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HERLE R MBEIRESE AT 7ML 510640)
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W E SAVABEMmEAL, REYRMET AR B et R EE, HE TR SR,
HL AL AR B 1S AR 4 T AR S5 I R PR T HL SR b . AR SC AR ) A 3R & T —Fh 2 &
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RN RIS . A4S 19 PVAG-P(AMPSLI-IL), J H A I 25 28 7 L 390K R 35 2.87x1073 S'om ™!, L T-iF
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s i, BB T APIL) kA& 1B TR e
EVE AR E R . AR s, RIS
HENRBA S T TR, Himzs)
FRyENT,

R R ZH PIL R KB TR &R, i
HNTEH B8 25 Gy AE SR IR ZE Ak, S L
TS, SECRMERE TR R R Tk
o & S R B AL AU S B R i,
SR R B E T E e RS
BB b, BT DA PR R B T 2R vl DA /INIR ZE AR AL
It — D32 B T H 5 08, Bymel 155 (10t 7L
R, TR ISR E A, wr
PLRH 42 5 1 B S R . Morgan20Z8 i@ i JFR 7 45
SMERAE G LT — R BV R B BRI,
P T XA T A B I S T AT
¥, BRI, )M 0.23 FE 1 2 0.38.

2- TR 7 Ik fr k-2 FH 66 T i iR (AMIPS) AL 22 45
P o3 ) & — A OB I R S ], XU v DAZR
A, MREERSE ] ] DAL i R £, DAURAE
Sy FELAR B RO S SRR L R S AR R
o, AMPS b R 5L AR i B A SR A A
A, AR T R A R, Cuil? S
F AMPS F1 B 5L T I R FF i (MIMLA) B2 44 5 5 4
WG, I F YT 215 BIGPRA YRR, TR AR
TS AR ) = e T R FE N 4.12%1073 S-om L
Ding 2355 FH T4 oK AMPS #5581 58 — 4 2. M5
(PVDF) I, JEHEAE M ST SRR
fiX, 1Hr . m150.93, fRIFT HIBIE SR T
FETEIE .

ROIHREPVA) BA B BB R B
U RSB B MR BRI T AR M B 4. AL,
PVA &2 —FKiEHEREY), e ]
DLk G {8 FH A B2 A AL . Zhu958 4 PVA Al

KOs EERA, Wi F Ry 2fls T —Mm
VBRI AR AT SR, TR ARR fE, HE TR
B 7R SR 3.8%1073 S-em™!. NazymP21Z53@ it
B B 27 228 Si0, 51 N PVA £ 4E s rhr, Il i e fi
TG PRI I PR PT LA 28O R it 1 AR

ARSI E R A AMPSL AR I e 4
35 = FR R A A = e T T i R (AETATFST) 5§
4195 P(AMPSLI-IL), 35 % 2 E(PVA)IE
Tk i HL 1 22 1) £ 9K 2T 4 B (PVA-P(AMPSLI-IL)).
2 AT A REAE UG8 19 0 i #2 (LiF ST) 5 FL i
DL 46 — T R M BRI (TPGD A E A A2 B
JEALEE R AAT B R, FEXT AT HLAR M e
T VERERN AL M BESRAE .

1 SCIEERyY

1.1 FEER

PIIEIE A £ 2 — B G UL E(AETACT,  80%7K
W) 2-JAIENE-2- FR R TN IR (AMPS,  >98%)-
— K& A EALBE(LIOH-H,0, 99.98%). N-FH 3Lt
IELERIINMP, 99.9%). % ZJGHE(PVA, 1788 7).
R T TR ER (M,=600 g-mol )& Tk
WERTRL T AR R A PR A F] s X =5 H Rk
V. B 48 (LITFSI,  299.99%) A1 XU & fif ik V. i 44
(LiFSI, =99.99%) T g S il A7l B
5 TS (AIBN,  F3 41 20) g T R R340 22
FIARAF; RIR CHER(EC, BT M
RIGEFMEARAT; =N R
5 (TPGDA, Ar) & ifg 3 v kAR A0 B3 R
AIRAF B4R i b R E A A PR A A
PO, BERRERALN K (LFP, HEMZ0) R YIS Ty
YURBHEA TR A F 4L
1.2 LR

K1 7R T P(AMPSLI-IL) & i 2 .

o) | Anion exchange 0 |
- g e
> N
\/j\o/\/lf\ LiTFSI/H,0, 25 °C, 6 h vj\o/\/ NN \111/
or TFSI- +
TFSI-
AETACI AETATFSI O5©
o NMP/AIBN
—_—
Ar, 75 °C/12h ab b
9 LiOH-H,O o} oM
\/u\ ></SOSH il > ></ :
N = \ SO3L1
H NMP \)I\N J SO,Li
H
AMPS

AMPSLi

P(AMPSLi-IL)

Fig. 1 Synthesis of the PCAMPSLIi-IL).
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1.2.1 AETATFSI )&

