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Preparation of Electro-nanofiltration Membranes with
High Li*/Mg** Separation Performance via
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Abstract Highly selective electro-nanofiltration membranes (ENFMs) were prepared by regulating the aqueous-
phase monomers of interfacial polymerization (IP) and constructing the positively charged surface by sequential
interfacial polymerization (SIP) for the separation of lithium and magnesium by selective electrodialysis processes.
The IP reaction was carried out using different aqueous-phase monomers with trimesoyl chloride to achieve the regula-
tion of the pore size and charging property of the separation membranes. The optimum Li*/Mg™" separation performance
(4.75) of the membrane was achieved when piperazine was used as the aqueous-phase monomer. Subsequently,
the SIP reaction was utilized to introduce positively charged aqueous-phase monomer polyethyleneimine (PEI,
M=70000) of different concentrations on the optimal IP membrane surface, which converted the charge of the
membrane surface from negative to positive. With the increase of PEI concentration, the positive charge density on

the membrane surface increased significantly ; the optimal SIP membrane achieved outstanding selectivity for Li*/Mg**
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(15.90) and high Li* flux(3.26x10°® mol-cm™s™") , which breaks the traditional “Trade-off” effect and lays the foun-

dation for the subsequent research and application of Li*/Mg™ separation salt-lake brines.
Keywords Interfacial polymerization; Electro-nanofiltration membrane; Selective electrodialysis; Li'/Mg*" separa-

tion
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Scheme 1 Schematic of the synthesis of ENFMs via the sequential interfacial polymerization
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Scheme 2 SED test equipment(A) and schematic diagram(B)
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Fig. 1 SEM images of the surfaces of PES(A), IP-PIP(B), IP-MPD(C), IP-PEI (D) and IP-PEL,, (E) membranes
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Fig.2 Contact angle(A) and zeta potential(B) of IP-PIP, IP-MPD, IP-PEI,, and IP-PEIL,, membranes
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Fig.3 Rejection performance of IP-PIP, IP-MPD,
IP-PEI,, and IP-PEL,, membranes
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Fig.4 Ion flux(A) and selectivity(B) of IP-PIP, IP-MPD, IP-PEI,, and IP-PEI,, membranes
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Fig. 5 XPS C,, spectra of SIP-0. 5(A), SIP-1(B) and SIP-2(C) membranes
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Fig. 6 Contact angle(A) and zeta potential(B) of IP-PIP, SIP-0. 5, SIP-1 and SIP-2 membranes
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Table 1 Key properties of electro-nanofiltration membranes

Membrane 1071EC/(mmol g ™) MR/(Q-cm?) WU(%) Aswmng( %)
IP-PIP 0.92 4.25 72.47 0.84
IP-MPD 0.94 6.04 62.32 1.18
IP-PEL,, 113 5.16 70.09 1.35
IP-PEL, 111 485 66.85 0.67
SIP-0.5 1.14 3.63 55.28 1.84
SIP-1 1.26 3.52 55.63 1.76
SIP-2 1.31 3.45 54.53 1.72
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Fig.7 Ion flux(A) and selectivity(B) of CIMS, IP-PIP, SIP-0. 5, SIP-1 and SIP-2 membranes
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A TAE) Ay 1E LAY 4 B )2, STP R AR e M 25 5 1 TP-PIP i, A SR IE T 45 i Y L3l AR G Mg™
W BEZE PRI EE RSN, SIP B A Lit 18 5 i 4.09%10°° mol *em ™+ s f# % 3.26X10°®* mol*cm+s™', Mg*
5 1 5.30%10° molem s [ % 2.05%10° mol *em-s ™, WEHEMEH 7.7 325 & 15.9. X & TFi% PEI
WEERHG N, IR T PET AR i R MG N, Jor 125 23 30 T I P oy 2 32 0 3 , L w35, DA el Liv
A Mg 38 AR PT R (i F Mg (0.43 nm) (7K G B 742K F Lit(0.38 nm) , H Mg 5 & 1h]
A UF L e 2 A A S R A e P HE R AR N R i 1 M B A% i, (o Mg 3 o il 2 0.
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Y PELRERINZ 2. 0% I, A9 Mgl it T R8s , st RBUE AR EEATRIF AL, X AT RE
1 T PELEA S B W 1] T AT 8, 1X—

