Which Parameters Control Maxwell-Wagner-Sillars Relaxation?
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Filler loading sets HOW MUCH interfacial polarization there is.
The core-to-particle ratio 8 = (a/b)® sets HOW FAST it responds.
Neither brings the relaxation within 700x of the measurement band.

1 The puzzle

Core—shell nanocomposites are designed around
Maxwell-Wagner-Sillars polarization — yet measured
spectra show no loss peak and no step in €. Absent, or
just out of reach?

2 The model

Cubic RVE — one concentric particle
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Cross-section and geometry

Electric Currents, frequency domain, COMSOL Multiphysics® 6.2. One
coated sphere per cubic cell; L set by ¢, so loading is exact.

17 RVEs - 1 mHz — 1 GHz - 1337 converged points,
validated against the analytic coated-sphere solution to
four significant figures in €.
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SiO, core 3.9 1x 107"
Carbon shell 12 1 %102
DGEBA-DETA epoxy 3.6 1x107®
[Sweep | levels | Heldfixed |
® 2.5-20vol% (8) d=70,t=5nm

d core 35, 50, 70, 100 nm ®=10%,t=5nm

t shell 5,10, 15, 20, 25 nm ®=10%,d =70 nm

3 The gain is real — and the shell does all of it

' rises 3.60 — 6.32 (+75.6%) at 20 vol%, matching
Maxwell-Garnett for a perfectly conducting inclusion to
0.34% with no free parameters. Bare silica gives only
+1.6%.
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¢’ at 1 kHz vs loading, against the two analytic limits.
4 ... but the relaxation is off-scale

¢'is flat to 0.05% over twelve decades. In €", DC
conduction (slope —1) meets a rising +1 flank at 2.5
MHz — the wing of a Debye peak whose apex sits at
23-70 GHz.
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€'(f) and €"(f) for all eight loadings; peaks reconstructed from the +1 flank.

5 Geometry sets the timescale — through one dimensionless ratio

Absolute size is irrelevant: f,, is a function of § alone.

Two independently built cells —d =35/t=5nmandd=70/t=10 e
nm — share 3 = 0.4705 but differ twofold in size. Both relax at

47.3812 GHz, agreeing to better than 0.01 ppm.

¢' itself does not move: 2.1 ppm across a 2.9% core-diameter and 5x

shell-thickness range.

Why: interfacial charging is the RC time of the particle itself, not a

transport time across a fixed distance.
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Conclusions
* Loading sets the magnitude; geometry does not.
* B = (a/b)?® sets the timescale; absolute size is irrelevant.

» fiw =23.1-70.5 GHz — 700x above the band: saturated, not absent.

Next: SiO,@C@SiO,

An outer silica shell should break the ¢'-leakage lock.
Analytic prediction, not yet FEA: g falls to 8.6 x 10™° S/m
and the impedance corner drops from 49.9 Hz to 32-37
Hz — a corner immovable across all 17 cases.
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