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Membrane Fouling by Secondary Effluent of Urban Sewage and the Membrane

Properties

MENG Xiao-rong' , ZHANG Hai-zhen' , WANG Lei*, WANG Xu-dong®, ZHAO Liang’
(1. School of Science, Xi’an University of Architecture and Technology, Xi’an 710055, China; 2. School of Environmental & Municipal
Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: The fouling behavior of UF membranes by secondary effluent of municipal wastewater was investigated using both original
PVDF membranes and PVA, PVP and PMMA modified PVDF membranes. The results showed that the structure parameters of UF
membranes were optimized by blending; PVP and PVA could effectively improve the hydrophilicity and permeate flux of the
membranes. The hydrophilicity and structure properties of UF membrane had stronger effect on the anti-fouling properties. Pore
plugging resistance was the main reason for the unrecoverable fouling. For UF membranes with stronger hydrophilicity, there was some
flux reduction in the initial filtration, which was attributed to the formation of concentration polarization layer. However, this layer can
be easily removed and the irreversible fouling index(r, ) was 0, thus guaranteeing the membrane a better anti-fouling property. The
dense membrane surface could prevent low-molecular-weight pollutants from entering the internal pores of the membrane. For UF
membrane with fully developed macropores in the cross-section and loose spongy layer structure, pollutants deposition to membrane
internal pores, which would cause membrane pore plugging, could be effectively inhibited. In contrast, for membranes with porous
surface and not fully developed macropores in the cross-section, pore plugging was more prone to occur. As a result, flux declined
seriously and was difficult to be recovered by physical cleaning, which gave rise to the irreversible fouling.
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SR 5 7 A B A (] PR figp R H R ZK BT
R —Fh E BR A, (EE S Yl R A T
Wit EEA B ARG T, AR 2 T R BB B AR A T KA
AR RISl SR A W R SR T M
BARRAACTRES K FPERE , $2 DR IR T e A7
[ RIFSE — B K b B AT A W T R 2 H O
75 AT oA S2 e UE AT 5 | HRZE AL A AT R R i
BRI T 15 K G AR e oy 2 2%, o 1
SIATE R, B G K SRR S e A AR G T 5T
GERRAEG —. — St sE R, K kA
KPR RE I TS et R T 20K PR, Hax g i
FEALAE AL RIE DFZ 44 T ) T Shen %57 A B 5T
W 7R  AESR KA PVDF SOE IR b 28 K P i 5 | kS

PR3 T R bR, T 0 S AR R A g 35 Y BE
AR A TRIESE T X — I8 45 .

PVA . PVP Fil PMMA 2 3 Fl i AS [a] A8 35 7K P
REYMEL, ATE BN T 2% PVDF M JE I
8 R R AR AR R RE S0 (B G HAE R BB T
HYY AR A RS — 8L AR5 DL PVP,
PVA Fll PMMA fE A a8 5w, 5 PVDF /) N, N-
T HEERE ( DMAC) % R, 18 0 DUIE AR FE AL
s HER: 2012-07-30; f&ITHHA: 2012-10-20
EL£WHEH: B X H KRB %% 4 0 H (51008243, 51178378,

51278408) ; Bk PH 44 Bl ¥ 4 & A B T & iR W H
(2012KTCLO3-06) ; BEVE44 Ak i BHH2 01 H (2011) ; 7§
LT AR IX B H (GX1105)

EE /Y. TR (1966 ~) 2, Wit 3%, FEMIR T NREY
R B 5385, E-mail : mxr5@ 163. com



5 e BESRAE ST 5 7K G KR IS Gt 5 R RO I 5T 1823

WL T 5 B EA A R R AR S OSSR Y
LR ERE BB, LIS 757K “ KON R R 3R}
PVDF 8 [ D S 45 440 55 P T A ), BT I 182 114 5
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1.1 SEEkE

21 5. 2 K ( PVDF , solef, 6020, FbF B 758k )
RMEWE(PVA,18-99 , Sigma) ; & I LR 445 82 1 i
(PMMA, C140, Sigma ) ; % Z ¥ Nk M %2 B ( PVP,
K30, {8 [¥] BASF); N, N-— H 3 2 [ % ( DMAc,
AR); LiCI(AR) , L/K ZBE(AR) , KRR RK; 4
M (BSA M, =67 000, FifEiEZ),; 281K
PO 22580 KK TAE R SR, 9 ihok a2 de
ARG KA B AR R L 1.

