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1.1 SIEHR

B4 9. 2.4 (PVDF FR904, M, =380 000),
W i 3F B FRA F] 5 3R 206 Wi (PEL M,
=10 000) \N, N— Z H 5 2 it e (DM Ac, 43 A 46D
¥ A E 258 AR 2= R A BRA B 5 R 2R —H i
T EEBE IS i A5 (PET), g [ 25 [E Alpek 2\ 7l
1A+ — % (DI, >98. 0%) . 1, 3~ N fifi iR /A 1
(1,3-PS,>>99. 0%0) . H it =4 /K H i i (GTE, 28
SFAAE : 143~154 g/mol) . i [ VE k% 35 V8.7 FE 23
PR/ s 88 2 B (PEG, M, =400 k~10 000 kDa) ,
SERR 9L Z (FITC, >95%) . J& B (AR, =
99. 7%, W [ Bl Hr TR A w4 i A E A
(BSA,>96%0) , g [ i 5 /KA BRA R & ¥ 4

WA (S, aureus, ATCC 43300) f1 KB A
(E. coli, ATCC 8739) .1l H 3¢ [H AR 29 )% ; LB
BigR 3 (LB, =99 %0) 1 ik % K 5 1 1k 85 77 3
(TSB,>99%) , I A B/ L7 FL B R

1.2 PVDF/PEI i&iE &M% &

RS By I K 15 ¢ PVDF Jim A 100 g
DMAc 77,60 ‘C Fifkiafi, 1558 PVDF/DMAc 1%
W G S 1, PVDF i 438K 1500« F T il £ 4l
PVDF J&, 15 PET H38 S5 57 50 i #5 AS 7]
FEATME ) PVDE/PET B8 38 B, 78 B 1 o
A 3 g PEL#10. 3 g 2285 GTE fifi PET 228k, 60 °C
Ptk 6 h 158& 3L PEL etk PVDF i (PVDF - PEI
JE i B CHRD R 2) . FERIRR 2 TR 2 g
DI, 60 CHtFE 2 h & A b He b S N , 73 34 B Joe JL
Z4th PEI etk PVDF i (PVDF-PET-Q JiE) By il
FEVR GBS 3) . ZEIRM 3 HimA 0.8 g 1,3~
PS,60 CHit & AT IR N 2 h, 15 5 Z2 5 LR MW P
B PEI et PVDF JE (PVDF-PEI-Q-Z JIE) iy
JEE RS 4D

A U8 IE T 2% - B VR AE 60 °C LS F o LA
Je > FHBAE Ry 200 m B8 D4 i vl g 7 PET
Tegifi b r B A 40 C LB /K d [E 4L 10 min,
SRJE R IRAE 2 B oK RIS Uk 48 h, R E SR
PR g A B BEARE 5, BT B2 A 25 R PR BERAE
il S 2 B SR it 5 BB G AR 3 il an 2 1 FE]
1 R,

1.3 FREMFARNRIE

Wik S A T BB (FE- SEM, SU -
8010, HITACHI, H4) FAF LI AR o K 554 T S
YRR HP MG T R DB T B 4 S BRI TR SR . SR
T f1 B4 5% (SPM Multimode, VEECO Instru-
mental, 3&ED 737 B R HOHBEFE . B3R Tk 27 1
G338 AT T 4 I A — A8 B AR e £ Ak % (ATR -
FTIR, Nicolet iS20, 2% &) F1 X §} £k % i 7 fE i
(XPS, Thermo Scientific ESCALAB 250Xi, 3 &)
FAE,

