55 46 % 53 10 Mo T O Vol.46  No.3
201843 H7—12 W Journal of Materials Engineering Mar. 2018 pp.7—12
EVOH-SO;Li/PET B4R 55 F B ith
= =4 ab
bR IR BB L == 1 e
Electrochemical Properties of EVOH-SO,Li/PET Lithium
Ion Battery Separator via Electrospinning
WHIS . £ #.2% i

(R 7R BE B TR 2 MRRR A 5 TR B . IR KR 150040)

GONG Gui-fen, WANG Lei, LAN Jian

(School of Materials Science and Engineering, Harbin University
of Science and Technology, Harbin 150040, China)

FE: RMEBEXNE WK ZF N (PET) 5 2 -2 4% 15 3 B W) i B 46 ¥ (EVOH-SO, L #4748 8 1l 25 22, il 4%
EVOH-SO; Li/PET & & £ 1 7 i b B B . 500 328 471 il vhy 7 S A0 58 o Rl EE 1) B8 O T 30 30 47 W8 4%, 3 1 A TMI6 78 o {2 T4
il Yo R 1) R AL 25 P RE IEAT A0 TR . 25 SRR W . EVOH-SO; Li/PET £ 4 % (1) 7 ¥ T A2 2 387nm , B Bl £F 4k 25 5L B 2
SIRIPLIRGE# . AR L2 EVOH-SO; Li 27 4k, 8t )5 EVOH-SO; Li/PET & 4 25 4k 2 [ K5 % 905 W] W A% . B 27 4 316 8
TG o £F 2 Pe) FL IR 3 K 5 42 A B B F i A AL B AR B DO 5. 3V, R BT = 212, 31Q, B T SRR A 2
2.347X10*S/cm, 5 EVOH-SO; Li [ A L4 T M fE 85 BT 5 .

SEHRIA ;T R R SR R IR £ B s EVOH-SO; Lis #i L 95 22 5 Ak 24 VERE

doi; 10.11868/j. issn. 1001-4381. 2016. 000232

hE 4SS TQ340. 64 X EARIRAD: A XEHE: 1001-4381(2018)03-0007-06

Abstract;: EVOH-SO; Li/PET Li-ion battery composite membranes were prepared by means of alter-
nated electrostatic spinning, then the morphology of the membranes was observed by scanning elec-
tron microscope, and the electrochemical properties of the membranes were tested by using an electro-
chemistry work station. The results show that the average diameter of EVOH-SO,Li/PET fibre is
387nm, both two kinds of fibres exhibit uniform net-like structure. Compared with pure EVOH-
SO, Li fibre, adhesion phenomenon of modified EVOH-SO, Li/PET fibre is not obvious anymore, and
the surface of EVOH-SO;Li/ PET fibre becomes more smooth with enlarged pores between adjacent
fibres; the electrochemical window of EVOH-SO,Li/PET separator is 5. 3V, bulk resistance of
EVOH-SO;Li/PET is decreased to 212. 31Q, and the ion conductivity of EVOH-SO;Li/PET separa-
tor is 2. 347 X 10 °S/cm, the properties of EVOH-SO,Li/PET membranes are improved compared
with EVOH-SO; Li.
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Fig. 1 FTIR spectra of electrospun membranes
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Fig. 2 SEM images of electrospun membranes (a)EVOH-SO;Li; (b)EVOH-SO;Li/PET
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Fig. 3 Pore size distribution of electrospun membranes (a)EVOH-SO;Li; (b)EVOH-SO;Li/PET
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Table 1 Basic physical properties of electrospun membranes

Thickness/ Fibre Porosity/ Electrolyte
Sample
pm diameter/nm % uptake/ %
EVOH-SO;Li 29 204 68 244
EVOH-SO; Li/PET 30 387 81 342
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Fig. 4 Electrochemical stability window of electrospun membranes

5.3V, B & T EVOH-SO; Li F# A9 i b 27 £ €
H5. 0V, [ B3 2 400 2 ri b B RSB o0 1 RN/ T
4.5V B SEPR i FHER . X2 F PET AR H
Y 2 VERE L RIS PET Hh i Fe k55 o A VA 0 1 AH 25
P ol 75 R S L A T 1 R R R T 3R A TR R
YW 5 EVOH-SO, Li [ BT — i B8 B 4 e
2.4 HEMEHR

B P R TR, BT A R AR ON I
W 25 10 A 55 I S fioh 14 2% 1T T AL 1D )22 (SET D



46 % 53 EVOH-SO; Li/PET i 25 4 85 7 v th [ B5% i £k 27 1 B 11
SET T8 WA AX 23 31 FE H 3t o A9 — 30 45 81 5 -, 1500
o3 B A 5 B I 22 [R) Y 3 T BEL T . 5 3 il i P RE VoSO
S BEAREL S AR P A R RE ). B 5 LY 1000 | o EVOH-SO.LIPET
5 5 £ 5 1 L 47 32 PR < 15
N G101
400 500 F N 5}
0
300+ / . 1.373 45
0 400 800 1200
< 200} / Z/0
' m 6t W 56 8 L
100 | Fig. 6 Nyquist plots of electrospun membranes
—— EVOH SO Li
—— EVOH SO Li/PET
0 200 600 RN FRACHR 1 AR FLBR 25 4 A B T8 7 R AE I

