Accepted Manuscript =

Investigating Structure Property Relations of poly (p-phenylene terephthalamide)
Fibers via Reactive Molecular Dynamics Simulations

Dundar E. Yilmaz, Adri C.T. van Duin

Pll: S0032-3861(18)30825-5

DOI: 10.1016/j.polymer.2018.09.001
Reference: JPOL 20886

To appear in: Polymer

Received Date: 18 June 2018

Accepted Date: 01 September 2018

Please cite this article as: Dundar E. Yilmaz, Adri C.T. van Duin, Investigating Structure Property
Relations of poly (p-phenylene terephthalamide) Fibers via Reactive Molecular Dynamics
Simulations, Polymer (2018), doi: 10.1016/j.polymer.2018.09.001

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.



Investigating Structure Property Relations of poly
(p-phenylene terephthalamide) Fibers via Reactive

Molecular Dynamics Simulations

Dundar E. Yilmaz™ and Adri C.T. van Duin’

Department of Mechanical and Nuclear Engineering, The Pennsylvania State University,

University Park, PA 16802, USA

ABSTRACT: We modeled poly(p-phenylene terephthalamide) (PPTA) fibers in realistic size and
structure and used Molecular Dynamics (MD) simulations with the ReaxFF reactive force field to
investigate response to tensile deformation at extreme values. We constructed PPTA fibers in three
forms: fully crystalline, fully unordered and core-shell structured with core and shell regions
consisting of unordered and crystalline chains. The tensile deformation applied quasi-statically up
to 15 % strain. We calculated the average tensile modulus of fully unordered and crystalline fibers
as 192 GPa and 289 GPa, indicating that crystallinity significantly increases this modulus. We
introduced defects in the form of nitrogen vacancies with densities up to 5 % and formulated an
empirical equation to predict tensile modulus of the fiber based on defect density and crystallinity
of the fiber. During the simulation, we observed domains in the crystalline region of fibers and

failure of fibers started with breaking of chains located at these domain boundaries. As such, in
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