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Preparation and performance optimization of nano-ATO/PS composite
separator for new energy vehicle battery

Du Yan', Huang Rui’

(1. College of Automotive Technology, Zhejiang Agricultural Business College, Shaoxing 312000, China;
2. College of Energy Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: To develop composite separator materials with excellent flame retardancy, electrical properties, and mechanical
properties to meet the safety requirements of power battery systems for new energy vehicles, we prepared a series of
ATO/PS composites by adding different mass fractions of nano antimony tin oxide (ATO) to polystyrene (PS). The
micromorphology, mechanical properties, flame retardancy, electrical properties, and corrosion resistance of PS and ATO/PS
composites were systematically compared. The results show that when the ATO mass fraction is 4%, the ATO/PS composite
achieves the best comprehensive performance. Compared with pure PS, its tensile strength, elongation at break, flexural
strength, and impact strength increase by 27.75%, 36.71%, 20.31%, and 26.54%, respectively; the flame retardancy is
significantly improved, with the limiting oxygen index increasing by 23.7% and the UL-94 rating upgrading from NR to V-
0; in terms of electrical properties, the volume resistivity decreases by 77.5% and the dielectric loss factor decreases by
51.5%. When the ATO mass fraction is 5%, excessive ATO leads to a decline in mechanical properties due to the
agglomeration effect, and the improvements in flame retardancy and electrical properties slow down.
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Fig.1 TEM images of composite materials
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Fig.2 SEM images of composite materials
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Fig.3 Mechanical properties test results of PS and ATO/PS

composite materials
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Table 1  Fire resistance performance test results of PS and

ATO/PS composite materials

THR Pk-HRR  TTP TSR FGR

$¥‘ﬁj 2 2 2 2
/(MJ/m”)  /(kW/m~) /s /m /(kW/m*:s)

PSR ZH 133.74 502.7 98 135.97 5.13
1%-ATO/PS 127.18 498.4 105 118.56 4.75
2%-ATO/PS 104.48 408.4 140 105.13 2.92
3%-ATO/PS 98.52 393.7 195 95.64 2.02
4%-ATO/PS 92.61 361.3 202 87.17 1.79
5%-ATO/PS 83.00 304.9 205 69.96 1.49
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Table 2 Vertical flammability test results of PS and ATO/PS
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Fig.6 SEM image of PS and ATO/PS composites after

combustion
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Table 3  Electrical and dielectric properties of PS and ATO/PS

composite materials

i3 HASRE ARHIEER AR Bex
/MV/m)  /(x10%Qm)  HE  (x10"°S/em)
PS 30.31+2.03 5.868 431 1.70
1%-ATO/PS 29.99+2.13 5.549 3.40 1.80
2%-ATO/PS 28.17+1.81 4.881 2.20 2.05
3%-ATO/PS 26.19+2.12 2.453 2.35 4.08
4%-ATO/PS 25.60+1.76 1.320 2.09 7.58
5%-ATO/PS 24.55+1.68 1.289 1.90 7.75
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Table 4 The required time for complete chemical corrosion

under different concentrations of acid and alkali

PN

WK 1%-ATO 2%-ATO 3%-ATO 4%-ATO 5%-ATO
/PS /PS /PS /PS /PS
3M-HCl1 33 40 49 51 47
2M-HCl 43 53 58 62 55
1M-HCl 68 73 76 84 94
3M-NaOH 21 33 38 42 47
2M-NaOH 31 41 45 53 56
1M-NaOH 56 62 66 71 76

3 g

(DB ATO Jit &2 43 0 1) 39 0, ATO/PS B2 & #4
L IR AT B8 B W A K 2R | 2ot i B R e o e
STt G B AR Y T PS. 24 ATO i =20 30N 4%
I, &2 A A REIG 77 2 1 gk 31 i £ 5 4k 8238 in ATO
WA 51 45 5 10095 T B E A MR 1 2 R
TR,

(2)ATO HIIIN 35 FRAIK T PS 52 &M B Fiuie
JHOHE # (HRRO et FABE TR (THRD K I 38 K 5L
(FGR) AR R JHGHE 2 (SPR) , #2117 M IR 4 4 %
(LOD FN 3 B #R5E 2 2 (ATO i 243 B0k 3] 4% I ik
FIV-040) . ATO FIINAARZE 7 B be i 78 o 805 %
SR 2 B TE B, AT A B0 T R Jee A0 25 8 T

(3B ATO Jit &2 43 0 1) 39 I, ATO/PS B & #4
IR FL A B A AR i BH RN A 5 A5 R R SRR A
SR K. ATO/PS & & M RHE A/ 358 5 i L L %
(1 [ BF 5 AT LRI B 1 B8 R0 AR 2 P R B A
A Gl T o L e N S N VA
IXIES
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