511 ) [

2012 £ 11 A

ACTA POLYMERICA SINICA

% j:li No. 11
Nov., 2012

B ER_—SUKXFHEGRERCFEES TR
BIE A F R R B F BRI R0

4 B £

IR SR S G

(CRIEFL TR T ¥ WAL TESLRE  KiE  116024)
C U PR ZS R KB R B et A WL AR & AL FAERERE WM 110136)

W OE kR TR (TBTI) 76 2R fi 51 £ (PVDF) ¥ P K i I A2l — Ak Bk (TiO, ) , R e 27 22 5

%4 T PVDEF/TiO, &5 FAME, IF %5 48 T Ti0, & & X I i 2 W2 4 #4-%

PERE 12 M E T 3R Wl A

A2 PERE RS2 IR 25 SR SR B R Y o o 2 2 0 DR SR A IS R el T TiO, B AT B I 35 B 7, B R R 40 1) ik
3 228. 6% il 244. 8% , [Fl i 55 Wy Wy A o i L AL 2= PR REAR A B T30, IR A TR R 3.9 mS/em N F

5.1 mS/cm.

X WY, PVDF, [, M Tk, R T ALk

PR Tl T L RE B T R R R R R
W Z AR /N S PR RE BT 2 N T AL
LA B AR BL UL K B/ G 3 IR
B A S T P ) T AL Ay,
TR MR A B IE AR i TR RE A, Tk HL A
O B T RE S A IE SO ) . 2R A
Rl B B S 22 DL PP PE Sh J5UR}, il i 4 il A
i A ESEE SR T 20 A R A A AR 1k
AR 55 J5E , {EL 2 AT 77 7 FL B A AR O R A 32 1)
P25 (BT SRR A R BRI TR R T
oA L 2 e RO B B 1 i —

L 917 22 T 202 — TR 4 B R v Rl 5
Tk LBy SRR P, RS W
TR VR A 1 L 37 0 Y T Bl T e I AR R 14 3% T 5K
T3 P9 TR R B 3 T R WS S 4R 3, R AE L
Haz s B AiAk, I BE A W R 1095 AT N
KRG EARW Y, KA Z A E LR BIR S Y
KT AN SR I L 25 22 T 20, n] LA %00 At fi
R Rl (9 B 2R 5 0 A Dl i R A A e
LU0 2R i 98 £ 05 (PVDE) (3R (i 98 £ 575 90T
H) P(VDF-HFP) R NI fis (PAN) 25, M o2 i
SR 0 e B BB o L gt AR T P 2 I R AR Y
Bl e 2 R L A 0 LI R B R B A i
FLEZFEH AR TR I8, T LASR o B 5

BT P B P L 0 T 6 P S 25
VAR SR 1T L £F 4k 2 60 455 1 Bl 45 9 i 5 B
FhL 27 L 0 ) 2 R 22 RO T L4 S T
e, i AL 61 7

LR, B 25 1 40 97 6 JBE 2 4 B £ 7 2 T
(1) Hkb 3, 57 P LA o8 4 V2 T80 1 P X B 44
A 3 ) 48 040K £ 4 2 190 4 0SB O
S T B S 4 7 o B (L B B i
I EL LRI B 45 B R T 48 B T B0 ST
B0 () BAYILR I 2 AR A MR AR
T PR 20 24 LB o A S SR 3 I £
AR A B 2L 5 1 2
HOBRTRHME 25 (3) 2 I A WRIBE , B ) 23 R e
F) R o L 5 3 0 15 o8 25 M £ 51
2R AR 5 1 2 2 A W AELJR R 5 R 2 T
[ 225 P R 2 W BT S50 ¥ L
B (01 S0, , AL O, Al BaTiO, %5 ) % 2 2 W # 1
2 45 1 W 0 I 2 98 I 15 000 o L LI
A4 T HLIORL S 75 7 4 MR A )
T AT I L 2 22 . T WL IR 2% T 010 A5 P 3 A 22 T
DA J% 5 185 45 T - 1 B B A 22 (0040 0 51
L5938 2 4 2 [ R 4 ) LIRS 9 17 5 7T
DI 32 T 5 B, B B T SRR S A
[t B T B B 0 I S B ) % M e RS T b S