7E 150 mL H#EFZ IR A 31.19 g (0.129 mol)
80 wt% AETACI 7K A1 40 g (0.139 mol) LiTFSI,
720 mL/K, = FHFE6 h AAE A 30 mL
ZERE, EWTEANAE, A 50 mL K%
v, WREE W, BEEVEER S IR BE A YL
I 3.00 g /KR ER B B 2 h. i Y8 f5 75 = iR
N 2RV AS B R A, RN E A
AETATFSI, =8 45648 g, 7% N94.98%.
122 AMPSLi & %

£ 150 mL [5 Ji§ = [ e -H PR EC AMPS 3.88 g
(18.35 mmol), VKK FIIANMP, P &
53 HN 30% 1 . 55 FRECLIOH H,0 0.77 ¢
(18.35 mmol), 73 3 X I 2 VKK T 1) AMPS
T, ARERERE B2 h
1.2.3 P(AMPSLI-IL) & ik 5 4k,

b R AR = B N 0.18 g
(1.10 mmol) 5 &5 /i J5 1) AIBN. 73 FRHU AETATFSI
8.04 g (18.35 mmol), & T NMP L] 30 wt% ) i%
W, FEEEARSE PR RN, BEEARE
75°C, PRFF12h RMNERE, 0153 E 6lE
&, 20 mL ZEkSESE A, EE 3R R
[ A Sl 1 B 28 3 LA 60 °C LR KR 6 h; B 5645
& A HEAE 80 °CHR 4 12 h, 15 5] P(AMPSLI-IL)
7.04 g, FEEH59%.

1.2.4  PVA-P(AMPSLI-IL) 4N K 2T 4 s 11 1] 4%

T SEHLH] 10 wt% I PVA KB . BEELS 45 g
[ PVA ¥, 77 344 8 PVA:P(AMPSLI-IL) i &
FEoM 10:04 9:1. 8:2. 7:3 1 6:4 [ EbAd i 4547 1%
WP in N P(AMPSLI-IL), 4R &5 F- 43 51 a) 3 oo
AN0.02 g WRIRE 4. 1%, HiR FHf6h, 15
BB FEM 2 2250 . i 5 F 2 22 ) A AR A 4
B, &S HC0N: HFEEE 0.6 mL/h, TAEHE
25KV, IREIIRE~30% RH, i 25 °C. ffgef
Y AT L HERE 120 °CLRFF 12 h. AN LI gk
2 4 5 43 590 N PVA o« PVAo-P(AMPSLI-IL);
PVAg-P(AMPSLI-IL),. PVA,-P(AMPSLIi-IL); #l
PVA¢-P(AMPSLI-IL),.

1.2.5 PVA-P(AMPSLI-IL )% Ha fift i (1) 41 4%

Fic#l 1 mol-L™! LiFSI f) EC ¥, 4 A
0 wt%-+ 5 Wt%-~ 10 wt%- 15 wt% 1 20 wt% [
TPGDA. %4 J& ¥ il % UF f] PVA-P(AMPSLI-IL) £F
YEBIR NIR A AR T H B 1 h. BRemilE, %

Hith B T 60 °CE MUMEAR . fR¥F 12 h,
TPGDA %ZHk5E 4 .
1.2.6  FARMSI A S Fh 4 2%

W 1 2 2k 48 (LiPO,, LFP)5 £ Bt B (CB) M
PVDF5130 #% i 5 &= b A 80:10: 10 R &, BT
NMP H . BT £330 (0 28 i 3 S iR 78 20 B 9 L
SRS AE 60 °Ci AHBLAR 151 45 31 LFP IEA%
WH . B 3 BTN E AR 14 mm (FE F, FREIC
k. BEfE, Bt BT RS, 110 °)CF R
F12h, BERFEHSH. A BILHEFE
Far s, A AL 2 L
1.3 MRIEMRFIRIRRIE

K FRZ AR i i (AVANCE T, 4[]
Bruker 2 7)) FIHOE L R AR 26 1 4% (LabRAM
HR800, 7% [ Horiba 22 7)) FRAEM R4 . KR
BT MARKD,0)F, BTSN . $ 2
WM A . JEURR A 633 nm oL A, M
WA TN 0.1 mW, FRAEFEN 10s, PIEIN
KAEHCH 20%.

I BT (SEM,  S-4800, H A
Hitachi 23 &) )X 4K AT 4E IR TSR 3017 M 52
1.4 FAtEgeiniz

K H N E 43 HTAX (Zennium/IM6, {2 [E Zahner
A FENAE SR AR e v IR TS
FEI 2 30~800 °C,  FHHE N 10 °C/min.

K 7 22 31 4 8 VL (STA 409 PC, 1 [H
Netzsch 2 F)E G SFE NI,  CLSREUCHMRHT)
TR T . BRSNS EE R
Y N 30~250 °C, FHHE A 10 °C/min.

