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Figure 1 The structure and reaction of PETMEG gel.
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Figure 2 Surface chemical structure analysis of the inserted layer: (a) FTIR characterization; (b) XPS characterization.

3.1.2  FRMSEAKMES
PSF 3 fii 2% 11 5% 7K PR R 45 SR a0 1K 3 fT s

%4 PETMEG i N\ 2181 J5 , R 2 1H /K F2 fih /5 M
J5LUE PSF JE [ 75.4° 30 35 % 42 52° ~ 58°, IXIH[A]



476 [ S

o5 W I

2025 4F

]| HAZRTRGE.

Table 1 Element content of the insertion layer.

FEMES C (%) 0 (%) S (%)
PSF 74.98 22.48 2.54
PETMEG-0.015 78.39 18.44 3.17
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PETMEG-0.06 76.04 19.68 428
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Figure 3 Water contact angle test.
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Figure 4 Surface morphology and roughness test of the base film: (a) SEM image of PSF; (b) SEM image of PETMEG-0.015;
(c) SEM image of PETMEG-0.03; (d) SEM image of PETMEG-0.06; (a') AFM image of PSF; (b") AFM image of PETMEG-
0.015; (¢') AFM image of PETMEG-0.03; (d') AFM image of PETMEG-0.06.
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Figure 5 Water flux and PEG-10000 retention test of the

base membrane.
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Figure 6 Surface chemical structure analysis of reverse osmosis composite membrane: (a) FTIR characterization; (b) XPS

characterization.
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Table 2 Element content and N/O ratio on the surface of

reverse 0oSmosis composite membranes.

R C (%) 0 (%) N (%) N/O Lt
TFC-0 71.49 18.10 10.41 0.575
TFC-1 70.94 17.42 11.64 0.668
TFC-2 71.45 17.40 11.15 0.641
TFC-3 71.70 17.34 10.96 0.632
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Figure 7 Surface, cross-section and roughness tests of reverse osmosis composite membranes: (a~d, a'~d" and a"’'~d"" are the
surface morphology, cross-sectional morphology and AFM images of TFC-0, TFC-1, TFC-2 and TFC-3 in sequence).
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Figure 8 Shows the influence of the insertion layer on the
diffusion rate of MPD molecules.
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Figure 9 Water flux and NaCl retention tests of reverse

osmosis composite membranes.
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Figure 10 Long-term stability of reverse osmosis composite membrane: (a) Retention rate; (b) Water flux.
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Figure 11 Retention rate of composite films under different
friction force treatments.
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Interfacial Engineering via Thiol-Epoxy Click Reaction for Constructing

High-Performance Polyamide Reverse Osmosis
Membranes with Tailored Properties

JIAO Ji-xuan!, LIU Wan-jun®*, SUN Xiu-fang!, ZHAO Wei', MENG Qing-xiang!, LIU Mei-yan', SHI Qiang'*
(!School of Materials Science and Engineering, North China University of Science and Technology, Tangshan
063210, China; *School of Science, North China University of Science and Technology, Tangshan 063210, China)

Abstract To address the challenges of interface deterioration and performance decline of reverse osmosis
membranes, this article innovatively designed a PETMEG hydrogel interlayer based on the thiol-epoxy click
reaction. Through an interface engineering strategy, it achieved the coordinated optimization of the polyamide
separation layer structure and interface stability. Using tetra-n-butylammonium fluoride as a catalyst, a
hydrophilic cross-linked network interlayer was constructed on the base membrane surface with pentaerythritol
tetramercaptosuccinic acid (PETMA) and ethylene glycol diglycidyl ether (EGDGE), thereby precisely regulating
the diffusion rate of m-phenylenediamine (MPD). Experimental results showed that when the PETMA
concentration was 0.015 mol/L, the prepared TFC-1 membrane exhibited the best overall performance: the
thickness of the polyamide layer was reduced to 183 nm, the surface roughness (Ra=587 nm) was decreased by
30.7% compared to the control group, the pure water flux reached 28.85 L/(m?-h) (an increase of 6.9% compared
to the control group), and the NaCl rejection rate was over 98%. Mechanism studies confirmed that this interlayer
could enhance the interface bonding strength through hydrogen bond anchoring effects: the TFC-1 membrane
maintained a retention rate of 84.6% under a friction load of 1.8 N, and the flux decline rate was less than 9%
after 168 hours of high-pressure operation. The multi-parameter design model of surface topology, interface
bonding, and intrinsic toughness established in this article provides a theoretical reference for the development
and design of high-performance seawater desalination membranes.
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