# 2012-03-05 Y fi ,2012-04-28 &1 5 10 T4 A AR BL-# 2k 4 (2425 20091060 ) AT 25 4 G (255 20102C54006) BBy 01 H .

=% @ THEK 22 A , E-mail ; chenping_1964@ 126. com
doi:10.3724/SP. J. 1105.2012. 12053



1320 7

=

?

i 2012 4F

%

AR SR TE 97 22 W0 h 4 i ) R 4 B
JEVERE Y SCHE I &=, B 3 s iy JCALAURE e T 1L
R KRS 5 K B AR R R T 4 55 5 2 5%
e JIEE P R, T A ok R O TG 1 T B 22 W R A A
T 1) TEALAURL 7 3 30 it R R BP AT 43 80440, A R
T4 B B B . A< SCR A TBTi 7E PVDF 25 22
rhOK i IR AR B TiO, |, 3 A R 2 22 7 1k &
PVDF/TiO, 94 K £F 4 &2 & B B, JF & EaF 58 1
TiO, 7 it % B8 5 7 2 1 8 B H Ak 2 1 i 1 52 i

1 LIGER4

i 77 Fn {28

PVDF( E g K4k TN F, M, =3.77 x
10°) s N, N-ZH 3 Z Bk Jtig (DM Ac) Al (4 #r 2
KT & TN TAHRAF); 5kiR M T
(TBTi) \iE T B (BuOH) (fb 2= 4l [ 25 48 4 4k
WANARAF) ;36% ~38% bk T K 2B (4
Mrali, vk B 78 463X T ) 51 mol/L LiPF(/EC-
DMC (R 1:1) B ff i (LU AR R R & s B
/A F]) 5 CR2032 #0241 411 H b 20 4 (PR M Tl 7k 2%
Ml G B AL B RA ).

o FE L 2 22 £ (A 41 3%) sNDJ-79 RLjiE §%
FEETE (B B M BT A A R | ) 5 FEI
QUANTA 600 7Y 4 4ifi i 5% (7 22 FEI 24 A ) ;
Diamond DSC 22 /& 49 #ff & #4 4> M AL ( 3&
PerkinElemer /3 7)) ; HG-5 ##ER7 7 11 (16 M ¥ 5
XA PR F]) 5 CHI 660C H k2 T AR, (1R
AL ATBR A 7] ) s LAND CT2001 A A1 A yth ) 3 5
(R FARAA).

1.2 RERBEAYBEMBROHE

¥ PVDF Fl DMAc/ B 89 1R &% 7 (KR
3:7) ¥ ol 3017 BiR A 15 wi% PVDF %5 %
W,k BT BT R Y R g7 22 1 A A%
PVDF [, 4 22 T. 2 2 80 & Ol i i L R 25
kV it 2.76 mL/h, W SE L3 & 3. 05 m/s, Wi HE
SR Z MR 15 cm. FE S B 426 75 40 ~
90 pm, 25 bf 5 7F B 25 60°C T #ALFH 12 h, B4 75
A it PVDF-0.

PVDF/TiO, & & b i< 14 i 5 2 78 PVDF %j 22
WS A AR R (5 R BOK IR 1
3) , FZ AT & &) TBTI/ oK O BEMIR A
W (R 1:2.7) 76 25°C FHiHE 4 h 4> 5145 5]
3 wit% ,5 wt% ,7 wt% TiO, (#8%F F PVDF [ 5
W) WIR A Y5 2 W, FE AR S5 1 T AT

1.1

ML 25 22 AL HE. 5 3 wi% ,5 wt% ,7 wt% TiO, i
PVDF/TiO, & & I & 43 5] ic &y PVDF-3, PVDF-5
# PVDF-7.