F 1 HIBER G4 R A PVDF # 8 4% 5
Table 1 The composition of casting solutions and corresponding prepared membranes
WS  DMAc/g PVDF/g PEl/g GTE/g DI/g 1.3-PS/g g
1 100 15 0 0 0 0 PVDF
2 100 15 3 0.3 0 0 PVDF-PEI
3 100 15 3 0.3 2 0 PVDF-PEI-Q
4 100 15 3 0.3 2 0.8 PVDF-PEI-Q-Z
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Fig. 1 Schematics of modification reactions and surface composition of membranes
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R IR 7 L B R R AR TG Zeta HLALRAL, B
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JiEE fi4 2t 7K 38 [ PWF,L/(m? « h » bar), 1 bar
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=0. 1 MPa HUBERFLAR I3 A » SR FH A R0 g 1w FR
22.1 em® PRI A 2B I A SRR 2 A A
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05 R s 22 R TR A 0. 11 m/s 1 I3
i D THE PWE, A 5P A7 002 = YR
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Ao J e FE W PWE A, L/(m? « h « bar); Q
KB iE L At CHEAERTE] b A SRR TR, m* s Ap
W 22 L bar

K MA LR BT (TOC-V CPN, H 4 5 ¥t
oca]) W ORE RS S W B A L B Y
(TOC), FH UV-vis (% (UV-1900i, Shimad-
zu, HADTE 280 nm 7 KRl HFRHE A 1 W
BSA WM EE . XA HLIE 5 i 3 B R (R, Vo) i ik
RHHE.
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K. C, A1 C 43 BT 33 R} o i 35 0T o
WA, g/ L,

SR BT AL L e R B o . HAK
SR SR 400 k~10 000 kDa fi) PEG Jfrke
Fic il % 300 mg/kg MIHERHR . 7E 1 bar B 5%
PFF ARG IE AR 22. 1 em® BEAE AL, LAY
PSRN R 1L N WS 1B O 58 /a1 U1 W2 N [ s %
PEG #2422, LU
R 90 Y6 B 4T iR AR BR o i (MWCO) , L%
oy T PEG X RSB LR . ST LR
AP EFTBUE S A BE , B R 50 %I 41
O B TAE PR AR () FIAR B R K84, 13% 5
50 26 B 1 43112 X6 I A 300G 5 2 A2 ER AL ) L AT
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1.5 REHRSRMERERIE

DL BSA Shyim5 e W A 5 RS 25 W B ek
J& ¥ 100 mg BSA. 2 mg FITC (5 f# T 1 mL
DMSO) i A & 50 mL B 8% 2 £k 22 vp i W (PBS)
HT 4 CTR BN 8 hi SRIGAE PBS R S AT
48 h AR KN i) FITC M HLIEF] s F PBS %
WK FITC - BSA W FE 2 0. 02 mg/mL F-7F
4 CHREICLRAT . B BERE S (EAE 8 mm)IRYEAE 1 mL
FITC-BSA W, @56 F 3 AE 100 r/min 1%
A LS 3 ho SR 5 H 1 mL PBS % i £ ik
FITC-BSA %W, 145 30 V- 5 14 3h i Uk AL
30 min, PFRERE S CAEB IR E I R b S R
o TR E Y PO I R AR B B (Leica, SP5 T, 18
FED TSI E A i G LR

W AR (75 Y BSA 1 PBS I W
(500 mg/kg) 5 It ik 18 LI PEAN I 04 Sh AT I5 Ye
fE. 7F 0.1 MPa B5 iz 1T T, A 4r4ic sk — UGl
LR L h, U8 1 h e A E PR R TR
FRASIRIOIE YL 30 min, AR AOTERE . BEAGHLIS G
JIR BRI E 2 (FRR, YO 3R, HER B G,

FRR:QMOO% (5)

]Wl
Kb J o AUERI i PWE {H,L/(m” « h « bar); J .,
RITKVEL TG IRE /K&, L/(m” « h « bar),
RIS R R (R, %0) LR ] 38 R R R
(Rie» YO TSR A RS R A5 5. 28 6) Fat