1.5 MR MR

W T 2 R B RN AR, A T e AL
(Zwick/Roell Z020, Y HL58F])FE AT H7 41K
Z I FL L) - AR R 2K
1.6 FLEER RiEEFREE
1.6.1  FLBRZM

WP A BTN B AR 16 mm (&, &
T HEL 1) J5R R AR . g £ 4 [ IR N K
1 h 5B FHIEARE T IR E, LIREP)HA
()5

LR AIE

_ W=W, 0
P= o7 x 100% (1)

X W (g W, (BN, TIEEAFRE; p
(gem ) NHRIER; V (em®) WA GERL AR .
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1.6.2 Wy it

VR E L AR RN AR, 1h)s
Y FH D AR5 T R VR A4, ST Z1 FR 0 1)
&, W (uptake) I ARQ)THHE
W.—W,

W,
KW (g) W, (2)7 MIARRE . T i &
1.6.3  PRIBERMA

FRE LT A AERNZ NTRAA R EL S TPGDA
IR, 1 hEELH, FHUEAREE TR A,
SLAPR BRI P, ARG AN T F DR AR AT 4
JESRTH, HERRE, HEREAHKED, fF
W (retention) FH A (3) 115 :

Retention = We=W, x 100% 3)

W—W,
LF W (g W, ()7 iR, TR E. W,
()N B AN J Y L 1) ol
1.7 B ERENR
1.7.1 AR b

2 2B AU BH 5 T (AN B 4 3R 0 P TR A
BEAN). 76 FLAL 2 T AR S (CHIG00E, b iR HeAX 2%
A PR A FD_E WA B PTRE . W B AR N
0.1 Hz~1 MHz. #RIERN 5 mV. @A R@)itHHE
THFH(e, Som):

L

7" RS @

KL (ecm)y N RE W HEMBTRIEE: R, (QNE
AR R IBETT; S (cm?) 58 A4 FL i o i
SRR b AR
1.7.2 ZRMEHERR ik

£ B ARADL PH 2 F Tt (AN AN 3 S LA L),
KRR 22k, TERA 2 TAERS IR R

Uptake = x 100% 2

A AR I A B B LA . R R Y R
N2~5V, FRERRE NI mV-s
1.7.3 2 BHBT-TT B HELLZ:

¥ 58 A 0 L i o 4 2% B PHL 28 FELVB(LI R &
FL AR 5 ). K FH 28 9t BEL -1 B FEL 3t v ) s L4
BFIER R, B ARG

I,(AV =R, 1,
i ™ [o((AV—R(:I(:; ©)

K AV ARALEE (10 mV): I, NPIURBIR(A);
LR HT(A): R M RN 3 A BT J5 B &
VAR S FEAR (AT LT FE AT (Q).
1.7.4 A A BE/R B I

JE I AR B R PN R A FAR R S 4
JeR R 2 T ) T e . L 2B ) B 2 FE (L SR
BRI L), {E =R AE IR N 5 A
FECE T h, O A SR,
1.7.5 AL

YH 54 4 JE It (Ll R & 1) L T ILFP). 78
S FEL R R S R M 2.5~3.8 V, HLIRLEE N 0.5 C.
2 GRS
2.1 P(AMPSLi-IL)&#R4E

Ji s 07 ) ) A B S P 2(a) s . AE
P(AMPSLI-IL) % W80 i, XU I 2%, 2 im
1E6=2.57~1.45 /b I a0, UiBH =Y R & 5%
2 G BRI AR E N 2, RS NAHE R
FIE ERPANAL. SR JE R HoAth &0, C Akt
TN 10.85, UFEK H AETATFSIH 3 >3 E 11
AR H AMPS 17 3 FREIE IR RS, H
fibu 7 B A (s TR AR AR AT DL P b SO 2 AT
PIIERH, AETATESIFI1 AMPSLi A2 2 [ BE /R EE 101
BT SR

(@) C

P(AMPSLI-IL)

Intensity

--------

........

(b)

P(AMPSLI-IL)
71§.l solid

Intensity

LiTFSI solid

........

6 5 4 3 2 1

700 720 740 760 780 800
Raman shift (cm™1)

Fig. 2 (a) "H-NMR spectra of AETACI, AMPS and P(AMPSLIi-IL); (b) Raman spectra of P(AMPSLi-IL) and LiTFSI (700—

800 cm ).
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I 700~800 cm ™! 2 [H] [ B 2 61 (] 2(b))
XJ EEFE i H TEST B AR A27) £ LiTFST [# 44 1,
749.6 e Ab A IE R IR S—N—S I #h R ) . i TE
P(AMPSLI-IL)H, 751.2 cm ' Ab RN 548 5 1 45
HHITESI, 741.4 e AL I I 7R 5 244 1 5
TEEA I TESI, UiH] P(AMPSLI-IL) AT 77 7E 45
fu e LITESL #e4h, 718.1 cm b 4% FH &5 1
4N C—NHPM4E RSN, 769.0 cm™ 4 N—H
BRI ARIRE] .
2.2 HAERESHR

3(a) A P(AMPSLI-IL) A1 A~ [7] 44 K £F 4 i
I 2k . i ZEmT %1, P(AMPSLI-IL) 1) & 3%
PO AR FE N 295 °C, 2K U D 300~
500 °C. 295 °CIf, s C—C. C—HAHMC—N
LI, BIR AW BT Ih R e, 7R
380 °C/ZiAy, TFSUJFURAER, F2A 15 — A
FRHE XA, FRREERN16 wi%. X T HrA 1
YR, L3 ) iRl B AT 7E 280 °C,

(a) —— P(AMPSLI-IL)
100 + — PVAy,
—— PVA-P(AMPSLI-IL),
S gl —— PVAg-P(AMPSLI-IL),
= —— PVA,-P(AMPSLI-IL),
.20 —— PVA4-P(AMPSLI-IL),
g 60r
=
S
2 40
o~
20 +
0 100 200 300 400 500 600 700 800
Temperature (°C)

®) 100 °C ‘ 120 °C

X}

PVA,-P(AMPSLI-IL), Celgard

Fig. 3 (a) TGA curves of P(AMPSLi-IL) and different
nanofiber membranes (The online version is colorful.);
(b) Dimensional stability experiments of Celgard 2325 and
PVA,-P(AMPSLI-IL), at different temperatures.

