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Advancements in Nanofiltration Membrane Technology for

Lithium Extraction from Salt Lakes

LI Jia-peng, PENG Hua-wen, ZHAO Qiang”
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Technology s Wuhan 430074, China)

Abstract: Lithium is a crucial resource for the development of new energy industries in our country. which heavi-

ly relies on imports. The extraction of lithium from salt lakes presents an important solution to address the

shortage of this valuable element. However. the high concentration of magnesium ions associated with salt lakes

poses significant challenges to efficient lithium extraction. Nanofiltration membranes can effectively separate

magnesium-lithium ions through pore size screening and charge repulsion synergies, thereby playing an increas-

ingly vital role. Based on the regulation of membrane structure, including pore size. charge, and thickness, this

article introduces various strategies for regulating membrane structure such as surface modification, nano do-

ping, and new interfacial polymerization processes. The relationship between membrane structure and separation

performance in Mg/L is also discussed. Additionally, the advantages and disadvantages of different methods for

preparing membranes in the separation process of Mg/Li are summarized.

Keywords: Salt lake lithium extraction; Nanofiltration membrane; Interfacial polymerization; Surface modifica-

tion; Electrolyte
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Table 1 Summary of separation properties of magnesium lithium

- B v B2 R BB R e %%
(ppm) BEHLEL (Lem ?+h 'ebar 1) TERE 1 SCHk
DAPP-TMC — 20 2. 50 2.59 [31]
BRI PEI-TMC 2000 20 5.03 15. 38 [32]
PIL-NH,-TMC 1000 100 11. 67 9.8 [33]
PIP-TMC-PEI( & B D 2000 150 8.33 12. 37 [34]
PIP-TMC-PEICHR AL = %) 1000 20 11. 10 33. 4 [35]
PEI-TMC-DETA — — 2. 88 11.38 [36]
PEI-TMC-DAIB 2550 50 22. 00 5.71 [37]
PEI-TMC-QTHIM 2000 50 32. 50 4.58 [38]
PEI-TMC-HMTAB 2000 20 17.17 10. 2 [39]

R A
PEI-TMC-QBPD 2000 50 16. 10 5.2 [40]
PEI-TMC-QEDTP 2000 120 18. 82 15. 6 [41]
PEI-TMC-SOH 2000 103 26. 40 11 [42]
PEI-TMC-DABIL 10500 20 16. 90 12. 98 [43]
PEI-TMC-TQAIL 10500 20 22. 24 10.58 [44]
PEI-TMC-DHTAB 2000 20 6. 00 60. 1 [45]
PEI(15C5)-TMC 2000 50 8. 00 14 [47]
PEI(Cyclen)-TMC 2000 20 14. 00 8.7 [48]
PIP(HACC)-TMC 2000 13.9 15. 70 115 [49]
PIP(NH,-POSS)-TMC 43.4 [50]
PEICEDTS)-TMC 2100 20 6. 20 12. 95 [51]
IR B PEI(PIP-MWCNTs)-TMC 2000 21. 4 8. 50 16. 46 [52]
PEI(MWCNTs-COOK)-TMC 2000 20 12.23 58 [55]
PEI(GQDs-NH,)-TMC 2000 20 11.93 27. 85 [59]
(CQDs-NH,)-TMC 2000 20 11. 60 14. 42 [60]
BAPP(BHC-CN)-TMC 2000 73 5. 60 29 [61]
PEI/LDH-GA 1000 9 8.50 18.7 [63]
UF(Ui0-66-NH,)-PIP-TMC 5500 10 5. 64 78.6 [67]
UF(MWCNTs-COOK)-PEI-TMC 2000 20 11. 45 58. 66 [69]

I FBE T
UF(CNC-COOH)-PEI-TMC 2000 30 4.17 12.15 [70]
UF(GO)-PEI-TMC 2000 20 11.15 16. 13 [71]
RIP 2000 20 11. 45 9.22 [72]
GLIP 2100 20 4. 30 27.38 [73]
Ho Al 5 s MPD(Cu*")-(GA) 2000 23 16. 20 8.0 [74]
HL 40 8 2000 20 15. 00 5938 [75]
PAH/DA/PSS — 35 21.9 37.8 [76]
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Interfacial polymerization (IP)

PIL-NH,-TMC nanofiltration membrane

1 (a) DAPP 5 TMC %1 % 4% 2K 7 (2015 Elsevier BUAGF A 5 (b) PIL-NH, 5 TMC % 84 5 & |5