4

5 #H K o 46 &
(DWE -
Rr:@xmo% (6)
wl
Ri,:@xmo% (7
wl

o T AR BSA Wt B I A e 18 i, L/ (m?
e h e bar),
1.6 BERREMEREIEMN

SR FHAFR 355 3523 850 2 AR 8 ) e i DA
L ) A HE (0 A BR R RN K B R A R B R B
Fptese) BRI G Ty R o K R R N R E T
5 mL TSB . 78 37 °C T E &L 4 4 W = 19 40
PRV TSB B 352 2446 B¢ 100 5, IF4E 37 °C T %
7% 4 h, BRI A B EW L 10 000 r/min (134
ZE0 10 min 5, ] PBS 4 TSB, 34 405
W BRI ~1. 0 X 10" CFU/mL., #RJ5¥% 10 pL
V1) 2 T B 7 VR B T AR N 8 i FiY 53t T 75 10 AR
fn b RS E T 24 FLAR P AR 37 C KSR 8 h.
SR FH PBS S UE U BEAE S T IR DR B IR 1
VRV B AN R B B AE SR A b #E 37 C R BE SR
12 b, XFBE A L B 40 BR PV R AT TR FH ()
THRAH R R K

Eb:NON;llemo% (8)

. N, f£ 3% PVDF - PEL, PVDF - PEI - Q I
PVDF -PEI-Q-Z J§ I i 41 b P v 5l s N, 034l
PVDF X B i b B 4 T 7R 7 e . B
A =K,

2 R 5

2.1 PVDF/PEI &4 %

) ATR-FTIR i& K ani&l 2 ffrox, PVDF -
PET JE7E 1 585 em " Ab AWy — NH — (1 25 i 4ig
3.1 456 cm " Ab B I g Sy — CN — Ry hr iR 20
PVDF-PEI-Q JEAE 989 em ' Ab By W ig e Sy 2 i £k
FHIES , PVDF-PEI-Q-Z JEH 1 036 cm ' 4bHy
TE TR o A1 41 sl e , 26 I — P AR IR 5 5 A 2 — Al &
W BN 2R R WA Sk 1A, D R a3 F i B R
PERS 1 =R 0120 R W T & 1 R b PET %&
VAL A 350

XPS Ml 45 B BLAY N 1s 5 506 (& 3 fik
2), X SRR PEL (9474 . M PVDF - PEI,
PVDF-PEI-Q %] PVDF-PEI- Q- Z, Z#i i 8 N,
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T HERE N 1s Y63 E 2(b) ~2(d) J#E B ,PVDF
~PEI /i N FE P C—NERXGFHE. EHEDEE
PEI K4 3. PVDF-PEI-Q JiEh N 8 C—N A
C—N" WFME 506, 255850 51 ~399. 5 eV Fll~
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el . Rl C—NIER N (58 N JoE M H
hEEA R E Y 1B A5 5] PVDF-PEL-Q JiE
N BB 43. 9%, % F PVDF-PEI-Q-
ZWE.S LRGSR B e N 44k iy 32 5
(46. 7%, iEM T PEI 5 1,3-PS 4 52 )7 , i 1 3
TR S B P TR S AT 17 3 1T %% B S 0. 08 mg/
em’, 56K 2 Fiaag bt N—H JEHF 5 A
b, it —25 k. PVDE - PET 1 N =222 21
J¥ A e B E A7 s PVDF-PEL-Q & () N
FELRHE (C—N) fMZ4 L (C— N B
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Fig. 2 ATR-FTIR spectra of membranes
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Fig. 3 Wide—scan XPS spectra (a) and core—level N 1s [ (b)~(d) ] of membranes
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Table 2 Element atom composition in surface layer of membranes measured by XPS

o FHICEFTHM/ %
Wi C F 0 N S
PVDF 51. 84 48.0 0.16 0 0
PVDF-PEI 55. 41 41. 85 1.12 1.62 0
PVDF-PEI-Q 57.59 39, 06 0. 93 2,42 0
PVDF-PEI-Q-7 66. 42 24,77 5.75 2. 29 0. 67
2.2 [EREIRFILE TRIEFLAR A 1E 10~100 nm 2 [a], 5% B 2+

