%29 K% 38
2016 46 A

w2 T B R (B KA R )
Journal of Sichuan University of Science & Engineering( Natural Science Edition)

Vol.29 No. 3
Jun. 2016

X EHE.1673-1549 (2016 )03-0009-05

HREGLHERMIRT S AT ERTZRIERAR

DOI:10.11863/]. suse.2016.03. 03

/.

FOoa, koA, F 2T, & R, RaE

(L U T 2B pt Rk e 5 TARSABE, DUl A 5T 64300052, FpRHE 5 B0 DU & H A s00e=, )1 AT 643000)

W OE. AN A AREBER (PAA) HRA, KA a5 L3 R b & RBMEIE L5 F 245, i it 4 4
78 T AL B &b BB BRI B (P1) g5 A AIARAR b b @ B, SIAIR T T 41 & PAA £ 80955 L A3 R
W R R B A Pl A AL TR, RAER AL IR G B g A IR Ak LM E A Re & 5 A
J Celgard 2320 #:47 3t bb . PAA 245 A A 42 50 Bk F e o IR 5, 2 3040 69 42 W 3 18 B A 42 2 4t
)5 Pl R ol ik FAKE 3.86% A2 78. 17% A R A A A AR BT LHIE  HETF

Mo FBAB MR — R &1 5 LRI,

K & R IRBB R RBC TR ; #5457 225 45 A 4F 4 it 4 . o [ it

HE5ES TB43

7

e

PRE T Ut P A R 22 e R R A
TR EREVE , A ek O RE IR B Ty 10 22—, )2
FAF L 7 7= 5 PR 2 36 K7 FIER R
LT G, 0 4 R 4 B R A K, AT B AP
FHTF S A2 7 T LR B 14 R e R AT
Jcr T S T A Y R R A R
b B, PR e v Tt 22 4, XA R B B v A R B
FEXREBEMEX

L 22 AR R — R AR A Gl s R
U 2 ) JC 5 A R RAT v FLBR R FLBR A R & HLAL
PN AR HE S AL URA B 12 R
P AR S R 8 5 R 1 2l g ot Y S B
AR IR e Sy — e e A TR AR
VR T SR S B AA I IE S 14 A R ATLA P FE AT i A2
AR R A TR AR 5, B,
AR, 17 FL 3R WL 1 T AP BB R 290

Y78 B HA.2016-03-11

XERFRERD: A

TEHBIATKBE NG 2 5 , RE 2 TH W BB R T 3
I FR R IO IV e — 7 AL ) L P b R R e, AR S
56 AR B R Sk, ) P e P 275 22 1R ol 2 3R IO M 7R
B, PR A B ) A5 R T SV T AR5, 0T 5 SR Tt IV fie o
Yi i TERE

(s

1.1 LRBRBENE

RBERE R (5900 PAA ([ 57 P R RERRRIRHE A B
IS s BEF (AT HEA TSR BT 5 A PR R 5 R
Bl Celgard 2320 ( 3£ [H Celgard A ]) .

FLGT2ZHL(FM - 1107) (b sU s A ShRHE A BR 2
) s 34 T 0 08 ( VEGE 3) (TESCAN) 5 25 4 #443
S (STA409PC) ( F [l Tt 3t 23 7] ) 5 FhL - 130 4 3K 9 L
(BLJ - B) (¥R = S A e B A BRA ) <
1.2 PlIREMNFF

TR BERR PAA KT 20 mL {5128, 5 7T#F
S (PIAR 0. 51 mm) B Sk 45, 7 Sk B OB 97 4

EETH: B aA#F A4 ® LR B (51572177) ;w9 3 TR AT A H A2 T B (y2015007) 5 & 57 A ] 37 % F 42 (2015CXMO06 )
EERN . T V4 (1992-), 8, wnl ARKA, A4, 2K FH A 84 7 @ 698 52, (E-mail ) luoshaoling@ foxmail. com ;
M #(1963-), % ,wl B TA, IR, T BAEHA M. F AR S @R , ( E-mail ) jchenzg@ aliyun. com



