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Polymer crystallisation during flow
.,appwγ ≈ 100 s-1

•
Deep slit ; T=130°C;

CCSD(T) with avqz is

Scelsi et al., Rheol Acta(2008).180kg/mol HDPE melt

Crystallisation is enhanced in regions of strong flow

Key processing control variables are 
temperature, flow-rate and molecular weight
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Rheological modelling (flow only)
200k 
40k

Mw (g/mol) Polydisperse Tube model

Linear rheology
200k 
40k

Non-linear rheology

Rolie-Double-Poly 
model, Boudara et al 

JoR (2019)
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A key result from Nicholson and Rutledge 
Nucleation rate is exponential in the Kuhn step nematic order
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A key result from Nicholson and Rutledge 
Nucleation rate is exponential in the Kuhn step nematic order

Nematic order 
controls addition 

rates at the 
monomer-level!
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compete/cooperate to  
perform these moves
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enriched the 

nucleus
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∝ exp(∆fi)

Monomer 
attachment rate:



Graham and Olmsted, Phys. Rev. 
Lett. 115 115707 (2009)

R

Flow imposes an 
average molecular 
strain, <RR>.

As computed by a 
molecular flow theory.

 

 

Influence of flow - chain deformation

Long chains are 
enriched the 

nucleus

k+
i
∝ exp(∆fi)

Monomer 
attachment rate:

∆fi = ΓP2,K,i

Free energy 
change on 
deformation: 

Nematic order 
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a) Faster nucleation simulation
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rate
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Boltzmann 
distribution
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a) Faster nucleation simulation

 

Nucleation 
rate
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Boltzmann 
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a) Faster nucleation simulation

 

Nucleation 
rate

This region 
has a (known) 
Boltzmann 
distribution

 
 

Thus, the 
effective rate in 
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a) Faster nucleation simulation

 

Nucleation 
rate

This region 
has a (known) 
Boltzmann 
distribution

 
 

Thus, the 
effective rate in 
here can be 
calculated Only need to simulate the 

reduced barrier region 
(much cheaper!)
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chains

γ̇τR,long = 10

Clear MD evidence of long 
chain enrichment in nuclei
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Summary
• Flow-induced crystallisation: In polymers flow can very strongly 

enhance the rate of crystallisation.  

• Modelling is challenging: due to very wide spread of length and 
timescales 

• Multi-scale modelling: MD and kinetic Monte Carlo simulations 
used to systematically derive a continuum model of nucleation. 

• Continuum model: Nearly analytic expression for the nucleation 
rate; quantitatively consistent with MD and the GO model 

• Agreement with experiments: Agrees with experiments. Correctly 
captures variation with flow rate, temperature and molecular weight. 

• Enhancement of long chains: Model predicts long chains are 
over-presented in nuclei of crystallisation; confirmed in MD 
simulations; experimental signature identified. 