(2022 Wiley Online Library JRAF A

Figure 1 Schematic diagram of interfacial polymerization between (a) DAPP with TMC (Reprinted with permission

from Ref. [32]; Copyright 2015 Elsevier); (b) Schematic diagram of interfacial polymerization between PIL-NH,
with TMC (Reprinted with permission from Ref. [33]; Copyright 2022 Wiley Online Library)
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Figure 2 Schematic diagram of surface modification of weak electrolyte molecules. (a) Modification on PIP-TMC

membrane with PEI ethanol solution (Reprinted with permission from Ref. [34]; Copyright 2021 Elsevier);
(b) Modification on PEI-TMC membrane with DETA (Reprinted with permission from Ref. [36]; Copyright 2023

Elsevier)
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Figure 3 Schematic diagram of surface modification on PEI-TMC with different quaternary ammonium. (a) Modifica-
tion with DAIB (Reprinted with permission from Ref. [37]; Copyright 2021 Wiley Online Library); (b) Modification
with DABIL (Reprinted with permission from Ref. [43]; Copyright 2021 American Chemical Society); (¢) Modifica-
tion with DHTAB (Reprinted with permission from Ref. [45]; Copyright 2022 Elsevier)
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(a) Organic phase Mix-charged polyamide membrane (MCPM)
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Figure 5 Schematic representation of PIP and NH,-POSS (a) or HACC (b) aqueous phase blend interface polymer-
ization; SEM cross-sectional images of PIP-TMC membranes (¢) and PIP/HACC-TMC membranes (d) (Reprinted
with permission from Refs. [49,50]; Copyright 2022 and 2023 Elsevier)
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Figure 6

(a) Schematic diagram of interfacial polymerization and nano-SiO, formed in the membrane after blending

DTES with PEI (Reprinted with permission from Ref. [51]; Copyright 2023 Elsevier) ; Schematic diagram of nano-
filtration membrane prepared by interfacial polymerization of (b) PIP-MWCNTs and (¢) MWCNTs-COOK with PEI
and TMC after blending, respectively (Reprinted with permission from Refs. [55,56]; Copyright 2017 and 2021 Elsevier)
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JZRAUE E ALY (LDH) & — P 8L 8 ) 45 1E
Wi HER R, BT LDH B 445 f&7 80 25
ALETTEZN AT T 2 S A N g
1€ PET K AR R A LDH , 3 i 2L 25 4 Bl i %
¥ PEL-LDH LA R K i PAN JIKBE I, Bl J5 £
P WE CGAD ZZ B, i #8707 1E HL AT 1 94 U8 B (PR
7c¢), Bl B PEI-LDH/GA B i 35 4 i L R
R 4 J TGC 7 B 1 DI [ A O 0 B0 ) e 5 4
AR K LDH 5 R &Y 46 1 MR R e
PR o [R] I 30 e 1 i A O R Y 3R TG F A, R T
Iy PERE .

VR B J4 W] LUK BOPE W T 51 A )2 N
ol JFL AT LA RS PN 3B TR Bl AR ) 2 el L, A B T
[F] B 42 /5 8 08 P R Bk . (U BT 51 A B 9K KL
T ARRGUKE R B T A B A
MaEEAIEREN S FE NI, KRBT E
E— 25 TF & BT B K R T Bk 1 Al B AR Ok
fif DI B B AE AE () ] 80, S M B 5 T2 A
FEPE,

5 JEFEBUE

TE U SR G 2ok R b 0 B T Y S K 1 R
AE P 23 0 16 1 J2 1) B A PR Re 7 A 52 e, B SR K
P B IR A6 2 T AT IR AN 1 59 3l K ST, O A
AR AR A A T PR )2 . 4 R R T Y R A 4
AT DA Ak 7K A% i i A% R0 8 L 2 e B [ s 2
B M J22 11 T B2 3 4 ) ) 400 o 0 S L 4% K
K B, DT 2 B B4 (0 43 B ORI R
T 51 A B L fif (A—COOH) AT LA 38 55 /K K B4
- NH, Z [ 8 AH 5 AEH J, I 25— COCl
S50 B DA R AR A R O B R K R . R, 2K
5 G LR P A 2 A A 4 D R 4 A R R R
B,

Yuan 27 ¥ UiO-66-NH, a8 ZIF-8 44 % i
hr 55 B i VR TR L A T TR A i T R (R
8a), HIEIEE F B A UiO-66-NH, J& 5% Ifi 3£ /K
P 438 35 [ B LR AR A, UiO-66-NH, £ fii /K 2 1
7 T PSR AR L DT A I R 3% T TR B A T AN O



1139 2 5 M 45 < 2R W1 HR AT 44 IR AT 5 1507 -

KM . Z 5 s FE K MO AR N & A LT R &
S EOK SO R LA =2 18 6 9 K P T T AN
HPA M. RBRZRKGIE 2T E R
FERA A TE M 2 5 R . R R SEM & 4
Wl A RO IR IR S PIP-TMC 16 2 B
A BSTIANK 5% . IZ I 2 A RCRL AR R R T B
HL i B9 T8/ 6 Mg® ™ /Li T B AP 4 B &
$0 o Sy T35 78. 6,