10 WL FRFR(EEAMFR)

2016 46 A

[ERIF=Y AR oA

K T i 73 B 25wi% (1) PAA BIRFEAEBE2F 1, SR 5
£ 140 °C FL2S FREE T T4 ,230 °C FLAs BRAR N HLL I o]
FRPELF - PLRSE,

FE 45 ) PAA BB AE FL28 TR AE 1L 60 °C T M4
24 h, KRG, fE—E R T R A RS AT 2] PL R
JEE, JREEIAE] 145 CHEE P /NS, TR E] 230 Cff
TR/ A TC YA PR,
1.3 Pl RBEE#&

BTEARR ST 4510 PAA B8 LIRS Fris 1
PT [T 45, >R FH 4 i 2 3085 ( SEM) WL 8% 3% 181 B
s

FLBRRR HIIE T R (4% p, =0. 810/em’ ) MR )y i
W K i 45 PL 2T 24 R5% FH 21 10 el b B A4 TFL 25 2 B EL AR
1,96 em BYEDEAE S, BRSSO, 40 RO
FE R B FRET R A PR B B 6 W, 2S5 CAIE T I
FIRIEL 12 b, B OB KA i 2 1 TS PR BB R
W, o FLBERITE AN

Porosity(% ) = (W,, = W,,)/p,V,, x100%

FEAR N 1,96 em [ ITE P RR 5 AR 545 146
(60 C) 14 24 h, R BB &, £ 5CA 1T M LiPF/
(EC:DMC =1:1) HLfft i rPiR I 12 b, FHUEARIEFE i R
T4 1 Je AR BB S i RIS B RS W, W,
I ES IR WA W F

Uptake( %) = (W = Wo)/ Wo x 100%

FHPLRR S R I A4 PE BRI B 2F — P3R5 i<
10 em 98 1 em BIREZE CIHT T 60 CTHR 1 h) K05
FHELFHARSZIEHLLL 5 mm/min 3 R p7 ffiARE

KPR F M HTE (TG ) HIBLS 2y STA409PC (145
BIGHTN  PAA BEEFN PLRRAR ARS8 A RS
A IREEIEF Y 25 C ~950 °C, FHE# A 10 K/min,

2 ZBRZRL5T®

2.1 REGHLIZHR
Bl 1 AR %L PAA fEHLTE D 26 KV HEH N
3 mL/h $EAZHIE D 16 em §l & BHIA SEM K,

(a)21 wt%

(b)23 wi% (¢)25 wi%

1 ARAGLRETHER SEM

TP 1 AT, i A3 HCH 21 wi% IS R 22 B BRE 5
L, D PR B ek 43 5ot AU 3500 R A1 3 ) % A R
G AE TR Y BUN 23 wi% 5 25 wi% i, R R 220k,
23 wi% N2 Wl ABA i g AR B 22 AR A A
B5] AETR SN 25 wid BFEF4ER 23 wi% fL, EJ2 Ak

S T ol
g o > r' 2 s &

(a)24 kV

(b)26 kV

ARICEE GATAE S 4 AR A B3 2] TG, e £ e

J N 25 wi%e .,

2 J2AE BT 7 BCh 25 wi% HEBH 3 ml/h, 425
BEES M 16 cm , H3 JE43 91K 24 kV 26 kV Fl128 kV f) PAA
JHERHL Y7 22525 1 PLFRIEY) SEM ],

e\
Ft A

2 AEBETEHE SEM



%29 5% 3

F otk e g L b TR e G A YT Y B AT R 11

HH &2 AR, £ 24 KV N EFE 0T 350, A 45 R
FEAE, 2 BLIC &, 7 A D DR o TR AR /N, A 58 B0
IR G T 26 kV 128 KV, £F 4 22 4 i 395, S A T
G5 MR, NG FIRE IR AR BE 1 R TR T e A L R B
£ 26 kV,

