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Fig. 1 Variation of the pure water flux (a), contact angle (b), roughness (¢) and tensile strength (d) of PVDF-PDA

blend membranes with DA content in casting solution
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Fig. 2 The apparent structure of the surface, cross section and pore wall of PVDF-PDA blend ultrafiltration membranes
with DA content of 0 (a).1% (b).2% (¢).3% (d) and 4% (e)
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Fig. 3 Variation of the pure water flux (a), contact angle (b), roughness (¢) and tensile strength (d) of PVDF-PDA

blend membranes under different evaporation time
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Fig. 4 The apparent structure of the surface, cross section and pore wall of PVDF-PDA blend ultrafiltration membranes

under different evaporation time:15 s (a); 30 s (b); 60 s (¢); 120 s (d)
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Fig. 5 Variation of the pure water flux (a), contact angle (b), roughness (¢) and mechanical strength (d) of PVDF-PDA

blend membranes under different NaClO concentration
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Fig. 6 The apparent structure of the surface and cross section of PVDF-PDA blend ultrafiltration membranes
under different NaClO mass concentration: 5 mg/L(a); 10 mg/L (b); 40 mg/L (¢)



55530 i

Fiii 5 : PVDF - 5 22 U Jiie 1R R U B 45 4 K A RE S i PR 3R BIF 5T © 49 -

3 i

AT RGH LT W DA & Ek
Af ) S BE 7 NaClO ¥ &%) PVDF - PDA LR @#
UE BT BE AN SSHA (R SR G5 R R I IR DA
N 10K E 300R), IR RS 3 i i | R K I
PSR WK 2 DA KT 3000, IR
FHEE N 5| S SE IR AH 53 15, He VR 6 T R B T8 9 O
JSCRH S 1)L 7 o S0 e YR R e R B 4 e A1
T Bt 3 22 A i ] 1) SE K, A7 BILIA T e 8245 R 15 =
BRSO AR L BB B )2 i 1 AR 43 25 i #2 DA
WA AR TE T £ PDA J 4R B By E — 45
FET 5 (HAT K Z% % ) 0] T BB iR R S L K G
AT [ T 2 AR G5 4 2 A P I o L TR RS r e o J32 1) 1
FREW . 4 NaClO Frarif <20 mg/L i, HAA L
VA SE T IR b PDA He sk 8 Rl s 1 5 & e
=>20 mg/L i}, iR 5] & PVDF F 4% i L =
Wk it , 3 BBOIRE S T B 28 0 S i B R B, AN T
LA PERRIL AL . A PVDF-PDA R
B & 45k - DA Fr ik 300, Wiz A W] 60 s, BEAS
% NaClO B vk B 20 mg/L, AHE5E WA £
T PVDF-PDA IR E45# 5 PEREOT Ak 1 i S5 i
4.2 PVDF 38 i PDA St AR i) 1
AT —E IS TE R .

S 30K :
(1] E5fE, TEE, s/hmE, 55 25/ WEREHE T
TR Je b SRk A B R [T, Bk S 4
AR, 2024, 44(5): 156-163.

Lin Y C, Liu K M, Chao C M, et al. Enhanced anti-
protein fouling of PVDF membrane via hydrophobic-
hydrophobic
amphiphilic linker[J]. Chem Eng Res Des, 2020, 156
273-280.

BRAE, K S, BUTE. AF BT 2 I RMGEAKSER
RS SR K oy e PERERISE LD ). R
AR, 2024, 44(5). 20-31.

XiZY,XuYY, ZhuL P, et al. A facile method of
hydrophobic  polymer
membranes based on the adhesive behavior of poly
(DOPA) and poly(dopamine)[J]. ] Membr Sci, 2009,
327(1/2): 244-253.

Yan Z, Zhang Y, Yang H, et al.

polydopamine modification of polymeric membranes for

[2]

adsorption ~ of  styrene-terminated

(3]

[4]

surface  modification  for

Mussel-inspired

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

the application of water and wastewater treatment; A
review ] ]. Chem Eng Res Des, 2020, 157 195-214.
Yang HC, LuoJ, Lyu Y, etal. Surface engineering of
polymer membranes via mussel-inspired chemistry [ J].
J Membr Sci, 2015, 483 42-59.

Chen H, Li Y, Wang Q G, Modified

polyvinylidene fluoride ultrafiltration membrane coated

et al.

propyl
triethoxy silane[ J]. Polym Adv Technol, 2020, 32(4);
1597-1603.

Yang H C, Waldman R Z, Wu M B, et al. Dopamine:
Just the right medicine for membranes[ J]. Adv Funct
Mater, 2018, 28(8) . 1705327.

Rui M, Yue M, Xin Z, et al. One-step preparation of

with  polydopamine/3-( 2, 3-epoxypropoxy )

PVDF-polydopamine blend ultrafiltration membranes via

nonsolvent-induced  phase  separation and  their
characterization and antifouling mechanism analysis[ ] ].
J Membr Sci, 2025:124029.

