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Abstract

Nanofiltration (NF) membrane technology holds significant application value in water treatment, re-
source recovery, desalination, and related fields. Ceramic-based nanofiltration membranes, in par-
ticular, have attracted considerable attention due to their superior mechanical strength, chemical
stability, and high-temperature resistance. In conventional forward interfacial polymerization (IP),
the aqueous monomer tends to infiltrate the pores of highly hydrophilic ceramic substrates, leading
to excessive polymerization and the formation of a “plugging” structure that induces high mass trans-
fer resistance, thereby reducing permeance. Moreover, poor organic-inorganic interfacial compati-
bility readily causes detachment of the separation layer. Although reverse interfacial polymerization
(RIP) is favorable for constructing an ultrathin, high-permeance separation layer, it faces severe
challenges such as unstable reaction interfaces on superhydrophilic ceramic surfaces and the easy
disruption of the oil layer by the aqueous phase. To address these issues of interfacial instability and
poor adhesion, this work proposes a novel approach for fabricating polyamide (PA) thin-film com-
posite nanofiltration membranes using gelatin as an interlayer via reverse interfacial polymeriza-
tion. The nanofiltration performance of the thin film composite membrane was adjusted by changing
the concentration of gelatin, deposition time, curing time, concentration of piperazine (PIP) in the
aqueous phase, interfacial polymerization (IP) reaction time, and IP post-treatment temperature.
Research has shown that the optimized composite NF membrane (Gelatin concentration 2.0% (w/v),
deposition time 20 min, PIP concentration 1.0 wt%, post-treatment temperature 60°C) demon-
strated the rejection rate of MgClz was up to 83.56%, and the permeability was up to 22.77 LMH/bar.
The rejection rates of salt solutions were in the order of MgClz > MgS04 > NazS04, which proved that
the membranes were positively charged. In addition, the removal rate of cationic dyes was up to
98.9% for the PA NF membranes. Furthermore, the stability properties of the prepared gelatin-sup-
ported polyamide composite membranes were investigated by various stability experiments. During
testing, the membrane maintained stable performance with a MgCl: rejection rate consistently
around 83%. The membranes obtained by this new fabrication method exhibit broad application
prospects in seawater desalination and dye wastewater recovery.
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Figure 1. SEM images of membrane surface morphology and cross-sectional structure: (a) Surface morphology of the CM
base membrane; (b) Surface morphology of the GT/CM intermediate layer; (c) Cross-sectional structure of the PA/GT/CM
composite membrane
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Figure 2. Thickness distribution of the PA/GT/CM composite membrane
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Figure 3. Surface element distribution: (a) CM substrate membrane; (b) GT/CM interlayer; (¢) PA/GT/CM composite
membrane
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Table 1. Elemental composition of the membranes

1. BRI TEAR

Content (wWt%)

Membrane
C (0] N Zr
CM 11.82 15.31 0.11 72.76
GT/CM 14.27 18.01 1.99 65.73
PA/GT/CM 16.02 20.57 2.73 60.69
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Figure 4. FTIR spectra of (a) CM substrate, (b) GT/CM interlayer, (c) PA/GT/CM composite membrane, and (d) TMC/GT/CM
membrane
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Figure 5. XPS spectra: (a) high-resolution Cls spectrum of the GT/CM interlayer; (b) high-resolution Cls spectrum of the
TMC/GT/CM membrane; (c) high-resolution N1s spectrum of the GT/CM interlayer; (d) high-resolution N1s spectrum of the
TMC/GT/CM membrane
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Figure 6. Comparison of dynamic water contact angles of the CM, PA/GT/CM, and CM-RIP membranes
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Figure 7. Effect of gelatin solution concentration on the performance of the composite NF membrane
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Figure 8. Effect of gelatin solution deposition time on the performance of the NF membrane: (a) Pure water flux; (b) MgCla
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Figure 9. (a) Performance of PA/GT/CM composite membranes prepared by the IP-R method with varying PIP concentrations;
(b) Separation performance of the composite NF membrane prepared by the IP-R method (1.0 wt% PIP) at different reaction
times
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Figure 10. Comparison of salt rejection performance of the CM, CM-RIP, and PA/GT/CM membranes
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Figure 11. Rejection performance of the PA/GT/CM membrane for different salts and its separation performance for MB and
CR dyes
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Table 2. Comparison of separation performance of various positively charged composite nanofiltration membranes

2. PRI ERGESNIEER S BIERELLER

Salt rejection (%)

Membrane (Pﬁ;/lnll{e/z;)l:lcre) " Ref.
gCla MgSOs  NaxSOs
PES-graft-PEI/polydopamine 7.2 73.7 <40 <20 [37]
PES/PEI-graft-sulfobetaine methacrylate/TMC 13.2 504 504 50.4 [38]
PEI-TMC composite NF membrane 5.02 94.8 84.1 81.4 [39]
Composite NF hollow fiber membrane - 70.4 36 - [40]
PA/GT/CM 22.77 83.56 76.62 71.97 This work”

*: Abbreviations: PA, Polyamide; GT, Gelatin; CM, Ceramic substrate; MG, Microgel; NF, Nanofiltration; PES, Polyethersul-
fone; PEI, Polyethyleneimine; TMC, Trimesoyl chloride; PIP, Piperazine; SDS, Sodium dodecyl sulfate.
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Figure 12. Stability tests of the PA/GT/CM membrane: (a) Long-term operational stability; (b) High-pressure stability
12. PA/GT/CM BERIRREMMIK: () KHISITIREM; (b) WMEEREM
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B, BRI PA RR A B S AL AR B[44] [45], MITTERZ K PA/GT/CM E )5
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