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Objective: Design a procedure, using a
combined approach, which leverages
® DLVO interactions and Electrostatic
o Repulsion to improve uniformity of
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e Electron Bombardment

o Accelerating Voltage: 50V

o Total Absorbed Dose: -2.33 x 10*-4 C per gram

o Total Applied Dose: (Absorbed Dose)(1/Efficiency)
e Addition to Matrix Solution

o The particles will be added to the polymer matrix solution via mechanical mixing of the polymer to create a colloidal system
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Design Calculations &

Analysis

Required Surface Charge:

e Gouy-Chapman theory: 9 — 505,.'(4 A = o
o For small potentials and low ionic e
strength, we can use the Debye-Huckel
approximation
o The inverse Debye length(x) incorporates e ooy
lonic strength, temperature, and electron  *ecumremh - 8572 B
charge Temperature 208 K

Avagadro's num| 6.02E+23 C/mol

o Approximating the particles as a perfect  eccronchage  -160e-10

. Particle diamete 3.00E-07 m
sphere, the surface charge density(o) and itinsic vaiues vaiue Units
subsequent surface charge(Q) can be R | PR i
determined to give a charge that would

provide repulsion of particles

Achievable Charge via Electron Bombardment:

e Molecules per surface for PSS
o Determined by dividing the surface area of the
particle by the cross sectional area of the

Debye Length(m)

Charge Density(C/mA2)

nanoparticle dispersion in polymer matrix. e Coating Deposition

o Complete dip coating method by dipping the prepared substrate into the solution at a controlled rate.

o UV Cure coating as quickly as possible following dipping to “lock in” nanoparticle positions and maintain dispersion.
e Characterization

o Dynamic light scattering (DLS)

m Measures the hydrodynamic diameter of particles in suspension.
m Confirms reduction in aggregation by comparing size distributions before and after dispersion treatment.
m Used to estimate z-average and polydispersity index (PDI)

o Scanning Electron Microscopy (SEM):
m Provides high-resolution images of nanoparticle distribution. 2 4 6 8 10 12
m Used to detect particle clustering or sedimentation in the film. pH

K = 1/7\0

1.71E-06

-1.22E-05

Derjaguin—Landau—Verwey—-Overbeek (DLVO)

Theory: Explains the aggregation and kinetic stability of aqueous
dispersions and describes the force between charged surfaces

interactions in a liquid medium Uiotal(h) = Ugec(h) + Uyaw (h)
Surface Charge(C)
-3.45E-18 9
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how thermal motion / Reduced surface potential poten "T‘ as
influences ion distribution, approximates how ion concentrations particles
depends on the square of decay within the electric double layer separate

the potent|a| DLVO Interaction Energy and Equilibrium Separation — —

molecule Traditional Electrostatic Repulsion

e Assumptions made for electron addition
o 15 elementary charge sites on each molecule, <:>

including the 3 exposed Oxygens which act as

available and strong attractors for incoming
electrons

o Surface Molecules only, not using an electron @ < @ @ > @
source with great enough energy to enter bulk (3) @<:>@ )
due to risk of damage (3 € +) 3

o Using the electrospray method, maybe 1/1000
electrons actually meet an exposed, available

In lonic Fluid (Screened Double Layer)
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From the DLVO graph and calculations we know
that there is a stability range for this colloidal
system when the particles are only spaced
between .5 and 1.5 nm apart. This proves that
particles will flocculate insead of evenly disperse,
before intervention is applied
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Prototype & Test Results

DLVO Dispersion Over Time from Initial Agglomeration
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The above simulation shows the dispersion of 100 particles based on the DLV O repulsion forces in a 10um x 10um sample when initially
starting as an agglomeration of particles. As time increases, the particles will become more evenly spaced throughout the sample. This
simulation accounts for particle charge, ionic potential, particle size, temperature, and time. This simulation suggests that the particles will even
disperse when a surface charge is induced by the electron bombardment and in a pH of 7.5(slightly basic water).

Conclusion: We successfully developed and outlined a procedure for preparing and dispersing nanoparticles in a water based, UV
curable polymer solution through the utilization of pH manipulation and electron bombardment of nanoparticles to increase the
strength of the electrostatic double layer repulsion.

Future Work: This work provides a strong basis for future practical applications of this method of particle dispersion. \We hope that
the progress we have made will enhance the reliability of research surrounding functional particles in polymer coatings, in
self-healing superhydrophobics, drug delivery, and numerous other fields.