R1 AT RH KRS

Table 1~ Characteristics of secondary effluent of urban sewage
" ss coD TOC g HX 5 4S54/ %
M -1 -1 -1 pH T
/mg-L /mg-L /mg-L /NTU <30x10* (30 ~50) x10° >50 x 10°
BUE 10 ~20 18 ~27 8 ~10 5~7 4~10 64.6 19.4 16
1.2 PVDF @B & KBBEEE T,
PVDF B[R ] £ 75 152 BOCHR[10]. 7E5T [ ()
wl T
At

080N 78% DMAc Ml 17% PVDF B4R &, 43 5]
PRI 5% 1) LiCl, PVA | PVP, PMMA UL )2 3% PVA
+2% PMMA | 3% PVP + 2% PMMA. J8 X5 N 255 53
W . P (PVDF/LiCl) . PA ( PVDF/PVA). PP
(PVDE/PVP) . PM ( PVDF/PMMA) ., PAM ( PVDF/
PVA/PMMA) . PPM ( PVDF/PVP/PMMA ). ¥ ii1%
R EWIAWT 60°C NP 20 h, 78 60°C A HLAS
FE 8 h e, =, AT VR 40% T, B 55 B
(O EITE T ¥ T L T PR B B B AR L, FH VR i [
JE 200 pum i 22 (1) B4 i B A4 12 24 50 D AR 28
AT 5 s B BEREHUI A 40°C 1 25 B 1 /K Bk
et b RERE AR I RITR 5 B B A 5 B K
TR SRV, LABR R R AR MR BRfk 2 ~4 d,
#H.
1.3 G HFITERE D

FAH F AR L ER T 25 44 (SEM, JSM-6510LV
JEOL, Japan) ; 1 J5 8 20 52 AR AFLBR R (&) U
B W 5 B L AR () L SR KO i A I R A
( Datpahysies-OCA20 ) i 5 422 fill /i (WCA ) .« 2li K,
5 pL,CCD B BB AR 25°C FillE. A3
1 g g SE AR ( FILGUARD-311) 1l 58 s —
HLE (FBP) FPE IR (ABP) ' BN .
F-EAZbuE 1AL (HDO21INS ) Wl 5 AL B2 (S) , K
FETE .1 cm,{(;lS Cm,;éEE:IOO mm,i‘MEFEEE;IOO
mm - min ",
1.4 B iETERE

3% 375 P B8 FH B8 i 8 18 X %6 . KRR I
25°C ARG AL 1.5 x 1072 m*,0. 15 MPa fii
JEO.5 h, &S, TAEES 0.1 MPa. IR (1) 154k

A, g oNaiKGER [ L (m?-h) ~ ] VoRE Ak
WRU(L) ; A HARGEIEE A (m®) 5 ¢ A ast A
(h).

Dizt (2) 78 BSA #% 8 % BSA ¥k
gL', TAEES 0.1 MPa.
R = (1 _ 2 )x 100% (2)
Cy +C]

1, R O BSA #B %5 ¢, b BSA R ; ¢, M
FREBWORIE ; ¢, MIBELWIRIE. IR %
ARG (UV-2100, UNIC) 7E3 K 280 nm &b
st
1.5 KBS G5 Hr

FTS Y880 b G KBRS YA T ok, o A
FE0.1 MPa F#E4T 5 h V5K 38, BRE 5 Y4850 r,
S LIRYS RO Y, IR by~ N I BURCECE =3y
WL IK IV TCIE B AN T 30075 e dR 50 . Fek
(3) ~(5) 43 aitH.

