Magnetizable Concrete
Materials: Closing the Gap to
Ferrites and Reversing It
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1. INTRODUCTION

1.1. Rethinking Magnetic Materials for High-Power, High-Frequency Systems

High-frequency magnetics are undergoing a structural shift. For decades, ferrites dominated the
landscape because of their low losses and predictable behavior. But their inherent limitations —
brittleness, size constraints, and manufacturing inflexibility — increasingly conflict with the needs
of modern power systems such as:

e Solid-State Transformers (SST)
e HVDC chokes
e Megawatt-class wireless charging pads

e Large inductive components for grid-scale converters

Magnetizable concrete (MC) introduces a fundamentally different paradigm: a castable, scalable,
mechanically robust magnetic material whose performance is now approaching — and in the
next generation surpassing — standard ferrites.

1.2. Why a New Loss Framework Was Needed

Traditional magnetic design relies on Steinmetz-type heuristics, which compress complex
hysteresis physics into a single exponent extracted from log—log fits. This approach was
serviceable in the datasheet era but is fundamentally blind to the underlying mechanisms that
govern losses.

Modern materials, especially composites and heterogeneous structures, require a linear-domain,
physics-based metric. That metric is tand/y, the loss factor normalized by permeability.

This white paper begins with the theoretical foundation, then shows how magnetizable concrete
materials are engineered using this framework and finally demonstrates how MC materials now
rival ferrites in real power-loss testing.
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2. THEORETICAL FOUNDATION: FROM STEINMETZ TO tané/u
2.1. The Problem with Steinmetz (1882)
Steinmetz proposed that hysteresis losses scale as:

P,=k -f%-B"

Even contemporaries recognized the issue. Kennelly (1892) noted that the exponent had no
physical interpretation, suggesting it be written as a fraction in the hope that future theory might
explain it. Ewing’s work (1890) had already shown why: hysteresis is governed by irreversible,
structure-dependent processes, not by a universal power law.

Steinmetz did not discover a law — he averaged a peaked, regime-dependent phenomenon into
a single exponent.

2.2. The Linear-Domain Alternative: tand/p

The correct measurable quantity is:

tan§ loss _ Hoby

i stored energy mf B2

When plotted versus polarization J or flux density B, a distinct maximum appears. This
maximum is not noise — it is the signature of the underlying physics.

What the peak reveals
* Peak height <> equilibrium susceptibility .,

A measure of the reversible response the material could express in a lossless state.
* Peak position <> coercive field H,

The threshold where irreversible domain processes dominate.

These relationships are predicted by the Hodgdon—Esguerra hysteresis model, validated across
ferrites, amorphous alloys, and soft magnetic composites.

Why this matters for power applications
* Materials with low H. and high y., exhibits lower hysteresis losses.

* These parameters are orthogonal — one sets the threshold, the other the dynamics.
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e Industrial materials show high reproducibility of the peak due to consistent grain size,
coatings, and pinning distributions.

This framework enables predictive material design, not empirical curve-fitting.

3. MAGNETIZABLE CONCRETE: A MATERIAL PLATFORM DESIGNED USING tané/p
3.1. From MC40 -> MC60 -» MCXX: A Decade of Progress
Three generations of magnetizable concrete have been developed:

1. MC40 (2016) - first-generation, recycled ferrite aggregates

2. MC60 (2026) - industrial grade, optimized particle distribution and binders

3. MCXX (2027) - next-generation, tailored tand/u peak and MagFer pressure-loss effect
Performance at 50 kHz, 200 mT, 25 °C vs. ferrite N87

* MC40 - MC60: ~3x loss reduction

* MC60 - N87: MC60 at ~1.6x N87 losses

e MCXX - MC60: ~3x lower losses

* MCXX = N87: ~0.5x N87 losses (half the losses)

These ratios are consistent with the tan8/u-based design approach: each generation shifts the
peak downward and leftward, reducing losses in the operating range.

