SCHM-503/703: Polymer Structure & Properties 603 15.1

I ntroduction to Viscoelasticity

The viscoelastic curve represents the relationship between a sample's
temperature and its modulus. The modulusis a measure of the sample's resistance
to being deformed by an imposed stress. The viscoelastic curve is divided into five
distinct regions (labeled A —E).
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A - Glass. Thematerial isrigid, yet brittleif not reinforced by chemical cross-
links or crystallites. Polystyrene and plexiglass are amorphous glasses at room
temperature.

B - Glass Transition Zone. The material startsto become compliant over time (at
constant temperature), or in anarrow temperature range. The glass transition
temperature, T, identifiesthis zone.

C - Rubber. The material isvery flexible, capable of being stretched to severa
timesitsorigina dimensionswithout breaking. Commercial rubbers are
chemically crosslinked to keep them from softening at elevated temperatures.

D - Rubbery Flow Zone. The material becomes tacky, and will spread like a
liquid if pressure is applied. Pressure-sensitive adhesives are designed to exhibit
this behavior at room temperature.

E - Polymer M elt. Asthe polymeric material is heated beyond the rubbery flow
zone its viscosity steadily decreases. Asthe viscosity (resistance to flow)
decreases, so does the materials modul us. Thisis the processing region of the
viscoelastic curve.
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The apparent viscosity n, the dynamic viscosity n', the elastic shear
modulus G', and the dynamic loss factor G" as a function of either the
angular frequency w or the shear rate y. The absolute value of the
complex viscosity n* would be nearly identical to n. [Reprinted from
Shroff, Trans. Soc. Rheol., 15, 163 (1971).)
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Figure 2.8, Generalized Now curve with the first Newtonian region (). pseudoplastic region ise),
second Newtonian region (Na), dilatant region (d). and onset of turbulence or melt break (b,
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