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Analysis of multi-factor coupling effects of abnormal precipitation of antioxidant 168 based on diffusion
dynamics model
JIN Yuming, SU Yingxia, LIU Zhenhua
[Geely Automobile Research Institute (Ningbo) Co.,Ltd.,Ningbo 315336, China]

Abstract : The analysis process of the whitening problem on the surface of a certain blue automotive interior part made of
polypropylene/ethylene propylene diene monomer rubber/talcum powder modified material (PP+EPDM-TD20) is introduced from
macroscopic phenomena to microscopic mechanisms and dynamics. Using Fourier transform infrared spectroscopy (FTIR), gas
chromatography-mass spectrometry (GC-MS), and scanning electron microscopy energy dispersive X-ray spectroscopy (SEM-EDS)
analysis methods, it was confirmed that the main component of the white precipitate on the surface of the automobile interior parts
was antioxidant 168, and foreign pollutants such as silicon and sodium were detected, indicating the presence of residual additives
such as mold release agents. Further quantitative analysis by high-performance liquid chromatography (HPLC) revealed that the
mass fraction of antioxidant 168 in automobile interior parts was as high as 0.563%, significantly exceeding the conventional formu-
lation level (0.3%), leading to saturation of the matrix resin's ability to accommodate antioxidant 168 and thermodynamic stability
degradation, promoting the migration of antioxidant to the surface. Based on Fick's second law, a non-steady-state diffusion kinetics
model for antioxidant precipitation was established, which introduces diffusion coefficient (D) and surface extraction constant (k)
related to temperature and humidity to quantify the migration behavior of antioxidants under wet heat aging conditions. Research has
revealed that the failure is caused by the synergistic effect of multiple factors coupled with excessive antioxidant content: foreign

pollutants significantly reduce interfacial energy and improve surface extraction efficiency; Blue color powder and talc powder
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fillers form a diffusion channel network in the matrix resin, increasing the effective diffusion coefficient; The humid and hot environ-

ment exacerbates interface dissolution and molecular migration through hydrolysis and swelling, and this coupling mechanism can

be used for predicting the precipitation resistance performance of automotive interior parts, designing formula compatibility, and

controlling process cleanliness.

Keywords : PP+EPDM-TD20 ; surface whitening ; antioxidant 168 ; antioxidant migration ; wet heat aging
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Fig.2 FTIR spectrum of whitening plastic surface
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Tab.1 Aging test for failed batches

70 °C, 90°C,  Vehicle

Aging tests Light 90°C 80 °
ging tests ig 90 °C C 95%RH  96%RH aging

Invalid 576 h  740h 236h 92h 335h 72h
batch OK NG NG NG NG NG

Normal 576 h  740h 740h 500 h 335h 361 h
batch OK OK OK OK OK OK

Notes: "Light" denotes the light resistance test; "90°C" and "80°C"
refers to heat resistance test;"70°C,95%RH" and "90°C, 96%RH" corre-
spond to the wet heat aging test; "Vehicle aging" indicates the full vehi-
cle sunlight simulation (dry heat) test; "Invalid batch" refers to parts
batch that failed due to surface whitening; "Normal batch" refers to non—
whitening qualified parts batch; "NG" means surface whitening occurred

on the parts; "OK" means no surface whitening was observed.
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Tab.2 Sample aging test
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S O et
168/% tives/%
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! 02 05 g(l)( 5(SDK 3OK
> es s On s on
s os os  onsmhooi
Com oo
5 02 o1 4(())0Kh Si)ZKh 3(1)?( h
6 02 03 420](}1 5502Kh 35?( h

200 h
7 1.0 0.5 NG

24 h
8 1.5 0.5 NG

20 h
9 2.0 0.5 I\(I) G
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Tab.3 Influence of injection molding and post-treatment processes

on precipitation and whitening of parts

No. Condition Time/h Results
1 No drying 456 OK
2 10% recycled material 456 OK
3 High temperature and pressure injection 456 OK
4 No drying+ Release agent 334 NG
5 10% recycled material+Release agent 456 NG

High temperature and pressure injection+

6 456 OK
Release agent

7 No drying+Paint 1 456 OK

8 10% recycled material+Paint 1 456 OK

9 High temperature and pressure injection+Paint 1~ 456 OK

10 No drying+Paint 2 456 OK

11 10% recycled material+Paint 2 456 OK

12 High temperature and pressure injection+Paint2 456 OK

25 B2 PP+EPDM-TD20 ¥ kb4 P4 4 7
168 &5 5 AE 1E 7 30 [l i, T 4 4R aig e 4k
334 hWigfUk M, 100 5 AR 422 1k 456 h %
R A HRUE PO ARSI, 53 5h,
PP+EPDM-TD20 ¥ b b7 ¥ Hr Pt S 57 168 & /& 7F 1IF
B I, RV SEANEOR 8 10% [aDsF Ll
FHIERSTA BB AN , o ICHT & FAIT H & R .
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Fig. 4 Whitening image of multi factor validation sample after

wet heat aging
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