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MODELLING OF NANOFIBRILLATION PROCESS|
"_L OF CRYSTALLINE DISENTANGLED POLYMERS

O Mécaniaue of Matério”” A. GAULTIER !, J. DIRRENBERGER'!, G. REGNIER'!, A. GALESKI*

FPIMM, Arts et Métiers ParisTech, 151 bd de 'Hopital, 75013 Paris, France
> CMMS, Sienkewicza 112, 90-363, ©.6d7, Poland

Contexte

This PhD work is carried out at the Processes and Engineering in Mechanics and Materials laboratory (PIMM) in collaboration with the Centre of Molecular and
Macromolecular Studies (CMMS), 1.6d%, Poland and is dealing with the processing of nanocomposite. CMMS developed a promising nanofibrillation processing route
based on the plastic deformation of crystalline disentangled polymers. In order to further our understanding of the phenomena taking place during the process
we resort to computational modelling. Due to the very large deformations involved, the Constrained Natural Element Method (CNEM) is used to simulate the
nanofibrillation process.

Keywords : crystal plasticity, disentangled polymer, Constrained Natural Element Method, nanofibrillation, nanocomposite, process modelling.

Disentangled Polytetrafluoroethylene

Crystallisation is the best for preserving disentanglement Disentangled PTFE is obtained by crystallisation during polymeri- — Polymerisation rate < Crystallisation rate,
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Evolution of the structure of a crystaline polymer?

Disentangled Polymer = Reduced macromolecular/physical entanglement = Negligible strain hardening, hence enabling very large plastic deformation (A =100.000)

Constitutive equation and plasticity model Computational approach

Local equation of the molten matrix polymer dynamics : The Constrained Natural Element Method t=4.002e-005 | t=6.103e-005
div(o)+fy=py with:o=-pl+2nD — Incompressible and Newtonian fluid (CNEM) is an extension of the Natural Element
div(v) =0 Method (NEM)

— Based on a field interpolation like the Finite Ele-
ment method (FEM),

— Used interpolation function : function of natu-
ral neighbour type (ex : Sibson or Laplace func-

Constitutive equation of the plastic de-
formation of an inclusion by dislocation
slip? :
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Simulation of cutting®

The shear rate is formulated as a function of the re- = Meshless method for finite deformation frame-
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Modelling of nanofibrillation sheared by a viscous polymer matrix

We are going to model the nanofibrillation process of disentangle PTFE sheared by viscous molten polymer
matrix of PS for three experimental setups : £
— Single monomolecular crystal plastically sheared by viscous molten polymer matrix, i
— Polyecristalline inclusions plastically sheared by viscous molten polymer matrix, 7 e e
— Multiple inclusions plastically sheared by viscous molten polymer matrix. B N o1 wesvkrshuerzobas | ErERrERE /
These models depend on multiple parameters. 1OL0) 4 : B ——————————
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Ca =28 =Y \with Z surface tension, R diameter of the inclusion Hezxagonal structure of crystalline [ject of the capilary number , , , ,
o o R hase IV of PTFE Schematic on the finite plastic deformation of a PTFE
and 7 shear force. p . . .
particle sheared by the viscous molten PS matriz

Conclusions and outlook

— Numerical implementation of crystal viscoplasticity framework within CNEM,
— Modelling the nanofibrillation process via viscous shearing for disentangled polymer,
— Development of a numerical predictive tool for the nanofibrillation process.
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