Xu 258 % MWCNTs-COOK s fm 71 [#
FETE B UE IR L SR R £ MWCNTs-COOK JiE
R 2 A ot B R A A PETTMC fiE, [ 5E 1Y

@

o NS
Phase

\ inversion
Casting solution containing
— UI0-66-NH, or ZIF-8 ’

PIP-TMC/PSF

(b)

8 (a) UiO-66-NH, = ZIF-8 IR GIE KK & T LR =
Elsevier BT ) 5 (b) GO 1RA S 4 45 2 Z IS Bt | PEI-TMC i % 75 25 &1 7 (2020 Elsevier FRALF A

Figure 8 (a) Schematic diagram of UiO-66-NH, or ZIF-8 mixed bottom film preparation process and surface mor-

UI0-66-NH, or ZIF-8

Mixed matrix ultrafiltration porous support 3

PIP-TMC/PSF(U10-66-NH,)

UF membrane

l PEI immersion

l TMC immersion

MWCNTs-COOK i Jig B H A7 55 55 9 2 7K P AL
BK , MWCNTs-COOK | #—COOH it f] LI 5
PEI I #—NH, %, 3K Filf &—NH,
DLREALT PE1TYS TMC W ACERE ., 5 —Jr i, il
it MWCNTs-COOK a1 #8 g R 536 1 2 2
V) P 3 2, TR HRE VR T e N DR S N M RE AR kL
AR A A 11.46 Lem “+h '+bar ', Sy,
ik 58. 66,

Guo 5 ffi IR AL EF 4 ZE 91K il (CNC-COOH)
A S B Bk ARG R TG M R e ) 2L A T 2
WX Janus HIEK ., CNC-COOH HEE& A

Polyamide nanofilm with nanostrips
morphology

Interfacial
polymerization

o,

CIPSF(2IF2g) -

§r) =

L.

Heat treatment

B & PIP-TMC ¥ 7E 7 [ Ji i b i 26 T 8 4107 (2022

phology of PIP-TMC film on different bottom films (Reprinted with permission from Ref. [67]; Copyright 2022

Elsevier) ; (b) Schematic of GO mixed bottom film preparation and PEI-TMC {ilm preparation on this bottom film

(Reprinted with permission from Ref. [71]; Copyright 2020 Elsevier)



« 1508 - [ S S 4

2023 4

K —COOH, 7 L5 PEI 1 f—NH, i i #
LA BRI R 3 980 L 5 TMC e i RE B .
F AR —NH, [ 340, 38 v] DL & 3 2 0 IE
M. BEAh 2 oK SR T PA 2. I,
e AW PA JZ A LA # BT K /3 K IE/ U
7 (XL Janus 2438 B L A4 /o 308 o R0 B PR

Xu 2R GO MR 89 38 Bk U B 1
PEI f1 TMC 9 711 2R & 3015 7 — o 2L 9 44 38
B & 8b) . GO 1 Ry #F B 3% 1z 5 ok BRUJIC JBE v 174 fifk
g 3 A1 PEL —NH, . A, GO 9 m A K K42
1R 1R U I L SR R, AT AH R 2 T
BN IE I A K BB (11,15 Lem “<h ™ 'ebar '),
Swe.i M 16,13,

P b AT L S P D I A e R B B
Sy E AN UE M RE T B 2 — o K 2 R 51 R
2% 7K M 23 52 ) K ST ) RS M S KA B A Y
PEIGHE S, T 5 e SR Ik e TR R R I S IR B S
FET AT o H RT3 TR B A O R 2 o g oK R
T 55 R T R R A ) TR A B O S I
TR R B —, LA O BB, KRR T EHR
B B W O 1 — 2D WY IS R A M S R 4
JRE T i ARG RG34 ) A O o B
BN

6 HfthRugk

AR T SR A 1 R — P A D 2
F )T Bt . AN U8 BTG PR 2 09 bR 0 s A A
S LA Y Janus S5 48, 2% 1 L A7 Bl AR A
i v oK R B R AT ke o HL v T e e B AR (1
T H IEFL S T 50 — M i, R S i AR G
T 2 8 T K R PR A P T T R R 3
T[] A AL AH L 5% 8RB 22 19— COCL, P i i 3 3R 31
Hh A LA

Li 0 W T — BB 8y kL 8% PEL AN
TMC B R A AR IR B4 3% 1 00 . Jote o B I i)
SRR G . PEL MW AW, E 9 ) s, 7
iR Gt 2 PET W % W 4E TMC IE C b %
W 7 A e & U R i PET () B = T
TMC, A FIFIE B A 43 A 5534 5) HOE o M 5o
1) 490 T8 I

