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Figure 1: Nonmonotonic Fracture behavior of polymer nanocomposites: True stress vs. strain for 
rubber compounds with different filler concentration. A sharp decrease of the stress at the end 

shows the break point. Inset shows the dumbbell-shaped specimens. 
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1. Scientific results 2014 
This IPP is a collaborative effort between the University of Amsterdam, the Max Planck institute 
for polymer research, TU/e, the Dutch Polymer Institute and the Michelin and SKF. Both Michelin 
and SKF manufacture filled rubbers, and the key question posed to our consortium is whether a 
detailed understanding of the macroscopic linear and non-linear mechanical properties can be 
obtained from the microscopic structure, organization and chemistry of the materials. 
Reinforced polymer composites, typically contain nanometer-sized particles to enhance the com-
posite's mechanical properties. Composites are very important materials in both natural and syn-
thetic contexts; however the rationale for using nano-sized filler particles remains unclear because 
classical elasticity is inherently scale-free. We have studied silica-filled rubbers from both SKF and 
Michelin, and show that the reinforcement increases with decreasing filler size: smaller filler parti-
cles (or aggregates) result in larger reinforcement, at a given particle volume fraction. Since classi-
cal micromechanical (homogenization) models cannot account for such a scale dependent rein-
forcement, we have propose a simple relation based only on the microstructure of the composite 
material that accurately describes the experimental results. The rescaling is shown to be universal, 
independent of polymer and filler chemistry and polymer size.  
 
For the non-linear properties, the most important feature for Michelin is the strain softening of the 
rubbers, since this directly influences the rolling resistance of the tires. However its quantification 
is not very clear. Numerous materials have been reported to exhibit strain softening at high strains 
during a strain sweep in oscillatory rheology: the modulus decreases with increasing deformation. 
We have characterize the different samples provided by Michelin to help us to get a better under-
standing of the drop of the elasticity at high strains, also known as the Payne effect. 
 
Recent works have shown that the zone of contact between the silica particles and the matrix could 
be of great interest to explain this phenomenon because of the formation of a thin glassy layer 
around particles. We have studied a wide range of samples provided by Michelin that have vary-
ing filler content and filler-matrix interactions; the macroscopic rheology experiment show that 
indeed these different samples show significant differences in their macroscopic behaviour, as 
would be expected from the glassy layer theory. However, simulations from the Eindhoven group, 
and DSC measurements on the SKF samples seem to contradict the idea that a glassy layer is 
important. Rheology experiments on a model system of large particles give a definitive answer to 
this question: the model system shows a clear Payne effect, but on the large length scale of the 
large filler particles there can be no effect of a nanometric glassy layer. Therefore the glassy later 
hypothesis can be excluded as an explanation of the Payne effect. 
 
For SKF, the most important feature of the non-linear elasticity is the fracture of the filled rubbers. 
Polymer composite materials are widely used for their exceptional mechanical properties, notably 
their ability to resist large deformations. We examined the failure stress and strain of rubbers rein-
forced by varying amounts of nano-sized silica particles. We find that small amounts of silica 
increase the fracture stress and strain, but too much filler makes the material become brittle and 
consequently fracture happens at small deformations. We thus find that as a function of the 
amount of filler there is an optimum in the breaking resistance at intermediate filler concentra-
tions. We use a modified Griffith theory to establish a direct relation between the material proper-
ties and the fracture behavior that agrees with the experiment.  
 
In conclusion, we feel that scientifically speaking the results we obtained are beyond expectation; 
one shouldn't forget that both Michelin and SKF have been manufacturing filled rubbers for a 
(very) long time and with considerable manpower. The fact, then, that this small project produces 
and continues to produce results that are surprising to them and provide new insights is very 
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satisfactory. Less satisfactory is the speed with which we produce publications from this project; a 
number of papers have been submitted so far on the activities of the project, but the subject does 
not seem 'fashionable' enough for high-impact journals, leading to long (re)submission processes. 
 
2. Added value of the programme 
The key publications that have come out of this project (published or under review) show that this 
project is a truly collaborative effort, and very well shows how all groups have contributed to 
solving the important problem we attacked from the start. 
 
3. Personnel 
Janaina Gianfelice de Castro (UvA) has defended her thesis. Henri de Cagny and Marius Mermet 
(both UvA) have finished writing their thesis and will defend in 2015. The rest of the PhD students 
also appear to be on track.  
 
4. Publications 
11VEC01 
- LAOS: The strain softening/strain hardening paradox. M.R.B. Mermet-Guyennet, 

J.G. de Castro, M. Habibi, N. Martzel, M.M. Denn, D. Bonn, Journal of Rheology (1978-present) 
59 (1), 21-32 (2014). 

 
11VEC02 
- Non-linear rheology II, Castro, J. de, PhD Thesis, 2014. 
 
