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Fig. 1. Stress response of PS at a given strain of 0.4%. The
test temperature is 355 K, and the temperature is kept for
30 min before loading to stabilize the ambient temperature
in an equilibrium state. The red solid curve is the least fit-

ting using the Maxwell model (Eq. (1)).
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Fig. 2. Fitting results of stress relaxation response of poly-
styrene using Eq. (2): (a), (b) The fitting curves of the fi-
nite spectrum approach when n = 2 and n =4, respect-
ively.
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Fig. 3. Comparison between fitting curve (Eq. (3)) and ex-

periments (symbols) for stress relaxation behavior.
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Fig. 4. Characteristic time distribution spectrum of the
stress relaxation process calculated by the KWW equation
(green area). For comparison, the fitting results in Fig. 3

are also given.
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Fig. 5. (a) Stress relaxation data and (b) calculated activa-

tion energy spectrum distribution of polystyrene at temper-
atures of 340 K and 355 K.
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Fig. 6. Stress relaxation curves of polystyrene under differ-
ent temperature conditions (340, 345, 350, 355 K). The red
solid curves represent the fitting results of the extended ex-

ponential equation (Eq. (3)).
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Fig. 7. Stress relaxation curves of polystyrene under differ-
ent temperature conditions (340, 345, 350, 355 K). The red
solid curves represent the fitting results of the three-para-
meter extended exponential equation (Eq. (6)).
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Fig. 8. Stress relaxation curves of polystyrene after anneal-
ing for different time (15, 30, 60, 90, 120 min). The red sol-
id curves represent the fitting results of the three-paramet-

er extended exponential equation (Eq. (6)).
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styrene calculated by Eq. (5) after annealing for different
time (15, 30, 60, 90, 120 min).
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Abstract

The relationship between stress relaxation behavior and inherent microstructural heterogeneity in
amorphous polystyrene materials is studied in this work. Starting from the basic Maxwell viscoelastic model and
extending to the three-parameter stretched exponential equation, the nature of the distribution of characteristic
timescales and the segmental effects during polymer stress relaxation are discussed. The results indicate that the
stress relaxation behavior of amorphous polymers exhibits non-exponential characteristics. Neither a single
characteristic time with exponential decay nor a finite spectrum method with finite characteristic time can
adequately describe the stress relaxation behavior of polystyrene due to the continuous distribution of
characteristic timescales resulting from microstructural heterogeneity in amorphous polymers. In addition, the
changes in stress relaxation behavior caused by physical aging are explored. Aging leads to a transition of the
system towards a more stable energy state, making it difficult to activate the relaxation of the individual units,

thus slowing down the stress relaxation process and increasing the characteristic time.
Keywords: polystyrene, stress relaxation behavior, viscoelastic deformation, microstructural heterogeneity
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