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Thermal Behaviour of Mechanical Properties of Polymer Crystals

Katsuhiko Nakamae, Takashi Nishino

Elastic modulus E; of crystalline regions of polymers in the direction parallel to the
chain axis and its temperature dependence has been reviewed. Examination of the data so
far accumulated led us to success in relating the E; value viz. the extensivity of a polymer
molecule to the molecular conformation in the crystal lattice. Knowledge of the £, value is
of interest from another point of view. That is in connection with mechanical properties
of polymer, because it gives us the maximum value for the specimen modulus of a polymer.
E, value of many polymers decreased at high temperature, and thermal contraction of chain
molecule is also enhanced at same temperature region. Temperature dependence of E;
value is considered to be due to the molecular motion in the crystalline regions, and a small
amount of contracted portions such as kinked chain were incorporated to the chain at high

temperature.
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Fig. 1 Chain conformations, types of helix,
observed E,, calculated E; and f-values
of a-polyolefins etc.
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Fig. 2 Chain conformations, contraction from
planar zigzag, observed E;, calculated
E; and f-values of polyesters.
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Fig. 3 Relationship between the crystal modulus
E{ and the maximum specimen modulus
Ymax already reported for wvarious
polymers.
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Fig. 4 Stress (0)-strain (€.) curves for the (006)
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Fig. 5 Anisotropy of crystal modulus E} in the
ab plane of polyethylene crystal at dif-
ferent temperatures.
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Fig. 6 Effect of temperature on the crystal

modulus E; (O) and the (002) spacing
(®) of two kinds of polyethylene. Solid
line indicates the calculated E; value
based on kinked chain model, and broken
line indicates the calculated E; value
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angle model, respectively.
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peak is also superposed on the figure.
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