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Chapter 6.  The Nature of Viscoelasticity

I.  Classification of the mechanical states of polymers 

1. Creep experiment:  At constant stress, the stain of the specimen was
recorded as a function of time.

2. Relaxation experiment:  At constant strain, the applied stress was 
recorded as a function of time. 
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II.  Model of viscoelastic behavior

1. Creep experiments1. Creep experiments

(d) Viscous  state(d) Viscous  state
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(c) Rubbery State(c) Rubbery State

4



3

5

Because polymer chains have a Because polymer chains have a 
distribution of relaxation time, distribution of relaxation time, 
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where where J=1/E J=1/E is the elastic is the elastic 
compliance and compliance and EJ /τ=
is the retardation distribution is the retardation distribution 
function.function.
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2.  Relaxation experiments
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III.  Molecular interpretation of stress/strain behavior
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IV.  The dynamic of network response, creep
1.  The sping-bead model
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The above the equation does not consider the intermolecular interactions,
such as the viscous force.
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• What are the normal coordinates?
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As a simple example of the use of these equations, consider the response
of the chain to a force f applied at each end of the chain so as to stretch it:

ftF −=),0( ftNF +=),(, , all the other values of F are zero.
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Substitution of these values into eq 3 yields
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Since the viscous forces will be assumed large enough so that all inertial 
effects will be negligible, the solution of eq 1 is simply  
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where σ is the force per unit area and ν is the number of network chain 
In unit volume.
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Elongates like a series of many spring-
dashpot elements.  This can be seen to
be true from a consideration of the series 
of Kelvin model shown in Figure 37.  

The model system in Figure 37 will 
elongate in the following way, since 
each element is subject to the same 
stess and the elongations are additive.
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• From the free draining model, the viscosity of polymer melt   
or concentrated polymer solution can be expressed as
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Where ρ is the density, ℵ is the Avogadro number, ν is the number of
polymer chains per unit volume, ηo is the viscosity of solvent, c is the 
concentration, and ζ is the number of polymer chains per unit volume 
in solution.
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2.  Comparison with the experimental data

38

• Two sources of the error present in Rouse model 

1. The assumption of freely-jointed segment between two adjacent 
beads is rather crude.

2.  The assumption of affine deformation of the network to derive the 
eq 6.11 is unrealistic, i.e., the sample as a whole elongated in the 
same way as the individual chains elongated. 
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3.  The motion of network junction
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4.  The reptation model to correct the entanglement effect
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Chain Conformation of PXT in Semidilute
Solution

C
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Theoretical Model to Predict the Chain 
Conformations of PPV Precursor and cp*

Assumption:

1. The chains were treated as a 
succession of blobs, which 
carry a g-number of monomers;

2.  The blob size ξ is equal to the 
mesh size of the solutions in 
the semidilute regime;

3.   ξ « R
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Chain overlapping started at cp*=N/R3, where 
N is the number of monomers in a chain, and R 
is the end to end distance of the chains.
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Modified deGennes’ Scaling Arguments

From Rouse equation,

where  ηo is the viscosity of solvent,
ρ = moles of polymer chains/volume ~ cp/N,

,
N* = N/g is the number of blobs per chain,

,
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Modified deGennes’ Scaling Arguments

The rewritten Rouse equation,
By using the formula of correlation length,

(cp >> cp*)

where ξ is the molecular weight independence.
For rodlike chains, R=Na.  We obtained 
For ideal Gaussian chains, R=N1/2a.  We obtained 
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Modified deGennes’ Scaling Arguments

By assuming ,
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V.  Time-temperature superposition principles
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where aT<1, is known as the shifting factor.
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which is an alternate form of  the WLF equation by using Tg as the
reference temperature,
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When temperature was shifted to reference temperature,  the equation
can be modified as
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VI.  Boltzman superposition principle
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Ex.
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(Because t2 -u=a)
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VII. Relationship between the creep compliance and the stress
relaxation modulus
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VIII.  Retardation and relaxation time spectra
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By the same token


