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Swab Sampling

Trace Explosive Sampling
> lon Mobility Spectrometer (IMS)

» Trace particulates ~order of 10-°m (~50um)
» Step 1 — Removal




Adhesion

Three Primary Intermolecular Forces

1. van der Waals (vdW)
2. Capillary
3. Electrostatic

Fluid Medium




Measuring Adhesion

Atomic Force Microscopy
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Modeling Adhesion — Surface Roughness

Contact Regime |deal

Reality

AR

Fsphere—plate (z) = 622

Surface Roughness
1. Decreases material in vdW contact
2. Increases variability of contact measurements
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Accounting for Surface Roughness

Topographical Map of Mounted Particle —
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Modeling Adhesion of Rough Surfaces

Fplates(z) = —



Statistical Considerations
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Statistical Considerations

AFM Substrate

Polished Stainless
Steel

0.0 5.0 um



Substrates Considered

Silica Stainless Steel Teflon

= 16nm 99.6 nm

-1.3 nm -32.9 nm

0.0 Height 5.0 um 0.0 Height 5.0 um

Increasing Roughness

Substrate RMS Pk-to-Pk
Silica 0.63 + 0.2 nm 12.8 + 7.9 nm
Stainless Steel 7.4+ 1.9nm 65.9 + 17.9 nm
Teflon 24.3+58nm 181.2 + 52.7 nm



Frequency

Bootstrap Method
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Statistical Results

Determine optimized number of samples required to fully characterize a substrate
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Trace Explosives Application

Surfaces of Interest

Substrate Models

ABS Plastic Aluminum
» Jm-smooth » Paint-coated
» um-rough - | | » With native oxide

T




Substrate Roughness Characteristics

Substrate RMS Pk-to-Pk

ABS-smooth  66.8 + 299 nm 459.8 + 134.4 nm
ABS-rough 38.1+ 20.2nm 288.6 £ 129.8 nm

Aluminum

: : 60.8 + 13.1 nm 359.1 + 120.3 nm
(native oxide)

Aluminum

) 3.6 £ 0.6 nm 72.6 +27.9 nm
(paint-coated)

ABS-smooth ABS-rough

-119.2 nm

0.0 5.0 um

Aluminum
(paint-coated)

Aluminum
(native oxide)

&

5.0 um‘

18.5 nm

-16.8 nm

93.4 nm

-98.1 nm



Hamaker Constant Estimation — Simulator

Fplates(Z) = -

X |Area
61z3 [ |
Aq32 : The Hamaker constant
between materials 1 and 2

interacting through medium 3

Estimate A3, using silicon nitride tip experiments
and contact simulator

Known A4, JJ
)
Material 3 — Step 1. Estimate A,5, (simulator)
Step 2. Approximate A,
— Step 3. Estimate A,;, (simulator)
Averaging Approximation

Step 4. Approximate A,

A1zz ~ (VA1 = /A33)(V A2z — /A33) <— Step 5. Predict A3,




Hamaker Constant Estimation — Surface Tension

W = — A11 Interaction energy between two planar surfaces (W), Hamaker
T 1272_ D 2 constant (A), separation distance between the two surfaces (D)

W = —2y The total interaction energy is twice the surface energy (y)

All — 2472'D2'y Solve for the Hamaker constant

D = DO ~ (0.165 NmM Assume the closest separation distance is ~ 0.165 nm

A11 ~ 2.1X1O_21y A (J) estimated from y (mJ m2)

Tsv




Hamaker Constants

Hamaker constants calculated from self-self interactions
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Adhesion Force Predictions

Preliminary results based on 1200 simulated contacts between substrates and 5um particle
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Future Work

|deal particles on ideal surface With coating

Rough particle on rough surface




Future Work

Interactions between the binder, particles, and surface
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Future Work

Discrete Element Method (DEM)
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