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Preparation of nanofiber membranes with high crown ether density and their
effect on lithium ion adsorption perfornance

LI Jianxin 2, LI Xin 2
(1. State Key Laboratory of Advanced Separation Membrane Materials, Tiangong University, Tianjin 300387, China; 2. School of
Material Science and Engineering, Tiangong University, Tianjin 300387, China )

Abstract: In order to efficiently separate lithium ions from brine, polyamide polymers with different crown ether loadings
(PAO and PA75) were synthesized by polymerizing diamino—dibenzo—14—crown-4 (DAB14C4) — a compound
capable of specific recognition of Li* — with various dicarboxylic acid monomers. Spinning solutions were pre-
pared with PAQ and PA75 as solutes and N, N-dimethylformamide (DMF) as solvent. High specific surface area
nanofibrous membranes (NMpy, and NMy;5) were obtained via an optimized electrospinning process, and the ef-
fect of different crown ether loadings on the Li* adsorption performance of the membranes was investigated by dy-
namic cyclic adsorption. The results showed that the crown ether density of PAO and PA75 were 1.46 and 1.94
mmol/g, respectively. Under the optimal electrospinning conditions (polymer mass fraction of 18%, electro-
spinning voltage of 30 kV, receiving distance of 10 cm, and injection rate of 1.00 mL/h), the specific surface
areas of NMpy, and NM;,;s were 21.528 and 20.954 m%g, respectively. Both membranes exhibit monolayer chemi-
cal adsorption for Li*, with the adsorption capacities reaching 47.4 and 75.2 mg/g, respectively. Even after 10
adsorption/regeneration cycles, the Li* adsorption capacities of NMpy, and NMpys remained above 90% of their
initial values, demonstrating excellent adsorption regeneration performance.
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2 [ A5 £ 53 /N T 5 Viscotek 270 BUEEIES 5 (351X, 26
[ T JR 3L\ 7] 3 Gemini SEM500 1 #4357 & 54 o 1
R, B E R JREE T 2 T NOVA 4200e 4 A 3L
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O RE=CE 1 s o Tab.l Spinning process parameters
.S R o oh REWRR  OABE  BIORE IR R
@UD—NHZ + “OOCCOOH % AV em (mleh) %
DABI4C4 120 °C [ NMP 12 30 10 1.00 NM1
6h| T 15 30 10 1.00 NM2
18 30 10 1.00 NM3
M 21 30 10 1.00 NM4
NH HN 0 04 X
{ Sh< —@U©+ 18 2 10 1.00 NM5
18 26 10 1.00 NM6
() PAD 18 30 10 1.00 NM7
HN. m S Hooc. Qe coon HOOC - 18 30 6 1.00 NMS8
@ I}NHZ + O @ + L\©X 18 30 10 1.00 NM9
U o | NP 18 30 14 1.00 NM10
6h | TPP
FGCFs l M1 18 30 10 0.75 NM11
0 0 @ 18 30 10 1.00 NM12
N'H R R\@m]@%ﬁ A~ ) ) 18 30 10 125 NM13
. 0 SRl Qg JO '
U " 18 30 10 1.50 NM14
(b) PATS (3) BEME LRSI HT(GPC) R Viscotek 270 B

1 PAO 70 PA75 B & A BE %
Fig.1 Synthetic routes of PA0 and PA75
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Fig.2 Schematic of electrospinning setup
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% 14C4 PA YT &,
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(3) tLRHE R AT : R NOVA 4200e 4= H 3
L 2 T FRURIFL BB 43 B 3038 ek 20 B — e i 1 27
2| e R AR
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XTI AR T RE 7, SEB b BN &l 3 Fim . B9 B
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S B PO K B (ICP-OES ) I 4 15 1ok JiE .
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R TS Life i M BRIR 2 SR P A5 I o
LA ) Langmuir F1 Freundlich 45571 FH W fff 2%
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T @ I -14-7E-4(DAB14C4)

P NG

C—0—C

EICHF%
'TJ

3500 3000 1500 1000 500
W em™
4 DABI14C4 #J FTIR Ftig
Fig.4 FTIR spectra of DAB14C4
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Tab.2 Molecular weight, polydispersity index (PDI ), and

(CD1)SO

W3R

crown ether loading of polymer

¥1414 i/ 44 i/ P N 'A?\fz\l S/
o B5r T BT SRR e ik 1 ﬁjg
Da Da (mmol-g™)
PAO 45 680 74 324 1.627 06 1.46
PA75 52 482 86 928 1.656 34 1.94
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HH 2R 2 FIAL, A SO Pl & 1 i o3 i ) PAO
(M, = 45 kDa) Fl PA75(M, =52 kDa), H',PA0 %
AR BN 1.63,PATS £ A HLPETE B0 1.66,
PAO 1 PA75 ek ik 1 2 it ik v T e k-1 — - &
I (CE-GA-PVA ) A (1.001 mmol/g) 217 — 4
TR G- 14-TeE -4 1Y R Wi (14C4APT-M ) V- A Jl
(1.360 mmol/g)™, 1 PAO AL, PA75 (1)7ef i 1 28 7
HINT 32.9%, XIHRETHEE RIsH/N A RIE T
FH R LU A8 ) 3 o
24 REFEHLIZHW

