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Comparison of Molecular Behavior in Uniaxial, Biaxial and Planar elongation using Primitive
Chain Network Simulations
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Experimental data shows that different results by using same samples under different elongational methods.
While experimental data for uniaxial deformation of entangled polymer melts have recently become reasonably
plentiful, the same cannot be said for biaxial and planar deformations due to experimental difficulties. We have
compared molecular origin behavior under uniaxial, biaxial and planar elongation in same polymer melts using
the Primitive Chain Network model, originally proposed by Masubuchi et al., 2001. Assuming the decoupling
expression of stress, molecular stretch, orientation and entanglement ratio are measured. The weak orientation
and the loss of entanglement cancel the contribution of molecular stretch in biaxial elongation, and this causes
strain softening. The entanglement ratio is almost same in uniaxial and planar elongation. Molecular stretch and
orientation is slightly higher in uniaxial than in planar elongation. It is assumed that planar elongation causes
strain softening in stretched direction.

Keywords: Strain hardening, Biaxial deformation, Uniaxial deformation, Planar deformation, Molecular stretch,
Orientation, Entanglement ratio, strain invariants
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Figure 1 Time-dependent transient clongational
viscosities for different strain rate under uniaxial (fop),
equibiaxial(middle) and planar(bottom) elongation.
Experimental results(closed symbols), PCN results
(open symbols).
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Figure 2 PCN simulation data of uniaxial, equibiaxial
and planar elongational entanglement ratio vs. strain for
z23 at various strain rates.
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Figure 3 PCN simulation data of uniaxial, equibiaxial
and planar clongational molecular stretch ratio vs. strain
for z23 at various strain rates.
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Figure 4 PCN simulation data of uniaxial, equibiaxial
and planar elongational molecular orientation vs. strain
for z23 at various strain rates.
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