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Preparation process of EP—SEI
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Schematic of Li deposition of bare Li

Cycling
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Schematic of Li deposition of EP—SEI
K1 EP-SEI {4 I8 i st A2 A TR AR i
Fig. 1 Schematic of EP—SEI Li preparation process and Li
deposition

1 FH 8 BL R 21 /54 (Nicolet iS50 FT-IR)TE
800-3 200 cm ' % PEGDA—co—VC #ET 45 F 40 4 43
Mo PR T 2485 (SEM, S-5500, Hitachi)
I E OB X SR (EDX) A 25 il £ 1 st # A
e 5. AfFH HL Ak 5 T AF 35 (1470E ,  Solartron) 7
107'-10° Hz PR T3 Bl P HEAT AL 2 B HE (EIS) -
SR B B 97 R AR 22 Bl R (CV)BL 0.2 mVes™' {914
AR AE-0.2-0.2 V JE Bl R . 3 BT EUR FL
MR R G5 (BTS—5 V, 10 mA)LUE 5 R % A
1 mA-cm °, fHEREZRE R 1 mA-hem ~ A%
PEXT RN AR AT IR, DL 0.5 C 5% N4
{43138 LEP. NCMS811 4> Hiith .

2 HRE5®

2.1 EP-SEI W45 R SRR

W AR AMDE R A Tk, 1R SRR H
# T —EHA®®M%TR PEGDA—co-VC AT
SEI(EP-SEI). A | & il £ J5 EP-SEI 5 &4
B, e HGEAT T FTIR YGiE AR, % EP-SEI
IS HIBEAT T 20T (OLE 2a). FIF FTIR Stk
B, BUE T EP-SEI & BHT I B AA 2544 DA S BAARAE
LAMTBRIT TS e e R AE RN, B4 EP-SEI
1RG5 H Ak 2 IS i B O 224k . PEGDA #.
PRAT VC AR DL KA s 1) EP-SEL [ FTIR Yi
iR EIR, PEGDA BRI VC ARG HITE KL
1720 e ' AEFT 1790 em ™' kb C=0 (R4 4R 514 .
FE 1110 cm ' 12870 em ' &b43 5l C—O—C MI—-CH,
I gadRsh g, EA1#KIET PEGDA k2454
SIS EE ST ) EP—SEI [ At L 0 81133 748 A ) e
fiklg, BLIATEA U X N EREFIA S S b, VC #
{AHT PEGDA FAf] C=C XUBEFIHRFEIE S FIALLE 1
560 cm' 11620 cm ' KL E P, i EP-SEI ()

FTIR AR H I C=C XURHIEIE, KB VC Bk
PEGDA HRTELRANCIEM 757 R h L, il
7 PEGDA—co-VC &Y. XA LA
PSR Y] LR R EP-SEI 45T, T
i EP—SEI (85 1 i PP, 3 B BIR M R &
WgstateE, BARENEYE. TR TG,
REE I L AR AR o 7R R BERT I, FRAT 10K
ZIEI 51 EP-SEL #4T 7 FTIR i, ZeiFHAL
SEEER AR . B AT LA BI5 34 )5 1) EP—SEI 1)
FTIR ¥ _E4E 1790 cm ™' 4bARE f VC [¥] C=0 ({4
PRBNEE 2, TAE 1650 em ' LRI —ANIHE T
ROCOOLI FIRFEIE . X A5 U0 T 78 Ak 52776
Wit #E EP-SEI & & -COO-F R4 n] LI 5
B A RN, A ROCOOLIP 2, i g 1k,
()35 41 (ROCOOLI) H] LA il EP—SEI 5 4 J&@ 41 51 A
Z ARk, [FIRA LiR (e, ket
T Li'7E &R AR T 1 3 A1 TR,

Wi T EP-SEI Mk 45#)5, ¥ PEGDA-
co—VC REWRMBEIEAT T h AR v ge k. &
2b NN SR k. AW 2b WL H
PEGDA—co—VC &R MR 2y 5.94 MPa,
It BLIE B KA 77 J B R 7 Rk 55 75 SR A7 A2
RiAZ 2 E F] 48% A1k, B A — 8 R R
RISy, EBLL PEGDA—co-VC E&WERNL
SEI BA—@msetk, nf LA gk, M
AT SEM AR, 4341 T EP-SEI (7SR . HIE 2c~
B 2e 7] IL, )\ EP-SEI FJff#% SEM EI(ILIE 26)HmT
DA %% 21 1 I A R MRS, X R W
EP-SEI 7£ 4 J@ B [ BB R 4F . A EP—SEI [1)##
#If SEM &A1 (C)~ (O)EDS K(WL K] 2¢~[& 2¢)
] LAEEE] EP-SEI N5 B0 C F1 O
HIEEZ 1.6 um, REEHESGAESEHRIM.
X EP-SEI Y4 @ 8 67 A (] 5% 1) #2 A5 25
TR R AN A BRI T3, AT LA ek b f i
WS 4 O e A, AL P AR R PR T RE N SR A [
AR MbAh, R 2H A% ) B IR Bk 2 (LiFePO,) ||
EP-SEI Li 4 Hyh &5t 20 IGH J5 kAT 5, Xt
EP-SEI Li #4717 SEM i I R AE (LK 2g).
ME SR A E S ) EP-SEL KR TR 758
BB, RRAER B CEARAER. M
] 2 1) FTIR A1 SEM il 3 0] DAAIE BH B Dy th 7 42 )@
PRSI T — R EA R WAEE NSRS
W) EP-SEL, 1% EP-SEI [JEE{UN 1.6 pm 7] DL
PG SRR, AR &R A



