 IR, UC
YRR/ N ABARXT RS, I BB SN T FLBR A, MELIVE DE 23R s 7R N R Y15 QWA Z R ), 202
RS ] F4 R B0 T A B DL AR B LR HL AR A 15 R T A9 45 5 580 o DR AR X 25 5 e o Ak~
VERIITIL R

P 5 DA i I 22 A3 TR PN R A L B TR . AN T 2 A s i vk e B T LB
454G B BB N T AR L FLIR TSR B A TG e T, SRy A B 28 B S8 R R IR A L X 8 T LB M A
IS BIBG s AR TR VERCR WIAR T W12 . FLBRZS A FEAIR A BT IR IR A, FEAS BAT Bk B A 75 e 2%
[t BEAS SR FLBR A5 o el LA A=l e v 28 £ 2 O3 T3 DERICR B 22 L 10t iy T3l
SRS R A ERTE B AR SLBRIRAL  FHAENRFL R T B T MELL S AL T iR A DT =



5 R, 45 B B TE K M MBR T2 375 Ye b S0 DE SR IR SY 93

g '47114“??1.
“"\ f{(, 4

>

(@ W%éﬁ(ﬁkjﬁooﬁf)
R 4 LT O B

(c) RO K 100045) ‘ (d) Wﬁéﬁ(ﬁkjﬁSOOOFE)
B 5 Az v is f 3 e E g

2.4 BEREUZFTESN

# 3 AIEMANR IR ICER A AL TEVE AT A NSRRI DY) & ALSL P Ca, Fe LR IE
AL i NaClO+HCT fAE2A3E e B N R UL 30 LB ST G 3 BERCR B B . T
SPRTTIRFR A ALLSi 8T R, UL Pt K AL I B 15 0 FAR 2 1 B D7 20 LTS 22 5%



94 RO TR R 546 &

P I L 0 TR 2R RR B 1Y) 3 BEEAFTZAR %
i S e o NP T P S A B B fk¥E® C O Al S P Ca Fe
HEIE LA S EY . A % B 66.20 14.16 2.88 3.21 7.02 3.32 3.21
EMRBE R R AR EGEI T 5 s s e 2s o
Yy, SREREEG 18N AP R T B 66.46 10.79 3.06 270 9.40 5.23  2.36

KL FZERES R A® T o g e
B (R 0, 7 4 22 T S LB A T
T — B B A LIS IR S AR TS 4 S AN A AT B 1T R S TEHLE T4 T 2 1L,
B TG T AL 5 LR A
2.5 BESNREMILIMEIE S

] 6 A T AL Ve 5 BIZE A A L 7 29302850 1480 e A HH B R O 3R 068 , 0 S
R 2 M WIS BRI o A2 085 DR XTI 9 TC 08 (3

BB 3600~3200 em ! AN WEEE O H GRS T b0 2 AR 2B 1) OH L B
Sy B4 T8 S 2 2 A SR T A O—H B s AE 8l 1150~950 em ' bt BLAY SE0 C—O £
04545 S0 17 AR T C—O—C P MR £ 7 1650 em ' AbRRIEFR) C— O J& C = C 41
TR B0 , 1 B0 2 T 2R T A7 7E K O MR IR0, 2 28 1AL WV e DA Tk 1 R i 1 34
W 4 U T 2 5 A A W T DR A 0 PR T 72 2 B 2 B KA LTS ey T
AL SR B

3 BRUFFRIE

AR AN [ B4R 27 0 7 SR AT DRALCR LI SR Ve i o JE A A, W LA T figp 7 Geid e M AL i e Y
PLEL UNIE 7 frzs . MBR BRI A v il T A DR XK o B9 L . SS. A= 1 K JEHL
TRV B TS R B IR 22 AR R TR B AR AALB N . B A BUE A L
PEAT RS A TR 230000t 5 A 2SR LSRG ik Se )y JS A RS 11 S 1 K g e it e 28 0
WG o AR AL B B A A S e S A & B3 A S K B e 0k . X S B i A BT AR
X ) LT TS 2 | 5 B I T 08 e K A

(| mrizss 5ok m wEmEmEE| )
o N\ AN SN & \ L
ulk " f@oﬁﬁ VIr L~ ST il . 4o
110 F . o1 b - (9717 ¥ - Q9T Vg LOTITH
N g ! 1/ S ads 9 WH %
—lo!l o | 1%ams p: ¥ - p p=
100 F § § ‘ § E \',/( 5 || ‘\:\;':l;/': :\/‘:ﬂ: 4 b/ \‘\\’:\; //;/l
T Y N S = 7 minfinE 217 3 minfE & Wik
°\\° 90 "=~ \II" 202 = —C=0 | =
:5 jng }‘ feATE vk [\/vCAJw ‘i
A L —NH, | CH,OH | ! yETL sz oo
% 80 ‘”‘ o OO e | WA FI0%E R (D
| o f e En” \I e
0r |f zm " /f // s /l [ > NaClO
olls / —uen By g m| R
60T Qi Re—— e CH @ KBITE py | " [
I ) ) n
ale iy ALY \\ o, 4 N
50 1 1 1 1 1 1 ] z%ﬂ‘ \ @ ‘ / \
4000 3500 3000 2500 2000 1500 1000 500 FebL: wH < i
WK/ em™ -
Bl 6 MR VR /S 1) FT-IR [ Pl 7 LTS e AT DAL

A2 e X BSR4 75 e W 2R B R AT AT B X P A Al 27 o i R 5 B . XA ML A3 8 ] Na-
CLO, 38 3 AL A B0k B A B T A9 B2 I AN BILD) » () Il 2 5 T 285 9 <6 Ji 8 S A 300 0 ik 5 o i
TR TCHLICERY , Z22R ] HCT SRR AT B i i xof <6 J R S RO R BE VA A 1 RE B B8 JE ML TS 31



LR ] HOPERR, 45 BEBETE /K B MBR T 255 Y fb 243 DRI I 52 95

FrRIERER.

