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Study on preparation and electrochemical performance of new all-solid-state
polymer electrolyte PEG475-DMAA copolymer
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Abstract: A photo-polymerization synthesis process without organic solvent was used. Polyethylene glycol
methacrylate ( PEG475) was used as the matrix, N, N dimethyl acrylamide ( DMAA) was used as the

crosslinking agent, and the plasticizer succinonitrile (SN )was introduced, a new all-solid polymer electrolyte

(PEG475-DMAA ) was prepared and its electrochemical performance was tested. The results showed that when

the addition amount of SN was 10% (mass fraction) , the ionic conductivity of the electrolyte system was the

largest, about 4 x 10 > S/cm, which was increased by three orders of magnitude relative to the polyoxyethyl-

ene system. The electrochemical stability window was above 5. 0 V, which satisfied the voltage stability

requirements of the currently-used electrolyte system. The electrolyte had good thermal stability in the range of

270 °C. The lithium ion battery assembled by the electrolyte membrane had a low initial capacity. There was

still a big gap with commercial lithium-ion batteries. In the future, it is necessary to further improve the ionic

conductivity of the electrolyte membrane and improve the electrochemical cycle performance.

0 55

FEL R Jor 2 L 1 P Tt 1) R B R O, B
AAEIE TR Z 18l f s Li™ (9 1EHL. H A A
BIB9S A L L
ot BRI TR 2R O L A O 4[] 2 2R ) L A
JE T A A S T P i 2 B S A L
LSO ISR I T 3R 5 ) VL i . YRS PR
oA Hhy A AL 79 e i L A 2 RS T A R A
U, T b B 5 15 R RS
B, R TIAEAE 5 2 K R KR i S st
I TR 545 ) L iR i 14 32 2 A 05 VRS L R A
JRFEAAIA] | R S A HIL A e S R o A
JBCAR SR G  3E J_L, 3 5 AR5k B 1 s R ) 1]
AL AEAR SR AT A6 5 S A L VL fige o A ] 1) 2 4
Rt ARG Y a i (SPE) 1l H LIR G
Y R HARAE A 5 itk B WO SRR A5, A S A
AP, BA AR 2Rk eF
DL, P 1] 285 P e A Y A P 7R TR AR A
REH A 28 A TR ATE B A7 i 1) ] 285 8 v
R AR .

RS SR AW iR E2ONRA L
Ji (PEO) e i i i, & 1Y LI AR 2 L™ AN I
5 PEO f b BRI R A48 - R4 N,
it PEO 8E Bz sl 30l it i B B
s, PEO ALY 5 45, Li ™ A A b 0 4 47

JE AR TCE T AH FP ALK 29 = = AN 9, R )
PRERTE PEO JoiE AH b BV At B LA, 200 4K
H, LT ZBEUN, X A R S BUL S 4
(B85 2R 5 0 v o 1 2 S R I, B AR AE
10 7% S/em $ibg © 7.

H i, RS ARFE S ] 58 ik PEO R 45
An T4 o 3R G W R A T S L S R AT,
BT = R SISO, il 4
FINEEAL] PR e 0[] 25 AB SR A ) PEO &5 &y, I
R 0 AR R 0 AR E PR AL S R A
BRI G | 52 PR 2 & Wy sk BE 4l 4 E B 1
T PEO £ A8 5 45 R 3R R, T T
FH e R B R A S P R
il BT R SR 5 W v A o BR 1A, DA L 45 vk
GRS T 2558 205 5% =2 o T 454
BT HE A, K H A S5 1) 3R 6 W R A T AR AR 45
4. PEO L5 FaRLEE | Y iy I P07 T 1 L AT, i 77
TESEER 2% PEO #4752 Bk AL 5 iR 4 1 45
PR+ o3 IRXE. A ST IE 55 PEG |y
RE VAR PR BRI, A B A
45 Lit A SR R P LN
MRME (PEGATS ) th T H 45 M 7 £ 2R LT PEO
[)—CH,CH,0O—%5 B , il L F/E 4 B8 7 H it 2%
GG B A O H B A RS R G
WA R R O A SCikARaE " NN - ZH
FEN Mt (DMAA) W] 5 VIR K AR R &



TR =, % B B A B AR & 4 # T PEGATS - DMAA 8y & R & L sF i o % STl

W BER ORI R A S E R R B M R G
Wy, RE 5| S AP OR AN, R G L AR ]
FL R, AT RAERE DMAA A0 32 3t 3R i
KA SRR R. [, T 20 (SN) B
AR I L R RN R ER R RE ST, W ORAR
Shy SR ) VLSRR T ) S IR —— [ A SR R
HEHAT HOI A S50 5w 19 2 e RE.

