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Introduction
The impact of particles size and volume fraction on complex permittivity,

permeability, and EM absorption was investigated in magnetite towards
optimization of lossy spinel ferrite (e.g., MnZn, NiZn, etc.) loading in hybrid EM
absorbers.

Spinel Structure: Cation location and d-orbital splitting
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Assessing Phase Purity: x-ray diffraction

Fe,O, a-Fe,O, e-Fe,O, FeO
100 s -

42 100 pm — 80 -
< W | =
0 =
] ey
> =
g , A " 0.1 pm S
3 c-Fe,0, -I- % 40 -
el 1 Jr v e ot l Ta vty 0
> h'F,ezoﬂ i TT ¢t 4 T T,HI [T+ 4% t = o0

m-F,e203l | TT r] ¥ T. vy Ty Y Y Y ymy '

C-FIeOIIIITIIIIIITII?I? 0-

10 15 20 25 30 35 40 45 5O 55 60 65 70 75 80 0.1 Um 1um 10 UM 100 UM
20 [°] Nominal Particle Size

Sandia, LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security
Administration under contract DE-NA0O003525.

.. EﬁPAE R&FY Sandia National Laboratories is a multimission laboratory managed and operated by National Technology &Engineering Solutions of
' N4 SAND No.

The Role of Particle Size and Volume Fraction in Fe,O, Ferrite Microwave Absorbers

Andrew S. Padgett and Sean Bishop, Daniel R. Lowry, Amanda S. Peretti, Matthew P. Oliveira, Sandia National Laboratories

Results

Complex Permittivity, Permeability, and Shielding Effectiveness
Particle Size  Volume Fraction Sample Length Particle Size  Volume Fraction

(um) (%) (mm) (um) (%)
0.03 1 9.64 1 5
0.03 2 3.53 1 10
0.03 5 8.38 10 1
0.03 10 8.31 10 2
0.1 1 8.24 10 5
0.1 2 3.64 10 10
0.1 5 8.95 100 1
0.1 10 8.94 100 2
1 1 5.17 100 5
1 2 4.14 100 10

*Epon 828 / D2000 sample length = 24.0 mm
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Shielding Effectiveness
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Matching Thickness

Reflection is minimized
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n = even integer (open)
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g ., permeability, u = x + 1, decreases
g_o_z with frequency, w, and increases as
2 the crystal becomes smaller.
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Snoek’s Law
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Our results are consistent with the permittivity and permeability values reported by Chigna et al.
(2020). The trend for increasing real permeability with decreasing particle size was observed, with
the notable exception of the 10 um samples, which may be due to less agglomeration in these
samples. The broad peaks in the imaginary permeability are consistent with Kolev et al. (2006),
although the increased frequency shift with decreasing particle size was not observed, again likely
due to agglomeration in the samples with 30 and 100 nm particles.
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