PR 5 L 2 e M ) SR T B 3

Fig.5 Electrochemical impedance spectra of electrospun membranes

H P 5 AT T T ARl R R A B T BEL B l’é‘lfmlfﬁ!:
B3Rl — A~ 9IRS ol o — S B k. i
iﬁu%9m7£%5ﬁ%u1ﬁﬁﬁﬁaﬁiiﬂa%ﬁ2|‘ﬂB@EEE%EI]
fo B BE 0 AL T BE . b AT DL & B, EVOH-
SO, Li/PET & 4 b I 0 S d BT K 212, 31Q. (LK
EVOH-SO, Li @R 1/2, X Z2h TR X _HF R L
TBEBR (PET) A w43 T R A9 i Hoor 14 i
i 35 55 P VB0 AR R 1 S M L (48 5 TR AR 8 TR
WSCRA A A7 358 22 109 P T, A2 0 17 Wl e o vl L B 1 R gl
HEA B R A Wy T, T AR TR B TR A
., [ EVOH-SO; Li 4y 75 L3R EH PET 21
1 R 2 [ A A U AE B e Ay T
SRS NI (R O LB NSy N S S A
Tk, Ktk PET (9 n ARG 782 AR 5 B s ) iy 52
T BELBL - 4 sy 7 20 P B 5 I ) g 3 T R 1k
2.5 BFHEEE

BRI R Y B R 1 v v B RS Y 32 2
REZ — R T WL fif Jon vh 25 AP S IR RE ) Y B R 3R
TE T FA b B B 1Y) 5 S R BB L R O B I R A
BB R b ) S BR N FHEESR . B 6 Sk L 7 B IR AE
T B 2 T BT A

FH 1l 6 AT AT A2 i BH B B35 Y v A X A B
B % 4 B MR R I 0 B s i
B Sy e 230, IR O3 ) L il 4R S il Y 28 i DA
e 11 4 A ri B O AR A 2 X (3) 1+ 5 AT . EVOH-
SO, Li #1 EVOH-SO, Li/PET & A Fa i fE 2= H T 19 B 1
HLS 40 1. 68X 10 °S/em il 2. 347 X 10 *S/cm,
PSR B T 2 2 (0. 99 X 10 ' S/em) ¥ &t —
MRS X FEIE R TR 2 2 2 4R R S LB

TS 512 4 2 A 4 R D 330y 0 4610 2 4
M 5 A 01 5 P B I 3 D o
BT R R AR B AR A T 008 T 10 A B AT
B R T A0 b R PR B T I T AR T
BTH SR, I Hili T PET BRI S 4 TEAY,
ST 1 B R0 LA T 1 S e L B
W 98 % 8 EVOH-SO, Li B A4 — i B JE 42 7 » T
HE A BRI A5 LB e T R G W H i
IR P T 0 o 015 0 1 5 G 4 30 3 5 4 I
I 0155 0 735 158 50 5 o R U 5 4 M 1 159
L %A T EVOH-SO, Li BRI T W1 0.

3 &g

(1) 5 A W B rp 27 47 ¥ B A2 7E 200 ~400nm Z
] S B 5 Y ROAR 25 4 . PET 25 4 10 i A 715 R0 4R
LR HARIG K L 41 4l Z 1] B RGBS L AL B AR
AR FLAR 43 A B Ry 3550, G L BE R FRL A VIR A B
FEE 1) 358 32 T2 A o R R o v e VAR ) 1 i

(2)PET £ 4 iy m A 4 58 T i 56 4fi EVOH-
SO, Li/PET B i) Ak 7 Fa i 1 JE fl (3~5V) L i
KEEHKEN 5.3V, 5 EVOH-SO; Li # l A fr $2 5

(3PET £ 4 5y i Affi 45 EVOH-SO, Li/PET F
HEE £ SR T BEL L A R 212, 31Q, X EVOH-SO, Li [
JEE BT FHLAC 9 1/2, U680 PET B9 A fE 4G %5 i s /s
b 1 PN L 5 e I ) S B AT RS R

(OHEVOH-SO, Li/PET & & WK E =R T &
FHS®R 2,347 X107°S/cm, f& EVOH-SO, Li [ [ 1)
2 % i m TR PP R A 2 S

S & ik

[1] LIH, MAXT, SHIJ L, etal. Preparation and properties of po-

ly (ethylene oxide) gel filled polypropylene separators and their



12

B TR

2]

(3]

(4]

(5]

(6]

7]

(8]

9]

[10]

corresponding gel polymer electrolytes for Li-ion batteries[ ] ].
Electrochimica Acta, 2011, 56(6) . 2641-2647.