ST, A AR 5T AU AT I 2 A
PEGA7S {0 \ DMAA A Sy S 155, aa i 36
SRS ) o AR R A 4 1] 25 R G W R AR
PEGA75 - DMAA, HI T —fi§ (SN) X H gt A7 2k
P, BEHE T SR AR E 1R
EVESFERE , DUPIRAFERE DL T PEO A L fif Jit
R

1 bR ik

L1 A{F5EE

FE R R TN RN AR B
(PEGATS) , Jook i @R (LiCl0, ) , 73 #r i, i
PTG (I ) A FRZ R NN R Y 4
Mt (DMAA) (oAl , [ 25 4 Pk 2l R A
BRAE ™5 T i (SN) (Jr#fral) , Bl iR vb
(D) A BR 2 w75 A IR A, AL R et Bt
B v A R w75 1173 S651 A, AL RT3 )
FHER A R A R,

FEAL AR :MUA - 165 BUSKHMT , G574
Tl A R 7] 7 5 CHI - 660D R fE 2 T
Vel b JRAEAXAR A R Wl 7™ BT2000 U H
T e R I B, B A (R ) A RS 7
775 GT = TS - 2000 B WL T HL AL, & 1 & 8k
(Gotech) 24 F]*; STA 200PC TR H 73 Hr 43, 7
1] it 3t B A 4% A R 22 W] 75 FTIR Spectrum
GX B FTIR S35 AL, #8 [ bruker 23 w] )" ; CT
2001 T AR e b S50 AL I A, QD R T
et A R w7
1.2 REVBEBRIRNGF

FEL A 5T HIK A 114 7 5 - SE R PEGATS i

£0.6 g THESHH , E A LCIO, 0.106 g, 7F
N, BRI N SEAT R 3 i B AR R Y — 1)
VU R G MR R A S8 B R DMAA
0.02 g, AN[m] Lb M5 (9 38 #8 5) SN (0 ~0.024 g2
]) , 4ke g J1 i £ I — B RS
THAJGEIRF 1173(0.02 g) , HidEd 5 515 3
B HSIAE B AT R A AR, AR5 SN 5 PEG475
(LG ], 14 SN i 43 5l ok 0% , 10%
20% ,30% ,40% (WNTCHEAG , 34 R 480 1
5 AR

FEL AR SO RS 1) 1 2« FHRS WA B 100 L i
IR A A 60 R T 6 R A (A
FJE 56T ] 2RI S AR i B T R R Y R
(PMMA) 2 5% % R &% (LDPE) J2
YL, Xof FRL AR T RS B PR VR ) | R AR L e
LHMT T EAL 5 ~ 10 min, {57557 B i SR AR VA TR
TR IR T & AR R R A RN, [ 4k A% B
SCHE R VAR I R e 8 3k A JOTR 3
) e e I 1 TR B EL T 80 °C L2544 P
2 h iz 5E e, 292 20 16 mm
FEEES 200 m 11 545 4 [ 44 Pl fie o JBE , £t
FEAE Ar SR
1.3 MEERIE

>R FTIR S5 A3k 40 B 28 4 47 Hi fift o
MR SE R, 33 I Kk 400 ~ 4000 em . 5@ 5t
IR 3 M I A TP R A SRR T, TR
T Ry 2= R ] 400 °C, FHR RN 10 C/
min, (RPN T

L R A 2 AR 3 3R A 0 A I
(1958 Tl B8 P 5 238 O PR T 2 B SS (RN
) | SPE ([ 25 5 & v i 5 ) JiE | S5 Y 41
A, 152 R IR A 5 mV, 55055 B Ol
1 MHz ~ 1 Hz. AR 4jg 52 3t BH B0 3% &1 48 3] H 1 ot
A A LB, 2 AR 4f 3 1 H TR A ST A
R E RS TR

8=D/(SR)



.72 .

a5 2018459 A 433 & 5551

Hob, D IR JEERE S IR TR, R iy S
BHATLVE A3 HY JEE A B L.

FIFAZ PEF 72 LPS(linear potential scan)
D7 S50 v A T ) FRL AL 2 6 11, P HL T 4
TERETT. AN i 2544 Oy Li/SPE/SS,
FHEE N T mV/s, STHEHE 2.5 ~6 V, ik
HE 25 C 1) BHAR 5 o) 047 249, B3 i iy P
VG R A 1k, e O B A Dy FAL e S E T
MR ER.