B 3 SR AE TR0 25 wi% [f) PAA 7R 25 22
JE K 26 KV, 52 HE B Sk 16 om, 3% 3 B 1 mL/h,
3 mL/h4 mL/h Fifil#5#9 PI R SEM 4],

KI3(a) . (b) &R 22 IR, 25 22 80 R ARG H ] 3

=1 um

(a)l mL/h

(b)3 mL/h

(b) 0 22 SERY 5] AT JEE o B -1 o DR dme A 2
HEEVEFE 3 mL/h,

REFHNRAESHO  AE 32 IR 16 em i, PAA
fR R 7 B 25 wi% , D5 22 LR O 26 KV, HEik I
3 mL/h,
2.2 RAEHH
2.2.1 HIT SR T

4 JHE Y22 5 1 PAA BRI LS BT 4h

3 FRERETHER SEM

T T T
o0 500 200 1000

aEc
4 PAA E£# TG iz

HH & 4 AT T a 8 144, 6 CHE, 2 3t 17 W]
R R, 2l TEBE S MENREEL, ITUHEE
B ) T R 140 °C L #E b s5230.7 CHE, BHI T
RS IR, UL R 2 2 ¥R, #E 230.7 C &
498. 1 CHIL TV 6, ILEFIA R B 8 B it AW A
A% 1B B O 2R e Ak e L PR R 12 B TR N R
FE Moy R, P, b B rp, S0 SR B — B
THE 2 140 C, S8 ua M4 &, 55 B IH 2 230 Ci#FfT
WA
2.2.2 AL E BT

Pl 5 (a) S i L 27 22 1 45 1 SRk e R B B 1) SEM
BB 5 (b) A3 ) PLIRLRY SEM &

K 5(a) i, PAA EH 25 220K, 2210
FEFEFEAE 150 nm ~400 nm [8], A] HI4H 22 2 [A] A B 28 45

E 5 PAAEIZI Pl L% F 4R SEM
Haz Z AR Z 58 18, O H A& B2 A0 A8 o A i,
XA TR A fLB A

A1 S (b) AT, PL R RS2 o 17 22 FR AL 1 IR 25 4
K OF HAVEZ /ML HE AT 8 2 e Ak S FE Ay
REWACHRNAE L2 B ASAE AL B - A 3 RIS
Y 22 [ SR L — 30, i LAAE TC BT st 4 il 1 JE 4
FER, [ s B 5 B 22 i) A e A S 0k [ A, 45 P g
SERPIREEH . PR H AR ETE 300 nm ~700 nm 2
8]

A ELAR A0 o728 AT e e A AR Ak bl 45958 00 22 il
F e U A N T AT T AR A N S 2 A
MIELS (a) B ZZARFNE S (b) i ROR At 5 Bk T AL/,
S PR A R AR A TR T AR IR, 437 e A 52 4, 3kl ] i
LB IR, PR AT LA A Ak B Rl 5 7 A J
I, BUEFLBUR L K5 (a) B22 R 2 & 5 (b) B
REANTH T2 PR R AR U



12 w2 TR RFFR)

2016 46 A

2.3 Pl RERMERENIK
2.3.1 #MEHH(TG)

K6 K7n 25 wt% ) PAA il id # il 25 22 (L J&
26 kV i s 3 mL/h) il 4 04 SR IE IR B A 220
AL PR AT PLBRIE A 2R G A A 2R o

459.5°C

TG %
=l

o2

=00 =00 1000

574.2°C

BEC
6 PIRIE TG Hhzk

M ZE R R PLEGE A — R T 1. 14% , 1E
XASBY B S PR I v 3% B 0 9 0 T8 AR I 5
AR B A S R R S R R, BT L]
BEEE TR B AMIE. PLERA B k&E T
45.92% ,FEiX A By Br PTRR RS 21 43 AR 3L i K
fE a ST IR JCE, ICET IR B 489.5 °C, 7E b gilf
GEO L ZERORBE R 574.2 °C, 7E 574.2 CHERAE =
R, T BB AE W R AR B A P R R A S
IR,

