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Fig. 1 Schematic diagram of the introduction of DEA into the aqueous phase to generate a polyamide layer
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Fig. 2 Schematic diagram of hollow fiber membrane test
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Fig. 3 Infrared spectrogram of the inner surface of the hollow fiber membrane (a) ; X-ray photoelectron spectra of

hollow fiber nanofiltration membranes prepared with PESU substrate membrane and different contents of PIP/DEA (b)
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Table 3 Proportion of element content of PESU substrate membranes and hollow fiber nanofiltration

membranes prepared with different contents of PIP/DEA
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HFM-4 70. 63 12.70 16. 67 1. 31
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Fig. 5 Scanning electron microscope (SEM) image of the

cross-section of PESU hollow fiber membrane
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Fig. 6 Scanning electron microscopy (SEM) images of the membrane surface [ (a) ~(d)] and cross-section (e)
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Fig. 7 Zeta potential of nanofiltration membranes prepared with different contents of PIP/DEA (a);

water contact angle on the inner surface of hollow fiber nanofiltration membranes (b)
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Fig. 9 Molecular weight cut-off (a) and separation performance (b) of hollow fiber nanofiltration membranes
prepared with different contents of PIP/DEA [ Test conditions: (20£2) “C]
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Preparation of internal pressure hollow fiber composite nanofiltration
membranes based on the PIP-DEA-TMC interfacial polymerization system

YANG Lintao"?, KANG Guodong®, YU Haijun?,
LI Yunhao®, LIU Ming', CAO Yiming*

(1. School of Materials Science and Engineering, Dalian Jiaotong University, Dalian 116028, China;
2. Dalian Institute of Chemical Physics, Chinese Academy of Science, Dalian 116023, China)

Abstract; Polyethersulfone (PESU) hollow fiber substrate membranes were prepared via non-solvent
induced phase separation (NIPS). Piperazine (PIP) and diethanolamine (DEA), which exhibits good
hydrophilicity, were selected as aqueous phase monomers to form a polyamide separation layer on the inner
surface of the PESU substrate membrane through interfacial polymerization (IP) with trimesoyl chloride
(TMC). The hollow fiber nanofiltration membranes were characterized using ATR-FTIR, XPS, SEM,
Zeta potential analyzer and water contact angle meter. The effect of DEA content in the aqueous phase on
the separation performance of the nanofiltration membranes was investigated. The results showed that
DEA was successfully introduced into the polyamide separation layer. With the increase of DEA
proportion, the surface morphology of the polyamide separation layer changed significantly; the thickness
of the separation layer decreased, the negative charge on the membrane surface was reduced; while the

hydrophilicity and water flux improved. The optimal aqueous phase composition was determined as

(T#% 87 W)
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Spray-assisted interfacial polymerization for fabricating
polyamide nanofiltration membranes on polyethylene substrates

CHEN Dejian', SHI Xiaohui*, KUANG Wu**,
LI Ying*, CHEN Xiang', YAO Zhikan', ZHANG Lin'

(1. MOE Engineering Research Center of Membrane and Water Treatment Technology,
College of Chemical and Biological Engineering, Zhejiang University, Hangzhou 310058, China;
2. Xi’an Huayang Mechanical &. Electrical Equipment Co. , Ltd. , Xi’an 710100, China;

3. Beijing Originwater Membrane Technology Co. , Ltd. , Beijing 101407, China;

4. School of Environment and Natural Resources, Zhejiang University of Science
&. Technology, Hangzhou 310023, China; 5. China Urban and Rural Construction
Development Co. , Ltd. , Wuhan 430056, China)

Abstract: Polyamide nanofiltration (NF) membranes have been widely applied due to their excellent
separation performance. However, conventional interfacial polymerization (CIP) often suffers from poor
controllability of the selective layer structure and low utilization efficiency of reactant solutions. In this
study, a spray-assisted interfacial polymerization technique was developed by combining spray coating with
interfacial polymerization, using a polyethylene microporous membrane as the support to fabricate
polyethylene-based nanofiltration membranes (PE - NF). The effects of preparation parameters on the
membrane structure and separation performance were systematically investigated. Results showed that the
spray-assisted interfacial polymerization produced a smoother and more uniform polyamide layer. Under
optimized conditions, the resulting membrane exhibited a Na,SO, rejection of over 98% and a water
permeate flux of approximately 72 L/(m® ¢ h), significantly higher than that of the CIP-prepared
membrane [ < 50 L/(m?® « h) ]. The spray-assisted membrane exhibited a lower crosslinking degree, larger
effective pore size and strong surface negativity, which collectively contributed to its enhanced water flux
while maintaining excellent separation selectivity. This study demonstrates the feasibility and advantages
of spray-assisted interfacial polymerization for the controlled construction of polyamide separation layers,
providing a useful reference for the design and fabrication of advanced nanofiltration membranes.

Key words: polyethylene microporous membrane; spray; interfacial polymerization; polyamide nanofiltra-

tion membrane
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follows: DEA mass fraction of 1. 2% and PIP mass fraction of 0. 8%. Under this condition, the pure water
flux was 67. 0 L/(m? « h), which was 1. 74 times that of the membrane without DEA addition. The
molecular weight cut-off (MWCO) was 1 605 Da, and the rejection rates for Na,SO,, MgSO,, MgCl, and
NaCl were 91. 2%. 86. 4%, 38. 1% and 25. 4%, respectively. A 160-hour continuous filtration test
showed that the membrane performance was stable.

Key words: interfacial polymerization; diethanolamine; internal pressure hollow fiber nanofiltration mem-

brane



