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Abstract: The artificial accelerated aging test of low density polyethylene (LDPE) was carried out for
different time periods up to 64 days under UV environment to study the photo-oxidative degradation
behavior and the rule. The influence on mechanical properties, chemical structure, thermal stability
and melting property evolution of LDPE after photo-oxidation aging was studied by mechanics experi-
ments, attenuated total reflection infrared spectroscopy (ATR-FTIR), thermogravimetry analysis
(TGA) and differential scanning calorimetry (DSC). Analytic hierarchy procedure (AHP) was used
to determine the weighing values for assessment index of LDPE, and the photo-oxidative degradation
comprehensive evaluation model of LDPE was established on the base of improving traditional princi-
pal components analysis (PCA). The results show with increasing aging time, the tensile strength,
bending strength and impact strength of LDPE are declined by 39. 7%, 32.3% and 96. 4%, respec-
tively. The concentration of carbonyl and hydroxyl groups are increased, the rupture of molecular
chain is intensified. The initial thermal decomposition temperature and melting temperature peak value
are declined and the LDPE surface microstructure is seriously damaged and the aging is severe. The
comprehensive evaluation parameters exhibit changing trend in three stages. The evaluation results of
improved PCA are more reasonable and all the above-mentioned shows that improved PCA is appropri-
ate for the comprehensive evaluation of photo-oxidative degradation behavior of LDPE.
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Table 1 Raw data of parameters about degradation of LDPE

Aging time/d X, X, X; X, X; X5 X;
0 12. 339 5.294 54.093 2.0085422 2.445737 447,10 116.5
8 11.528 5.284 30. 697 17. 183926 5.3992987 445,12 116.1
16 11.493 5.269 30. 749 24. 686001 6.1761179 444. 56 115.9
24 11. 400 4.797 30. 750 37.759727 7.0905747 443. 54 115.6
32 10. 400 4.753 8.083 43. 803499 7.8505841 441. 36 115.5
40 10. 360 4. 696 0. 937 48. 968546 8. 0894481 441. 86 115.3
48 8.524 4.502 0.729 49. 437552 9.4405167 440. 18 115.3
56 8.256 4. 326 2.301 53. 41444 10. 917685 440. 66 115.0
64 7.444 3.584 1.958 53. 257934 15. 083016 439. 22 113.9
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Table 2 Linearize and standardize data of parameters about degradation of LDPE
Aging time/d X, X' X,/ X, X5’ X' X7
0 1. 246 1.032 1. 880 2.65729 2.49489 1.72 1.4
8 0.775 1.014 0.668 —0. 14167 0. 28055 0. 96 0.9
16 0. 755 0. 987 0.670 —0.25425 0. 04992 0.74 0.6
24 0.701 0.134 0. 670 —0. 34354 —0. 15682 0.35 0.2
32 0.120 0. 055 —0.504 —0. 3668 —0.29199 —0.48 0.1
40 0.097 —0.048 —0. 874 —0.38213 —0.32922 —0.29 —0.2
48 —0.970 —0.399 —0. 885 —0. 38336 —0.50437 —0.94 —0.2
56 —1.126 —0.717 —0. 804 —0.39295 —0. 64626 —0.75 —0.6
64 —1.598 —2.058 —0. 821 —0. 39260 —0. 89669 —1.30 —2.1
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Table 4 Data of parameters about degradation after adding weighting LDPE
Aging time/d X, X, X3’ X, X5 X' X,
0 0. 337 0.279 0.316 0.272 0.256 0.073 0. 060
8 0.210 0.275 0.112 —0.015 0.029 0.041 0.037
16 0. 204 0. 267 0.113 —0.026 0.005 0.032 0.026
24 0. 190 0.036 0.113 —0.035 —0.016 0.015 0. 008
32 0.032 0.015 —0.085 —0.038 —0.030 —0.021 0.003
40 0.026 —0.013 —0. 147 —0.039 —0.034 —0.013 —0.009
48 —0.263 —0.108 —0. 149 —0.039 —0.052 —0. 040 —0.009
56 —0. 305 —0.194 —0.135 —0. 040 —0. 066 —0.032 —0.026
64 —0.433 —0.557 —0.138 —0. 040 —0.092 —0.056 —0.090
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Table 5 Results of main components extraction
Characteristic Accumulated
Component Variance/ %

value variance/ %

P, 5.799 82. 841 82. 841

P, 0. 889 12.697 95.538

Py 0.218 3.114 98. 652

P, 0.065 0.928 99. 579

Ps 0.024 0. 340 99. 920

P 0. 005 0. 069 99. 989

P 0.001 0.011 100. 000
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Table 6 Component matrixes and characteristic vectors
Variable Loading Eigenvector
P, P, P; P, P, P
X, 0.92597 —0. 29606 —0.10637 0. 38453 —0. 31404 —0. 22782
X; 0. 89594 —0.41164 0.14709 0. 37206 —0.43663 0. 31504
X 0. 93657 0.11420 —0. 30622 0. 38893 0.12114 —0.65585
X, 0. 76586 0.63079 0.11923 0. 31804 0.66909 0.25538
Xs 0.91599 0. 38679 0.09837 0. 38038 0.41028 0.21069
Xs 0. 98140 —0.05962 —0.13664 0.40755 —0.06324 —0. 29267
X7 0. 93425 —0.25999 0.22070 0. 38796 —0.27577 0.47269
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Fig. 1 Changes of comprehensive evaluation index Z value of LDPE

based on improving PCA and PCA after photo-oxidative degradation
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