B 25 YU Bl N 300~500 °C. H A1 PVA,, A5 —
ANREEXE], R REWREB 3 E, TR E
/NR 3 wt%. BE# P(AMPSLI-IL) I 0, oAt
YRR L2 (1) #5 Ay i it 28 5 P(AMPSLI-IL) 251U,
BB EAR N . LG4 KB, P(AMPSLI-IL)
A R AK A 4R RIF i RdREtE,
I AR FEAE 280 °C L I

¥ PVA,-P(AMPSLI-IL), 44 K £F 4k i 55 7 ).
K b5 (Celgard 2325)fEAN A I E R 281 h, M
G AZ B ST R E (B 3(b)). 140 °CH 7 b 7 i
FRUEUAE, MRS 2] 160 °CHY, & Mk kBl
% B & . 1M PVAy-P(AMPSLI-IL), 4 2K 2T 4 JiEE )\
100 °C% 160 °C, HRF L PR, BT
H RS2 R R .

4(a) A1 4(b) %3 1)y PCAMPSLI-IL) 1 PVA-
P(AMPSLI-IL), /) DSC £k .

7E P(AMPSLI-IL) 85— O # = o i 3l — A4~
197 °CHIME &L, Ul B H & 45 A 11 LiTFSI,
Lihr @ el e R — 8. B oI i AE
Rl Y 2, U8 B P(AMPSLI-IL) N #45 # 46 ~ T8
FE TSN, PR IR 221 °C.

Xt F PVAg-P(AMPSLI-IL),, 2 — & n#4$

(a)
g
L‘:"ET 197 °C
é‘;m 1st Heating
2™ Heating
25 50 75 100 125 150 175 200 225 250
Temperature (°C)
(b)
128 °C
2
=3 95 °C
b
T 1st Heating
K—_’/
2nd Heating 60 °C

20 40 60 80 100 120 140 160 180
Temperature (°C)

Fig. 4 DSC curves of (a) P(AMPSLi-IL) and (b) PVAy-
P(AMPSLi-IL),.
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Hirh, HELT 95 °CHFEA, LL128 °C oyl
(R #A0E , X6F B T PVA RO B8 5% 2 — B2 1
AT . B OB, WS B L B
AR EE R 60 °C.
2.3 HlEMERERAE

5(a) 7 T A A ik o A [ £ 4 (1 )
J1-RNAR 2R . PVA o 1R WK 26 f vy AT DLIA )
187%, BE# P(AMPSLI-IL)IZR N, £F e 4z
fHK BB ek /N 2 34%, X A& AN P(AMPSLI-IL)
FRTRE, MG 2 S B4R AR AR . o
PVA,-P(AMPSLI-IL), [R5 5 5 K 13.8 MPa,
[ Bt B AT 3 (R R W K 2 167%, B
AR SRR E . B S(b) i 7R £F 4 s nT DABE =
TS, RITE, REICW R0 mRa,
Ui B B A A B R
24 FIRRIE

Bl 6 R T AR EF RS . v LR
t PVA¢-P(AMPSLI-IL), [ J& £ 2504 22 pum. 34
P(AMPSLI-IL) A & 5D B, PVAp. PVAy-
P(AMPSLi-IL), 1 PVAs-P(AMPSLI-IL), ff] £T 4
OS], HEARLE 200~300 nm. 2R 1M 7 PVA,-
P(AMPSLIi-IL);« PVA-P(AMPSLi-IL), "', H T
P(AMPSLI-IL) A BHRIBKYE, 5 A 4ERH INTE
—ig, AYEEAAR, RAIFAUEE R FLIR R
ANy R TR 34k, 75 PVAE-P(AMPSLI-IL), H
AT DARS S AT, 158 B i & R P(AMPSLI-IL)
TELTYEIE N AR S], X FEWIRMERE B,
SRR 4E B 5. PVA o Al PVA,-P(AMPSLI-IL),

PVA,-P(AMPSLI-IL

PVAg-P(AMPSLI-IL),

PVA,-P(AMPSLI-IL),

(@)

Tensile strength (MPa)

(i) |(3)

0 30 60 90 120 150 180 210
Tensile strain (%)

Fig. 5 (a) The stress-strain curves of (i) PVA, (ii) PVAy-
P(AMPSLIi-IL),, (iii) PVA4-P(AMPSLi-IL),, (iv) PVA,-
P(AMPSLI-IL); and (v) PVA-P(AMPSLI-IL),. (b) Digital
images of the PVAy-P(AMPSLI-IL), film that can be folded
and unfolded.

