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Preparation of crown ether functionalized PGMA microspheres and
their Li* adsorption and isotope separation performances
YE Chen-xi, ZHOU Xing-long, JU Xiao-jie"
(School of Chemical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: To achieve efficient adsorption and isotope separation of lithium ions (Li*) ,this study prepared uniform-
sized poly ( glycidyl methacrylate) ( PGMA ) microspheres by dispersion polymerization. Crown ether-functionalized
microspheres with high modification amount were obtained through the ring-opening reaction between the epoxy groups
and 4'-aminobenzo-15-crown-5-ether (AB15C5).The Li" adsorption performance of the microspheres in acetonitrile and
acetone was significantly better than that in H,O and ethanol. The microspheres reached adsorption equilibrium in
acetonitrile within 3 h,with a maximum adsorption capacity of 10. 3 mg/g.Their adsorption capacities for LiCl, LiBr and
Lil in acetone are all higher than 9 mg/g, and the adsorption capacity of microspheres decreased with increasing
temperature. The microspheres can be regenerated by desorption with hydrochloric acid, demonstrating favorable
reusability. Lithium isotope separation results indicated that the microspheres have better separation effect in the ethanol
system and nitrate systems,with a maximum separation factor of 1. 03.This study provides a simple and feasible novel
strategy for efficient lithium adsorption and isotope separation.
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H o Kflit AB15SCS B &, mmol/g;w, 1w,
3A N JCE A C LR =S, %,
1.4 #BEFRMEEMCESBEHAR
.41 25 FTAWARRILE Y BHR
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HRTIK 9.7 mg/g; 1M 167K FI LB 2R v Wi B 25 e
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BB T ME N ) AR R AR OC R B R W
TFHe—AE R ABISCS Tk XF Li* B W B A 5 s
TR LA LI, T 1 — G ol SRR A T4
T 27 R 5 3 R AT bt A TR % AR A R W B 8 ) 2
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2.3.4 BEXEM Y

1£ 0.25.50°C 14~ , PGMA - AB15C5 Bk 1E
MeCN PR Z Hoxt Lit (W2 K 7 s, 25
2SRRI WK A R B e O i T e T AT,
0°C I W B 725 i fe g, T 36 10 mg/ g3 7E %5 0 25°C 4%
PR IWORAT PR o R W B 2 i, B R 5B
op IV T ek BT 4 i BH S R 24 RN 38 R
PSR WA I B A R T AR A W R S R I 1 2k
AT, B 1 W B 72 a5 v U 32 DU ol 2 o6 8 ) i A 7
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2.3.5 JEIRBMEALATA

PGMA-ABI5CS5 fBRZ: 5 R W B — 8 B 24 512
5 BEURHG I 04 W B 25 i B A T I SRk ) SEML &1
WE 8 Fin, SLIGEER R, 2 5 YR I - FRHE 2R
S, AR AR W B 25 e A HH BRI T B TP R 48 v 1)
R RE . RIS, N SEM R AF 45 SR ] LI i, G ¥R
HG BRI TS M ERIETE A, A h B AR TR 46

12 120
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~10F o """ 100
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L 8k 180 @
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(a) PGMA-ABI15C5 AGFRIK fff 75

(b) W BTG sk SEM B
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R T 5 ek SEM
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%, RS R LW PCMA-ABISCS kA A R
U AT B RS R RN i A PR R, AT R 2R E R
W2 BF A S 1o 3K
2.4 SBRMNEHBEWHR

TRIT T 4 Fhys RN Ll R 2 v TR 037 28 43 18 i
FIRE &9 ko B HT S VAR 8 TLi {H LA KT
BRI R B N F o, SLHREE R BN, BRK
RFRAN AR 3 LI AR 22 00 22 3] W ) 8L [ o7
FHEAME, B SO L RO, K L
SeE 4 T AH PGMA -AB15C5 fsk . /KIk &R h
BRI R A B AR NI B, HL P 7 T K IR &R
oL AR AR F Bk, Li ] IR B A 7K Ak 2 X
[ RN = A T BRI, BEAS T °Li 5 e ik 19
PR, FEC L/ L SR AR, i HA
3 TP ) A A PEBCAR , X Lit AR FIAAE FH & 55, A
MBS R, Hd ZEER R 5B T o
e, ATaA 1,035 P B 06 1R 22 109 00 B8 TR B R
WA T AR R (H TR P A AR 2 kot Lit 9
W B 25 B A, T W BFF AL B ) B T TR 2| BT DL AR K
WA 8 "Li (AR K T AR