TERER A=) PAO A1 PAT7S WNE 6 IR

(b) PA75
Bl 6 PAO F1 PA75 F=40HE 5
Fig.6 Samples of PAO and PA75

H & 6 7T LU 1, PAO il PA75 S8 (B35 5) £ 4
REAR, LLPAO FPA7S ¥ LA N, N-— F 3L gk
Jfe (DMF ) A 51, 64T L 25 22 1) £ AR SR 4 B, I
3 3 LR R S g o B 22 T AR
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Fig.7 SEM micrographs of nanofiber membranes with varied

(d) 21%

polymer mass fractions
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J5 AL B AR R B A K £ 4k, ]I 25 22 %86 1 1Y T v
SN 7 2233 R 0 AN TR o, 1T B R 21 4 B
BERIIN G I, AR SCREBR L 22300 h R A ) B A o o
SN 18%
242 it EEIRR

2 22 F R ASTRI I, 6 O 94 oK &1 2 NMS \NM6 Al
NM7 [FESR N 8 s .
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Fig.8 SEM micrographs of nanofiber membranes with varied

spinning voltages
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Fig.9 SEM micrographs of nanofiber membranes with

different receiving distance
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AT K, B 25 5 7 A AR /N AR 4 (I B A/
1525 22 W A st TE) o 2D | 25 55 T8 Bk B 5 7R 21K
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[ AR KAl 25 P A B R Bk AR KT 2. 5B % IE,
AP ALY 2 HIHE 258 10 em.

244 EARFEG A
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Fig.10 SEM micrographs of nanofiber membranes with

(d) 1.50 mL/h

different injection speeds

FH IR 10 AT 7 8 3R 8 1.00 mL/h B, 90K £F
Y I E AR N HAr A A1 EE RT3 5 Bl G T 5k

BB ANF] 1.50 mL/h, QKT 4E EARBWHEI, X
SN TE 2 228 v 3R A ) o i S BIORE TR B, 5 o
78 e B B (] N T SR G 2 R (AR gk
2 Y B AR SR 0 B N G A

25 LT AR SCRAE Y 2 T A2 808 Y2 ih
REV R 18%, YiZZi Ik 30 kv, LI E
10 cm, JFHFH#R 1.00 ml/h, FEHL 22 T 250 F A
SCHi &S T 9K EFLERE NMpy A1 NMpyrs(NM12), I F I
253 HT
2.5 EEEEBRAKTHEENLERERSHT

NMpo FI1 NMpgs( NM12 ) (1 5805 B 467 i 2 1]
11 7

I Bt/ (emd - g™)

0 02 04 06 08 10
HIRSEII1PIP,
11 NMpy 71 NMpys TSR MRt B SR 2%
Fig.11 Nitrogen adsorption—desorption isotherms of
NMgyand NMp,s

I 11 K03 AT A1, NMpy £ NMpys B L 10
TRy 519 21.528 F1 20.954 m¥g, % HF AR it
T, XS AR R B R R 2 2 T A
I B LU 2 T R PR U IE S T 0 H 2 22 1 R 4R o
AR L 2R A T EA L S A,

2.6 EEIREBARAKTHIERNEE TR IR

KIHBhZSWMHEDIE T 25 CF RBE Y 2L
Lit i R AR, &5 5 A 12 FirR

H & 12 T RLR B, LitAE 5 ) LRS- g i et
ZEm BB itV BE B s, RS Livvk B
T DY, i 6 Bk ] 28 2 P2 150, N My A1 NM s 21
R L B 28543l i ik 47.40 il 75.20 mg/g, HilL
ot R T e g e (] 2 T AR e X L) W A
Yang 50N DAB14C4 19 R B 2R A i i #ir
25 72 ) 55 AN K LT HE R (14C4PT-12) , ek ik [ 28 42
1.38 mmol/g, LR THRLR 41.121 m¥g, Li i Ak 75
4017 mglg. 5 Z AL, NMpys 1Y b 22 AR I, {H
Li VR0 R B2 o B vy, 3 PR Ay SR e e [ 48 e 3K
1.94 mmol/g, 1 i $& oy ek Pk i1 28 2t T DA$ fmy Lite
B . Mao ZF0] 46 T & DAB14C4 B R B R AW
(DAB14C4-PA) AR Li ffF 253K 40.10 mg/go NMpy
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W RAF 750 P 008 B £ 2 1 Rl 2 1 A R 50 48 1 75
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R4 NMpy 1 NMyys BREVTEIRE 4 1 EE