TiTB By /K fif it B4 T

Ti(OC,H,), + 4H,0 —

Ti(OH), + 4C,H,OH (1)

Ti(OH) ,— TiO, + 2H,0 (2)

1 TBTi 7K fiff 3 FEAR P, O 1 sk B A4 i i) 40
K TiO, P B, i A HC1 A 7K fie 4 1 57

Syringe needle

=

Syringe pump

Jet

-(-.

|

HV

High voltage =

Rolling collector
power supply

Fig. 1 Set up of electrospinning
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Fig. 2 SEM images of seperators with different TiO, contents: (a) PVDF-0, (b) PVDF-3, (¢) PVDF-5 and (d) PVDF-7
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Table 1  Physical properties of seperators with different TiO, contents

Viscosity of spinning Average fiber Std Dev of Porosity Tensile strength
Seperators
solution (mPa-s) diameter (pm) fiber diameter (% ) (MPa)

PVDF-0 420 1.51 0.94 85. 69 0.7

PVDF-3 360 1.10 0. 62 88.28 1.9

PVDF-5 330 1.13 0.58 89. 19 2.3

PVDF-7 305 1. 14 0.63 86.98 1.9
AR x, = AH/AH" x 100% TR FRBEAEG 4L R AR 35.3% 1 5] 121.7% , 3 18 ik 5
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Fig. 3 DSC thermograms of seperators containing different
TiO, contents; (a) PVDF-0, (b) PVDF-3, (c¢) PVDF-5
and (d) PVDF-7

Table 2 Thermal properties of seperators with different TiO, contents

Meltiong Melting Crystallinity
Seperators
point (°C) enthapy (J/g) (%)
PVDF-0 156.9 24.52 23.4
PVDF-3 156. 6 23.45 22.4
PVDF-5 156. 4 18. 86 18.0
PVDF-7 156.0 13.76 13.2
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Fig. 4 Stress-strain curves of seperators containing

different TiO, contents: (a) PVDF-0, (b) PVDF-3, (c¢)
PVDF-5 and (d) PVDF-7
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Fig. 5 Nyquist plots of polymer electrolytes ( PEs) with
different TiO, contents at 25°C
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Fig. 6 Tonic conductivities of polymer electrolytes ( PEs) with

different TiO, contents at 25°C

Fig. 7 SEM images of (a) PVDF-0 and (b) PVDF-5

after immersion in electrolyte for 20 h
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Fig. 8 Anodic stability by linear scanning voltammetry

(LSV) of PEs-0 and PEs-5 at room temperature
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Fig. 9 Cycling discharge curves of the cells using different
PEs at 0.2 C: (a) 1™ cycle for PEs-0, (b) 100" cycle for
PVDF fabrics, (¢) 1* cycle for PEs-5 and (d) 100" cycle
for PEs-5
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THE EFFECTS OF in situ GENERATED TITANIUM DIOXIDE
ON THE MECHANICAL AND ELECTROCHEMICAL PROPERTIES
OF ELECTROSPUN POLYVINYLIDENE FLUORIDE
SEPERATOR FOR LITHIUM-ION BATTERY

Ling Han', Chun Lu®, Ping Chen', Wen Qi', Qi Yu’
(" Chemical Engineering Institute, Dalian University of Technology, Dalian 116024 )
(* School of Materials Science and Engineering , Shenyang Aerospace University, Shenyang 110136)

Abstract Composite nanofiber separators of polyvinylidene fluoride (PVDF) and titanium dioxide ( TiO, )
were prepared by electrospinning of PVDF solution containing in situ generated TiO,. The effects of TiO,
contents on the seperators’ structure and properties were investigated. The morphology of seperators was
characterized by scanning electron microscopy (SEM) ,and the fiber diameter distribution was also calculated
using scnimage software. Differential scanning calorimetry ( DSC) measurements were carried out to investigate
seperator’ s thermal properties such as melting point, melting enthalpy and crystallinity. The mechanical
strength was determined by tensile tests. The ionic conductivity was determined by AC impedence method,and
the decomposition potential was determined by linear sweeping voltammetry ( LSV ). The results indicate that
the seperator’ s tensile strength and elongation at break were improved remarkably after the addition of TiO, ,
with the maximum increase rate of 228. 6% and 244. 8% , respectively. The presence of TiO, reduced the
crystallinity of the seperators, which is benificial to the transfer of lithium ions. The polymer electrolytes’
electrochemical performance was also enhanced,and the ionic conductivity at room temperature increased from
3.9 mS/cem to 5.1 mS/cm.

Keywords Electrospinning, PVDF | Seperator, Lithium ion battery, in situ TiO,



