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The main objective of this research is to develop multiscale modeling techniques and
simulation toolkits for studying colloidal nanoparticle interactions. In the first year,
we have studied: (1) inter-particle mechanisms and their corresponding numerical
models for colloids, and (2) sochastic nature of Brownian dynamics and its
integration with a deterministic discrete element method.

Surface forces dominate the particle interactions under microscopic scales.
From the cut-off distances, the inter-particle forces can be classified into the
long-ranged, short-ranged and very-short-ranged interaction forces. Inthe first year,
we have studied theories for these interaction forces and implemented the
corresponding numerical models in a discrete element simulation.

The effects of collisions with solvent molecules have also been studied in the
first year. The stochastic nature of collisions has been incorporated through the
machinery of Brownian dynamics. Integrating Brownian dynamics with a discrete
element simulation improves the predictive abilities for colloidal particle dynamics.
The nano-sized SIC particles in electro-plating solution were modeled. The
simulation results indicated that Brownian dynamics primarily dominated the
agglomeration processes of colloids.
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Characteristic Force Functional Form Symbol Explanation

: theradius of the particles

: the surface-to-surface distance
: the dielectric constant

: the permitivity of vacuum

: the zeta potential

Electrical force f (I’,h,S,SO,C)
Eq. (3)

JY &, . I 7

: theradius of the particles
: the surface to surface distance
: the Hamaker constant

van der Waals attractive f(r,hA,)

£7°

force Eqg. (2)

: the apparent viscosity
: theradius of the particle
: the velocity of the particle

Stokes viscous force F, =—6znrv

-3

<l

: theradius of the particle
: the density of the flow media
: the gravity force

Buoyancy force F, = —(4/3)7Tf °p¢ G

a® ~
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3 = r :theradius of the particle
_(4/3)m P9 pp - the density of the particle

: the gravity force

Gravitational force

v 3 n : the apparent viscosity
Rotational resistance M, =-8nat"w r :theradius of the particle
(Inertial force) o : frequency
. = 3 o r :theradius of the particle
Hydrodynamic lift Fy =7 py0 <V @ : therotational vector
V : the velocity of the particle
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o) 2 DLVO I ehT e (s a B2 s n £h% ) RIAL S b — B
Bk (B 1) o $5 BRI PILE 12 7 58 AR A R R
LT o 2P o AR BB hE Bk o AR BEFE BT R OF
WIEH PR o
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Brownian Motion

DEM Generator

Initialize domain and
particle configuration

v

Detect pair and
integrate force at time t

N
Update particle position
and velocity at time
ALt
(deterministic part)

(w/o Brownian motion) Identify clusters

v

Specify Brownian
motion for every

cluster and particle
(stochastic part)

Check contradiction

v

Update particle
position and velocity
at time t+/A\t

N

Update time counter
at time t+At

A

Bl 10: # 9 FH He g DEM 4258 chfE & 3 4 o

Cluster 3

Cluster 1 \ Q

S

/ Cluster 2

h<hy, particles are treated as
in the same cluster

B 11 : B g 3pf | %t o
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Path 2
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Path 3
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Propertiesof SiC particle
density 3.2x10° kg/m®
Hamaker const. 10.9x10%  kg/m®
Young’s modulus 4.0x10" Gpa
Poisson ratio 0.16
¢ potential 0-30 mv
Properties of medium (water)
density 1.0x10° kg/m®
viscosity 1.0x10°° Pa.s
temperature 300 K
Debye length para. (i) 1.0x10® m
dielectric const. 80.1
valence 2
Operation conditions
particle conc. 53-525 vol %
particle size dist. 10- 100 nm
DoA DoA v.s. Simulation Time
0.35
03
0.25 |
0.2
015 | —4—30mvw BD
= X = 0Omvw/o BD
01 ¢ = X = 30mvw/o BD
0.05
PR S R S T SN R, SR

0 20 40 60 80 100
Smulation Time (us)
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