Tab.4 Regeneration performance of NMp,, and NMp,;s mem-

brane
PR YENR TR 25 1%
NMpyo 92.4
NMP ;5 93.6

50 -
r/‘—&'— -
T?c 40 " 1:’A_f—’—
£ st 7
2 of 7 o
= P o SRHE
= 10 _’// — - Langmuir PIEL
/ - == Freundlich &4k
0 1 1 1 1 1 1
0 100 200 300 400 500 600
Li* Bt 3/ (mg- L)
(a) NMpy i
80 [ i
70 | T
e L AT
;: 60 B 2"
E 50 F f",/
% 40 - ’/,K
g O« NER
= 20 7 — = Langmuir AR
10/ - == Freundlich #1554k
0 1 1 1 1 1 1
0 100 200 300 400 500 600

Li* Bt ik i/ (mg- L)
(l)) NMI‘MS Hﬁ
B 12  Li*7E NMpy 1 NMoy,s FE_E R IR M SR 4TINS fh £k
Fig.12 Adsorption isotherms and fitted curves of Li*
adsorbed on NMp,, and NMp,+5

S RAA W B e Ik [ R A R, (E R R A R
18.2%, T L 3 i vog JBE AR LU 3 i B IV Tl ik 2 5 37
AT DASR i LB 25 4 . Nisola 5524 DB14C4 5 H
LN AR R 46 7K H il P TR 1) 75 0 F ARUBE (DB 14CE4/
PG MA MF), 7 fik [5 2 520 1.81 mmol/g, 7F 7 £
Jo e FE A 200 mg/L B, Lit WK BfF 25 4 A 9.94 mg/g.
NMpyo ek 1 28 52 1.46 mmol/g {H 3 1 5 & (1) Li*
W B RE (32.70 mg/g ), [FIREIE S $2 e S e} L 2
AR AT A g Li B A 6
H T =W Lt B BRI RS, SR

Langmuir 1 Freundlich B8 X 0 fff 25 5 47401 5, 38
UGS EOT Lide 2L B R 25 G-, ansk
3 fiR.

%3 NM,y 1 NM,y,s BB Lid BRI W FREREEH

Tab.3 Kinetics and isotherm constants for Li* adsorption

process on NMp,, and NMp,;s

Freundlich #&%Y

Langmuir #7

REY

"KL mg) gu/(mgeg?) R Ki/(mgel) lUn R
NMpo 0013 55751 0996 2648 0417 0.891
NMpos  0.009 86319 0997 3825 0512 0914

135 3 A4, Langmuir W FR 20 77 A AR RIAR 5 100
BT NMpag Fl1 NMpyos Z5FLIRE B B -F- 75080 , B Liv
A o Y R 42 2 11 A et b B 5L i S Ak

i 4 AT, 7E 10 WAGFRT NMeyy F1 NMpys 5HE
PR4F 90% LA I A Bt 25 5, iX 26 B NMpso A1 NMps Y
WA A A R PR R E . A, TR
T i JEE PRl A0 B 285 6 6 Bk o T L SXPT B S S BOM B 2
HIEA NN EERER,

RN i e Tk ] 28 i v R T AR NMopos 2K 4T
YR EA R W B RE R AT E A A AT AR Lit
W BR300 P SRR

3 4

AR SCLA AT i/ N B T R R 2, 2- X0
(4—FRFEFRFL ) NP 5 & B K- 14— -4
(DAB14C4) AT =TT SN, 15 381 ek Fik i1 28k 3 g 11
BB AW PATS, BIGRL RE .

(1) ARSCE Y PA7S HA i e ik 15 2% 2 (1.94
mmol/g ) & 73 F it (M, = 54 kDa) .

(2) Jebfik 2R MR AR EF AERSE NMpos 1) B A L 2
22 T A5 R 2 R A WL 738K 18% (Yi 22,
JE 30 kV A2 ES 10 em AR 1.00 ml/h, 7ELE
TEFM N R GOR eI AR S A3 5) , LR THI AR
ik 20.954 m¥g.

(3) NMpys X4 25 1 W B A7 4 R 4k 2% B0 J2 I
B, 5 A ) 2 R ) e ok 2R TG eSS N M AH
Lt NM s B TEERRE [ 20 55 50 T 32.9% , AR Lite Fff 25
IS T 58.6%, 1k 75.20 mg/g, HLZ5 10 YW Fit/HAE
TEER I TRIASWL B 251K 93.6% , HAT 10 S0 0 FH AT 5%
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