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The stress overshoot observed after start-up of fast shear in polymer liquids is a signature viscoelastic effect linked 

to stretching and disentanglement of the polymer chains.  In a standard experiment a shear flow is started from rest 

and the corresponding stress response is measured until a steady-state is reached. At the shear rates exceeding the 

reciprocal of the linear relaxation time stress versus time passes through a maximum before reaching a steady state. 

This is attributed to the initial orientation of the entangled chains, possibly followed by a flow-induced reduction of 

entanglements. After the flow stops, it is expected that with a sufficiently long resting time the system relaxes to the 

original entangled equilibrium state. If the flow is restarted after a short resting time, the presence of the residual 

chain orientation and non-equilibrium number of entanglement is indicated by the reduced height of the overshoot 

peak. Repeating such experiment with increasing resting time allows determining the time required for a full 

reentanglement. 

Such recovery times were measured in a number of experimental studies [1], and they were found to be at least an 

order of magnitude longer then the corresponding equilibrium stress relaxation times. This is a somewhat surprising 

result, and here we attempt to shed some light on this problem with Molecular Dynamics simulations. We use a 

popular Kremer-Grest model [2] with beads connected by FENE springs and long-range interaction described by a 

truncated Lennard-Jones potential. We consider both flexible and semi-flexible chains in monodisperse and binary 

blends with polydispersity of 1.6, and with chain lengths reaching up to 3 entanglement lengths.   In contrary to the 

experimental measurements [1], we find that the reentanglement times do not substantially exceed but consistently 

agree with the equilibrium relaxation times in monodisperse polymers. The situation for polydisperse case is more 

delicate. 

[1] D. Roy and C. M. Roland, Macromolecules 46, 9403 (2013) and references therein  

[2] K. Kremer and G. S. Grest, J. Chem. Phys. 92, 5057 (1990) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


