
 

Network density : a key factor in macroscopic toughness?

Citation for published version (APA):
Melick, van, H., Govaert, L. E., & Meijer, H. E. H. (1999). Network density : a key factor in macroscopic
toughness?. Poster session presented at Mate Poster Award 1999 : 4th Annual Poster Contest.

Document status and date:
Published: 01/01/1999

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 26. May. 2023

https://research.tue.nl/en/publications/514ee6f5-8f5a-46c4-b15e-b90247697a67


Network density: a key factor in macroscopic toughness?
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/Introduction
Although amorphous polymers like Polystyrene (PS,
cd-boxes) and Polycarbonate (PC, cd’s) are similar
materials, their macroscopic deformation behaviour in
tension is quite different (fig.1a).

• PS: crazing → brittle, small macroscopic strains

• PC: necking → ductile, large macroscopic strains

fig.1a Brittle and tough
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fig.1b Compression tests

PS suffers from extreme localisation due to (fig.1b):

• much strain softening. Elimination of strain softe-
ning inhibits localisation and brittle fracture [1, 2].

• weak strain hardening. Strain hardening: entropic
contribution of entangled polymer network [3]

/Objective
Determine relation between molecular structure and
post-yield behaviour. Alter molecular structure of PS:

• blending with Polyphenylene oxide (PS/PPO)

• cross-linking with DEGDMA (x-PS)

/Results and conclusions
Materials are characterised by DMTA.

• Dynamic modulus in rubbery region → molecular
weight between entanglements → network density

With increasing %PPO in PS/PPO and cross-linker in
x-PS, the rubber modulus (GN0 ) and thus the network
density (νe) increase (fig.2).
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fig.2 DMTA PS/PPO (left) and x-PS

Compression tests are performed to determine the
intrinsic properties (strain softening and hardening).

• In Gaussian theory → true stress proportional to
λ2 − λ−1 → strain hardening modulus (G p)

With increasing network density in PS/PPO and x-PS
the strain hardening modulus increases (fig.3).
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fig.3 Compression tests PS/PPO (left) and x-PS

Strain hardening modulus vs. network density gives a
linear relationship for PS/PPO and x-PS (fig.4a).
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fig.4a G p vs. νe

fig.4b PS/PPO 100/0 to 20/80:

crazing to shear yielding

For high PPO content in the PS/PPO blends duc-
tile macroscopic deformation behaviour is observed
in tension (fig.4b), whereas x-PS remains brittle. The
amount of softening (yield-drop) of PS/PPO in com-
pression reduces strongly with increasing %PPO and
temperature (fig.3 & 5a, encircled: ductile in tension).
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fig.5a Yield-drop in PS/PPO fig.5b Embrittled PC

As under a certain threshold of yield-drop ductile be-
haviour is observed, strain softening appears to be
the key factor in macroscopic toughness. This is con-
firmed by embrittlement of strongly annealed PC in
which yield-drop has increased considerably (fig. 5b).
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