AT BOSLBR A R AR RE, &S 1E vkt
I FEL AR PR 2 A

Fig. 6 SEM images of the surface of different nanofiber membranes.
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25 BFBESEMRL 100} @ 5.0
R T AR AL R BRE & 143
MR I 1 il B T L R AT DU s i i g 22 < 80f SN L
T 46 A 4 I AT e O FLISR (> 75%) Eal— %58
ST Ny =] £ [ 13.02
St PVAPOAMPSLEAL), AR AR | oo 8
o 125 ©
9 81.5%. P(AMPSLI-IL) i) /b1 I A5 1) - 42 5 * a0l "~ |z
LT YEJE R ZE . PVAG-P(AMPSLI-IL), 2] 4 Ji& 0 ° ] 1i5
RT3 B 1 N 554%, =R T MBS T HL 3 3 0 . . . . 1o
NN N . 5 0 5 10 15 20
1N 2.78 mS-em ! AR P(AMPSLI-IL)jJﬂ)\Jj. % Weight of TPGDA (%)
PR BRRRCR TR, BT R R, L a0l®
[R e 3% FH PVAG-P(AMPSLI-IL), i — 1AL 72’ ol
Table 1 The porosity, electrolyte uptake and ionic conductivities N 244 o
of different nanofiber membranes. g 246
PVA: i v 248t o
. ) o (S.em™) S
P(AMPSLI-IL) Porosity (%) Uptake (%) 20 -2.50
. . (25°C) o
(weight ratio) -2.52¢
10:0 79.5 498 1.80x1073 -2.54}1 o
9:1 81.5 554 2.78%x1073 -2.56— : . . . :
- 2.8 2.9 3.0 3.1 3.2 33 34
8:2 80.2 535 2.56x1073 1000/7 (K1)
7:3 78.4 S18 2.12x10° Fig. 7 (a) The retention and ionic conductivities of PVA,-
6:4 75.3 493 1.83x1073

I B BN TR 4 = R A A R
TPGDA ¥ IN & T %1 FLAR 0T 1) 5 1 FL S AR
MR, KALL TPGDA 7 & (K 7(a)). PVA,-
P(AMPSLIi-IL), £ 4 JIE£ ¥) ££ ¥ % [ TPGDA [ 3%
Z N, Ul B A I R B A R T R AR
TRE . SR 7E TPGDA [ in & it 15 wi% B,
BT RS RINE TR, X2RRNIET R A
i, T AR B K A 2 PH A B T IR
10 wt% TPGDA ¥ & T B&ER F A ot 3 1
B iR ST AR N 2,87 mSem !, AUt
1% FH AT R — 20 A 2 3RAE

HE— S AN AR R PVA-P(AMPSLI-IL),
E RS TR SR SEEN R, UEFMR
Je 5 i 5 FE Ny = -1.74162 — 0.2366x (& 7(b)),
TR TR IERE N 4.53 kI mol .

26 EBEFIBH

T FLIL HE 2 5 AR AR A R S R RE SN
Kl 8(a)~8(c) FT 7~ . 1T 5 PVAy-P(AMPSLI-IL),+
PVA %t 5 LA S50 R 5+ ARSI ¢, 29 0 K
0.85. 0.71 A1 0.24. PVA,-P(AMPSLI-IL), ¢ JiZ
fiE ) e AR, BRI PVA BT A —OH
BB RS AR AR AL [ @RS [ —OH Af

P(AMPSLI-IL), electrolyte with different weights of TPGDA;
(b) Fitting curve of 1g 0-1000/T of PVA,-P(AMPSLi-IL),

electrolyte.

PLE FSI 1 98U 1 2 BT e SRR, PR 1 B
BATMIZg); 5—J7, P(AMPSLI-IL)H R# 7R
MR AT AT fs s 6 Fa Ao (1) 5 3l , et TS
fRE R,
27 BUFEREMN

I8 o 2k PE AR 2 (LS V) WK PVA-
P(AMPSLI-IL),+ PVAo % i H At J57 55 5+ Ha fi
) S AL HL A (B 8(d)), 43 il Dl 434, 4.03 Al
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Fig. 9 Galvanostatic cycling test of (a) PVA,-P(AMPSLI-IL);, (b) PVA,, electrolyte and (c) Celgard+LE at different current

densities.

I FEL R T R B L S R A T T RS U A
TPVA,,, ¥WHEBEKNRS, XAMTHET
18 IE Gt 2 A e . FLk, 76 B 9(a)~9(c) I
P 8k BEL 40 B A ] BLE H PVAG-P(AMPSLI-IL), -
PVA o 5 i B AR 53 R R -+ R AR VR 5 B8 4 S FL A
(8] ) FTH FLREL 43 90 R 47+ 100 F1265 Q, R B
PVAy-P(AMPSLI-IL), #E/5 i fif o7 5 88 4 Jag 2 1] .
B AERIFHHAZE . 54F, PVA-P(AMPSLI-IL),
LI AR (P SR FRA AL T PVA o521 170,42V,

