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Fig. 3 Structural characterization of GO/CS/Zn membrane: XRD patterns of the CS, GO, GO/CS, and GO/CS/Zn
membranes (a); FTIR spectra of the CS, GO, GO/CS, and GO/CS/Zn membranes (b); Raman spectra of the GO,
GO/CS, and GO/CS/Zn membranes (¢); XPS spectra of the GO, GO/CS, and GO/CS/Zn membranes (d)
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Fig. 5 Photograph of the GO/CS/Zn membrane (a); SEM images of the surfaces of GO, GO/CS, and GO/CS/Zn
membranes [ (b)~(d)]; SEM images of the cross-sections of GO, GO/CS, and GO/CS/Zn membranes [ (e) ~(g) ];
SEM images of the GO/CS/Zn membrane with EDS mapping in the area, where carbon (C) is shown in red,

oxygen (O) in green, and zinc (Zn) in purple [ (h)~ ()]
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Fig. 7 Ton transport properties of the GO/CS/Zn membrane in 0. 1 mol/L electrolyte solutions:

current-voltage curves (a); ionic conductivity (b)
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Separation performance of the membranes;ion permeation rates of GO, GO/CS, and GO/CS/Zn membranes [ (a) ~(c) |;

ion separation rates and separation factors of the GO/CS/Zn membrane with different pH [ (d),(e)]; ion permeation rates

and separation factors of the GO/CS/Zn membrane with different Zn*" compositions [ (f),(g)]; ion selectivity of GO,
GO/CS, and GO/CS/Zn membranes (h); cycling experiment of the GO/CS/Zn membrane (i)
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Table 1  Ionic radii and hydrated ionic radii of

different metal cations
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with different thicknesses
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Table 2 Comparison of the K" /Mg?" selectivities and

K" permeabilities of different membranes

J A fet WA B TR /(mol « L) K BB #E/(mol s m ? « h'') K /Mg 4T ik
GO-Cu-TA 0.1 0.75 46. 43 [17]
GONS2-6 0.2 0.15 18.3 [15]

GO modified with PEI 0.5 0. 202 45 [13]
GO-Cu 0.1 0.174 68.8 [32]

i-GO 0. 25 1. 36 9.11 [16]
GO-PEI 1 0. 047 4 33.8 [33]
FGOM-30 0.1 0.001 9 50 [14]
FGOM-60 0.1 0. 000 89 90 [14]
GO-tpy-COOH-Ba?* 0.5 0.775 2 23.5 [12]
PA/ED-GO 0.1 0.014 11.8 [11]
GO/CS/Zn 0.1 0. 246 50. 84 PN
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Fig. 10 Chemical stability of GO, GO/CS, and GO/CS/Zn membranes after immersion in NaOH and HCI solutions for
30 days: GO membrane [ (a), (d) ]; GO/CS membrane [ (b), (e)];GO/CS/Zn membrane [ (c), (f) ]; XRD patterns of the GO
membrane before and after immersion in NaOH (g); XRD patterns of the GO/CS/Zn membrane before and after immersion
in NaOH (h); XRD patterns of GO membrane in the dry and wet states (i) ; XRD patterns of GO/CS/Zn membrane
in the dry and wet states (j)
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Preparation and ion separation performance of
cross-linked graphene oxide membranes

CUI Yanfeng'*, WANG Mengzhen'?®, MA Lanying"*,
LIU Xuejing'?®, ZHU Donghai'®*, FENG Haitao*

(1. Key Laboratory of Green and High-end Utilization of Salt LLake Resources, Qinghai Institute of
Salt Lakes, Chinese Academy of Sciences, Xining 810008, China; 2. Qinghai Engineering and
Technology Research Center of Comprehensive Utilization of Salt Lake Resources, Xining 810008,
China; 3. School of Chemical Engineering, Qinghai University, Xining 810016, China)

Abstract; The interlayer spacing of graphene oxide (GO) membranes is intrinsically narrow and fixed,
making it difficult to achieve precise separation of ions with similar sizes. In this study, chitosan (CS) and
Zn’*" were sequentially introduced into the GO interlayer via vacuum-assisted filtration, a GO/CS/Zn
composite film with adjustable interlayer spacing and enhanced structural stability was successfully
constructed. In the quaternary mixed solution system, the GO/CS/Zn membrane exhibited a high K flux
of 0.25 mol/(m? « h) and an outstanding K™ /Mg?" separation factor of 50. 84, and the separation factors
for Na® /Mg*", Li" /Mg*", and K' /Li" reached 25. 32, 9. 97, and 5. 10, respectively, which were about
11.9-, 8. 5-, 5. 5-, and 2. 2-fold improvements compared with those of the pristine GO membrane. In
addition, the GO/CS/Zn composite membrane maintained good structural integrity after 15 consecutive
cycles, indicating its promising application potential in high selectivity separation of mono-/di-valent metal ions.

Key words: graphene oxide membrane; chitosan crosslinking; interlayer spacing regulation; ion separation
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