I SEgRAE R AT AL, PLRRIBAE 489. 5 C I 43 , 2B
= T PE BRI Y 240 Co LB T PT R 5 ) i /=
TP PE B fLs
2.3.2 AL IR

I S P TR SR LB 38 T 235 2R 3 B < P [ J - 1
WA 78. 17 % F-HIFLBRARAL N 3. 86% A% T HIHH
FL 9 I ( Celgard 23201 0% Wi 2% 82. 43% , FL B % .
47.62% ) o 43HT IR IR, 7E P A 38 e i 45 35 43 22 Rl fE —
BN TR R, DT AR FLBR F N Ak = R
Y2 ' ST A e e e I WA N ST T A [
RE H T SR BE R 2 vh 25 K /N - B, 7E 4k
(RS , 24 7 B LB D, LB SR BRI
2.3.4  JueEthE RIS R

AR T A PR R Y J e 3 B2 1. 37 MPa, it fir
SR 23.31 MPa KR 4. 43% 11 5 FH B AR Cel-
gard 2320 11 i} IR 3 B k7 2. 40 MPa, 3y 337 38 5 K 24. 68
MPa i 25 105% o iz o B2 Fe hr o B 25 =
AN, PR R A 830 /N T 7 B e .

F 1 B REERRNX SR
Py O RSB O (LN S DA N

el MREE WE I S MR A
/MPa  /MPa /N /%  /MPa /N
Lt 15.08 44.45 26.67 18.83 69.68 133.42
BLF-PL 19.10  50.12  40.10 26.61 250.68 200.55
PI 1.37  4.46  3.57 4.43 2331 8.65
2320 2.40  5.44 258 105 24.68 32.33

N T 5 PL BRI )24 B Br LATE I SE A b 3 1
PANERE S F1AVEREIF (B £ R PR #5045 B £F - PL
PRASE, SC 06 25 SR B Bk 2F - PTR R0 JE IR 5 B
19. 10 MPa, HiH7 58 B 2 250. 68 MPa, Fiffi 2% 23. 31% .,
BELT - PLBRIEY F1 4Pk 66 L B 47 47, ZE BT i 4R Tt
T4 A%, BT LANT LR R B A O 1 e B AT 1 P om
JE , BtsE PR 2~ PR REAN G A B

3% i

(1) PY T2 A i A 0 B2 v, AGAC A R A, 2
Fi e L Lt R I 10 A A P B AL L

(2) TAAE R ) PLREE, S FLER <A 3. 86% , F-
YRR 78. 17 % , i TR i b P IR P 25K, I HL g 2
PEREZE , LB (A R AT 4. 43% R PLIR BT
LT Ll n PLRRAR ) 2R RE

& % X #f:

[1] JARITPHUN S,CHUNG O H,PARK J S.Electrospun
polyimide-composite separator for lithium-ion batter-
ies[J].Electrochimica Acta,2015,170:110-121.

[2] PANKAJ A,ZHANG Zheng Ming.Battery Separators
[J].Chemical Reviews,2004,104(10):4419-4462.

[3] CHEN Wei Ya,LIU Yan Bo,MA Ying,et al.Improved
performance of PVdAF-HFP/PI nanofiber membrane
for lithium-ion battery separator prepared by a bicom-
ponent cross-electrospinning method[J]. MaterialsLet-
ters,2014,133:67-70.

[4] MIAO Yue-E,ZHU Guan Nan,HOU Hao Qing,et al.
Electrospun polyimide-composite separator for lithi-
um-ion batteries[J].Journal of Power Sources,2013,
226:82-86.

