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Carbon nanocomposite applications
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Nanocomposites with Percolated Filler Networks

Material optimization requires control over dispersion and filler network
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SWNT networks serve as conduction and stress-propagation pathways within the composite
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Tracer diffusion exp. shows initial decrease in
polymer diffusion that recovers beyond percolation
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Polymer Diffusion in Percolated SWNT Networks
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D/D,

MD simulations attribute the diffusion

behavior to polymer/SWNT interactions
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Local dynamics define ageing and fragility properties of polymers

Attractive interactions increase
relaxation times, T, and fragility
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Local mobility affects local molecular stiffness

and elastic constants
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Interfacial attractions modify the

aging rate in thin polymer films
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Characterizing Polymer Dynamics

MODELS STRUCTURE POLYMERS DYNAMICS
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Characterizing Polymer Dynamics

MODELS STRUCTURE POLYMERS DYNAMICS
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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 M, > M,

(12.5kg/mol)
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SWNT/PMMA Composites: Suppressed Polymer Mobility

Neutron Backscattering incoherent elastic scans
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Table 2. Coherent Scattering Lengths and Coherent and Incoherent
Crass Sections for Neutrons of the Nuclei Composing the Samples

nucleus b (fm) Ocoh (barn/atom) Oine (barn/atom)
® —3.7406 1.7583 CGo2D
D 6.671 5.592 T
C 6.6511 5.559 0
0 5.803 4232 0

Molecular dynamics simulations of polymer transport in nanocomposites
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Molecular dynamics simulations on the Kremer—Grest bead-spring model of polymer melts are used
to study the effect of spherical nanoparticles on chain diffusion. We find that chain diffusivity is
enhanced relative to its bulk value when polymer-particle interactions are repulsive and is reduced
when polymer-particle interactions are strongly attractive. In both cases chain diffusivity assumes its
bulk value when the chain center of mass is about one radius of gyration R, away from the particle
surface. This behavior echoes the behavior of polymer melts confined between two flat surfaces.
except in the limit of severe confinement where the surface influence on polymer mobility is more
pronounced for flat surfaces. A particularly interesting fact is that. even though chain motion is
strongly speeded up in the presence of repulsive boundaries, this effect can be reversed by pinning
one isolated monomer onto the surface. This result strongly stresses the importance of properly
specifying boundary conditions when the near surface dynamics of chains are studied. © 2005
_American Institute of Physics. [DOL: 10.1063/1.1874852]
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Atomic Mean Square Displacements

O-dependence of the incoherent elastic intensity
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Dynamical arrest of non-interfacial segments
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MSD patterns: Thermally induced dynamic phases
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Comparison with related literature

Attractive polymer/filler potential reduces the PEO/PMMA blends exhibit a similar phenomenon:
MSD of chains in the prOX|m|ty Of the flller dynamics of the fast component are effectively restricted by the slower one
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SWNT/PMMA Composites: Structural characterization

Diffraction on deuterated samples 2
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SWNT/PMMA Composites: Slowdown of Inter-Chain Relaxations

Neutron Spin Echo measurements
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Log <7,y (5)>

Deviation of the relaxations from the Vogel-Fulcher function
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Effect of polymer adsorption in intercalated silicates
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Comparison with C60 and related literature
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Concluding Remarks

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 L

. Loobs Transient pinning
pure polymer but is hardly affected by the compactness of ‘\
the network. This is known as kinetic arrest. Tails
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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Intermediate Structure factor

Intermediate Structure factor
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