10

87Li/ %o
© N A& o ®

Water EtOH Acetone MeCN

13 B 2— 0 B e
(a)8"Li fHAE AL

1.06

1.04f

3 1.02f

K 1.00f -

&

& 0.98}
0.961
0.94

Water EtOH  Acetone MeCN
b5

(b) SFES AT

H9 4MEFMTERMLESBEENNY W
WF9E T AR 2R 4 Bh oA [) BF B 1 b4 ) o7 6
Sy EPERBIRZ I SIS A5 AN & 10 iR, 4 Fhidh
LB G B Y 6 7L (EARIA BTk, F# L
FEWRAH R 4, OLi B AR T REAHMOER 1, @it 4
FhEREMAR R0 B N T o 9K F 1. 01, HHp LiNO,
A o (B, 200 1,02, HkOh Lil 44,254 1. 018,
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FRJE B R B ( HSAB ) B & | Lit M B R , NO; Al C1°
SRR, 17 T8 2 AR e R L L far 4, i T
B, AT LAH Lit Sk I 1 55 s e )2, i
FITF Lit LR, DA T 348 5 2 () 057 28 0 B 38, 4%
BT T A R R (AEREIA R T,
TR PE AR, Li™ ¥ 500 40 4 T I S A T 7K A
Z, DO 5 O 8 X 7 0 L 40 1 42 e b 5 el ik
IRHEARE A, AR 5% Li™ i w22 [+
1250 B M AR X /N

25
20r
S 15F
3
;010- 2
5_
1
0 LiCl  LiBr Ll  LNO,
L:iEN
I—5r B 2— 5 B e
(a)8 "Li {7254k
1.06
1.04r

LiCl  LiBr Lil LiNO
Pih

(b) s T
B 10 4 F 7 B B & F 2 42 B o0 5% 2 9 P B B

3

3 it

KHHRAH % T PCMA ek, IfE 4 R
FETF A B 07 S 3 ek ik A6 1, 159 2] PGMA-AB15C5 1)
REfHOR , RGWEST T HXE Lit i W B itk R B 401 ) 437 2%
SrETERE . SRR, il 4 1) PGMA-ABI5C5
BRRIAZ R 3.1 um, CVAE R 10. 1% , & H KA
WML, AB1SCS Jebfik o D 48 i 20 S ek I 181 i
ik 1.2 mmol/g, WERMPERERFSE s XK AT AE 3 h
DAL 38 2 o P e R B 25 5 24 10. 3 mg/ g5 7E &
5 L% VA T v g o Ak SR J 2 T AR KRR 2 s e g i
TS X — 22 S SRR R Lit 9 R ak00; 25
S YRR G TRV AR I 55 DI R R 2= v, 45 F
BRI B R BT, o Lil | LiBr | Lill W2 B 25
WK B35 9.7 mg/g, RIS ARCBR X Li* fik) iz o
i B U 1 T T B A, 0°C B AT 3K 10 mg/g,
L TR VG o I A 7 00 B L S, TR AE 5 TR

ItR%E  BRIAEN POMA RURIVEISRE Li' M SAMIR DB IR - 331 -

R — RO B 24 I W B B 0 TG BH 8 R, ELERIEZ JE S
PRFE AT, 280 R A 1) 406 1 e e 1 A o 42 I
e, FEERIRML R 43 5 1, KR & LT 6 I e [H)
PR AT B T B NG FN DS R rp 35 30 B
FIAR A R B BE ST, Li &4 T EAMER L, o
LR R B I FH0K, il ik 1. 03, {H AR B 44K
CEFPITR AR R 43 85 R 729 0 1,02, PR jff 25 &
15, VRORH )6 28 =F B AR A0 Dy (i 2, ELZE SR o L g
FRERA 4T B I F e K., %5 L, PGMA-ABI15CS fi Bk
TR Z5ttee , BA R M LW AE S R
GE AR E A 2 A B MR, AR RR R 24y B A LA
K4 o R A5

S 3k

(1] WK, s, AU, s K R 4 22 U R A BOR BE I BRI A
AL T] M FT2#41 ,2023,98(4) :1310-1331.

[2] Sun ZX,Li Z W,Xie Z W et al.A potential DES-driven membrane
applied in electrodialysis coupled extraction for the ultra-high sepa-
ration of’Li isotopes [ J ].Separation and Purification Technology,
2026,386:136545.

[3] He P B,Xie Q H,Wang J Y, et al.Progress and perspectives of lith-
ium isotope separation [ J ]. ChemPhysChem, 2025, 26 (9 ):
€202400999.