PVDF K PVDF/PEI i) SEM FEME4NE 4 fif - 40008 5. 92>X10° 4. 83X 10° #l 4. 56 X 10° Da,
o WA TRE N B KR AAEARALAS . LA XN A R AL AR 76. 8 nm, 68. 4 nm il
PET J5 JEF DR B2 84 I BEALAR A BT k. I 66. 4 nm. JRFLARAT B Wi 0/ i B 3y Ji D 2 B 3
(9 PEG B A MfLAR A (18] 5.3 3) Ak, =Fhdk ) PVDF-PEI %] PVDF-PEI-Q-Z £, PEI 4153

I WriHT
(a3) ‘
10 um

(o s R.=(16.2+2.5) nm
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S Rn.=(33.242.5) nm
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Fig. 4 The surface and cross-section SEM images and AFM images of membranes
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Fig. 5 PEG rejection ratio (a) and pore size distribution (b) of membranes
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Table 3 MWCO and pore size of membranes

JELAE ity fLBE/ % P fL4E /nm M 4t/ X 10° Da B LR/ nm
PVDF 50. 4 3. 81 0.22 11.9
PVDF-PEI 87.6 32.9 5.92 76. 8
PVDF-PEI-Q 85.2 31.1 4. 83 68. 4
PVDF-PEI-Q-Z 90.1 28.2 4. 56 66. 4

AEMR NGS5 P 528 2 i, R BORE LR 1k, R
MFLAE IR o T, — Rl R i 200 T i At
HALEH Y, T5047 PEL 415 EPERE 6 2 &
BB
2.3 FEMTE EKRE A RRMHER

M T Zeta WAL 25 SR (& 6 (a) ] % BL.
PVDF 125 8 5k 5. 80, 33 42 7K Hh 14 & S8R B 7
TER AP REHTH  B 5 1A A = R R R Y
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FE R RN T 4 0 7 8 B fir f A T
4h—%%, PVDF-PEI-Q JIi EAg B 1 1F i bk
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PR I A R D B, HLA s I B
JE U B R 4 9 S B PESY . X T PVDEF - PEI
B JEL v ) P A e R AU 45 B 25 L AR AR pH
5 R 51465 i ol 55 3 B A fr IF R4 R X T
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E FA A IE FLREE

b
80
s w
O\/ 70 _M
- PVDF-PEI-Q
€ 60|
¥
2 50t
40+ PVDF-PEL-Q-Z
20 0 1 2 3 4

HF1E] /min

K6 MEAYRIM Zeta HUOZ () FIZK IS AR (b)

Fig. 6 Zeta potential curves (a) and water contact angle (b) of membranes
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Lt PVDF 47 {H A B B BSA 9 2¢ 558 B2 [AH %
SR EE (RED 230 214, 9% & 106. 1% ¥ F ik
PE PVDF JE RT3 BE 100 %0) , 38 W] & 48 ki 2 4
40 JEL P IS 1T 199 i 1 FEL R T iR T X A £ L BSA
I RFE 1% T PVDF-PEI-Q-Z i, HA i g
PE B0 SRR R AR 1 W R o (75 12 M 3 T it
B A BSA 7 I 5 TG, R B ZEE5R E (30. 8%0) I
AT At = BEARE 5 o 33Xt W 25 12 Ry L 2%
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4);PVDF [ xf BSA B # B R e 3 %, J ) 2
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~ Q- Z [ T 1F H A7 5 £ 97 HRL Y BSA (R W BT, Pt
TE i BSA TURR)Z s TR S T80 NI A5 35 FLAR
M 8(b) \8(c) i) BSA i€ — 1 vk o A2 v i 1
AR S 25 5 e 3L, BSA W {fk it 5 /=3 1) PDF -
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Fig. 7 Fluorescence images and intensities of membrane after absorbing BSA
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Antibacterial and antifouling PEI/PVDF ultrafiltration membranes prepared

via an in-situ reactive modification route

HAN Jun', ZHANG Haibing®, SU Qianwei', JIANG Yani',
ZHAO Yu', SUN Tong', XUE Yunyun'?®, ZHU Ziran',
HUANG Qiang'*, FANG Chuanjie®, ZHU Weiwei*, ZHU Baoku'"*