JH A P, r b e s P T (SR A T v L P BB 1Y
LA R N D i LT W2 L = WA R
kAR R B RR AR , SO s Jm A . =
W FCAE e Ar B TERG T IEAT BRI UOF A
T3 FARYGE LIR2032 i 5% 48 #1 [ 4 ey
T EAR AR AN AN R AR IR
Were.

2 R0

2.1 HARNYHERLE

B Ry 4 [l 25 %5 ) W iR i PEGATS —
DMAA [yl 28 S5 5 7 e ] B G Ha e Jo e )
EH. & 1a) AT LLE H, PEG475 5 DMAA 7£

a) PEG475-DMA A il £ S i e 7 2 1A

HGIEFMS T EERE RN EEREGR
G, 7 B B S A A5 BT 3] 4 ] 285 FL A o
1b) AT LAE i, A v fife SB35 W 2 1 ) .

B2 4 [l SR A Y i g i PEG4ATS -
DMAA [y FTIR 3% 5. 1 & 2a) AT DL A& H,
1107 em ™"l PEG475 [yfilfE—C—O0—C—4 1
PR PRSI , BLHEAE 1252 em ™ bt BN fif
AR BRI I4 1735 em ™' 4 Ky Fig3E—COOR 1)
PARPR B4, 2890 em ™'y hEFE H—C—H Y
PRI BE. 1630 em ™"y C=C ##HR 321 5
P W B, Ak T I R A £ A R i, R
C=C Wit E HA S 5 I F M. 3450 em ™
F—O—HEER PR ShE , X R 2 ARGV H
fif R A 5t —2. B 2 b) A LLE
i, 1125 em ™' —C—O0—C—% i $7 fif 3% 30
W e LiT 5HEB A R B A S B E SN
AL LiT 5 O a3, Wi 8 —C—0—
C—HHRRIR S , (75 0t 41 20 0 ) G iR 2508 5
EIM KA. HE 2¢) WTLLEH, 1735 cm ™!
F—0—C =0—H L iz sh g, K& SN 1
T, BUAE i 4R 2 30 A & A B B AR fk, =8
Li" R S5RIEPH 0 B4,

b) PEG475-DMA AZE A1y Hi fife I ) 18 -

A1 4BE&ERSHEMRT PEGATS —- DMAA #4) % B i #27 % B & 3 ¥ AR I 64 18
Fig.1 Schematic illustration of the reaction process to prepare all-solid-state PEG475-DMAA electrolyte

and image of it's electrolyte membrane
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temperature dependences of the ionic conductivities



TR =, % B B A B AR & 4 # T PEGATS - DMAA 8y & R & L sF i o % 75

3.0x 1071
2.0x 107t
=
= 10% SN
1.0x 107 F
0%S
0.0 : : : : : ‘
30 35 40 45 50 55 6.0

HLE/V
A6 4BSREMEMMA PECATS - DMAA JiE
2%, 89 Li| SPE|SS 3 v, 3o 64 £ M 12 4% Wy 4%,
Fig. 6 The linear scan voltammetry curve of
LilSPEISS half cell composed of all-solid-state
polymer electrolyte PEG475-DMAA film

160

120 .’.—.\.\.*l'—l—l-l
TE—E—g—p.

/(mAh « g™

1)

ﬂjﬂﬂ .\.\

n e,
K ’\.\. SPE
40 S5

e

TEF AU
A7 RRETEESKREDCHRES T RLE
REAL B T WAL AT It
Fig.7 Comparison curve of cycle stability of
all-solid-state polymer electrolyte
lithium ion battery and liquid

lithium ion battery at room temperature

Py LS o L T R T YRS R S R PR AR
TETERINS ELITER, Horp LE S99 8 s 1A it
SPE Nl £ 1) PEG475 — DMAA + 10% SN {4 %
A 4 25 2R 5 1 v A o R . RS
PRE T R4S AR A ORE R B AE
120 mAh/g 7y I A IR PR A PG LU A 4, 7R

P20 JH G HEE] 107 mA/g. 4 FEARA YD IF
JRE B TR T 4G He A8 R 80 mAL/g A2 Aq
W /N TR IR AR A BEIE e 2 i, IR 2R 20 A
Ja, B AR R 0. i B T 2 F R
SRR T HL AR (76 25 R R/ PR AT L T 42 f
R REL R T VR 245 HL e B/ A A T, FE L i A v
Li* 25 50 15 L HEBL, WSR3 VAR 45 4, %
R HAG IR E L.