B I R
3 #ig

I HESLRA R T — MR R T AR
(P(AMPSLI-IL)), 1@ HL97 22 5 A K H 5 PVA
G159 3 gl K T 4 i (PVA-P(AMPSLI)). 2T 4 i
e H A 13.8 MPa (R 5, #o il N
280 °C. LA 1 mol-L ™" LiFSI 1) EC ¥ AE N FEL R
TR A AN E LU ) TPGDA i N2 4E i, R A7 32 Bk

=



P RPN SRR B IR S AR T ) S A S R RE BT AT 305

4.0 - 4.0
PVAs-P(AMPSLI-IL), PVA,,
3.8
3.6
83.4
§03.2
° 3.0
2.8
2.6
1 1 1 1 1 1 1 1 24 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
Capacity (mAh-g1) Capacity (mAh-g1)
180F —o— PVA,-P(AMPSLI-IL),
210 100
160 ‘
140 180 30
120 150
100 120 60
80

O
(=]

(o)
(=]

40

IS
[
=
S

® PVA,-P(AMPSLI),
® PVAo

Discharge capacity (mAh-g1)
Coulombic efficiency (%)

20

[3®]
(=]
w
(=]
T

Discharge capacity (mAh-g™1)

(=]

90 120 150 180
Cycle number

(=]
=

14 21
Cycle number

Fig. 10 Charge/discharge profiles at varying rates of (a) Li|PVAy-P(AMPSLI-IL),|LFP and (b) Li|PVA(|LFP half-cell; (c) The
rate performance at varying rates and (d) the long-term cycling performance at 0.5 C of Li|PVA,-P(AMPSLI-IL),|LFP and

Li|PVA,(|LFP half-cell. (The online version is colorful.)

TV RSB I AR . AT A T PR s S L e ol 2 Ui S )
HTHSHEN28TmSem !, 7, =i 0.85, HfK
PR HA7 A 4.34 V (versus Li/Li*). PVAy-P(AMPSLI-IL),
B8 P o T L 4 i PRI B A B A ) S TR AR E
P, AR E /B, T DA B AL T IR KR
I 1800 h. ¥4 R T LFP|Li - Hidth, 0.5C R

HAL L A 46 T30 HE B 78 A 145.7 mAh-g ™!, 200 8]
JE B BRI E N 79.0%, FI5PEA SR
99.9%. LA g5 R B, P(AMPSLI-IL) FI A AT
DA B i 2% fi# LiFSI 25 5 e fif ot 4010 A B FRL A7 AR
JE b BRI R, A LAFST S5 A0 58 A 4 LA Jof 1)
SRR R FHER AL 15T I R

REFERENCES

Grey, C. P;; Hall, D. S. Prospects for lithium-ion batteries and beyond—a 2030 vision. Nat. Commun., 2020, 11, 6279.
Larcher, D.; Tarascon, J. M. Towards greener and more sustainable batteries for electrical energy storage. Nat. Chem.,
2015, 7(1), 19-29.

Lin, D. C.; Zhao, J. E.; Sun, J. E.; Yao, H. B.; Liu, Y. Y.; Yan, K.; Cui, Y. Three-dimensional stable lithium metal anode
with nanoscale lithium islands embedded in ionically conductive solid matrix. Proc. Natl. Acad. Sci. U. S. A., 2017, 114(18),
4613-4618.

Chi, S. S.; Liu, Y. C.; Song, W. L.; Fan, L. Z.; Zhang, Q. Prestoring lithium into stable 3D nickel foam host as dendrite-
free lithium metal anode. Adv. Funct. Mater., 2017, 27(24), 1700348.

Armand, M.; Tarascon, J. M. Building better batteries. Nature, 2008, 451(7179), 652-657.

Wang, Y. Y.; Zhai, F. F.; Zhou, Q.; Lv, Z. L.; Jian, L.; Han, P. X.; Zhou, X. H.; Cui, G. L. Functional applications of
polymer electrolytes in high-energy-density lithium batteries. Macromol. Chem. Phys., 2022, 223(8), 2100410.

Xi, G.; Xiao, M.; Wang, S. J.; Han, D. M.; Li, Y. N.; Meng, Y. Z. Polymer-based solid electrolytes: material selection,
design, and application. Adv. Funct. Mater., 2021, 31(9), 2007598.

Zhou, Q.; Ma, J.; Dong, S. M; Li, X. F.; Cui, G. L. Intermolecular chemistry in solid polymer electrolytes for high-energy-
density lithium batteries. Adv. Mater., 2019, 31(50), €1902029.



306

[T M S 4 2024 4F

10

12

13

14

15

16

17

19

20

21

22

23

24

25

26

27

28

29

Radzir, N. N. M.; Abu Hanifah, S.; Ahmad, A.; Hassan, N. H.; Bella, F. Effect of lithium bis(trifluoromethylsulfonyl)
imide salt-doped UV-cured glycidyl methacrylate. J. Solid State Electrochem., 2015, 19(10), 3079-3085.

Mindemark, J.; Sun, B.; Térmé, E.; Brandell, D. High-performance solid polymer electrolytes for lithium batteries operational
at ambient temperature. J. Power Sources, 2015, 298, 166—-170.