11VEC03 
- S-Shaped Discontinuous Shear Thickening Flow Curve in Granular Suspensions, Z. Pan, 

H. de Cagny, B. Weber, D. Bonn, arXiv preprint arXiv:1412.5333. 
- Discontinuous shear thickening and steady-state multiplicity in a granular suspension, 

M. Denn, H. De Cagny, Z. Pan, D. Bonn, R. Seto, R. Mari, J. Morris, Bulletin of the American 
Physical Society 59 (2014). 

 
11VEC04 
- Ribe, N.M., Habibi, M. & Bonn, D. (2014). The Liquid Rope Trick. Scientific American, 310 (2), 

66-71. doi: doi:10.1038/scientificamerican0214-66. 
- Fall, A., Weber, B., Pakpour, M., Lenoir, N., Shahidzadeh, N., Fiscina, J., Wagner, C. & Bonn, D. 

(2014). Sliding Friction on Wet and Dry Sand. Physical Review Letters, 112 (17). doi: DOI: 
http://dx.doi.org/10.1103/PhysRevLett.112.175502. 

 
5. Valorisation and outreach 
Plenary lecture of D. Bonn for 800 people at the international nanotechnology meeting in Kish, 
Iran. 
 
Paper in Scienctific American (translated in at least a dozen languages): Ribe, N.M., Habibi, M. & 
Bonn, D. (2014). The Liquid Rope Trick. Scientific American, 310 (2), 66-71. doi: 
doi:10.1038/scientificamerican0214-66. 
 
6. Vacancies 
None. 
 
  

http://scholar.google.com/citations?view_op=view_citation&hl=fr&user=Se4J4uoAAAAJ&sortby=pubdate&citation_for_view=Se4J4uoAAAAJ:3htObqc8RwsC
http://scholar.google.com/citations?view_op=view_citation&hl=fr&user=Se4J4uoAAAAJ&sortby=pubdate&citation_for_view=Se4J4uoAAAAJ:mNrWkgRL2YcC
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Fact sheet as of 1 January 2015 

 FOM – 11.0984/5 
 datum: 18-05-2015 
 
 
APPROVED INDUSTRIAL PARTNERSHIP PROGRAMME  
 
 
Number i27. 
  
Title (code) Understanding the visco-elasticity of elastomer-based nano-

composites (VEC) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. D. Bonn 
  
Duration 2011-2015 
  
Cost estimate M€ 1.6 
  
Partner(s) SKF, Michelin, Dutch Polymer Institute 
  
Concise programme description 
a. Objectives 
Nanocomposites consisting of polymers reinforced with filler particles are important for a wide 
variety of industries and processes. Although these nanocomposites exhibit unique visco-elastic 
properties – and as such are widely applied in e.g. tires and sealings – the precise mechanism of 
the reinforcement is at best incompletely understood at present. The current proposal aims at 
understanding, and ultimately controlling, the macroscopic visco-elastic properties of such 
systems on the basis of both the microscopic intermolecular interactions and the mesoscopic 
structure of the composite. To this aim, we will (a) determine the structure across many length 
scales, (b) probe the interactions between the filler particles and the polymer matrix, and to (c) 
relate these to the measured macroscopic mechanical properties. Measuring and controlling the 
polymer-filler interactions will allow to construct detailed models for understanding the 
macroscopic mechanical properties of this important class of materials. The proposed primary 
project goal is to develop an improved understanding of the non-linear visco-elastic properties of 
reinforced rubber nanocomposites. The originality of the program is to combine efforts to apply 
several new and unique techniques like, for example, non-linear rheology, electron tomography, 
nanoindentation, vibrational sum frequency generation, and use the ensemble of these results in 
close collaboration with the modeling projects to develop reliable predictive models for future use. 
 
b. Background, relevance and implementation 
Polymer systems reinforced with filler particles constitute a huge market (several millions of 
metric tons/annum worldwide): examples include tires, many types of high performance plastics 
used e.g., in the automobile industry to replace steel, products for leisure and sports, and 
structural parts of advanced equipment. Probably the most widely used filler particle is still carbon 
black, used mainly in the tire industry. However nowadays the trend is towards 'green tires', and 
carbon black is progressively being replaced by silica filler particles. Such particles are both 
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chemically and physically very different, and this change consequently calls for a rethinking of the 
existing know-how on polymer reinforcement by fillers, which has been obtained mostly through 
trial-and-error. Also, the silica system being much better controlled and characterized than the 
traditionally used carbon black system, it provides a unique opportunity to uncover the different 
physical processes behind the reinforcement.  
It is here that this project aims to contribute. Despite their obvious importance, filler particle-
polymer interactions have remained poorly understood, owing to lack of suitable theoretical and 
experimental approaches. The key issue that has remained unresolved is the exact mechanism of 
the reinforcement itself, which is the focus of this proposal.  
One of the main offspins will be to allow Michelin to manufacture 'greener' tires, SKF to 
manufacture better high-performance sealings, and the DPI community to profit from the obtained 
insights in the fundamentals of reinforcement with silica particles. Indeed, higher performance 
silica filled rubbers have already allowed reducing fuel consumption, manu-facturing waste and 
increasing tire lifetime. A more fundamental understanding of the mechanisms involved will 
surely help to go further in these directions.  
In addition, results from this programme should find their way in the development of filled 
engineering polymers, notably low-Tg elastomer-based materials, with much improved properties.  
 