« 2190 - CRERR R 2540 J Chin Ceram Soc, 2024, 52(7): 2187-2196 2024 4
C =C] ¢—o VC 6 £5.94 MPa —PEGDA-co-VC
5
= —PEGDA
21 SW< < CT o ==~ £4
z WVWN —EP-SEI =
= ——EP-SEI-Cycling —CH, c% 2
e o IS |
I I 1 1 1 0 I 1 L I
800 1200 1600 2 000 2400 2 800 0 10 20 30 40 50
Wavenumber/cm™! Strain/%
(a) FTIR (b) Stress-Strain curves

3 um

40 um &

3 um
[

| E—

(c) SEM Cross—section EDS of C (d) and O (e)

(f) SEM of EP-SEI

|

(g) SEM of EP—SEI after 20 cycles

B2 s SR E W) N LB S R A T BE(EP-SED I 45 K4 . Bk BE ST SRAE
Fig.2 Structure—tensile property and morphology characterization of EP—SEI
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Fig. 3 Electrochemical properties of EP—SEI Li and Bare Li
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AEBEERN 1 mA-hem - IINREAE T, WL E
fEFAEE IS 300 h, H—E4EFF 26 mV it EH. A
S, Bare Li XIFRHEIMYIGEAE 16 mV FIid 5%, 1t
BHXANEEAE T EP-SEI Li X[ R, {HIEFF 40 h
JE PR R I RS 5, IX 368 Bare Li %R HLIth
FEREIR R, LiT ARSI 0T S SO R A KR Ee
VR Tk A S AN W Y R, T 5 50 LA e # H FHLAY
Jnt*°1, B ab F1E 4c Sy EP-SEI Li 1 Bare Li [{J%¢
R LV PR H S ) ] R 2R (9 VR 4254k, Bare Li X FRHL
HBAERT 25 AEHA 23 b EP-SEI Li XK Hjth 58

0.4 -
Bare Li
— EP-SEI Li
02 r
2
(9]
200 Tl
G
>
-02
1 mA-cm™
I mA-h-cm™
—0.4 \ 1 , 1 1 L 1 . 1 ,
0 50 100 150 200 250 300
Time/h
(a) Time—voltage curve of symmetric cells
0.04 12 Bare Li — EP-SEI Li Bare Li — EP-SEI Li
' 02
0.02 -
2
&
& 0.00 |- 00—||l|||||||||||l|||
G L
>
-0.02 -
-0.2 -
-0.04
I R R S| [ E R TR |
2 4 6 8 10 66 68 70 72 74
Time/h Time/h

(b) Amplified 1-11 h and 65—75 h curves
B4 SRR I A BRI

Fig. 4

Performance test of Li symmetric (Li || Li) batteries



. 2192 - CREFR Eh22 4D

J Chin Ceram Soc, 2024, 52(7): 2187-2196

2024 4£

KL s, EJREEEIR, Bare Li X BRI IE K
AR RSN, FF Hoad B Rk EP—-SEI Li %R
Hith. #H)<, EP-SEI Li X}#%HAE 150 ¥X(300 h)
PP ORFRRSE 26 mV [ HL %, XK W] EP-SEI
AT AR R e A RO AR & B . 45 SRAIE W,
EP-SEI A Rk ghtfase, 3 Hafb 2= Renr &,
Refiy A 0 by 1 rUR R S R A Al = AR I e B
[ ) il B s AR () A il B T AP B
[FIS A 1 57 (AR AR PR #E e N T SEX IR
L, B 3 mA-h-em * ) Li IR 7E EP-SEI Cu Al
Bare Cu Fb AT 4L AR A ) SEM. (O &

(c) SEM top view of Bare Li
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(d) SEM cross—section of Bare Li

K5 HE M RIEIURIK SEM B
Fig. 5 SEM images of Li" deposited on Cu surface
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Extended Abstract

Introduction Lithium metal batteries (LMBs) are regarded as candidates for next-generation batteries due to their low
electrochemical potential (i.e., —3.040 V vs. standard hydrogen electrode) and high theoretical specific capacity (i.e., 3 860 mA-h-g ™).
Lithium (Li) metal anode is susceptible to side reactions with organic electrolytes, leading to the uneven formation of the solid
electrolyte interphase (SEI). The non-uniformity and fragility of the SEI can aggravate the growth of Li dendrites and excessive
electrolyte consumption, ultimately resulting in a rapid attenuation of capacity and safety risks. These issues severely hinder the
commercialization of LMBs. The development of an artificial SEI is crucial for protecting Li metal anode, suppressing Li dendrite
growth, and accommodating volume changes during cycling. This advancement is essential for improving the stability and cycling life
of LMBs.