[4] Fujie M, Fujii Y,Nomura M, et al.Isotope effects in electrolytic for-
mation of lithium amalgam [ J]. Journal of Nuclear Science and
Technology ,1986,23(4) :330-337.

[5] ML, 50K, A, % A2 3 ik o e B R o R T S it g
[J] AL T#EE,2017,36(1) :29-39.

[6] Murali A,Zhang Z L,Free M L, et al. A comprehensive review of
selected major categories of lithium isotope separation techniques
[ J].Physica Status Solidi A-Applications and Materials Science,
2021,218(19) :2100340.

[7] Badea S L,Niculescu V C,Tordache A M.New trends in separation
techniques of lithium isotopes: a review of chemical separation
methods|[ J].Materials,2023,16(10) :3817.

[8] Balz J G,Bernheim R A, Gold L P.Laser separation of lithium iso-
topes by double-resonance enhanced multiphoton ionization of Li-2
[J].Journal of Chemical Physics,1987,86(1) :6-38.

[9] Zhang Z L,Murali A,Sarswat P K,et al.High-efficiency lithium i-
sotope separation in an electrochemical system with 1-butyl-3-meth-
ylimidazolium dicyanamide, 1-ethyl-3-methylimidazolium bis( triflu-
oromethylsulfonyl ) imide ,and diethyl carbonate as the solvents[ J].
Separation and Purification Technology,2020,253:117539.

[10] Duan C,Sun S J,Wang H Y et al.Extractive separations of lithium
isotopes with benzo-15-crown-5 and ionic liquids; A comparative
study between stirred vessels and small channel contactors[ J ] .Sep-
aration and Purification Technology,2025,362(1) :131525.

[11] Nishizawa K, Takano T,Ikeda I,et al.Extractive separation of lithi-

um isotopes by crown ethers[ J].Separation Science and Technolo-



- 332 - FAX AL L

ay,1988,23(4/5) :333-345.

[12] Sun H X,Jia Y Z, Liu B, et al.Separation of lithium isotopes by u-
sing solvent extraction system of crown ether-ionic liquid[ J].Fusion
Engineering and Design,2019,149.111338.

(137 Sun X Y, Xu S Q,Jin Y L, et al. Aminobenzo-15-crown-5-grafted
polyimide fibers for high-efficient and selective recovery of lithium
from recycled Li-ion batteries[ J].Separation and Purification Tech-
nology,2025,363 (1) : 131991.

[14] Muzammil E M,Khan A, Stuparu M C.Post-polymerization modifi-
cation reactions of poly ( glycidyl methacrylate) s [ J]. RSC Ad-
vances,2017,7(88) :55874—55884.

(157 P45, TRETAE, 5K I, 45 FPY 356 DR 965 19 44 7K H il 1 0% B 20 7
FERHEBT TSR [ )] AL TR A, 2023,51(11) :61-67.

[16] Zhong S C,Wang Y,Lan J H,et al.Radiation-assisted synthesis of
crown ether-modified covalent organic frameworks for lithium iso-
tope separation[ J].CCS Chemistry,2024 ,6( 10) :2594-2606.

[17] Wang P,Dai ] D,Ma Y,et al.Fabrication and evaluation of amin-
oethyl benzo-12-crown-4 functionalized polymer brushes adsorbents
formed by surface-initiated ATRP based on macroporous polyHIPEs
and postsynthetic modification[ J].Chemical Engineering Journal,
2020,380:122495.

[18] Wang W Q,Julaiti P,Ye G, et al.Controlled architecture of macro-
eyelic ligand functionalized polymer brushes from glass fibers using
surface-initiated ICAR ATRP technique for adsorptive separation of
lithium isotopes [ J ]. Chemical Engineering Journal, 2018, 336
669-678.

(L% 324 )

S 3k

[ 1] 4k BH. m R E AR 7 3R R S e AL RIF 78 [ D] R RIL
TARRA,2023.

[2] R, FRE, R, 25 18 PN ZMR 1L 590 2 A R 5 ok
JELT]. T4k, 2022,30(2) :23-27.

[3] mE%E, BT, 2R, 45 2R P SR R R 2 B AR 0 570 4
fERYsEmAa [ 1], Tolk Ak ,2020,28(8) :37-41.

[4] MM bR A TR R AL R RE A s ma [ T BARE T,
2019,39(6) ;:178-181,183.

[5] BERUATFET 5 LR ORALRE 2R A fin 20050 S A0 300 1 % S P g
WF5E[ D] Abmt . AL aifb TR, 2022.

[6] I 2. i L FR AR AL RE B B A AL 7R 2844 B i Y - 565 75

S T AL F AR BN ARSI SCAR [ € MR 2 Al Ak T

2:B%,2019: 16.