[5] Mk E4r,808%, 5 2, 5 42 8 F & i B e AR AT R
[J]At %3 & 2006,18(6):825-831.

[6] Deng Da.Li-ion batteries:basics,progress,and challen-
ges[J].Energy Science and Engineering,2015,3 (5):
385418.



%29 B% 3 FO, 5 %2 hE RIS A UYL LB 13

[7] BRUNO S,JUSEF H,YANG K S.Lithium-ion batter- perature ionic liquid:Novel polymer electrolytes for
ies.A look into the future[J].Energy & Environmental lithium batteries[J].Journal of Power Sources, 2007,
Science,2011,4(9):3287-3295. 48(68):172-863.

[8] MIRANDA D,COSTA C M,LANCEROS M S.Lithium  [12] &4, 2, Rk #h 3,5 R Bk T Ao R ALEE AT M7
ion rechargeable batteries: State of the art and future FALH G BF R [T T3 B A #,2015,42(11):191 -
needs of microscopic theoretical models and simula- 193.
tions[J].Journal of Electroanalytical Chemistry,2015, [13] & wedf AR AR, E & 4,5 RBL T R R 41 4509
739:97-110. WrRAR[IARFEAREZ R F201530(1):12-43.

[9] MOGHE A K,GUPTA B S.Co-axial Electrospinning  [14] 3¢ 2 A A BB EREF LR G YO F L E T
for Nanofiber Structures:Preparation and Applications ZHR[D]. L& AL KRF2015.

[J].Polymer Reviews,2008 48:353-377. [15] B A R BB Ik 4 e 0h 3] & 5 B AL AT R

[10] ZHANG Xiang Wu,JI Li Wen.OZAN T,et al.Electro- [D]. L& dHEm T K52012.

spun Nanofiber-Based Anodes,Cathodes,and Separa- [16] ZHAI Yun Yun,XIAO Ke,YU Jian Yong,et al.Fabri-
tors for Advanced Lithium-Ion Batteries[J].Polymer cation of hierarchical structured SiO,-polyetherim-
Reviews,2011,51:239-264. idepolyurethane nanofibrous separators with high

[11] CHERUVALLY G,KIM J K,CHOI J W et al.Elec- performance for lithium ion batteries [J]. Electro-

trospun polymer membrane activated with room tem- chimica Acta,2015,154:219-226.

Study on the Technology and Properties of Polyimide Nonwoven Fabric by Electrospun

LUO Shaoling'* , CHEN Jian'”, XU Hui'” | NIE Song"’, DAI Zuyang'*
(1. School of Materials Science and Engineering, Sichuan University of Science & Engineering, Zigong 643000, China;
2. Sichuan Province Key Laboratory for Corrosion and Protection of Material, Sichuan University of

Science & Engineering, Zigong 643000, China)

Abstract: Polyamic acid felt, used the polyamic acid (PAA) contained fluorine as raw material, was fabricated by
electrospinning technology. Then PI nonwoven membrane after heat treatment is used for the lithium battery separator. The
parameters of electrospinning: density, voltage, flow capacity of PAA solution, and the temperature of heat treatment for PI
nonwoven membrane separator were studied. The properties of tension, porosity and electrolyte uptake of the nonwoven mem-
brane separator with heat treatment of before and after were characterized and compared with commercial Celgard 2320. The
PAA felt, which has large porosity and high electrolyte uptake like other electrospinning separator, is good separator for lithi-
um, but after heat treatment, the PI separator has low porosity of 3. 86% and electrolyte uptake of 78. 17% , and the basic
problem is that hot-melt fiber blocks the porosity in the process of heat treatment. The experiments provide a series of better
PAA nonwoven membrane electrospinning parameter for subsequent study.

Key words: polyamide acid contained fluorine (PAA) ; polyimide (PI) ; electrospinning; nonwoven fiber membranes ;

lithium-ion battery separator