HTEEZ M Janus 4580, Wa 5594 T
MR A mERAG WA RE., B
il 25 i R AN & 9 (b) By /R o #E MR 5L TR & ik 72
HL SR TMC B IE © b 1 8T 38 S B 8% )5 7

JIE R )7 iCE 2 — i (EDA) B K W - 2 )5 EDA
Rk B S0h 5K R TMC IE & b BOE %
OB . R R TS P A A B BOR &R
J R —NH, 5% 45 2 iy 2 1 A far 1) 44 0 B AT
PIA B Ay BB, S v M 28,

Wang 257 f% Cu® ] 2K — e (MPD) 1
VIR NS G R N e A S T o
P, Cu* TR HE MPD 19 H B4, JE AL Cu-MPD
AW ZIEHSR B (GAVBE T LB 1758
A, AHA T MPD 5 GA B #2358 B, Cu-
MPD %% & ¥ 42 {15 57 22 (%) 15 B a7 , [ Bsf A0 foff s 285
LA TN P U 2 R R R L R R TR Y B A
SEERE, A ®mMBEME16.242.7 Lem ©-
h™ 'ebar DA Mg®" /LiT #0100, I
Sh i T Cu™t AR, Cu-MPD 48 I K Bl B
BT A YIS YL Re T

55 BB A O I EL T Y 40 D8 B4 B Mg® T/
Lit o AR, Li 27 78 PIP-TMC i | 34 i 1
L7 ) FEL 37 of g i 2 T ) O H M EL AR U A
9Co) B  FER I ITES T  AIE B I 3R i
L i3 A1 (—COOH 25— CONH—) & 4 # 1k,
ZJa Mg® i 1 5 i Ak 3 1A A 4% 4 T ] S 7 I R
AT iy 70 P 7 F) 490 D R A7 A o o O H far Y
BRI . 4 AN U %5 O 2,83 mAecem R,
S 3K 5938,

Yang %70 5% 3R 94 ik Eh PR EE (PAHD £
ELRE (DA) FIER 428 G TR BA (PSS) 4T )2 )= 4
Bl g TRBMIER 22, DA 7R 4 Rt #
ik AR P L 980 T R B L IR YRR R RRE R
FE B T AL — 1k (R B AR R A B
e HBBEERN21.9 Lem “«h 'ebar 'Sy, N
37. 8CRHR LRIy 35) .,

7 RE

i o T 0T e v R e 3k W ) R D L BT B
PRAEAR OB . o 50 180 4 R O e 3R
LSBT A TR 7 ol i B R R G SRR A, HRT. T
YRR ER AR AR ARG B Tz MR, BN
TEAE— S ) J0, fn ) 4% T 25 S oA s & LA
b PRI | i o ER A Ik 22 55 . ROk, 40 il B L
BTN LR LA
(1) Bl & 14 T R Ak

H A T8 A S 43 v P R BE 40 1 4N i I



114 25 50 MG A« R T 4R R N R R AE 5 gk < 1509 -
(a) Hexane + TMC (b) : _________________________ L

IW-tcr
. Acetone + P!
I

‘*4.'
© A'A B

a&*ﬁ"\‘}é’

Mﬂ
IIv

PSf membrane

Rejected

* = g
Y- Polarized
A- Reconstruction —
Mg?* enriched
..’ = g
>- B Dehydrated
»- o Permeate

I Ile\“l

PSf membrane

~

o
{e}
a1
o
>’\'
f\' g

Acetone gas O&
\“ [ D
v A eV e
[ |
O’///\N_\_ o O\ ), i
H N — o
N\/// =
I\
!
e
(d) 0= 8000
=S 5
o 120 { 6000
4 ——
= <
= 201 4000
o : i 2
60 - &
§ 2000
[
o *
——" 0
ol . . X .
o 0 071 141 212 283

Current Density (mA-cm?)

9 (DORFAHEERERE™ (2022 Elsevier AT AT 3 (b) S W A T B4 7R & B (2022 Elsevier JRAVF T s 1
P52 UE KR 723 18] (o) LA R 32 B TE S [A) H U %% T B4 A9 e 6 1 (D7 (2022 Elsevier MRALFTT)

Figure 9
Copyright 2022 Elsevier) ;

(a) Schematic diagram of reverse interface polymerization (Reprinted with permission from Ref. [72];

(b) Diagram of gas-liquid interface polymerization (Reprinted with permission from Ref.

[73]; Copyright 2022 Elsevier) ; Schematic diagram of electric field-induced nanofiltration membrane (c) and its selec-

tivity of magnesium and lithium at different current densities (d) (Reprinted with permission from Ref. [75]; Copy-

right 2022 Elsevier)
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