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Theoretical characterization model of temperature-dependent tensile
fracture strength of polymer matrix composites with considering the
effect of particle agglomeration
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Abstract: The tensile fracture strength of polymer matrix composites at different temperatures has always been an
important concern. As a common reinforcement phase, particles can significantly improve the tensile fracture
strength of polymer matrix composites. However, with the increase of particle volume fraction, particles tend to
agglomerate, which affects the strengthening effect. For particle-reinforced polymer composites, with considering
the effects of particle agglomeration, as well as the evolution of the thermo-physical performance with
temperature, a temperature-dependent analytical model for predicting the tensile fracture strength of particle-
reinforced polymer composites was developed. The model predictions were in good agreement with the

experimental data. The research results provide an effective way to quantitatively characterize the tensile fracture
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strength of composites with different particle contents and temperatures, and deepen the understanding of the
influence of agglomeration phenomenon on the mechanical properties of composites at different temperatures.
Keywords: particle-reinforced; polymer matrix composites; temperature-dependence; agglomeration; tensile

fracture strength
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Fig. 1 Experimental values of tensile strength with volume fraction of CdS/PMMA

composites at different temperatures
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Fig.3 Experimental values of tensile strength with volume fraction of ZnS/PMMA composites at different temperatures

1 CAS/PMMAEEWRIARERE THIEFRERSEH

Table 1 Critical volume fractions of CdS/PMMA at different temperatures
i /K U V%
303 0,=7.98+1 960.41v -67 398.72vpZ 1.45
323 0,=2.27+2 899.20v,-109 084.05vp2 1.33
343 0,=0.80+368.29v -12 842.991/‘,z 1.43
363 0,=7.98+1960.41v -1 292vp2 1.45

R2 CAS/PSERHMHAREBETHIEFRERIH

Table 2 Critical volume fractions of CdS/PS at different temperatures

i /K UL V%
303 0,=5.95+2974.97v ~161 986.61v’ 0.92
323 0.=5.14+2907.75v 161 837.4lvp2 0.90
343 0,=10.04+555.37v, ~30 089.62v 0.92
353 0,=5.95+2974.97v ~161 986.61v’ 0.92
363 0,=-1.28+436.19v,-23 498.75v 0.93
R3 ZnS/PMMA ES MBI AREIRE THIG R &R
Table 3 Critical volume fractions of ZnS/PMMA at different temperatures
i /K EUE:VE V%
323 0,=7.84+1 071.93v -26 346.15vpZ 2.00
343 0,=1.22+307.20v,-8 012.82v° 1.92
363 0,=0.12+83.43v 1 987.18v* 2.10
x4 BREFNERNOTRSH
Table 4 The material parameters for model predictions
PR 25 CdS/PMMA CdS/PS ZnS/PMMA
T,/K 303" 303" 323"
V% 1.6; 2.2 1.37; 1.86"" 2.5

v

m

0.35" 0.353%" 0.35%
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MRS58 CdS/PMMA Cds/Ps ZnS/PMMA
r/nm 1.5917 151 30
»(T,)/(J-m™) 1.16™" 308 0.758"
0,(T,)/MPa 14.63"" 10.7" 12.58"
e K 43302 3790 4330
303K: 15971 303K: 1 740" 323K: 12401
323K: 124017 323K: 1 660" 343K: 58"
E_(T)/MPa 343K: 5817 343K: 1 180" 363K: 51
363K: 5" 353K: 2381
363K: 35.11""
p/(gem™) CdS: 4.82"); ZnS: 4.09""; PMMA: 1.223"); PS: 1.048""

C,(T)/(J kg K™)

PMMA: -6.35x107°T"+6.081x10°T°~12.06T+1 236 (100~500 K)"**

PS: -5.197x107°T°+5.241x107°7°~10.37+1 019 (100~600 K)&*”
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Fig. 4 Comparison of predicted and experimental tensile fracture strength of particle-reinforced polymer composites at

different temperatures
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