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Introduction

In recent years, mussel adhesive proteins (MAPs) attracts much attention
for its universal surface modification abilities. Dopamine (DA), a derivative of
mussel adhesive proteins, has been reported to self-polymerized and cross-
linked under weak alkaline conditions. The self-polymerization of DA can form a
robust polydopamine (PDA) coating layer onto almost all the materials without
any damage. We have previous fabricated a novel nanofiltration (NF) membrane
based on multiple deposition process of DA onto polysulfone (PSf)
ultrafiltration membranes. The advantages of dopamine modification can be
taken more to make better performance of the NF membrane. .

Here we report a novel method to prepare the nanofiltration membrane by
co-deposition of DA and PEI onto PSf substrates and then cross-linking by
epichlorohydrin (ECH), showed in Fig. 1. The effect of co-deposition condition
and cross-linking condition were Investigate in detail. The successful

introduction of PEI to the surface by co-deposition method made the NF
membrane perform better cations separation abilities. Moreover, the NF
membranes showed better stability under alkaline condition due to the covalent
and non-covalent interaction between DA and PEI during co-deposition and
cross-linking process.
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Fig. 1 Experiment process and possible reaction mechanism.

Results and Discussions

1. Analysis of chemical compositions
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Fig. 2 ATR-FTIR spectra of the studied membranes and UV-vis spectra of reaction solutions

Table 1 XPS results of the membranes

I N
PSf

15.3% 1.8% 2.71% =

80.2%

PSf-DA 65.9% 25.9% 7.9% 0.3% 0.120 0.305
PSf-DA/PEI 65.8% 22.4% 11.2% 0.6% 0.169 0.497
PSf-DA/PEI-ECH  67.6% 19.7% 11.9% 0.2% 0.6% 0.176 0.604

2. Membrane surface morphology
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After co-deposition of PEI and dopamine, the surface of the membrane was
covered with aggregates. The nano-aggregates formed here presumably due to
PEI participant in the aggregation of PDA. In addition, high temperature (60°C)

for cross-linking gave chance to adjust the ¢
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Fig. 3 SEM images of PSf membrane, PSf-PEI/PDA composite membrane and PSf-

PEI/PDA/ECH composite membrane, respectively.

3. NF tests of PSf-PEI/PDA/ECH membrane
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Fig.4 Separation performance of the NF membranes. (Salt solutions with 1 mmol/L
concentration under 0.4 MPa)
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Fig.5 Long-term stability of the NF membranes. (Salt solutions with 1 mmol/L concentration

under 0.4 MPa)

Conclusion

A novel positively charged composite nanofiltration (NF) membrane was
prepared by the co-deposition of dopamine (DA) and poly(ethylene imine) (PEI)
on a polysulfone (PSf) substrate following with epichlorohydrin (ECH) cross-
linking. The rejection of the composite membrane to different salts followed the
order MgCl,=CaCl,>MgSO,>NaCl>Na,SO,, which exhibited as a typical
positively charged NF membrane. Furthermore, the composite membrane was
found to be stable under alkaline conditions, which effectively reduced the limit
to the operation environments for the dopamine-modified membranes.
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