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Formation mechanism and influencing factors of whitening stripes in PP materials for automotive exterior
WEI Lixia, HUANG Runpeng, LAI Xinchang, CAI Kuan
(BYD Automobile Industry Co.,Ltd.,Shenzhen 518118, China)

Abstract : Plastic parts on vehicle are prone to failure caused by weather after long-term use. Among them, exterior products
such as wheel arches and bumpers are prone to alternating whitening stripes on the surface, which seriously affects their appearance
and quality. To promote the resolution of above problems, the phenomenon with whitening stripes was reproduced on injection
molding sample plates of talc powder filled polypropylene (PP) composites by accelerating aging with xenon lamps, and the relevant
mechanisms were explored. The results show that the whitening phenomenon of PP sample plate is mainly attributed to surface
photoaging-induced cracking and the resulting exposure of talc powder caused by such cracking. The contents of O, Mg and Si
elements in the white areas on the surface significantly increase. Areas with a higher degree of rubber stretching orientation on the
surface are more prone to cracking when it is exposed to light, and varying degrees of alternating orientation result in black and
white areas after illumination, which causing the formation of whitening stripe. In addition, two influencing factors of the occurrence
of whitening stripe in PP materials was further researched. One is the PP base materials in the material systems, materials containing
recycled ingredients are more prone to whitening stripe after exposure to light due to their increased susceptibility to aging and
degradation. The second is the distance from the gate of injection mould, the flowability of materials far away from the gate position
decreases, which may make it easier for the tensile orientation of the rubber in the PP material systems, and the materials are more
prone to cracking and whitening after illumination. In order to mitigate the adverse effects of the whitening stripe caused by light
exposure of PP on the appearance of plastic parts, the improvement measures can be implemented including adopting PP base materi-
al with better weather resistance, reducing the use of recycled plastics and decreasing the flow-length ratio in mould design.
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Fig. 1 Schematic diagram of injection molding illumination test
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Tab.1 Comparison test formulas of different PP base materials

phr
Formula 17 Formula2®  Formula 3"
recycled PP new PP with new PP
Component \Evithymedium ( medium v(vith high
flowability) flowability)  flowability)
rPP 65
PP K7227 65
PP BJ368MO 60
PP K8003 5
POE LC565 15 15 15
Talc powder T0214 20 20 20
RIANOX 1010 0.2 0.2 0.2
RIANOX 168 0.2 0.2 0.2
Carbon black 1 1 1
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Fig. 2 Surface states of sample plates before illumination
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Tab.2 MFR and density of materials with three formulas

Item Formula 1  Formula2®  Formula 3"
MFR/[g*(10 min) '] 18.6 19.3 28.1
Density/(g+cm°) 1.07 1.04 1.04
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Tab.3 Results after illumination of sample plates with different PP base materials

) Formula 1* Formula 2* Formula 3*
Energy/k] Time/h - - X - . -
Near gate side Far gate side Near gate side  Far gate side ~ Near gate side  Far gate side
0 0 - Tiger stripes - Tiger stripes - -
1584 1200 Whitening stripes Whitening stripes - - - -
2376 1 800 Whitening stripes Whitening stripes - - - -

Notes: — indicates that there are no abnormalities on sample plate surface.
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Tab.4 Comparison test formulas of different additions of recycled

materials

phr

Component Formula 4 Formula 5" Formula 6° Formula 7
rPP 13 26 39 52
PP K7227 52 39 26 13
POE LC565 15 15 15 15
Talc powder T0214 20 20 20 20
RIANOX 1010 0.2 0.2 0.2 0.2
RIANOX 168 0.2 0.2 0.2 0.2

Carbon black 1 1 1 1
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Fig.3 Surface states of sample plates near gate side after illumination
M3 BT LAE Y, FA b i A/ N (i 7 47
FEC 7 5 Fp AL A I 243 1) o5 244~ PP 3L i it
() 20% F140%) , FEM 28 Y6 RE 5 et IF A& r= A & 4%
40 T FEAE R IR 20 BE RO IR S R mi iy
FEE R RS FARNAS I 6, AR T
Gy 3% B HNR I i HE A
2.2 HMIEHELENERBE GILENHm
BeJr Ve S B = A T R R, Bk TiE
B ORI B M 22 5%, B R 8047 A T
e, TR, PR B0 A R BRI
R SRR A S A T R TR RR B A A B, 2 X

S ) SR, I R AR RE RN Oy
TR TE B AR b AR Y B BB O IR K AR
SUIRZIE K BE T 1R B8 A 58 10100 B iy
JE BIREB R PR ZSHEAT T XL, 45 R An1E 4 B o

Near gate side Far gate sidd

sidefill Far gate side

(a) Before illumination (b) After illumination

P4 BT REROGHEET S 19 R RS
Fig. 4 Surface states of sample plate with formula 1” before and after

illumination
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Tab.5 Comparison of whitening degree of sample plate with

formula 1% at different positions after illumination

AL
Area
Near gate Far gate
Black area 2.0 5.9
White area 5.6 9.0
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Fig. 5 Surface micro morphology of sample plate with formula 1*

(d) Far gate side black area

after illumination

#E—20 38 i3 SEM 23 M B J7 1 RERROE IR & 1
MoCR SR B4R IR 6, MR 6T LIF D
MR i COUR & i I, [ O, Mg M1 Si L%
R ETR oM O U A RN N 2ok [
71T - — 77 T, RERER A A A BN, O LR 5
SN 53— i, AT RUR T Aok aR 2, R
OJCR G I, Mgl SiTeR & sl mi ¥k A
ShERRIAT A KT . 3O R BE Y O, Mg J
SiTCER & ik Hy i T B8 U 5 5z 58 11 A0 1 ) Bl X
X R C R S R 2R W R TR A, X

PG 550 18T 43 BT 19 32 8 0 R 1 DX 5 5 7 A T 3
—H
F6 EHIHEAREREATELIERENE
Tab. 6 Surface element contents of sample plate with formula 1*

after illumination (mass fraction)
%

Ttem C O Mg Si Ti
Before test 787 83 4.6 6.8 035
Near gate side black area 66.9 155 6.1 10.2  0.60
Near gate side white area 655 159 64 10.5  0.70
Far gate side black area 62.1 176 7.0 1.8 0.70
Far gate side white area 586 189 7.7 132 0.90
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Fig. 6 Relationship of oxygen content and AL value of sample

plate surface
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