JIANG W, LIU Z, KONG Q, et al. A high temperature operat-
ing nanofibrous polyimide separator in Li-ion battery[]J]. Solid
State lonics, 2013, 232 44-48.

AR, 41k S0, /PVAE-HFP 5 PP 4 #i 5 4 41
R ) 5 S PEREBFSE D], J5H - SN K2, 2014,
LI X F. Preparation and characterization of SiO,/PVdF-HFP/PP

b ]

non-woven composite membrane for lithium-ion battery[ D]. Soo-

chow: Soochow University, 2014.

TR EL. TiO2 29K AT By B s Al 2 1 R S FL B JR et 52 [ D .
TFE: R R 2, 2007.

XU J W. Study on the electrochemical properties of lithium inser-
tion into pure and doped TiO; nanotubes[ D]. Kaifeng: Henan U-
niversity. 2007.
AEMAND M, TARASCON ] M. Building better batteries[ ] ].
Nature, 2008, 451 652-657.
FRAC BB, XA WT, S5 4 [ 25 1A e b BT 5 2 R A 7l Ak
[T Mz pstadf. 2014, 34(6) . 1-20.
CHEN M, YAN Y, LIU M W, et al. Research advances and in-
dustrialization prospects of all-solid-state thin-film lithium battery
[J]. Journal of Aeronautical Materials, 2014, 34(6); 1-20.
DR, XNE. A, S BB T Sn S GO RIS E LT .
BT, 2017, 45(6) : 138-146.
MA H, LIU L, SU J, et al. Research progress on tin-based an-
ode materials for lithium ion batteries[ J]. Journal of Materials
Engincering, 2017, 45(6); 138-146.
SR SC, TR, XM, . Wl g 22 vk A B R T T e R
BIRTSE SR LT ] Pl 2520 . 2009(1) : 1-6
ZHANG C W, YAN Y R, QU W F, et al. Review on membrane
in lithium-ion battery prepared by electrospinning[ J]. Technical
Textiles, 2009(1): 1-6
R4 BRLLT. P TR IR AT LT ). R IR R,
2011(11) . 1438-1440.
MO M Y, CHEN H Y. Research progress on separator materials
for lithium-ion batteries[ J]. Chinese Journal of Power Sources,
2011(11) . 1438-1440.
HUANG X S. Separator technologies for lithium-ion batteries
[J]. Journal Solid State Electrochemistry, 2011, 15(4). 649-
662.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

2018 4 3 H
INFEEe . TR, WA B 0 RS T B Y BE S kR ().

FOBHE A, 2011, 25(9) : 44-50.
SUN M L, TANG H L, PAN M. A review on the separations

of power li-ion batteries[ J]. Materials Review, 2011, 25(9);
44-50.

TH, REEHE. WEG 2 590kF4EIM]. dbat. P EZZUE W
A, 2011,

DING B, YU J Y. Electrospinning and nanofibers[ M. Beijing:
China Textile and Apparel Press, 2011.
BRI, QAR , T, 5. PAN-PVDF & & 8 58 i dy 27 £ 25
T BARL ], AR AR . 2014, 138(12): 2231-2234.
QIDY, LIU Y B, MA Y, et al. Enhanced electrospun PAN-
PVDF composite membrane for Li-ion battery[ J]. Chinese Jour-
nal of Power Sources, 2014, 138(12). 2231-2234.
FANG J, WANG X G, LIN T. Functional applications of elec-
trospun nanofibers[ J]. Nanofibers-production, properties and
functional applications, 2011, 53(15):2265-2286.
ZHANG J J, LIU Z H, KONG Q S, et al. Renewable and supe-
rior thermal-resistant cellulose-based composite nonwoven as
lithium-ion battery separator[J]. ACS Applied Materials &. In-
terfaces, 2012, 5(1); 128-134.
HAO J, LEIG, L1 Z, et al. A novel polyethylene terephthalate
nonwoven separator based on electrospinning technique for lithi-
um ion battery[ J]. Journal of Membrane Science, 2013, 428;
11-16.
R 4. EVOH-SO; Li #2 5f F Hi W B B i BF 5 [ D], W /R . g
IR T K2, 2013.
LI X W. Investigation on EVOH-SO;Li for lithium-ion battery
separator[ D]. Harbin: Harbin University of Science and Tech-
nology, 2013.
WU D Z, HUANG S H, XU Z Q, et al. Polythylene tereph-
thalate/poly (vinylidene fluoride) composite separator for Li-ion
battery[ ] ]. Journal of Physics D: Applied Physics, 2015, 48
(28): 285-305.

5 B #:2016-03-02; f&1T H #§:2017-08-08
BIRAEE SR (1966 —) , L 342, 11 A8 B R, BN FH YK 5 4k

FR L T e R B O L IR stk < SRR VT A I

IR VT A B X

MR B 4 5 (150040) , E-mail ; ggf-hust@163. com

(A4 )



