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Development of flame-retardant epoxy resin suitable for HP-RTM and its application in battery covers
LI Wei, XU Yongfeng, ZENG Liang, YAO Dingyang, YANG Haiyang, HUANG Anmin, PENG Chaoyi
(Zhuzhou Times New Material Technology Co., Ltd., Zhuzhou 412007, China)

Abstract : A novel halogen-free intumescent flame-retardant epoxy resin system suitable for high-pressure resin transfer mold-
ing (HP-RTM) processes was developed to systematically investigate the effects of self-prepared intumescent flame retardant (IFR)
additive amount on resin processability, mechanical properties, and flame retardancy. Results indicate that at 20 wt% IFR in the
epoxy resin system excluding curing agent and accelerator, the resin maintains excellent processability and mechanical properties
while achieving a limiting oxygen index of 30.4% and a UL 94 flame retardant rating of V—0. The battery cover products made of
flame-retardant epoxy resin/biaxial glass fiber cloth composites were prepared by the HP-RTM process. The composite obtained
from sampling the product body exhibits outstanding comprehensive properties. The tensile and flexural strengths reach 571 MPa
and 874 MPa respectively, significantly outperforming traditional sheet molding compound materials. The composite achieves the
highest UL 94 flame retardant rating of 5VA, with stable electrical insulation unaffected by flame retardants. Furthermore, after
1 000 hours of aging at 85 °C and 85% relative humidity, the composite maintains UL 94 flame retardant rating of 5VA and retains
over 92% of its key mechanical properties. Moreover, after 30 minutes of flame exposure at 1 000 °C, a dense charring layer is
formed on the resin surface, demonstrating outstanding fire resistance of the composites. This indicates that the composite exhibits
exceptional long-term reliability and promises application prospects.

Keywords : epoxy resin ; high-pressure resin transfer molding ; battery cover ; composite ; flame-retardant modification
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Tab.1 Formula of flame retardant epoxy resin (mass fraction)
%

Type or brand

Component . EP-0 EP-1 EP-2 EP-3 EP4
of raw material
Epoxy resin E-51 60 75 70 60 50
Diluent 622 15 15 15 15 15
Brominated

. KJB-400 20
A €poxy resin

WSFR-3151 3 7 13 20
IFR

HPCTP 2 3 7 10
Colorant EA-BO3 5 5 5 5 5
. TETA 70 70 70 70 70

Curing agent
B AEP 20 20 20 20 20
Accelerator DMP-30 10 10 10 10 10
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BRI SRR AR E 270 s ZR G E1L 58 4, A
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Tab.2 Basic properties of epoxy resin under different mass frac-
tions of IFR

Samples IFR @ass Densit};/ E[I:; Zly Zla(;l(l)e/ Viscosity/ gle(])(:il.fe y
fraction/% (g=cm™”) 2] (mPa-s) s
EP-0 0 1.35 0.46 12 300 76
EP-1 5 1.35 0.45 13 900 81
EP-2 10 1.34 0.43 19 100 84
EP-3 20 1.32 0.40 24 500 73
EP-4 30 1.31 0.36 32700 71
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A, Y IFR W 86 51 20% B, EP-3 (% LOLiA
F]30.4%, 7] LAiE 5k UL 94 V=0 3R . 7F Ry 2s 14 %t
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Tab.3 Comparison of properties of flame retardant cured epoxy

resin under different mass fractions of IFR
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Fig. 1 SEM images of carbon residue from combustion of cured epoxy
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FIERE WAL T LR SMCARL, Fi i 25 il
5% AR 3R T} 2~4 4%, IX FE MR BL 1 I SR 4T 4
G P RE A S it SR i A% HL A EP-0/GE Al
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Tab.4 Comparison of properties of flame-retardant epoxy compos-

ite materials

Items EP-0 EP-1 EP-2 EP-3 EP4 Items EP-0/GF EP-3/GF SMC
T/°C 1151 1139 1127 1102 109.4 Tensile strength/MPa 596 571 113
Tensile strength/MPa 68.7 693 672 653 61.7 Tensile modulus/GPa 27.8 28.6 9.9
Tensile modulus/GPa 297 297 295 295 277 Elongation at break/% 3.1 2.9 1.8
Elongation at break/% 3.8 4.0 3.8 3.8 3.6 Bending strength/MPa 892 874 273
Bending strength/MPa 131 130 127 125 118 Bending modulus/GPa 342 354 8.6
Bending modulus/GPa 291 288 285 288 281 Impact toughness/(kJ+m ) 137 121 103
Impact toughness/(kJ+m ) 25 24 22 21 18 Leakage current/mA 0.18 0.17 0.38

UL 94 flame retardant rating V-0 V-2 V-1 V-0 V-0
LOI/% 288 253 279 304 324

Insulation resistance/MQ 3.6x10* 3.2x10* 1.4x10*
UL 94 flame retardant rating V-0 S5VA V-0
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Tab.5 Comparison of hot-humid aging performances of flame retardant epoxy resin composites

It EP-0/GF EP-3/GF
ems Before aging After aging Change rate Before aging After aging Change rate

Tensile strength/MPa 596 577 -3.2% 571 556 —2.6%
Tensile modulus/GPa 27.8 27.6 -0.7% 28.6 27.1 -52%
Elongation at break/% 3.1 3.0 -3.2% 2.9 2.8 -3.4%
Bending strength/MPa 892 849 —4.8% 874 811 =7.2%
Bending modulus/GPa 342 342 0.0% 354 35.1 —-0.8%
Impact toughness/(kJ +m?) 137 138 0.7% 121 117 -3.3%

UL 94 flame retardant rating V-0 V-0 - SVA 5VA -
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Fig. 2 1000 °C flame combustion test and results
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