Wang, S.; Wang, A. L.; Liu, X.; Xu, H.; Chen, J.; Zhang, L. Y. Ordered mesogenic units-containing hyperbranched star
liquid crystal all-solid-state polymer electrolyte for high-safety lithium-ion batteries. Electrochim. Acta, 2018, 259,
213-224.

Mindemark, J.; Torma, E.; Sun, B.; Brandell, D. Copolymers of trimethylene carbonate and ¢-caprolactone as electrolytes
for lithium-ion batteries. Polymer, 2015, 63, 91-98.

Zhang, H.; Zhou, L. X.; Du, X. F.; Zhang, J. J.; Tian, S. W.; Liu, T. T.; Zhang, J. N.; Hu, S. J.; Song, W. L.; Zhou, X. H.;
Cui, G. L. Cyanoethyl cellulose-based eutectogel electrolyte enabling high-voltage-tolerant and ion-conductive solid-state
lithium metal batteries. Carbon Energy, 2022, 4(6), 1093-1106.

Deng, K. R.; Zeng, Q. G.; Wang, D.; Liu, Z.; Qiu, Z. P.; Zhang, Y. F.; Xiao, M.; Meng, Y. Z. Single-ion conducting gel
polymer electrolytes: Design, preparation and application. J. Mater.: Chem. A, 2020, 8(4), 1557-1577.

Li, M. T.; Wang, L.; Yang, B. L.; Du, T. T.; Zhang, Y. Facile preparation of polymer electrolytes based on the polymerized
ionic liquid poly((4-vinylbenzyl)trimethylammonium bis(trifluoromethanesulfonyl imide)) for lithium secondary batteries.
Electrochim. Acta, 2014, 123, 296-302.

Zhang, H.; Liu, C. Y.; Zheng, L. P;; Feng, W. F.; Zhou, Z. B.; Nie, J. Solid polymer electrolyte comprised of lithium salt/
ether functionalized ammonium-based polymeric ionic liquid with bis(fluorosulfonyl)imide. Electrochim. Acta, 2015,
159, 93-101.

Mecerreyes, D. Polymeric ionic liquids: broadening the properties and applications of polyelectrolytes. Prog. Polym. Sci.,
2011, 36(12), 1629-1648.

Blackman, L. D.; Gunatillake, P. A.; Cass, P.; Locock, K. E. S. An introduction to zwitterionic polymer behavior and
applications in solution and at surfaces. Chem. Soc. Rev., 2019, 48(3), 757-770.

Byrne, N.; Howlett, P. C.; MacFarlane, D. R.; Forsyth, M. The zwitterion effect in ionic liquids: towards practical
rechargeable lithium-metal batteries. Adv. Mater., 2005, 17(20), 2497-2501.

Taylor, M. E.; Clarkson, D.; Greenbaum, S. G.; Panzer, M. J. Examining the impact of polyzwitterion chemistry on
lithium ion transport in ionogel electrolytes. ACS Appl. Polym. Mater., 2021, 3(5), 2635-2645.

Zygadto-Monikowska, E.; Florjanczyk, Z.; Wielgus-Barry, E.; Hildebrand, E. Proton conducting gel polyelectrolytes based
on 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPSA) copolymers. J. Power Sources, 2006, 159(1), 392-398.

Cui, W. W,; Tang, D. Y.; Gong, Z. L.; Guo, Y. D. Performance enhancement induced by electrospinning of polymer
electrolytes based on poly(methyl methacrylate-co-2-acrylamido-2-methylpropanesulfonic acid lithium). J. Mater. Sci.,
2012, 47(17), 6276-6285.

Ding, Y.; Shen, X.; Zeng, J.; Wang, X.; Peng, L. Q.; Zhang, P.; Zhao, J. B. Pre-irradiation grafted single lithium-ion
conducting polymer electrolyte based on poly(vinylidene fluoride). Solid State Ion., 2018, 323, 16-24.

Lu,J.; Gu, J. F; Hu, O. D.; Fu, Y. H.; Ye, D. Z.; Zhang, X.; Zheng, Y.; Hou, L. X.; Liu, H. Y.; Jiang, X. C. Highly tough,
freezing-tolerant, healable and thermoplastic starch/poly(vinyl alcohol) organohydrogels for flexible electronic devices.
J. Mater. Chem. A, 2021, 9(34), 18406—18420.

Zhu, M.; Tan, C. Y.; Fang, Q.; Gao, L. A.; Sui, G.; Yang, X. P. High performance and biodegradable skeleton material
based on soy protein isolate for gel polymer electrolyte. ACS Sustain. Chem. Eng., 2016, 4(9), 4498-4505.

Kassenova, N.; Kalybekkyzy, S.; Kahraman, M. V.; Mentbayeva, A.; Bakenov, Z. Photo and thermal crosslinked poly (vinyl
alcohol)-based nanofiber membrane for flexible gel polymer electrolyte. J. Power Sources, 2022, 520, 230896.

Zhang, F. R.; Sun, Y. Y.; Wang, Z. C.; Fu, D. S.; Li, J.; Hu, J. C.; Xu, J. J.; Wu, X. D. Highly conductive polymeric ionic
liquid electrolytes for ambient-temperature solid-state lithium batteries. ACS Appl. Mater. Interfaces, 2020, 12(21),
23774-23780.