In this paper, we synthesized an artificial elastic polymer SEI (EP-SEI) constructed on the surface of Li metal anode by an
in-situ UV—curing method. The main composition of EP-SEI was poly (ethyleneglycol) diacrylate—co—vinylene carbonate
(PEGDA-CO-VC) cross-linking polymer.

Methods For the synthesis of an artificial elastic polymer SEI (EP—SEI) constructed on the surface of Li metal anode by an in-situ
UV—curing method, polyethylene glycol diacrylate (PEGDA) and vinylene carbonate (VC) were mixed in a mass ratio of 4:1 (i.e.,
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80 mg and 20 mg) under stirring. Afterwards, 2 mL of dimethoxyethane (DME) was added for dissolution. Subsequently, the mixture
was dripped onto Li metal foils, followed by polymerization under a mercury lamp after the addition of
2-hydroxy-2-methylpropiophenone (HMPP). This method utilized UV light to rapidly excite the unsaturated bonds of polymer
monomers, thereby shortening the polymerization reaction time and enhancing the preparation efficiency of the artificial SEI. This
method was simple to operate, conducive to batch production, and aids in advancing the commercialization of LMB. The LMBs were
assembled with LiFePO, (LFP) or LiNiggCoy;Mngy;0, (NCM811) as a cathode material, Li metal foil as an anode, polypropylene
(PP) as a separator, and 1 M LiPF4 EC/DEC as an electrolyte. The batteries were assembled in a glove box filled with argon to ensure
a moisture-free and oxygen-free environment during the process.

Results and discussion An artificial EP-SEI with PEGDA—co—VC was prepared on the surface of Li metal by an in-situ
UV—curing polymerization method. The thickness of EP—SEI is 1.6 pm. The EP-SEI exhibits an uniform and dense morphology and
tightly covers the surface of Li metal. In the results of electrochemical test, Li symmetric (Li || Li) cells assembled with EP—SEI
protected Li exhibit highly reversible electrochemical behavior and faster charge transfer rates. The Li || Li cells with EP—SEI Li
maintain stable cycling at a current density of 1 mA-cm 2 and a capacity density of 1 mA-h-cm *for over 300 h. And the impedance
values of Li || Li cells with EP—SEI Li continuously decrease during the cycle, and eventually stabilize at 15 Q. This indicates that
EP—SEI exhibits a high stability during prolonged electrochemical reactions and a high lithium ion conductivity. In the results of Li ||
Cu cells test, the low nucleation overpotential (u,,.) and plateau potential (u,,) indicate a reduction in the nucleation energy barrier for
Li deposition. It is confirmed that EP-SEI can promote the uniform deposition of Li* on the surface of Li metal. After cycling of Li ||
Cu cell with EP-SEI Cu, the thickness of Li" deposition approaches the theoretical thickness. The surface of EP—SEI Cu remains
smooth and flat without the growth of Li dendrites. In the results of full cell test, the LFP || Li batteries with EP—SEI Li exhibit a
discharge specific capacity of 164.1 mA-h-g™! and a capacity retention rate of 72% after 500 cycles with a coulombic efficiency of
98.5% at 0.5 C rate. The NCMS811 || Li batteries with EP—SEI Li maintain a discharge specific capacity of 100 mA‘h-g™" after
500 cycles. This demonstrates that EP—SEI effectively reduces electrolyte consumption and improves coulomb efficiency, cycle
stability and safety of LMBs.

Conclusions In this study, an elastic polymer artificial solid electrolyte interphase membrane (EP—SEI) was constructed on the Li
metal anode by an in-situ UV—curing polymerization method. This EP—SEI exhibited excellent uniformity, stability and elasticity,
promoting the uniform deposition of Li" during cycling. These properties indicated that EP-SEI could inhibit Li dendrite formation,
buffer the volume changes of the Li metal anode, and reduce electrolyte consumption. The LFP || Li and NCM811 || Li batteries
assembled with EP—SEI-protected Li metal anodes achieved discharge specific capacities of 164.1 mA-h-g™' and 187.1 mA-h-g ' at
0.5 C rate, respectively. The LMBs maintained stable cycling for 500 cycles. The EP-SEI could effectively protect the Li metal
anode, improve the coulombic efficiency and extend the cycling life of LMB. The EP-SEI protected Li metal anode provided the
possibilities for the commercialization of LMBs.

Keywords artificial solid electrolyte interphase; lithium metal anode; lithium metal battery; polymer; high elasticity
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