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KA DPS B4k 3434 43R S RFT T @ a5H, ZEREAN, S O BB E A 225°C AT A 36 r/min AR
WA 24% AR A 55°CHT, PE-UHMW 42 % F v, 2 1% i 6% % A, % 4 820 s/ (100 mL), 544 5% 4 173 MPa,
FRIREH 505 N (FBEEA 20 pm), 5 R gmAE L, 53483 T 53%,21% 4= 11% ; #ok % £ H 1.2%, 5
FIRMAAATET 57%.

KBRS0 T EROH; 428 T RMaE; 3% 4% ; 244

FE 4SS TQ3I1 XHEFRIAE: A XEHS: 1001-3539(2018)03-0056-06

Optimized Wet Fabrication Process of PE-UHMW Lithium Ion Battery Separators via Uniform Design
Hu Yilun"*?, Wang Xinwei'**, Zhang Yumei'”**, Xu Xun"*?, Xu Jingan"*"
(1. Shanghai Research Institute of Chemical Industry,-Shanghai 200062, China'; 2. Shanghai Key Laboratory of Catalysis Technology for
Polyolefin, Shanghai 200062, China ; 3. State’Key Laboratory of Polyolefin and Catalysis, Shanghai 200062, China)

Abstract : The ultra-high'molecular weight polyethylene (PE-UHMW) lithium ion battery separators were prepared by wet
method [thermally induced phase separation (TIPS)], using liquid paraffin (LP) as diluent and ultra-high molecular weight polyeth-
ylene (PE-UHMW) resin with 1.2 million viscosity molecular weight in average as raw material. The PE-UHMW resin can be dis-
solved by LP under the heat and shear of a twin-screw of twin screw extruder, then is processed to be film. The separator is cooling
and the solid-liquid phase separates at the same time. The membrane is finished after extraction paraffin from the film. Paraffin is re-
mained in the crystal or between crystals, the gaps are formed after the extraction of paraffin. The preparation process was optimized
by uniform design, while the results was analyzed by DPS software. The results show that when the extrusion temperature is 225°C,
the screw speed is 36 r/min, the solution concentration is 24% and the cooling temperature is 55°C, the the air permeability of PE-
UHMW lithium ion battery separator is 820 s /(100 mL), the tensile strength is 173 MPa and the puncture intensity is 5.05 N (the
separator thickness is 20w m), which increases by 53%,21% and 11% compared with the optimal value, respectively, the thermal

shrinkage is 1.2%, which decreases by 57% compared with the optimal value.

Keywords : ultra-high molecular weight polyethylene ; lithium ion battery separator ; uniform design ; multiple indicator
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(1) BN

i 18 GB /T 458-2008 1 ) Gurley 32 i#F 17
B, SR 100 mL SUARTE K J7 275.79 kPa F&54F T
Wit 25.4 mm® (1 in®) [RGB BT 5 22 A R ]

(2) Fir s BE

FitHE GB /T 1040.3-2006 M, R AR HL
TRNRAE FEAAK 150 mm . TE 15 mm, Je B A PEE
A (100 + 5 mm), fiff#EEE R (250 £ 10) mm / min,

(3) ZEHIER B

¥ I GB /T 6672-2001 I i, P& I & BE Ky
20 wm, ZFEHEFE AN 1.0 mm, 425K H 242K
0.5 mm, F i B2 J BN EAZER 10 mm, 285l
KM (100 + 10) mm / min,

(4) Pl =0

P I8 GB /T 12027-2004 1 3. 38 4% 14 My
90°C,2 h.
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x1 BEHRKFER

R %
K - — .
X,/ C X,/ (r-min") X/ % X,/ C

1 185 20 16 20

2 190 22 17 25

3 195 24 18 30

4 200 26 19 35

5 205 28 20 40

6 210 30 21 45

7 215 32 22 50

8 220 34 23 55

9 225 36 24 60

F2 HHEHARTHRER

FX/ X/ X/ X/ Y,/ L/ v/ Y/
2 C (r'min") % C [s-(100 mL) '] MPa N %
1 185 24 22 60 405 106 299 56
2190 30 19. <55 436 125 345 5.1
3 195 36 16 50 418 137 373 52
4 200 22 23 45 453 143 431 46
5205 28 20 40 535 151 456 28
6 210 34 17 35 450 136 442 438
7 215 20 24 30 442 109 394 53
8 220 26 21 25 416 124 384 62
9 225 32 18 20 402 116 347 68
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®3 Y, BRBEWRESFTER

s W / LAE / WERE / MXRE /
[s-100 mL) '] [s- 100 mL) '] [s- 100 mL) '] %
1 405 407.09 -2.09 0.515
2 436 424.29 11.71 2.686
3 418 433.99 -15.99 3.824
4 453 455.33 -2.33 0.515
5 535 524.64 10.39 2239
6 450 44438 5.62 1.250
7 442 445.60 -3.60 0.814
8 416 424.94 -8.94 2.150
9 402 396.78 5.22 1.298
F4 BERFKITELCLER

bR P R R’ d
Y, 0.02152 0.833837  0.734139 2.4804
Y, 0.044 53 0.898892  0.765 189 1.749°8
Y, 0.002 232 0933921 0.894273 1.853 1
Y, 0.004019 0916169  0.865871 2.0300
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Y, Y, Y, Y,

g [s-(lO(;/mL) 1 l\/iP/a ;\I/ 34/ by by Ty Yy

1 405 106 299 56 0048 0 0 0.444
2 436 125 345 5.1 0548 0.422 0.294 0.630
3 418 137 373 52 0258 0.689 0.475 0.593
4 453 143 431 4.6 0823 0822 0.844 0815
5 535 151 456 2.8 1 1 1 1

6 450 136 442 48 0.774 0.667 0.913 0.741
7 442 109 394 53 0.645 0.067 0.631 0.556
8 416 124 384 62 0226 0400 0.544 0.222
9 402 116 347 68 0 0222 0288 0

2.3 MEAKMEF
P BRAL 58 )5 %, R L b IR, S 0 s e
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C (r-min™") % C RIEEE

1 185 24 22 60 0.187
2 190 30 19 55 0.505
3 195 36 16 50 0.522
4 200 22 23 45 0.824
5 205 28 20 40 1

6 210 34 17 35 0.767
7 215 20 24 30 0.491
8 220 26 21 25 0.323
9 225 32 18 20 0.102

2.5 e
K Hl DPS Bl A, AL — Rk 2 B0z 42 [l A
EXEE G RRRIE Y @ AR 15
Y=-5.65418291-0.001 537279 485 2X,*+
0.000 561 934 258 5X,X,+0.005 553 412 369.X,X,+
0.001 680 660 307 8X.X, (7)
BRI IR AR LA 7,
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FA§ 61.172 834

P 0.000 7677 82
FlAhriE2E S 0.053 4

Durbin-Watson 4t i1 2.324 4

R % DPS A 4 (1 $ & 25 5, m 3 7 #2 1
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Y=-5.65418291-0.001 537 279 485 2X,*+
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