 
Funding 
salarispeil cao per 01-07-2012 
 
bedragen in k€ < 2014 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie 661 150 - - - - - 811 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 
Doelsubsidies derden 
- SKF 
- Michelin 
- DPI 
- TKI-toeslag 

 
298 
245 
261 

30 

 
- 
- 

20 
- 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
298 
245 
281 

30 
Totaal 1.495 170 - - - - - 1.665 

 
Source documents and progress control 
a) Original programme proposal: FOM-11.0140 
b) Ex ante evaluation: FOM-11.0742 
c) Decision Executive Board: FOM-11.0983 
d) Contract: FOM-11.1005 
 
Remarks 
The final evaluation of this programme will consist of a self-evaluation carried out by the 
programme leader and is expected in 2015. The TKI-toeslag was used in a project and financed 
several months of Post-doc position. SKF matched the toeslag with k€ 13 in cash. 
 
 VL par. HOZB 
 
Subgebieden: 50% COMOP, 50% FeF 
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Historical overview of input en output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2009 - - 0.2 - - 

2010 - - 1.1 - - 

2011 - - 2.9 - 143 

2012 - 0.7 3.2 - 238 

2013 - 0.9 4.0 - 367 

2014 - 1.0 3.3 - 317 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2009 - - - - 

2010 - - - - 

2011 - - - - 

2012 - 5 - - 

2013 - 7 8 - 

2014 1 2 7 - 

* After closing the financial year. 
 
 
PhD defences 
2011 
None. 

2012 
None. 

2013 
None. 

2014 
Janaína Gianfelice de Castro, 11 December 2014, 
FOM-A-03. 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 
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Overview of projects and personnel 

 
 
Workgroup FOM-A-03 

Leader Prof.dr. D. Bonn 
Organisation University of Amsterdam 
Programme Understanding the visco-elasticity of elastomer-based nanocomposites 
Project (title + number) Electron microscopy 11VEC04 
 
FOM employees on this project 
Name  Position Start date End date 
M. Habibi postdoc 07 February 2013 06 September 2015 
 
 
Leader Prof.dr. D. Bonn 
Organisation University of Amsterdam 
Programme Understanding the visco-elasticity of elastomer-based nanocomposites 
Project (title + number) Mesoscale deformation 11VEC03 
 
FOM employees on this project 
Name  Position Start date End date 
H.C.G. de Cagny PhD 07 February 2011 06 May 2015 
 
 
Leader Prof.dr. D. Bonn 
Organisation University of Amsterdam 
Project leaders Dr. P. Schall 

 Noushine Shahidzadeh 
Programme Understanding the visco-elasticity of elastomer-based nanocomposites 
Project (title + number) Non-linear rheology I 11VEC01 
 
FOM employees on this project 
Name  Position Start date End date 
M.R.B. Mermet-Guyennet PhD 09 November 2010 08 February 2015 
 
 
Leader Prof.dr. D. Bonn 
Organisation University of Amsterdam 
Programme Understanding the visco-elasticity of elastomer-based nanocomposites 
Project (title + number) Non-linear rheology II 11VEC02 
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FOM employees on this project 
Name  Position Start date End date 
J. de Castro PhD 01 November 2009 31 January 2014 
 
 
Leader Prof.dr. D. Bonn 
Organisation University of Amsterdam 
Programme Understanding the visco-elasticity of elastomer-based nanocomposites 
Project (title + number) Predicting the fracture properties of filled rubbers 13VEC07 
 
FOM employees on this project 
Name  Position Start date End date 
J. de Castro PhD 1 February 2014 30 April 2014 
 
 
Leader Prof.dr. D. Bonn 
Organisation University of Amsterdam 
Project leader Prof.dr. M. Bonn 
Programme Understanding the visco-elasticity of elastomer-based nanocomposites 
Project (title + number) Spectroscopy 12VEC05 
 
FOM employees on this project 
Name  Position Start date End date 
H.S. Varol PhD 1 November 2012 31 October 2016 
 
 
Workgroup FOM-E-10 

Leader Dr. C. Storm 
Organisation Eindhoven University of Technology 
Project leaders Dr. A.V. Lyulin 
Programme Understanding the visco-elasticity of elastomer-based nanocomposites 
Project (title + number) Theory-modelling 11VEC06 
 
FOM employees on this project 
Name  Position Start date End date 
T. Davris PhD 01 December 2012 30 November 2016 
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