Chen, L. Y.; Fu, J. F.; Lu, Q.; Shi, L. Y.; Li, M. M.; Dong, L. N.; Xu, Y. F.; Jia, R. R. Cross-linked polymeric ionic liquids
ion gel electrolytes by in situ radical polymerization. Chem. Eng. J., 2019, 378, 122245.

Liang, L.; Yuan, W. F.; Chen, X. H.; Liao, H. Y. Flexible, nonflammable, highly conductive and high-safety double cross-
linked poly(ionic liquid) as quasi-solid electrolyte for high performance lithium-ion batteries. Chem. Eng. J., 2021, 421,
130000.



344 P RPN SRR B IR S AR T ) S A S R RE BT AT 307

30 Wang, M. Y.; Sachs, R. K.; Harry, S. A.; Holt, E.; Siegler, M. A.; Lectka, T. Bifurcated hydrogen bonding to fluorine in
an all cis-difluoro-hydroxy array. J. Fluor. Chem., 2023, 267, 110104.

31 Shen, X.; Hua, H. M.; Li, H.; Li, R. Y;; Hu, T. X.; Wu, D. Z.; Zhang, P.; Zhao, J. B. Synthesis and molecular dynamic
simulation of a novel single ion conducting gel polymer electrolyte for lithium-ion batteries. Polymer, 2020, 201, 122568.

32 Fu, C.Y,; Homann, G.; Grissa, R.; Rentsch, D.; Zhao, W. G.; Gouveia, T.; Falgayrat, A.; Lin, R. Y.; Fantini, S.; Battaglia, C.
A polymerized-ionic-liquid-based polymer electrolyte with high oxidative stability for 4 and 5 V class solid-state lithium
metal batteries. Adv. Energy Mater., 2022, 12(27), 2200412.

33 Ma, Y. X.; Wan, J. Y.; Yang, Y. F;; Ye, Y. S.; Xiao, X.; Boyle, D. T.; Burke, W.; Huang, Z. J.; Chen, H.; Cui, Y.; Yu, Z. A.;
Oyakhire, S. T.; Cui, Y. Scalable, ultrathin, and high-temperature-resistant solid polymer electrolytes for energy-dense
lithium metal batteries. Adv. Energy Mater., 2022, 12(15), 2103720.

34 Wu, X.Y.; Du, Z. J. Study of the corrosion behavior of LiFSI based electrolyte for Li-ion cells. Electrochem. Commun.,
2021, 129, 107088.

Research Article

Preparation and Electrochemical Performance of Polyzwitterion Containing
Intramolecular Salt as Solid Electrolytes for Lithium-ion Batteries

Shu-chang Liu'2, Hai-ying Wu'2, Ling-zhi Zhang!?*
(!CAS Key Laboratory of Renewable Energy, Guangdong Provincial Key Laboratory of New and Renewable
Energy Research and Development, Guangzhou Institute of Energy Conversion,
Chinese Academy of Sciences, Guangzhou 510640)
(PUniversity of Science and Technology of China, Hefei 230026)

Abstract Polymer electrolytes are known to be more effective in enhancing the safety and energy density of
lithium-ion batteries as compared to organic electrolytes. However, the practical application of polymer electrolytes
is hindered due to their low ionic conductivity, narrow electrochemical window, and incompatibility with lithium
metal anode. In this work, a polyzwitterion (P(AMPSLi-IL)) containing intramolecular lithium salt of lithium
bis(trifluoromethanesulphonyl)imide (LiTFSI) was designed and synthesized through a radical copolymerization
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of acryloyloxyethyltrimethyl ammonium bis(trifluoromethanesulphonyl)imide (AETATFSI) and lithium 2-acrylamido-2-
methylpropanesulfonic acid (AMPSLIi). A series of nanofiber membranes composed of poly(vinyl alcohol) (PVA)
and P(AMPSLIi-IL) were prepared by electrospinning technology. The nanofiber membrane with optimized ratio of
PVA to P(AMPSLi-IL) shows a high tensile strength of 13.8 MPa and thermal decomposition temperature of
280 °C. The nanofiber membranes were in situ gelated in a based electrolyte (1 mol/L LiFSI in EC) with tri-
(propylene glycol) diacrylate (TPGDA) as a crosslinking agent, which was used as a polymeric solid electrolyte.
The optimized electrolyte of PVAy-P(AMPSLi-IL), exhibited a high ionic conductivity of 2.87x1073 S-cm™' at
room-temperature, high lithium transference number of 0.85 and oxidation potential of 4.34 V (versus Li/Li*). The
symmetric Li|Li cell with the PVA,-P(AMPSLi-IL), electrolyte shows an excellent cycle stability for over 1800 h,
demonstrating a great compatibility between Li anode and the PVA,-P(AMPSLIi-IL), electrolyte. The LFP|Li half
cell with the PVAg-P(AMPSLI-IL), electrolyte delivers an initial discharge capacity of 145.7 mAh-g ! at 0.5 C
with a capacity retention of 79.0% after 200 cycles.

Keywords Lithium metal battery, Polymer electrolyte, Polyzwitterion, Poly(vinyl alcohol)



