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© Nanoparticles can have a profound effect on
thermo-physical, mechanical and optical properties

® Processing particles into products through fluidization
is o promising approach

o Suspensions exhibit complex rheological and
dispersion stability behavior prior to or during processing

Nanopartict Frow, ORDERING AND SeLF-AssEmBLY
R&D Goals & Milestones

o Develop a Navier-Stokes/discrete element method
for nanoparticle suspensions

Project Purpose and Approach

Achieve a sironger scientific understanding of dispersion/
suspension rheology, dispersion stability, phase behavior,

and surface modification using numerical simulation and

experimental validation for implementing nanocomposite
manufacturing processes.

o Perform molecular dynamics simulations including solvent
explicitly fo establish the necessary “subgrid” physics

® Perform rheological experiments of model systems
to support and validate modeling

Key Accomplishments

® Coupled Navier-Stokes solver and
discrete-element-method code

© Implemented coarse-grained, particle-based approach
© Molecular dynamics simulations with nanoparticles
and explicit solvent

© Rheological and acoustic measurements of
model silica particles

Significance of Results

Develop a new capability that can be used as a technical
basis for designing manufacturing processes of nanocom-
posite materials
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Technica. ApproacH: INTeGRATED CAPABILITY ' 3H

DEM-NS, SRD Constitutive Relations
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nanoseconds |
0.1to 10 nm

| microseconds
10 to100 nm

milliseconds
100 nm-10 pm

Micro-structure

Integrated Modeling and Simulation Tool
Integrating Tools Across Scales

Research (Materials/Numerical methods)

Experimental Validation

FEM, ASC SIERRA

Vi

APPS:

‘ 5 : Seconds
ARIA, SR N8 Engineering Scale | ,m
GOMA

- B
! Y LU
Sandia is a multiprogram

of Energy’s National Nuclear Security Administration under contract DE-.

4

Ve

Kl L)
boratory oi)eﬂ'ated'i)y Sandia Corporation, a:f Lockheed Martin Company, for the United States Department

04-94AL.85000. SAND2007-XXXXX CreativeArts 98429.LW.8.07

SAND2007- 5962P

LABORATORY DIRECTED RESEARCH & DEVELOPMENT

Resuurs - |
® Coupled Navier-Stokes (NS) solver and Error in Total Drag force on
discrete-element-method (DEM) code Sphere
— PS/FD IBM: convergence non-uniform, :
pressure field degenerates
— Proto-typing efficient fractional stepping and :
explicit FE schemes in ARIA F 5 e

® (oarse-grained, particle-based approach
— Implemented stochastic rotational dynamics
(SRD) method in LAMMPS

— SRD bulk fluid equilibrium properties and :
momentum transport

Rogijerror]y

— SRD fluid coupling to colloids
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Resuuts - I

o Multi-million atom simulations with nanoparticles
and explicit solvent
— Nanoparticle phase diagram
— Bulk properties, diffusion of nanoparticles

in solvent Nanoparticle+solvent
— Non-equilibrium simulations to model rheology vapor/liquid interface
® Significant improvements to LAMMPS % =
ok 0% wiv

— Multi-region neighbor lists
— Improved communications
— ~100-200 fimes faster for 20:1 size ratio of
nanopariicle o solvent
® Model system - PDMS-functionalized silica spheres
in silicon oil
— Rheological and acoustic measurements
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Shear thinning for nanoparticle
suspensions

GoaL: Prepictive Manusacturing CapasiLity

Comerstong: multiscale integration/ V&V

FoLow-oN Funping / AcTiviTies

© Industrial partnership (CRADA) formed to develop production-level computational capability aimed
at designing nanoparticle flow processing sirategies
— Multi-party CRADA participants (signed in May 2007):
P&G, 3M, Corning, BASF, and ICI

o Synergism with the National Institute for NanoEngineering (NINE) and Center for Infegrated
Nanotechnology (CINT) in modeling suspensions of aspherical nanoparticles and self-assembly

® Development of improved functionalized nano-particle dispersions for implementation into
production manufacturing
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