3 Zhig

ARICLL PEGATS g FEAA  DMAA 1 52 1k
A ER G S A T RAREE AR 4 [
SREYLHT PEGATS - DMAA (il 1 F
PRI SRR A N R D), T R
(SN) X FLHEATRCrE, 13 3] 1B W] A S vEr
fige SO, 0 1o 2 B 1 R LA R
H AR E P SF PERERS SN (S Iy 10% )
5L B2 R AR TR R 1) =3 B F 3 R A
FIBRAE# , B F 4 x 10 /e, A% T PEO f£
i 13 ARG B R T AL e AR
PIRE] 5.0V RLE, wl 2 A A R A
Jo A 20 R R R P 8 5K 5 IH AR R AV i UL
B 270 °C, BA RIFRIBGRETE, ] DIA R
PR B LT 1 2 A (PR 2 P R T A
AR LT 2 B b S, S LR RO T A
PE I BRI, ARk T At —
AR R L T R G LA AL A TR PR R RE.

SE k-

[1] TARASCON J M, ARMAND M. Issues and chal-
lenges facing rechargeable lithium batteries[ J].
Nature ,2001,414 (6861 ) :359.

[2] JERKAH,EWD, F AG KW EESR
TR AERReWE BRI RHERT]
BB w4 ,2013,41(2) ,134.

[3] ARMAND M, TARASCON J M. Building better
batteries[ J]. Nature 2008 ,451(7179) :652.



.76 -

a5 201849 A 4533 % 55 4

(4]

(5]

(6]

(7]

(8]

(9]

[10]

GOODENOUGH J B, KIM Y. Challenges for
rechargeable Li batteries [ J ]. Chemistry of
Materials ,2009 ,22(3) .587.

WRIGH P V. Polymer electrolytes—the early days
[J]. Electrochim Acta, 1998 ,43(10/11) :1137.
CHU P P,JEN H P,LO F R, et al. Exceedingly
high lithium conductivity in novolac type phe-
nolic resin/PEO blends [ J ]. Macromolecules,
1999,32(14) :4738.

SENGWA R J,DHATARWAL P,CHOUDHARY S.
Role of preparation methods on the structural
and dielectric properties of plasticized polymer
blend electrolytes; correlation between ionic
conductivity and dielectric parameters [ J |.
Electrochim Acta,2014,142:359.

DJURADO D,CURTET J P,BéE M, et al. Sys-
tematic study of the structure of alternate pyro-
mellitimide-PEO copolymers:: influence of the
chain flexibility [ J ]. Electrochimica Acta,
2007,53(4) :1497.

GUILHERME L A,BORGES R S, MORAES E
M S, et al. lonic conductivity in polyethylene-
b-poly ( ethylene oxide )/lithium perchlorate
solid polymer electrolytes [ J ]. Electrochimica
Acta,2007,53(4) :1503.

SAIKIA D, WU H Y,PAN Y C, et al. Highly
conductive and electrochemically stable plasti-
cized blend polymer electrolytes based on
PVAF-HFP and triblock copolymer PPG-PEG-
PPG diamine for Li-ion batteries[ J]. Journal of
Power Sources,2011,196(5) :2826.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

SADOWAY D R. Block and graft copolymer
electrolytes for high-performance, solid-state,
lithium batteries[ J]. Journal of Power Sources,
2004,129(1) 1.

HU Q, OSSWALD S, DANIEL R, et al. Graft
copolymer- based lithium-ion battery for high-
temperature operation [ J ]. Journal of Power
Sources,2011,196(13) :5604.

HOU W H,CHEN C Y,WANG C C,et al. The
effect of different lithium salts on conductivity
of comb-like polymer electrolyte with chelating
functional group [ J ]. Electrochimica Acta,
2003,48(6) ;:679.

JIANG H, FANG S. All solid-state comb-like
network polymer electrolytes based on poly
( methylsi-loxane ) [ J ]. Journal of Power
Sources ,2006,159(1) :673.

LIANG Y H, WANG C C,CHEN C Y. Comb-
like copolymer-based gel polymer electrolytes
for lithium ion conductors| J]. Journal of Power
Sources ,2008 ,176 (1) :340.

AYDIN H,ENEL M,ERDEMI H, et al. Inorgan-
ic-organic polymer electrolytes based on poly
(vi-nyl alcohol ) and borane/poly ( ethylene
glycol ) monomethyl ether for Li-ion batteries| J ].
Journal of Power Sources,2011,196(3) ;1425.
CHOI N S,RYU S W,PARK ] K. Effect of tris
( methoxy diethylene glycol ) borate on ionic
conduc-tivity and electrochemical stability of
ethylene carbonate-based electrolyte[ J . Elec-
trochimica Acta,2008,53(22) :6575.