20
ZER SR S 4R — i ok
FEARTIIIR S5 F T, CIMS 7 il I 3 % 6 M'Tg“- N e
PEAH 3,23, X EE T SCHRHIIE A S FH B 1 _nf o ENF-Q3

PEFEE 4355 I (MCPMs ) 19 Li*/Mg> 4 B VL RE
ZE UL 8 AR 2. A 48 1 B G e (STP-2)

TEBRIE B Li/Mg™ 43 B PERE (Pl =15. 90) IRl 4 SIEOOHES PRSI
BF, LiG AR K 3. 26X10° mol-em 25, iiF prANes
S AL SRS RS B AN AT s NI
B AT A R 50 B R Li /Mg 45 5 R B

. . h w2t .
1ﬁ /ﬂ\:?':l_: b {ﬁﬁ K B4 450 LA B 1 g Fig.8 Comparison of the Li’/Mg” separation performance of
SIP-1/SIP-2 membranes and some other MCPMs

Table 2 Li"/Mg* separation performance of MCPMs reported in references and this work

Membrane c(LiCD/(mol-L™)*  Current density/(mA+em™)  10%],/(mol-em™+s™") P:u‘gz Ref.
ENF-Q3 0.1 10.00 5.79 11.3 [19]
PAM_(PEL/PSS) 5 0.1 10.00 4.44 4.59 [38]
TFN-(Zx/Ti)-2 0.1 10.00 5.43 11.38 [39]
M-TMA-0.15wt% 0.1 5.00 0.98 14.11 [40]
PANi-Q24 0.05 5.10 0.03 1.75 [41]
P-COOH-QSQ 0.1 2.12 0.45 5.16 [42]
SPQ-10 0.1 2.12 2.47 12.70 [43]
IP-PIP 0.1 10.00 4.28 4.75 This paper
SIP-1 0.1 10.00 3.76 15.67 This paper
SIP-2 0.1 10.00 3.26 15.90 This paper

#n(LiCl) :n(MgCL)=1:1.

3 &

YRGE T ASTR e 25 K AR BT B, 94 8 B8 4y 1 7 SED 3o A e 5P E (52 i , FF 835 17 1 259 PEI
WRE , DA R A1 SR G A A 3R T Ay 1 PR A AN B S, D S S A R SED 2 AR R E R ) it/ Mg
S ESTERE . TR A TR G Rl AR, ASTR] KO SRR B4 e R RS2 N7 it 1 L R i), 290 P g b 2
KALAE RS, TP-PIP B ELAT B = 1 B F A 25 B R0 BE 38 I LA, (A5 TP-PIP () Litil &4 4. 28%10°
mol-em s, HEATHALM LivMg™ 53 BIVERE (P).=4. 75) . 38 b 72 B 17— Y 57181 3R 5 R ) ¥ B2 14 PEL,
et JEE R 1T PR ey T R S AT 1 FE 5 B PELMRBE AO3E N, B2 IAT PET A HEAS 0 20 M5, o RS 11 1E HA
B RGN, HAERR S A i A i n R AI T R R . 2 R I R A I PELAY BT S RO
2. 0% I5F, 45 SIP-2 I Litil 50 3. 26X10°° mol*em2-s™", SEHEMEE A 15. 90, B, i — R AR
Al RE A% STP B AT 7GR UEAR p BEL) (R e HLA e v ek, LR S Wiad R RT B0, Bhiloke, il 4% g
VEPRME | AR F BE % i g B B AT WK B R SR )
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