
 
 
 

  

FOM - 16.0182 
 
 
 
 
 
 

 
 
 

Annual report 2015 
 

FOM programme nr. i27 
'Understanding the visco-elasticity of elastomer-based 

nanocomposites' 
 
 
 

Foundation for Fundamental Research on Matter 
www.fom.nl 

 
 
 
 

 
The particulate model of the nanocomposite. The filler particles are shown in red, the polymer chains in 

green. For clarity, only a fraction of the polymer chains is shown. Four filler particles of average diameter 
about 10 times the diameter of the monomer beads are displayed. Periodic boundary conditions are used in all 

three directions. 
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1. Scientific results 2015 
Nanocomposites consisting of polymers reinforced with filler particles are important for a wide 
variety of industries and processes. Although these nanocomposites exhibit unique viscoelastic 
properties and as such are widely applied in e.g. tires, the precise mechanism of the reinforcement 
is at best incompletely understood at present. In order to understand reinforcement at a funda-
mental level and ultimately control it in practice, it is essential to determine the impact of interac-
tions between filler particles and polymer matrix on the nanocomposite microstructure and its 
macroscopic dynamic mechanical properties. We have succeeded in characterizing simultaneously 
the microscopic structure and the macroscopic mechanics of the industrial rubbers from Michelin 
and SKF. This helps us get a better understanding of poorly understood effects in filled rubbers as 
unexpected dramatic increase of the elasticity by including silica particles in rubber (non geomet-
rical reinforcement) or the drop of the elasticity at high strain (Payne effect) and their fracture 
behavior. In 2015 we have developed a more detailed understanding and characterization of these 
different macroscopic phenomena, and have been able to relate these to the microscopic organiza-
tion of the nanoparticles in the rubber matrix. A more detailed understanding of the complete non-
linear elasticity and the importance of the polymer-filler interactions is in progress. 
 
Detailed results of the different sub-projects(PhD theses) are the following: 
 
Janaina de Castro (UvA) 
Polymer composite materials are widely used for their exceptional mechanical properties, notably 
their ability to resist large deformations. Here, we examine the failure stress and strain of rubbers 
reinforced 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. 

 
Figure:force vs. displacement for different filler concentrations in composites had an initial notch. Inset 

shows the fracture propagation process for NBR loaded with silica 
 
Theodoros Davris (Tu/e) 
To understand reinforcement at a fundamental level and ultimately control it in practice, it is 
essential to determine the impact of interactions between filler particles and polymer matrix on the 
nanocomposite microstructure and its macroscopic dynamic mechanical properties. We perform 
molecular-dynamics simulations, to determine to what extent shear-distortion models widely used 
in industry are applicable, as well as the role played by molecular interactions.  
 

 



 
 
 

 
 
 - 4 - 
 

Samet Varol (MPI) 
Dispersing hydrophilic nanofillers in highly hydrophobic polymer matrices is widely used to tune 
the mechanical properties of composite material systems. The ability to control the dispersion of 
fillers is closely related to the mechanical tunability of such composites. In this work, we investi-
gate the physical–chemical underpinnings of how simple end-group modification to one end of a 
styrene–butadiene chain modifies the dispersion of silica fillers in a polymer matrix. Using surface-
sensitive spectroscopies, we directly show that polymer molecular orientation at the silica surface 
is strongly constrained for silanol functionalized polymers compared to nonfunctionalized poly-
mers because of covalent interaction of silanol with silica. Silanol functionalization leads to 
reduced filler aggregation in composites. The results from this study demonstrate how minimal 
chemical modifications of polymer end groups are effective in modifying microstructural proper-
ties of composites by inducing molecular ordering of polymers at the surface of fillers. 
 

 
 
Marius Mermet-Guyennet (UvA) 
Nanosized filler particles enhance the mechanical properties of polymer composites in a size-
dependent fashion. This is puzzling, because classical elasticity is inherently scale-free, and models 
for the elasticity of composite systems never predict a filler-size dependence. We study the indus-
trially important system of silica-filled rubbers, together with a well-characterized model filled 
crosslinked gel, and show that at high filler content both the linear and non-linear elastic proper-
ties of these systems exhibit a unique scaling proportional to the cube of the volume fraction 
divided by the particle size. This remarkable behavior, which makes it possible to predict the 
mechanical response of particle-filled rubbers, can be understood in terms of multiple particle 
interactions associated with a force that scales with the number of polymer chains in the neighbor-
hood of the particle, but an explanation based on first principles is needed.  
 
Henry de Cagny (UvA) 
In this project we study the mechanics of polymer networks alone. When sheared, most materials 
dilate. This behaviour is characterized by a positive normal stress, indicating that shear has an 
extensile effect in the direction perpendicular to the shear plane. A well-known example of posi-
tive normal stress is the Poynting effect which describes how elastic solids such as metals, rubbers 
and polymer gels expand axially when twisted. Surprisingly, polymer gels can exhibit the opposite 
effect, contracting under shear and displaying a negative normal stress. We find that the sign of 
the normal stress switches from positive to negative at a characteristic time scale controlled by the 
network porosity. Pore size thus provides a way to control both the sign and magnitude of the 
normal stress in polymer gels, thereby providing a route to tailor elastic instabilities and control 
material processing. 
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2. Added value of the programme 
As is evident from the below list of publications, the collaborations between the different groups is 
very strong, and the interactions are manifold, leading to many joint project and publications.  
Explicitly, the groups involved in references 1-4 below are: 
[1] MPI Mainz, UvA, Michelin 
[2] MPI Mainz, UvA, SKF, Michelin and visitor of the programme M. Denn 
[3] Uva, MPI Mainz, SKF 
[4] UvA, Michelin and visitor of the programme M. Denn 
So that in all of the 2015 publications also the industrial partners were directly involved. 
The only group that has not yet made a joint publication is the TU/e; however a joint publication 
with UvA has been submitted. Thus the added value of the programme is huge, since only the 
collaboration has allowed us to go all the way from the microscopic structure to the macroscopic 
mechanical properties. 
 
