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Abstract: Nanofiltration (NF) membranes have great potential for lithium extraction from salt lakes, however, issues
like low permeability and low selectivity have impeded further development. This study introduces 1, 3, 5-
cyclohexane tricarbonyl chloride (HTC), an alicyclic chloride monomer with a certain spatial conformation, as the oil-
phase monomer for preparing NF membranes via interfacial polymerization (IP) reaction with polyethyleneimine (PEI)

as the aqueous-phase monomer. The overall performance of NF membranes is improved by adjusting the internal
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structure of the separation layer and optimizing the chemical properties of the membrane surface. The research

results show that the NF membranes fabricated using HTC as the organic phase monomer exhibit larger pore size and

thickness, and superior wettability than traditional NF membranes synthesized with trimethyl chloride (TMC).

Moreover, the permeability and magnesium-lithium separation factors are superior to traditional NF membranes. The

permeability of the PEI-HTC NF membrane prepared under optimal conditions is 47. 30 L/(m*-h-MPa), doubling that

of traditional NF membranes. The separation factor of the PEI-HTC NF membrane is 12. 37, being 1. 61 times that of

traditional NF membranes. Under long-term operation, the PEI-HTC NF membrane maintains good selectivity and

excellent structural stability, demonstrating great potential for application in lithium extraction from salt lakes.

Key words: chemical separation engineering; membrane separation; polyethyleneimine; alicyclic chloride; interfacial

polymerization; nanofiltration membrane with high permeability; magnesium-lithium separation
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Fig. 1 (a) Reaction mechanism diagram of PEI-HTC and PEI-TMC and (b) film-making flow diagram.
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Fig.2 Results of nanofiltration membrane structure characterization. (a) FTIR spectra of PSF base membrane, PEI-HTC nanofiltration
membrane and PEI-TMC nanofiltration membrane. (b) A local enlarged view of the yellow area in (a). (¢) N1 peak of PEI-HTC

nanofiltration membrane. (d) N1 peak of PEI-TMC nanofiltration membrane.

PSFEL | PEI-HTC 25 A PEI-TMC 44 3E A0 R
JE SR E AL

=1
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nanofiltration membrane and PEI-TMC nanofiltration
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PEI-HTC 66. 56 11.45 16. 69 1.13
PEI-TMC 74. 68 8.82 15.33 1. 16
PSF 78.38 0 17.02 4. 60
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PSF BRI AAAE R B/ L, ANUB AR T 4 ) 9
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Ly :
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F1(OPEL-HTC 44815 Y AFM

Fig. 3 Results of morphology characterization of nanofiltration
membranes. (a), (b) and (c) are the SEM images of the PSF
support layer, PEI-TMC nanofiltration membrane, and PEI-HTC
nanofiltration membrane, respectively. (d), (e) and (f) are the
AFM image of the PSF support layer, PEI-TMC nanofiltration

membrane, and PEI-HTC nanofiltration membrane, respectively.
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Fig. 4 (a) PEI-TMC nanofiltration membranes and (b) PEI-HTC nanofiltration membranes and (c), (d) their cross section height

distribution.
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Fig.5 (a) Zeta potential and (b) water contact angle of PSF support layer, PEI-HTC nanofiltration membrane, and PEI-TMC nanofiltra-

tion membrane; (c) molecular weight cutoff and (d) pore size distribution of PEI-HTC nanofiltration membrane and PEI-TMC nanofiltra-

tion membrane.
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