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Influences of Temperature and Strain-Rate on Yield Mode Transition

and Slip Line Growth Behavior of Amorphous Polymers
by

Yoshinori YamADA ¥, Masayoshi KitaGawa ™ *,  Shunpei Kano™**
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Taisuke MIYAMOTO and Naoto Tsuit
The shear tests for amorphous polymers, (polyethylene terephthalate) (PET) and polycarbonate(PC) are performed under
various conditions of strain rates and temperatures below the glass transition. Diffuse slip line(DSL) yield mode in which
amorphous polymers deform plastically without a macroscopic shear band and necking has been observed under the conditions of
relatively higher temperature and lower strain rate. The dependence of yield mode of PET and PC on the temperature and the strain
rate is shown on a common yield mode map drawn with temperature difference from their glass transition temperatures, which
suggests strongly that mobility of segment chains under the mechanical stress should be responsible for the generation and growth
of diffuse slip lines. The growth rate of the diffuse slip line is given by the rate process theory, and the activation energy and the
activation volume are estimated to be 240 kJ/mol and 3.1 nm’ for PET, and 110 kJ/mol and 5.3 nm® for PC.
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Fig.1 Two types of yield modes of PET specimens in shear test at a
temperature of 280 K : (a) diffuse slip line(DSL) mode at a
strain rate of 1.0x10* /s,  (b) localized shear band(LSB)
mode at a strain rate of 1.0x10™" /s. Shear direction is
horizontal.
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Fig.2 Schematic view of the experimental apparatus.
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Fig.3 Shape of specimens for shear test. Arrows indicate the shear
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Fig.4 Stress-strain curves and yield modes for PET at various strain
rates and 300 K.
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Fig.5 Stress-strain curves and yield modes for PC at various strain
rates and 383 K.
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Fig.8 Observation of yield mode for PET at various temperatures
and strain rates.
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Fig.6  Stress-strain curves for PET at various temperatures and a
strain rate of 1.0X 107 /s.
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Table.l  Activation energy and activation volume

Author Yield strength Viscoelastic?®
Q 4 oY 0, ¥ [
kJ/mol| nm? kJ/mol kJ/mol. nm’ kJ/mol
PET| 240 | 3.1 — — Q.35
05=52~96
pe | 110 | 53 [Qe=295 |0u=300, 1*=321] 0.=371
0s =587 |05 =62, V*=2.17| 03=39
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