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Preparation and Properties of PF/AP Battery Separator Material

WANG Hui, OU Zhangming, XUE Kui, DOU Wenfang, LIU Zehua
(Tianjin Key Laboratory of Pulp and Paper, College of Light Industry Science and Engineering,
Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: PF/AP battery separator material is a mixture of phenolic fiber and aramid pulp in a certain proportion, which is
impregnated by phenolic resin methanol solution and hot pressed. The effects of fiber ratio, the mass fraction of methanol
solution of phenolic resin, hot pressing conditions on the mechanical properties, pore porosity, thermal stability and flame
retardancy of PF/AP battery separator material were studied. The results showed that when mpg @ mpp =4 : 6, the mass frac-
tion of methanol solution of phenolic resin was 7%, the hot pressing temperature was 180 C, the hot pressing pressure was
10 MPa and the hot pressing time was 3 min, the bursting index of PF/AP battery separator material was 1.20 kPa-m?/g and
the tensile index was 24.67 N-m/g. Moreover, the PF/AP battery separator material has high thermal decomposition tempera-
ture and excellent thermal dimensional stability with excellent flame retardant properties.
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Fig. 1 Preparation process of PF/AP battery separator
material
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Fig.2 Comparison of surface morphology of separator
material before and after impregnation curing
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M T4 PE/AP HLTBFREAL B> HIHE 90,120,

150 ‘CHELLIMH 1 h, MRV 20T 50 & RS 224k,
TR, IF SRR N IR BRI TS L , 45
R
=1 PF/AP B ith BR BE A7 1) 5 58 70 45 B B 7S =) BE fom 34
Tab.1 Thermal shrinkage of PF/AP battery separator

material and polypropylene membrane after heat-
ing at different temperatures

" Pali /%

B - - -
90°C 120C 150 °C
RN R 975 3200 5125

PF/AP FAIEHA R Gmpe = map=1: 9) 0 0 2.49
PF/AP WA B} (mpr = map=2 1 8) 0 0 1.00
PF/AP FEIEREL Gmpr = map=3 2 7) 0 0 1.00

PF/AP FRIEHIEL (mpr = map=4 : 6) 0 0 0
PF/AP FEIEREL Gmpr = map=5 2 5) 0 0 2.49
PF/AP WA B} (mpr = map=6 © 4) 0 0 1.00
PF/AP BRI} (mpr = map=7 : 3) 0 0 3.47

H 3% 1 AT%1: PF/AP HLBFREEATEHE 90,120 C
KM ESII 1h )5, RePREAZEM, 7E 150 °C
ZAF TP R W/ T 3.5% , R AR
SEE; TR NFBRIRAE 90 C41F R A , Pl s
FE s 9.75% , 150 C & T R R 2 &k 2
51.25%. PF/AP HiMFREATEIZ5d 1 h RS, JL
PG R AW ARTE | SR UE HL A T AR R
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Tab. 2 Results of burning test of PF/AP battery separator
material with different fiber ratios

mpe : map FIEIRIS Y SFEIHRI RS P35 BE /mm
1:9 0 0 55
2:8 0 0 67
3:7 0 0 96
4:6 0 0 58
5:5 0 0 71
6:4 0 0 85
7:3 0 0 75

H2 2 AJHT: AN[RIZF4ERC T BRI BRI R
T AR P S SLA S [ R S RIS RN S R 0's, ~F 1
KAK L /NT 115mm, L5625 RAF S5 GB/T
14656—2009 ( BHIAACFIAAR MR etk rgikae ik ) 1y
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Fig. 4 Influence of fiber ratio on tensile index and burst
index of battery separator material
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Tab.3 Effect of mass fraction of phenolic resin solution
on the amount and thickness of separator material

T BRI 0 i /% E B % JEJE /um
4 13.69 100
7 21.40 102
10 35.70 106
13 44.77 113
16 52.20 114
19 63.50 118
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Fig. 5 Effect of mass fraction of phenolic resin solution
on the tensile index and rupture index of separator
material
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Fig. 6 Effect of the mass fraction of phenolic resin solu-
tion on the pore properties of separator material
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Tab. 4 Orthogonal test results of hot pressing treatment

T A (B} 8]/min) B(RE/C) C (J& J1/MPa) RS B/ (kPam™ g ") BUskiE %0 N-m-g™)
1 3 140 4 0.88 20.67
2 3 160 8 0.80 13.50
3 3 180 13 1.16 23.67
4 6 140 8 0.63 15.50
5 6 160 13 1.07 22.83
6 6 180 4 0.79 21.00
7 10 140 13 1.00 19.17
8 10 160 0.79 15.33
9 10 180 8 1.02 22.00

x5 AEIZHMBIEEZMEIRE ST

Tab.5 Range analysis of influence of hot pressing process
on burst index
EES A B C
K, 2.84 2.51 2.46
K 2.49 2.66 245
K; 2.81 2.97 3.23
e 0.35 0.46 0.78

® 6 HMETZHWHKIBEEMAIRE ST

Tab. 6 Range analysis of influence of hot pressing process
on tensile index
S A B C
K 57.84 55.34 57.00
K, 59.33 51.66 51.00
K; 56.50 66.67 65.67
e ze 2.83 15.01 14.67
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JEF1 13 MPa, Db 2514 T BRI} i 1 45 B sk
R R, Gt WS IE, S ERE T2 5%
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AT R % Sy . RUEIREE 180 °C L JE ) 10 MPa, Hi}[A]
3 min, FIFIZ SR 510 PE/AP B i Bs AR} it
WEAERCH 1.20 kPa-m™/g, PUSKIEHCN 24.67 N-m/g, 1L
B 62.00% , LR 1.57 pm, JEEE N 80 um,
MBHERE L

3 & it

PF/AP  Hi Jth P 5 A1 B fe A3 il 25 T2 4544 -
mpp : map =4 1 6 M PRSI BT R EL 7% R
IR 180 C . HJEJE S 10 MPa, #UEIFA] 3 min. %
T A0 PF/AP HEL v B RS A Rk 1 TS 4 i 250k
1.20kPa-m’/g , HLIKTEHN 24.67N-m/g, FLBR RN
62.00%, FIFLAE R 1.57 um, JEEH 80 um. Frifil 4%
(1) PF/AP  H3th B A RHEAG 0 5 0 FAVES P AR RELEA
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