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Effect of annealing on PE-UHMW wet process lithium ion battery separators
TANG Lingling'**, QUAN Jiayou'**,MAO Hanjun'*?*,ZHAO Cheng'**, WANG Xinwei'*"

(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 : In the composition materials of lithium-ion batteries, the separator is one of the key inner components. The separa-
tor is a polymer functional material with a nanoscale microporous structure. The performance of the separator has a crucial impact
on the overall performance of the battery, including physical and chemical properties, mechanical properties, thermal properties, and
electrochemical properties. Among them, the uniformity of pore size and distribution has a direct impact on battery performance.
The narrower and more uniform the pore size distribution, the better the electrical performance of the battery. At present,commercial
lithium battery separators mainly use microporous polyolefin membranes, but the pore size of polyolefin membranes is difficult to
control, which limits the transmission efficiency of lithium ions between the positive and negative electrodes of lithium batteries. A
thermally induced phase separation method was used to prepare the cast piece, and the cast piece was annealed. Then, a ultra high
molecular weight polyethylene(PE-UHMW) lithium-ion battery diaphragm with adjustable pore diameter was prepared by combin-
ing the synchronous biaxial stretching process. The basic performance of PE-UHMW lithium-ion battery diaphragm was character-
ized by differential scanning calorimetry, X-ray diffraction, scanning electron microscopy, high temperature gel chromatography,
universal stretching machine and pore size distribution meter, and its annealing mechanism was studied. The results show that after
annealing, the difference formed by one side contacting the cold roll and the other side contacting the air after extrusion was elimi-
nated. The crystallinity and grain size of the diaphragm prepared by biaxial stretching increase, the mechanical properties are higher,
the pore size increase, and the pore size distribution is more uniform.

Keywords : ultra high molecular weight polyethylene ; thermal induced phase separation method ; lithium ion battery sepa-

rator ; annealing ; adjustable pore size
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753 JE B 4 0.80 mm 72 47 ) PE-UHMW/ Il B o
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Fig. 1 SEM photos of PE-UHMW/white oil casting after extraction
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Fig.2 SEM photos of PE-UHMW lithium-ion battery separator
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®1 HEREREHERFNSTFERS FESHEE
Tab.1 Molecular weight and molecular weight distribution data of

resin and extracted cast pieces

Samples M,/(g-mol™) M /(g-mol™) M /M,
PE-UHMW 815 700 145 500 5.61
EA-0 628 300 113 100 5.50
EA-30 667 700 144 800 4.61
EA-60 676 000 150200 4.50
ER-60 695 800 153 700 4.53

Notes: M,, is weight—average molecular weight; M, is number—average
molecular weight; M, /M, is molecular weight distribution.
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Fig. 3 Molecular weight distribution of resin and extracted cast sheet
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Fig. 4 Molecular weight distribution diagram of diaphragm
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Tab.2 Molecular weight and molecular weight distribution data

of diaphragm
Samples M,/(g'mol™") M /(g mol™") M, /M,
MA-0 618 000 129 300 4.78
MA-30 615900 123 000 5.01
MA-60 648 000 141 200 4.59
MR-60 597 800 146 900 4.07

2.3 PE-UHMW % R Z @ a # 7y 5 H gk

ik DSCRAE 1% F M R 24T, n
K5 fT 78 o FR 3 Thomson-Gibbs J7 B2, & F JE B
(d)W(3):

5

_2’a-e _L -1
d=sr (1= ) G)

m
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Temperature/°C
(a) DSC curves of cast pieces
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(c) DSC curves of membranes
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(d) Crystallinity of original lamella and recrystallized lamella
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Fig. 5 DSC diagram of cast sheet and membrane
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Fig. 6 XRD curves of cast sheet
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Fig. 7 Aperture and aperture distribution diagram
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Fig. 8 Tensile properties of membrane

FEE DT A SR g 0 B 34 BT v, R AR
FEHE S T BRI 124 RE , 1 Sc /R EA-30 i E4%
A AR A e, TR 8a th I /s 1R i ) W SR e R R
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KGR K 30 min X BRI RE4RE SRR S A i

i B 1) A L At 4 7 DL 3% 3, 1R K 30 min AN 43
XoF B AR A a5 S 5 AL B 28 A TS 52 T 2R i
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Tab.3 Fundamental data sheet of membrane

Samples  Thickness/wm Al(rs?leg(;l::i{lll;y/ Porosity/%

MA-0 5.74+0.25 96.40+3.46 46.12+2.75
MA-30 6.02+0.22 90.07+3.33 47.47+4.32
MA-60 5.83+0.19 124.17+3.87 45.54+2.09
MR-60 5.9240.14 102.36+6.88 37.18+3.27
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2t T R K RS A DLIET 9 B < BT
P iR Kk B, —E AR i X R EL A R
R R EERG B R I A e — 28 S8 2 2 i, AT
PRI EREE— 4R

Initial

lamella Initial lamella

recrystallized
Lamella
Amorphous

9 R KHEUR R

Fig. 9 Schematic diagram of annealing mechanism
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