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Carbon nanocomposite applications



Nanocomposites with Percolated Filler Networks

Maillard, Kumar et al. Nano Letters 12 (2012)

Ackora. Kumar et al. Macromolecules 43 (2010)

Simien et al. ACS Nano 2 (2008)

Material optimization requires control over dispersion and filler network

SWNT networks serve as conduction and stress-propagation pathways within the composite

Ajayan & Tour, Nature 447 (2007)



Polymer Diffusion in Percolated SWNT Networks

Mu, Winey et al. Macromolecules 42 (2009)

Tracer diffusion exp. shows initial decrease in 

polymer diffusion that recovers beyond percolation

MD simulations attribute the diffusion 

behavior to polymer/SWNT interactions

Karatrantos et al. Macromolecules 45 (2012)



Local dynamics define ageing and fragility properties of polymers

Friedberg, Glynos, and Peter Green, PRL 108 (2012)

Interfacial attractions modify the 

aging rate in thin polymer films

LPS-152 K

SPS-10 K

Francis Starr and Jack Douglas PRL 106 (2011)

Attractive interactions increase 

relaxation times, Tg and fragility 

Local mobility affects local molecular stiffness 

and elastic constants
pure polymer antiplasticized system

Robert Riggleman, Jack Douglasb and Juan J. de Pablo, Soft Matter 6 (2010) 



Arbe, Alvarez & Colmenero, Soft Matter 8 (2012)

Characterizing Polymer Dynamics



Arbe, Alvarez & Colmenero, Soft Matter 8 (2012)

Characterizing Polymer Dynamics

Sample Preparation

PMMA/SWNT composites with 1v%, 8v% and 15v% (all 

above percolation threshold ~ 0.3v%) 

 Proper sonication of SWNT/DMF to ensure good 

dispersion

 Polymer mixed with the suspension  

 Composites obtained by precipitation

Samples were prepared with PMMA with Mw > Me 

(12.5kg/mol)

Genix, Colmenero et al., Macromolecules 39 6260 (2006)

Genix, Colmenero et al., Macromolecules 39 3947 (2006)

Genix, Colmenero et al., Phys. Rev. E 72 (2005)

Colmenero, Moreno & Alegria Prog. Pol. Sci. 30 (2005)

Moreno, Alegria & Colmenero, Macromolecules 34 (2001)



SWNT/PMMA Composites: Suppressed Polymer Mobility
Neutron Backscattering incoherent elastic scans
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Atomic Mean Square Displacements
Q-dependence of the incoherent elastic intensity
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local polymer motions are 

hardly affected by SWNT loading 

ξ Rg

average mesh size ξ: 7–28 nm

coil diameter 2Rg ~ 29nm



Dynamical arrest of non-interfacial segments
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MSD patterns: Thermally induced dynamic phases

Flory et al., Macromolecules 2010

17 K

20K

rotational 

tunneling
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 At low temperatures:  Harmonic model



Long & Lequeux, Eur. Phys. J. E 4 (2001)

Increase in Tg results from the percolation 

of slow domains

Karatrantos, Clarke et al, Macromolecules 4 (2012)

Attractive polymer/filler potential reduces the 

MSD of chains in the proximity of the filler
PEO/PMMA blends exhibit a similar phenomenon:

dynamics of the fast component are effectively restricted by the slower one

 Transient pinning of polymer segments close to the attractive SWNT 

interfaces promote the existence of slow domains in their proximity

 The percolation of the nanotubes causes connectedness of the slow 

domains, which dynamically arrests the fast bulk chains and 

constrain the extent of their motions
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SWNT/PMMA Composites: Structural characterization

Diffraction on deuterated samples

2 / 7.4Q A

2 / 7Q A

PMMA-d8

Slight perturbation of  the local structure of the polymer chains 

Genix, Colmenero et al., Macromolecules 39 6260 (2006)

Colmenero, Moreno & Alegria Prog. Pol. Sci. 30 (2005)

Moreno, Alegria & Colmenero, Macromolecules 34 (2001)



SWNT/PMMA Composites: Slowdown of Inter-Chain  Relaxations

Neutron Spin Echo measurements

( , )
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KWW stretched exponential: 

Stretching exponentDebye Waller Factor
Relaxation time

Order of magnitude 

slowdown in the structural 

relaxations in the composite 
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Moreno, Alegria & Colmenero, Macromolecules 34 (2001)
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4.91×10-10 𝑒11.35×10
3/𝑇

4.88×10-9 ⅇ11.02×10
3/𝑇

Deviation of the relaxations from the Vogel-Fulcher function 

Oh & Green, Nature Materials 8 (2009)

0

v

exp
B

T T
 

 
  

 

Significant contribution from activated 

rotational side groups

Fundamental divergences from the 

theoretical hypothesis behind VF function
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Collision Theory
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decrease in the number of polymer segments that 

can collectively relax at a given temperature in 

the composite



Effect of polymer adsorption in intercalated silicates

Giannelis, Krishnamoorti & Manias (1999), 

Polymer-Silicate Nanocomposites: Model 

Systems for Confined Polymers and Polymer 

Brushes



Comparison with C60 and related literature

Kropka, P. Green  et al. Nano Lett., Vol. 8, 2008
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 gradual decrease in mean-square displacements below 

percolation 

 Upon percolation, the local motions of the non-interfacial 

units are dynamically arrested

 the resistance to displacements in polymeric systems is 

known as plasticization



Concluding Remarks

 Favorable interactions between PMMA and carbon fillers 

cause remarkable shifts in Tg of their composites and pin 

the polymer segments at the filler surface 

 Our data supports a picture of two dynamic populations: 

interfacial segments experiencing a transient pinning and 

non-interfacial segments that are mobile

 In a percolated network the range of motion of the non-

interfacial segments is remarkably suppressed relative to the 

pure polymer but is hardly affected by the compactness of 

the network. This is known as kinetic arrest.

 The transient pinning of polymer segments affects not only 

the local polymer mobility but also the longer-range 

structural relaxations due to the connectivity of the chains

 Our results suggest that interfacial PMMA/carbon attraction 

would result in a slowdown of physical ageing of such 

composites, which gets further enhanced with percolation 
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