(1. Department of Polymer Science and Engineering, Engineering Research Center of
Membrane and Water Treatment MOE, Zhejiang University, Hangzhou 310058, China;
2. Sinochem Lantian Co. , Ltd. , Hangzhou 310051, China; 3. Shaoxing Institute,
Zhejiang University, Shaoxing 312000, China)

Abstract: The absorption of organic substance and formation of biofilm contribute the main roles for

fouling in ultrafiltration (UF) process. To create the UF membrane with antifouling and antibacterial

performances, in this work, the poly (vinylidene fluoride) (PVDF)/poly (ethylene imine) (PEI) blend

membranes were proposed and fabricated via a combining route of in situ reaction in casting solution

(including sequential crosslinking, ammonification, quaternization and zwitterionization) and none-solvent

induced phase separation process.

The effects of amine, alkyl contained quaternary ammonium and

zwitteric ion units in membranes on the hydrophilicity, protein absorption, antifouling and antibacterial

(T%% 77 W)



5 11 TS IR IR BE R B BT B il A Fe, Os /AL Oy M8 S5 UB ] 25 < 77

Preparation of anti-fouling and high-flux Fe,0;/Al,O; ceramic composite
ultrafiltration membranes with the aiding of polyvinyl alcohol

WEI Jingru'*, CHEN Guowei', CHEN Xianfu', KE Wei',
QIU Minghui', CAI Daniu®, CHEN Jie®, FAN Yiqun'

(1. State Key Laboratory of Chemical Engineering for Materials, School of Chemical Engineering
and Technology, Nanjing Tech University, Nanjing 211816,China; 2. Qingyuan Innovation Laboratory,
Quanzhou 362801, China; 3. Quanzhou Normal University, Quanzhou 362000, China)

Abstract: Ceramic membranes have attracted much attention in the treatment of oily wastewater due to
their advantages such as narrow pore size distribution and high hydrophilicity. To develop anti-fouling and
high-flux ceramic membranes, Fe; O, with high hydrophilicity was used as the membrane layer material in
this study. By combining the steric hindrance effect of polyvinyl alcohol (PVA), an intact and defect-free
Fe; O; membrane layer was prepared on a macroporous Al O; support. The effects of PVA addition level
on the sol and membrane layer were systematically investigated. The results showed that an intact Fe, O,/
Al, Oy ceramic composite ultrafiltration membrane was obtained when the PVA addition level was 1. 0%
(mass fraction), with a molecular weight cut-off of about 450 kDa, a corresponding Stock size of about 26
nm, and a high pure water permeance of 6 800 L/(m® « h = MPa). The test results of contact angle and
surface tension showed that the composite membrane had excellent anti-fouling performance and
hydrophilic properties. In the filtration and separation of 1 000 mg/L oil-in-water emulsion, the removal
rate of oil droplets by the composite membrane was close to 100%, and the flux was stable at about 430 L/
(m? « h), which was almost twice of the flux of Al,O; microfiltration membrane. After simple rinsing with
pure water, the flux of the composite membrane could be restored to about 70%, indicating its excellent
cleanability and anti-fouling performance. The Fe;O;/Al, Oy ceramic composite membrane prepared in this
study shows potential in oily wastewater treatment, and is expected to provide technical reference for
industrial application.

Key words: iron oxide; ceramic composite membrane; polyvinyl alcohol; anti-fouling; oil-water separation
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properties of PVDF/PEI membranes were investigated. It was found that the membrane of alkyl contained
quaternary ammonium behaved better hydrophilicity and antibacterial performance, but the antifouling
property was worse due to the strong absorption of protein. The PVDF/PEI membrane containing
quaternary ammonium and zwitteric ion, the excellent hydrophilic, antifouling and antibacterial properties
were realized simultaneously. Basing above results, it could be primarily concluded that in situ
quaternization and zwitterionization of PEI in casting solution provide an ideal and applicable choice for
preparation of antifouling and antibacterial blend UF membranes.

Key words: poly(vinylidene fluoride); poly(ethylene imine); ultrafiltration membrane; in-situ reaction;

antifouling; antibacterial