.]wz - J
- > 3
. I (3)
le B JWZ
= 4
T .]Wl ( )
rt = rr + rir (5 )

A, g, ARG AKEE [ L (m®-h) ~' 5 J, RN
FUEFMEEL- (m*-h) ~' ] J, K IR E B
AliKEE[ L (m”+h) '],
1.6 KBTS YL fH 40 Hr
1.6.1 f&BH 15040

FEREE A2 R v BT I B A B e B £ 43 Kl
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1.6.2 R UEE R R

VH7KAE 5 h JE X B T PR TR (v Rk
VERRER ) | #20(8) T MM IE IR & 3 .

FR = 5_2 % 100% (6)

P, PR A R (%) 5 ), Sk i i
(Lo Cmh) T g 05 VE R 0 40K 3t
[Le(m+h) ']
2 ARSI

2.1 HIEBIREE I S TERE S AL

2 I PVDF IR AR UE I 2540 5 PERES:
B N2 T IR . 40 PVDF BEFLBRR & 321K,
5 —E FBP S5F M0k ABP 25K, Ui H AR
LAY 5 P ARG, B PM AL, o 3t
TRIALBR R & ¥HEK 5 — 05 6 ) FBP FISF-230
MRS ABP AT, SRkl WCA TR, 2lik
W B, SR GEE T PVDE IR R Y 2544
SR KRB YERE. Hid PA R PAM (%) ABP
I, SR KB ful Ff AN BSA ARRA SR T R R A, Ul
A L P TR B K M, S LA AT A R, B
SX PP, PM F1 PPM () ABP A AT, H 3 R i
FBP %% &, Ui e K ALAR /N, TR e B RE AR R B - 1
BSA B . Z MRS SEEER M, 5 P AL,
IR AP BE S T B iR BE 45 ASAH ).

*2 PVDF XREBERENSHERESH
Table 2 Structural and property parameter of PVDF blended UF membranes

BP/kPa T
Ji5% &/ % r,,/nm WCA/(°) Y R/ % S/MPa
FBP ABP /L (m®h)

P 68.71 9.40 35.62 379. 64 83.6 36.33 99.21 5.22
PA 80. 24 26.91 52.71 190. 13 58.2 217.5 78.20 3.02
PM 65.73 14.70 94.54 300. 36 80. 1 68.54 95. 42 4.32
pp 86. 53 18.29 36.22 206. 21 72.5 155.6 97.52 4.09
PAM 73.67 17.88 74.91 147.30 64.2 105.2 81.61 4.49
PPM 80.26 24.73 126. 1 165.51 76.2 240.2 95.78 2.92

2.2 EIERRHOIE S
1 AAS[E] PVDF SRR I8 BT 1am A 3 1 £
MBS SEM &, Top FRnE ERTZE. K1 BR. P
BRI A a5, Wik 2% K2 )2 N A M B i /N S oL
SRR B ; PM R T Z AL, (BT T AN Y 5] H oy
AT AR BRI FL , PR SR SO A
PA JEZE I 1 508, W im S B B ALK AL . /ML
RG240 S 224080, =0 PAM W If 445 49 4%
AR T PA R RAL, H S #4200 s A8 I 5 KALAH
BUoE R . PP IR R R
BT W TET 3850 0 A B R AL, S T B
I PPM ST 4k 7% T PP A 25 A 4 E 5 3% 1 L5
PP BB | PN R LT N BE R, W2 AR %, SEM
I 7R O SR AE 15 2. 1 1526 2 Hh AL B o
B R B AW A #E— PR R G Y AL IR Lk
FrekE T B R 254 5 15 K BE
2 /R T 6 Flt PVDF #EUE A AFM ] S i
[F-EHURE B Ra (6. AFRRTAT, o0 =R A
FMRAA 73 PVDF BORLKS , (H — e R HIE &
A, o PA R 1T %5 A 2 50 0 ML 25 4, PP
T A I 08 b O 2 381 K o 19 7 04 RN U1 4%, {H PML 26 T

