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Effect of Temperature and Strain Rate on the Statistical Tensile Fracture
Behavior of Metallocene Polyethylene Films
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(State Key Laboratory of Polymer Science and Technology, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022)

Abstract: This study investigates the statistical fracture behavior of metallocene polyethylene films.
The results indicate that mechanical parameters become more concentrated with increasing stretching
temperature, due to enhanced microstructural uniformity from the annealing effect. In contrast, the
dispersion of modulus and yield stress widens with increasing strain rate due to amplified crystalline
differences at high strain rates. However, at high strain rates, molecular chains cannot fully relax, causing
pronounced local stress concentration, which narrows the distribution of fracture-related parameters.
Regarding statistical models, mechanical parameters approximately follow a Gaussian distribution. While
the Weibull distribution may not suit for modulus and yield stress, it can effectively describe fracture-
related parameters. The Weibull function effectively describes ductile fracture behavior, implying that, to
some extent, ductile fracture also follows the “weakest-link theory”, i.e., the final fracture is governed by
the most severe defect.
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Figure 1 A large number of engineering stress-strain curves

measured at various tensile temperatures
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Table 1 Statistical mean values 4 and standard deviations s of mechanical parameters at different stretching temperatures, along

with the peak values X and distribution widths A obtained from Gaussian function fitting

Fracture strength ~ Elongation at break  Fracture toughness

Parameter Parameter Modulus (MPa) Yield stress (MPa) (MPa) %) em?)
fype Temperature (°C) H s H s H s H s H s
0 226.4 109.1 13.3 1.8 34.1 6.7 147.5 24.2 25.4 6.4
Statistic 25 135.8 58.3 9.5 0.9 28.0 3.8 180.0 17.1 26.7 4.4
50 79.6 21.9 6.5 0.8 27.0 34 203.3 13.4 26.8 4.0
Temperature (°C) X A X A X A X A X A
Gaussian fi 176.0 79.5 12.6 1.7 314 34 157.5 9.5 23.6 6.9
25 98.5 335 9.1 1.1 27.7 34 179.9 8.1 25.9 3.4
50 70.7 20.5 6.0 0.8 22.6 2.6 202.3 8.3 26.0 2.9
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Figure 2 PDFs of fracture at different temperatures
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Figure 3  Weibull function fitting for mechanical parameter

distribution at different temperatures

K245 H T REZH o) F Weibull B & m. R
Jei B SE 77 Ak s FeAR L2 5 (1) Weibull 85 & m 1) i
TR T G N, Ul BHIX L S S B A B A
EDA LN NE- o T )1 =X R o 1 B W 2 7
i 22 AR A 35 58 A — 5. b, s i 5
LA 2 1) Weibull 155 5 m [R] 4% 6 5 B2 = 17 38
o, 53 1R bR e 22 02U A AT TR 1 rp
D 2 53 55 R iy S K ZR 1 A TR R X — A



6 o

2026

R AR T 7153500 46 (1) Weibul B m, R 280 o) FIYLE R 50 R?

Table 2 Weibull modulus m, scale parameter o, and coefficient of determination R? of mechanical parameter distribution at

different temperatures

) Modulus Yield stress Fracture strength Elongation at break Fracture toughness
0y R? m ) R? m 0y R? m ) R? m oy R?
0 2.4 2773 097 9.2 13.9 0.96 6.1 40.6 0.92 7.1 1548 097 4.7 28.2 0.96

25 3.0 1484 094 13.2 9.9 0.97 8.4
50 4.4 86.0 0.97 10.4 6.8 0.97 9.5

29.4 0.99 140 1892  0.96 7.5 28.4 0.98
28.7 0.98 18.1 2079 097 8.0 28.5 0.99
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Figure 4 A large number of engineerig stress-strain curves

under different strain rates
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Table 3 Statistical mean values # and standard deviations s of mechanical parameters at different strain rates, along with the

peak values X and distribution widths A obtained from Gaussian function fitting

Yield stress

Fracture strength Elongation at break ~ Fracture toughness

Parameter Modulus (MPa) 3
Parameter type (MPa) (MPa) (%) (J/em?)
Strain rate (s 1) o s i s i s i s n s
0.1 123.4 24.9 8.6 0.9 24.0 5.7 169.4 32.8 23.0 7.4
Statistic 1.0 135.8 58.3 9.5 0.9 28.0 3.8 180.0 17.1 26.7 4.4
10.0 270.0 91.4 20.1 2.6 39.5 3.4 135.0 8.0 30.4 3.7
Strain rate (s 1) X A X A X A X A X A
0.1 96.2 20.2 8.2 0.8 22.8 6.9 169.1 242 21.5 4.4
Gaussian fit

1.0 98.5 335 9.1 1.1 27.7 3.4 179.9 8.1 25.9 34
10.0 246.0 39.1 20.3 1.2 39.0 2.4 129.5 6.1 28.5 34
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Table 4 Weibull modulus m, scale parameter o, and coefficient of determination R? of mechanical parameter distribution at
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