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Fig. 1 Flow chart of PVDF membrane preparation, hydrophilic modification and construction of polyamide layer process
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il R A FE SR #iE
7€ 30 s PVDF A IR PVDF —
PVP 3K ¥t PVDF Ji& PVDF-PVP —

PA ik PVDF Ji# PVDE-Tn n=1~7

m R PA B

PA Bttt PVDE-PVP i PVDE-PVP-Tn % m PEVORC

PO UE ML T . Z2WSEESE RS, 530
/g PVDFE-Tn(n=1~7)%1 PVDF-PVP-Tn * m
(m g PA BUPERED .
% 2 FRE PIP/TMC & & 0 B B iie B
Table 2 Polyamide layers formed with different
PIP/TMC concentrations

Y PIP it 538/ % TMC ik 550/ %
PVDF 0 0
PVDF-T1 0. 06 0.03
PVDF-T2 0.10 0.05
PVDF-T3 0. 20 0.10
PVDF-T4 0.50 0.25
PVDF-T5 1.00 0.50
PVDF-T6 2.00 1.00
PVDF-T7 5. 00 2.50
PVDF-PVP-T4 « 1 0.50 0.25
PVDF-PVP-T4 « 2 0.50 0.25
PVDF-PVP-T4 « 3 0.50 0.25
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Fig. 2 Oil in water emulsion cross flow separation device (a); dead end separator (b)
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Fig. 3 SEM micrographs of PVDF membrane surface at different steam treatment time [ (a) ~(f) J; surface pore size

distribution of membrane with different steam treatment time (g)
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Fig. 4 SEM micrographs of PA/PVDF membranes modified with different PIP/TMC concentrations
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Fig. 6 Infrared spectra of NVP, VTES and PVP-VTES (a); SEM micrographs of PVDF membrane with

different PA modification times [ (b) ~(e) ]; water infiltration time (f) and underwater oil contact angle (g)
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Fig. 7

SEM micrographs [ (a) ~(d)]; pore size distribution (e); water contact angle (f) and underwater oil contact

angle (g) of PVDF, PVDF-T4, PVDF-PVP and PVDF-PVP-T4 % 2
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Fig. 8 Permeation pressure (a) and permeability (¢) of D5 emulsion by different modification membranes; permeability of

PVDF membranes modified with different TMC/PIP concentrations (b); recovery and oil-water phase purity of
PVDF-PVP-T4 % 2 membrane (d)
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High-performance anti-fouling PVDF composite membranes

for efficient oil/water emulsion separation

WANG Jiawei'?, ZHU Yue'*, DING Yajie®,
WANG Jianqgiang®®, LIU Fu*?

(1. School of materials Science and Chemical Engineering, Ningbo University, Ningbo 315211, China;

2. Ningbo Institute of Materials Technology &. Engineering Chinese Academy of Sciences,
Ningbo 315201, China; 3. Ningbo College of Materials Technology &. Engineering University
of Chinese Academy of Sciences, Ningbo 315201, China)

Abstract; This study addresses the issue of membrane fouling in the treatment of emulsified oily

wastewater by innovatively developing a PVDF composite membrane with a synergistic anti-fouling

structure. The PVDF substrate membrane was prepared using the vapor-induced phase separation (VIPS)
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linking degree and density of OPBI-AI*" membrane first increased, and then almost unchanged. When the
concentration of AI’" was 8. 44 X 10% mol/L, the H, permeability of OPBI- AI’* -8, 44 membrane was
2.79 Barrer at 35 °C, which was slightly lower than that of the pure membrane, while the selectivity of
H,/CO, reached 23. 60, which was 438. 81% higher than that of the pure membrane, breaking through the
upper limit of Robeson in 2008.

Key words: OPBI; coordination cross-linking reaction; membrane, H,/CQO, separation
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technique, followed by hydrophilic modification with a polyvinylpyrrolidone-polyvinyltriethoxysilane
(PVP-VTES) copolymer and a stepwise interfacial polymerization process to form a dual-function anti-
fouling layer consisting of a “hydration layer-polyamide” structure on the membrane surface. Experimental
data showed that the modified membrane maintained an oil recovery rate of over 60% (purity~99. 9%)
and a water recovery rate close to 100% (purity > 98%) during 13 hours of continuous operation.
Mechanistic analysis revealed that the synergistic effect of the polyamide (PA) layer and the hydration
layer facilitated the coalescence and detachment of oil droplets from the membrane surface, effectively
mitigating membrane fouling. This technology provides a novel solution for emulsified oily wastewater
treatment and resource recovery.

Key words: PVDF composite membrane; oil-water separation; anti-fouling; interfacial polymerization;
VIPS; hydrophilic modification
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