HADEMIEE K. —JuH PAM BERE kK T PA
HRCPA R A5, B3R T M 4T 3 A 2 S0 (R i g B 5 PA
YIRS B Ra A PA . T PPM 26 T HLRS AT
NAELT PP AT PM P FP R RE & (R LT PM,
XATRE K H T PMMA #4 il 5 19 #4998 P 1 o3
Bk X AT R AL, 45 BB Ra KU0HE KN I
LR R AT R 28 A AR A — 2
2.3 T GHIKBUENG YT

23 iR AR PVDF #8 E B g 3k i 5 7k —
Gt K B B TS e BRI VR & % FR. 254
2.1 95 f 2.2 T RRES IS EC S OB A 53 B, X 3R 3
RS HT AN

P, PM, PPM iX 3 FIISAEAEA A V5 % Ik
PRI AR FR HRILF] 100% . Hodb PM A5 Y8 5K r,
ik 0.47, ARl i y5 YL 45 4 r, o 0.12, FR H
88.32% , UtHH PM B5i5) 52 — 2 K 15 4 Hhiis YL fig
N ZE. X RE S IR RS FE /N, PM SR K PEAIR,
H BB 7K, B3R A LA N 3B A5 808, fLA 8
3 , TS YL 5 R I0E A5 5 SO L 3% %€
SRR AN AR R A 0. PPM R AE SR K
P TR BE 5 PM RS AT L. (H PPM RS K
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El1 PVDF #iBEIEEL SEM E
Fig. 1 SEM images of PVDF UF membranes
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E/REE, e i

PP, PAM JEE(Y r (HA/IN, r, 24 0, FR 3K 100% .
XE T PP A PAM A B R K PE( L3R 3)
B8 R TR RFL AR 2 205 v (L JBE 3 T P HL380%%, IRtk
YL AS Ty B0 2 BB T 1T e A B3 5 ) I B BEL 1k K
Gy T5 gy AL AR AR HLBR N 1 K AL 45
PR R T 29 KN 15 Y W % RS R
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El2 PVDF #iRBiEIE AFM E
Fig. 2 AFM images of PVDF UF membranes

R3 ZHHAX PVDF BIEERS LML

Table 3 Fouling performance of secondary effluent
on PVDF UF membrane
i3 r, r, ry FR/%
P 0.48 0.31 0.17 92.12
PA 0.54 0.54 0 100. 00
PM 0.47 0.35 0.12 88.32
PP 0.19 0.19 0 100. 00
PAM 0.19 0.19 0 100. 00
PPM 0.31 0.16 0.15 55.28

G BT RrR P JC8EFLEE AT (H PA JEEAY 32 22
1YLk A IR YEZ M 221 1k ; PP Al PAM JLIR
LSNP RN ek ) D E S B g WA R 10V e B N

P PA PM PP PAM PPM

B3 PVDF BiRETR - RHKESREND
Fig. 3 Fouling resistance of PVDF UF membrane

to secondary effluent
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RS 5 T K TS YA T R BB 5 SR R 4y
ENUFES

3 i

(1)PVA 1 PVP SR ABHE = PVDF 8 U8 fF %R K
PR 38 BB THDRRE BT B 0%, IR ALl % | XF
EZER A 52 2 K. Herpr PVA IR & 19 PA K&
PAM #BIUEIE Y JZL5H BT L. PMMA 7E48 BB g or
IR TR FHAS K, LR AR IRDREDRE B 3/,

(2) R KALAR BE v, B PN K L3R 325 | R TR RS
FERIA) PA, PP, PAM I 38 T7 V5 7K 4 H /K 38 &
KOAFEV5 YN, 5 T Ve, % 9% oK i U
A HPTIS YLRE ).
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