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 Nanoparticles can have a profound effect on
hermo-physical, mechanical and optcal propertis

 Processing particles into products through fluidization
is 0 promising approach

 Suspensions exhibit complex rheological and
dispersion stabilty behavior prior o or during processing
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Project Purpose and Approach
Achieve o tonger scienffc understonding o dispersion/ * Dovelop  Novir Stokes/disrte cloment meihod
suspension theology, ispersion sibily, phase behavor for anopartdle suspensions
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R&D Goals & Milestones

‘experimental validation for implementing nanocomposite

explicly o estobish he necessry “subgrid” physics
manufacturing processes.

 Perform theological experiments of model systems
to support and validate modeling

Key Accomplishments
@ Coupled Navier-Stokes solver and
discrete-element-method code
ol d coarse-grained, particle-based h
® Molecular dynamics simulations with nanoparticles
and explicit solvent

Significance of Results
Develop a new capabiliy that can be used as a technical
basis for designing manufacturing processes of nanocom-

# Rheological and acousfic measurements of
‘model silica particles

Tecumcar Chateences: Ricw Puvsicat Puenomena

inlur 146 sl

potEra

Technicar Approach: IntegrATED CaPABILITY

Molecullar nanoseconds
Dynamics 0.1t0 10 nm
\’,}"O microseconds

Effective potentials 10 t0100 nm

milliseconds

Coupled particle-fluid 100 nm-10 n

Interactions:

DEM-NS, SRD  Constitutive Relations Micro-structure

and Si ion Tool
Integrating Tools Across Scales
Experimental Validation
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* Coupled Navier-Stokes (NS) solver and

Error in Total Drag force on
discrete-element-method (DEM) code

Sphere
—PS/FD IBM: convergence nor-uniform,
prssure field degenerates -
— Proto-typing efficient fractional stepping and . et . .

explict FE schemes in ARIA
o Coursegrained, portice-bosed approach
— Implemented stochastic rotational dynamics
(SRD) method in LAMMPS 2
— SRD bulk fuid equiibrium propertes and
momentum transport
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© Multi-million atom simulations with nanoparticles |
and explicit solvent |
— Nonapartice phase diogrom |
— Bulk propertis,diffuson of nanoparides S
in solvent Nanoparticle+solvent
— Non-equilibrium simulations fo model rheology vapor/liquid interface
 Significant improvements fo LAMMPS |

— Muli-region neighbor lsts 30% viv

~ Improved communications
—~100-200 times foster for 20:1 size ratio of
nanoparticle o solvent
 Model system - POMS-functionalzed silica spheres
inilicon il
— Rheological and acoustic measurements.

Shear thinning for nanoparticle
suspensions
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Production Design and Analysis
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Cornerstone: multiscale integration/VaV.
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 Industrial partnership (CRADA) formed to develop production-level computational capability aimed
at designing nonoparticle flow processing strategies
— Mult-porty CRADA partipants signed in Moy 2007):
P86, 3M, Corning, BASE,and ICI

© Synergism with the National Insfitute for NanoEngineering (NINE) and Center for Infegrated
Nanotechnology (CINT) in modeling suspensions of aspherical nanopartiles and self-assembly

ofimprored  povo-porticl deprsonsfor gl

production manufacturing
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