Liu Y, Zhou T, Yin G, et al.

mitigation in Anoxic-Oxic membrane bioreactor with

Membrane fouling

carbon nanotube/dopamine modification[ J]. J Water
Process Eng, 2025, 71:107231.

WA, E & HOOW, OB NE R I
X PVDF @@ ug B iy 35 470 [T o B R 5 R 4,
2014, 34(10) . 2568-2574.

Shah V, Prasetya N, Li K. Polydopamine modification
of high-performance PVDF ultrafiltration membranes
prepared by the combined crystallisation and
diffusion (CCD) method [J]. ] Membr Sci, 2021,
635: 119538.

Kasemset S, Wang L, He Z, et al.

polydopamine

Influence of

deposition conditions on hydraulic
permeability, sieving coefficients, pore size and pore
size distribution for a polysulfone ultrafiltration
membrane[ J |. ] Membr Sci, 2017, 522 100-115.
Shao L., Wang Z X, Zhang Y L. et al. A facile
strategy to enhance PVDEF ultrafiltration membrane
performance via  self-polymerized  polydopamine
followed by hydrolysis of ammonium fluotitanate[ J]. J
Membr Sci, 2014, 461 10-21.

Zhang L, Cui Z, Hu M, et al. Preparation of PES/
with high

H;O - induced  gelation

SPS{ blend ultrafiltration membranes
performance  via phase
separation [ J]. ] Membr Sci, 2017, 540. 136-145.

Zhu G D, Yin Y R, Li Z N, et al. Organic acids
interacting with block copolymers have broadened the

window that retains isoporous structures[ ] ]. ] Membr



© 50 . R e 5 R # 45 %

Sci, 2019, 582.: 391-401. separation[ J |. Macromolecules, 2024, 57(3): 1159-
[17] Wu Q, Xie W, Wu H, ezal. Effect of volatile solvent 1168.

and evaporation time on formation and performance of [20] Wang M, Huang Y W, Chen Y, et al. Poly

PVC/PVC-g-PEGMA blended membranes [ J]. RSC (vinylidene fluoride) membranes fabricated by vapor-

Adv, 2019, 9(59). 34486-34495. induced phase separation (VIPS) for the adsorption
[18] Wang C, Ma Z, Qiu Y, et al. Patterned dense Janus removal of VB12 from aqueous solution[ J]. J Appl

membranes with simultaneously robust fouling, Polym Sci, 2019, 136(45): 48179.

wetting and scaling resistance for membrane distillation [21] Wang Q, Zeng H, Wu Z, et al. Impact of sodium

[J]. Water Res, 2023, 242: 120308. hypochlorite cleaning on the surface properties and
[19] QiuZ, Lei T, Li S, et al. Insights into polymorphic performance of PVDF membranes[ J]. Appl Surf Sci,

transition of PVDF during nonsolvent-induced phase 2018, 428, 289-295.

Factors affecting the structure and properties of PVDF-PDA
blend ultrafiltration membranes

MIAO Rui*, QU Jiani', WANG Siyu',
WAN Jialin', FAN Li', WANG Lei'?

(1. School of Environmental and Municipal Engineering, Northwest China Key Laboratory of Water
Resources and Environment Ecology, Key Laboratory of Membrane Separation of Shaanxi Province,
Xi’an University of Architecture and Technology, Xi’an 710055, China; 2. Research Institute of
Membrane Seperation Technology of Shaanxi Province, Xi’an 710055, China)

Abstract; In this study, polyvinylidene fluoride (PVDEF)-polydopamine (PDA) blend ultrafiltration
membranes were prepared via the immersion precipitation phase inversion method by dissolving dopamine
(DA) in a PVDF casting solution with NaClO solution as the gelation bath. The results demonstrated that
the formation rate of PDA in the blend membranes increased significantly with the increase of DA content,
evaporation time and NaClO concentration. When the DA content in the casting solution reached 3%
(mass fraction), the evaporation time was 60 s, and the NaClO mass concentration was 20 mg/L, the
PVDF-PDA blend membrane exhibited optimal comprehensive performance; its pure water flux increased
by 95% compared to the pristine PVDF ultrafiltration membrane, the contact angle decreased from 81° to
48°, and the tensile strength improved from 2. 7 MPa to 3. 0 MPa. However, further increases in DA
content or evaporation time intensified delayed phase separation, leading to microporous defects on the
membrane surface and cross-section, which consequently reduced the tensile strength of the blend
membrane. Notably, excessive NaClO concentration (=>20 mg/L.) damaged the PVDF matrix and severely
compromised the structural integrity of the blend membrane.

Key words: ultrafiltration membrane; polydopamine; oxidative auto polymerization; membrane perform-

ance