3. Personnel 
J. de Castro, and M. Mermet-Guyennet have defended their thesis in 2015 and have left. H. De 
Cagny has defended in 2016. S. Varol and T. Davris are both on schedule and will likely defend in 
2016 also (end of 2016). There are no vacancies anymore. 
 
4. Publications 
- [1] H Samet Varol, M Alejandra Sánchez, Hao Lu, Joe E Baio, Christian Malm, Noemi Encinas, 

Marius RB Mermet-Guyennet, Nicolas Martzel, Daniel Bonn, Mischa Bonn, Tobias Weidner, 
Ellen HG Backus, Sapun H Parekh, Multiscale Effects of Interfacial Polymer Confinement in 
Silica Nanocomposites. Macromolecules 48 (21), 7929-7937 (2015). 

- [2] MRB Mermet-Guyennet, J Gianfelice de Castro, Hasan S Varol, M Habibi, B Hosseinkhani, N 
Martzel, R Sprik, MM Denn, A Zaccone, Sapun H Parekh, D Bonn, Size-dependent reinforce-
ment of composite rubbers Polymer 73, 170-173 (2015). 

- [3] JG de Castro, R Zargar, M Habibi, SH Varol, SH Parekh, B Hosseinkhani, M. Adda-Bedia, D. 
Bonn, Nonmonotonic fracture behavior of polymer nanocomposites, Applied Physics Letters 
106 (22), 221904 (2015). 

-  4] MRB Mermet-Guyennet, JG De Castro, M Habibi, N Martzel, MM Denn, D. Bonn,  LAOS: 
The strain softening/strain hardening paradox Journal of Rheology (1978-present) 59 (1), 21-32 
(2015). 

 
5. Valorisation and outreach 
Materialen : De grootte doet het hem C2W magazine, (ook als coverstory : Silica als vulstof) maart 
2016. 
 
6. Vacancies 
None. 
 
  

http://pubs.acs.org/doi/abs/10.1021/acs.macromol.5b01111
http://pubs.acs.org/doi/abs/10.1021/acs.macromol.5b01111
http://www.sciencedirect.com/science/article/pii/S0032386115301233
http://www.sciencedirect.com/science/article/pii/S0032386115301233
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=Se4J4uoAAAAJ&sortby=pubdate&citation_for_view=Se4J4uoAAAAJ:5MTHONV0fEkC
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=Se4J4uoAAAAJ&cstart=20&sortby=pubdate&citation_for_view=Se4J4uoAAAAJ:OcBU2YAGkTUC
https://scholar.google.fr/citations?view_op=view_citation&hl=fr&user=Se4J4uoAAAAJ&cstart=20&sortby=pubdate&citation_for_view=Se4J4uoAAAAJ:OcBU2YAGkTUC
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Fact sheet as of 1 January 2016 

 FOM – 11.0984/6 
 datum: 01-01-2016 
 
 
APPROVED INDUSTRIAL PARTNERSHIP PROGRAMME  
 
 
Number i27. 
  
Title (code) Understanding the visco-elasticity of elastomer-based 

nanocomposites (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 off spins 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, manufacturing 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 01-01-2016 
 
bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 811 - - - - - - 811 

FOM-basisinvesteringen - - - - - - - - 

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

 
298 
245 
281 

30 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
298 
245 
281 

30 
Totaal 1.665 - - - - - - 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 second half 2016. The TKI-toeslag was used in a project and 
financed several months of postdoc 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 and 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 

2015 - 0.7 1.5 0.4 310 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2009 - - - - 

2010 - - - - 

2011 - - - - 

2012 - 5 - - 

2013 - 7 8 - 

2014 1 2 7 - 

2015 1 5 15 - 

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

2012 
None. 

2013 
None. 

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

2015 
Marius Mermet-Guyennet, 10 December 2015,  
FOM-A-03 

 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 

2015 
None. 
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Overview of projects and personnel 

 
 
Workgroup FOM-A-03 

Leader Prof.dr. D. Bonn 
Organisation University of Amsterdam 
Project (title + number) Electron microscopy 11VEC04 
 
FOM employees on this project 
Name  Position Start date End date 
M. Habibi postdoc 7 February 2013 6 September 2015 
 
 
Leader Prof.dr. D. Bonn 
Organisation University of Amsterdam 
Project (title + number) Mesoscale deformation 11VEC03 
 
FOM employees on this project 
Name  Position Start date End date 
H.C.G. de Cagny PhD 7 February 2011 6 May 2015 
 
 
Leader Prof.dr. D. Bonn 
Organisation University of Amsterdam 
Project leaders Dr. P. Schall 

 Noushine Shahidzadeh 
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 9 November 2010 8 February 2015 
 
 
Leader Prof.dr. D. Bonn 
Organisation University of Amsterdam 
Project (title + number) Predicting the fracture properties of filled rubbers 13VEC07 
 
FOM employees on this project 
Name  Position Start date End date 
M. Dinkgreve TP/T 1 February 2015 30 June 2015 
 
 



 
 
 

 
 
 - 10 - 
 

Workgroup FOM-E-10 

Leader Dr. C. Storm 
Organisation Eindhoven University of Technology 
Project leaders Dr. A.V. Lyulin 
Project (title + number) Theory-modelling 11VEC06 
 
FOM employees on this project 
Name  Position Start date End date 
T. Davris PhD 1 December 2012 30 November 2016 
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