
Ch 09 
Rheology of entangled polymers



Entanglements

no excluded volume effect -> configuration distribution is Gaussian
no hydrodynamic interaction
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Universal behavior
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Reptation
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Non-reptative relaxation mechanisms

Primitive path fluctuations ->

<- Constraint release



Doi-Edwards theory

Linear relaxation modulus

a fraction of the original tube remains 
unvacated after time t ∑ ⎥
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Doi-Edwards theory

Nonlinear modulus and damping function

time-strain separability )()(),( γγ htGtG =
incomplete retraction

Independent alignment approximation: after retraction, each strand is 
oriented independently of the others, and the change in orientation produced 
by retraction is neglected.



Doi-Edwards theory

Constitutive equation
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Separable K-BKZ equation
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Curie approximation
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Differential approximation
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Prediction of reptation theory
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5.1 ~,~ −− Ψ γγη && Predicts extreme thinning

Experiments 5.1
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Prediction of reptation theory

Stress maximun
leads to material instability

Fast flow convects away the 
polymer molecules containing a 
given chain, and destroys the tube 
surrounding that chain, faster 
than the chain itself can reptate 
out of the tube.

Convective constraint release ->



Semiempirical constitutive equations
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Wagner model
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