TR RS A AR AL AR R SR Ak RE M B SR BUIR ()]

fb5 3R 2014 ,26(4) ;502-511.

[8] Zht fEkHE, B I8, 45 Ag/SiC Tl Ag/ALL O, —SiC HEAL I Y
ORI EEA AP RE (& 30) [T 8 N R 222 ( B AR FL 7
M) ,2024,36(2) :85-92.

[9] Li X,Zhao J, Wei Z, et al.Improving the catalytic performance of

[7

[

Ag/SiC for ethylene epoxidation via modifying SiC surface using
CeO, [ J].Fuel,2025,397 :135496.

546 HBIZT 2

[19] Huang W,Liu S C,Liu J X, et al.2-Methylol-12-crown-4 ether im-
mobilized polyHIPEs toward recovery of lithium (1) [ J].New Jour-
nal of Chemistry, 2018 ,42(20) : 16814—16822.

[20] Yan F, Liu H, Pei H C, et al. Polyvinyl alcohol-graft-benzo-15-
crown-5 ether for lithium isotopes separation by liquid-solid extrac-
tion[ J].Journal of Radioanalytical and Nuclear Chemistry, 2017,
311(3) :2061-2068.

[21] Yan F,Pei H C,Pei Y C,et al.Preparation and characterization of
polysulfone-graft-4’-aminobenzo-15-crown-5-ether for lithium iso-
tope separation[ J].Industrial & Engineering Chemistry Research,
2015,54( 13) :3473-3479.

[22] Sun X T,Yang L. R,Xing H F,et al.Synthesis of polyethylenimine-
functionalized poly ( glycidyl methacrylate) magnetic microspheres
and their excellent Cr( VI) ion removal properties [ J ].Chemical
Engineering Journal ,2013,234.338-345.

[23] Jiang C,Bai S B,Li J W, et al.Crown ether-functionalized nanofil-
tration membranes with high ions selectivity for Li*/Mg?" separa-
tion[ J].Journal of Membrane Science,2025,714:123372.

[24] Pei H C,Yan F,Liu H,et al.The selective complexation of crown e-
thers for lithium isotope separation:a critical review[ J ].Separation
and Purification Technology,2024,341.126857.

[25] Boda A,Ali S M,Rao H,et al.Ab initio and density functional theo-
retical design and screening of model crown ether based ligand
(host) for extraction of lithium metal ion ( guest) ;effect of donor
and electronic induction[ J].Journal of Molecular Modeling,2012,

18(8) :3507-3522. 1

[10] XUPAIIN, T 3k, 209, 45, 1 5 PR A Ak 30 B 3L T 201 58 0F e
[J] .37 TRE%4R ,2023,23(4) :501-511.

[11] SRS AT R0 6T, 55 1] (A b A ) 801 B A0 1 20 i8¢ %
HARVEE[T].PAMETR ,2018,23(11) ;72-84.

[12] Ho T Y K,Pung K S,Lock D W H,et al.Direct vat-photopolymeri-
zation 3D printing of hierarchically porous SiC loaded with Co/Ni
based catalysts by using pickering emulsions[ J ].Advanced Func-
tional Materials,2024,34(45) :2406132.

[13] ZEBOH A B2 Gt Atk AL RR eI TRk AT 2 A = A R0 ] 9 K
AMEZ) 32 WF5E[ D] Ab st AL s TR, 2013,

[ 14] Mirzaece M, Bahramian B, Mirebrahimi M. Amine-functionalized
boehmite nanoparticle-supported molybdenum and vanadium com-
plexes ; Efficient catalysts for epoxidation of alkenes[ J . Chinese
Journal of Catalysis,2016,37(8) :1263-1274.

[15] BRBUR, MV, R IR, 45 PR A £ ot AR A A 1) 48 110 288 ik 11 77
SEAMTLI] Bl 5L T,2020,31(6) :59-61.

[16] Criswell S G,Mahadik N A, Gallagher J C,et al.Nanoscale infrared
spectroscopic characterization of extended defects in 4H-silicon car-
bide[ J].Nano Letters,2024,24.114-121.

[17] B Tl 353t 59 & [ M. db st AL Tolk i kit
2009:13.

(18] 2 M, T, 45 45 He U2 e AL 500 194 Uk 2 43 e WUB IR
R ()] AN A AL Tk 2, 2022,23 (1) :36-41.

(197 ¥ DU [ 5 PR S 7 4% 14 783 MG s 5 T Bt AR 0 2l 5 A 40
[D].dEst: e TR, 2020. 1