NP 7 R BT G S TR VR AR F2 22 Mo i LB SR BRI JCHLER S R BRACR I R i L A 1t
Ve B TS R A A DR SCHE . BEXTTCHLER BOZE UK I 22 20 RV i A LA I AR PR e i A s AL
5 LB {5 Qe ER R A Al O L R LA TR VR RCR I B 2R AR

4 ZHig

1) MBR H 45 £F 4EJE 4 P9 AN TS Y )2 25 A AN [R] L 1205 e 2 i S5 IR 25 5 B L AL 24T TR SCRAIK 1
PN 275 e 2% o 2L D BT TE ) QR AR e I B AL A Ve 25 Bk

2) PR A2 Ve SRR F NaClO #2fih 24 h IETESCR N 21. 7%, Bk A HCL ik 24 h 197
VRBCR A 45. 3%, Uk B ICHL TS I5 2 52 i JS0od K 3 o T R 19 2 22 X5 SR NaClO—+ HCL AR 42 ik 24 h
Ji s BERIEVEROR R 79. 100,

3) XFHEWEVERT S #E1T EDS Hil FT-IR AT, AR 5 YL 9 T 250 SicAlLLP . Fe.Ca 5%
BT RS AU T A A AR W 2 W2 I e A2 kIS L RS T AR B A TE LR 28
By SiR AL £E A HLZ S Yo 7S B s B

£ % Lk ( References) :

7
e

[1] YUSY.XIEZH,WU X Y,et al. Review of advanced oxidation processes for treating hospital sewage to achieve decontamination and
disinfection[ ] ]. Chinese Chemical Letters,2024,35(1):166-178.

[2] KHAN A H,KHAN N A, AHMED S, et al. Application of advanced oxidation processes followed by different treatment technologies
for hospital wastewater treatment[ J]. Journal of Cleaner Production,2020,269:122411.

[3] LIUQL,ZHOU Y F,CHEN L Y,et al. Application of MBR for hospital wastewater treatment in China[ J]. Desalination, 2009,
250(2) :605-608.

[4] MENG F G,ZHANG S Q,OH Y,et al. Fouling in membrane bioreactors: An updated review[ ] |. Water Research,2017,114:151-180.

[5] PARIENTE M I,SEGURA Y, ALVAREZ-TORRELLAS S, et al. Critical review of technologies for the on-site treatment of hospital
wastewater: From conventional to combined advanced processes[ J]. Journal of Environmental Management, 2022,320:115769.

[6] ALSALHY Q F,AL-ANI F H,AL-NAJAR A E,et al. A study of the effect of embedding ZnO-NPs on PVC membrane performance
use in actual hospital wastewater treatment by membrane bioreactor[J]. Chemical Engineering and Processing-Process Intensification,
2018,130:262-274.

[7] TIAN C X,WANG H L,WANG L N,et al. Unraveling the mystery: Extraction and component analysis of irrecoverable foulants of
end-of-life membrane from large-scale MBR[ ] ]. Journal of Membrane Science,2024,693:122400.

[8] ZHENG Y,ZHANG W X, TANG B, et al. Membrane fouling mechanism of biofilm-membrane bioreactor (BF-MBR) : Pore blocking
model and membrane cleaning[ J]. Bioresource Technology,2018,250:398-405.

[9] GAO T Y,WANG D P,XIA L C,et al. Unveiling the residual membrane foulants in full-scale MBR plant after chemically enhanced
backwash: Insights into microbe-associated compounds[ ] |. Desalination,2023,551:116421.

[10] WANG H,LIU Z W,LUO S,et al. Membrane autopsy deciphering keystone microorganisms stubborn against online NaClO cleaning

in a full-scale MBR[]]. Water Research.,2020,171:115390.

[11] CAIW W,LIU J Q,ZHU X H,et al. Fate of dissolved organic matter and byproducts generated from on-line chemical cleaning with

sodium hypochlorite in MBR[J]. Chemical Engineering Journal,2017,323:233-242,

[12] SUN H F,LIU H,HAN J R,et al. Chemical cleaning-associated generation of dissolved organic matter and halogenated byproducts in

ceramic MBR: Ozone versus hypochlorite[ ] ]. Water Research,2018,140:243-250.

[13] GAO W,LIANG H,MA J,et al. Membrane fouling control in ultrafiltration technology for drinking water production: A review[ ] ].

Desalination,2011,272(1) :1-8.

[14] RESOSUDARMO A,YE Y,LE-CLECH P,et al. Analysis of UF membrane fouling mechanisms caused by organic interactions in

seawater[ ] |. Water Research,2013,47(2):911-921.

[15] MINIER-MATAR J,ALSHAMARI E,RAJA M,et al. Detailed organic characterization of process water to evaluate reverse osmosis

membrane fouling in industrial wastewater treatment[]J]. Desalination,2024,572:117128.

[16] RAHMAN M M, AL-SULAIMI S,FAROOQUE A M. Characterization of new and fouled SWRO membranes by ATR/FTIR spec-

troscopy[J]. Applied Water Science,2018,8(6):1-11.

(EZH A TRpesh; ELREF  F2UH)