3.2. Why Magnetizable Concrete Is Unique
Unlike ferrites, MC materials:

e Can be cast into any shape or size

e Use globally available raw materials

e Are mechanically robust and non-brittle

e Scale economically to very large components
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This makes MC the only material platform capable of producing monolithic, meter-scale
high-frequency cores for SSTs, HVDC chokes, and wireless charging pads.

4. EXPERIMENTAL VALIDATION: HOW MC MATERIALS ARE BENCHMARKED

4.1. Loss vs. Flux Density (P vs. B)

Standard core-loss testing at 10—-50 kHz shows:

Power Losses for f=50 kHz and T=25°C
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Graphic 4.1: Power losses at room temperature and 50 kHz
* MC60 approaches ferrite N87 at moderate flux densities
e MICXX surpasses N87 at 150-250 mT
* MC materials maintain stable performance across large volumes where ferrites cannot

be manufactured
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Photo 4.1. Samples demonstrate uniform magnetic properties from lab scale to MW systems

4.2. Loss Factor vs. Flux Density (tan&/p vs. B)
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Graphic 4.2: Loss factor at room temperature and 10 kHz
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This test reveals the peak structure:
e Ferrites show a narrow, sharp peak
e MC materials show a broader, tunable peak

e MCXX is engineered so that the peak occurs below the operating flux density, giving a
negative slope in the working region — the ideal condition for low losses

This is the first time a composite material has been designed directly in the tand/pu domain.

4.3. Application-Level Test:

Temp. vs. Time (50mT)
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Graphic 4.3: Temperature rise at 50mT, 10kHz
A direct thermal test was performed:
e Constant excitation: 50 mT, 10 kHz

e Duration: 300 minutes
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e Samples: MC grades vs. ferrites (N87, 3C90)
Results
* MC60 shows a temperature rise comparable to ferrite 3C90
e MCXX shows lower AT than both ferrites
e The thermal slope (dT/dt) confirms the lower intrinsic losses predicted by tan8/u

This test bridges the gap between material characterization and real SST operating conditions.

5. APPLICATIONS: WHY MAGNETIZABLE CONCRETE ENABLES THE NEXT GENERATION OF
POWER SYSTEMS

5.1. Solid-State Transformers (SST)

MC enables:
* Monolithic HF transformers cast directly into enclosures
* Reduced semiconductor count (up to 75% fewer chips)
* No brittle cores, no assembly constraints
e Smaller pad area, lower weight, lower cost

5.2. HVDC Chokes
e Large inductance values achievable without segmentation
¢ High mechanical robustness
* Lower losses at high flux densities

5.3. Wireless Charging (kW - MW)
e Arbitrary coil geometries
e Large-area pads without ferrite tiles

e Lower thermal gradients and improved reliability
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6. OUTLOOK: MCXX AND BEYOND

The next-generation MCXX material is designed using two breakthrough mechanisms:
6.1 The MagFer Effect (Pressure-Induced Loss Reduction)

Applying mechanical pressure reduces domain-wall pinning, lowering losses.

MCXX is engineered to exploit this effect intrinsically, without external pressure.

6.2 Tailored tand/u Peak Positioning

MCXX is designed so that:
e The tan&/u peak occurs well below the operating flux density
* The working region lies on a negative slope, minimizing losses
* The effective coercive field H, is reduced
* The equilibrium susceptibility y,, is increased

This is the first magnetic material intentionally shaped in the loss-factor domain.

6.3 Performance Claim
Based on current measurements and scaling laws:

MCXX will surpass standard ferrites (N87, 3C90) in the 50-150 kHz, 150-250 mT regime - not only
matching but outperforming them in both loss and thermal behavior.

Combined with shape freedom and industrial scalability, MCXX establishes a new performance
class for high-power magnetics.
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7. CONCLUSION

Magnetizable concrete has evolved from a novel concept into a high-performance magnetic
material platform. By abandoning Steinmetz heuristics and embracing the physics-based tand/u
framework, MC materials are now engineered with precision comparable to ferrites — and in the
next generation, superior.

MCXX marks the turning point: a castable, scalable, mechanically robust material that
outperforms ferrites in high-power, high-frequency applications.

This position magnetizable concrete as the enabling technology for the next decade of SSTs,
HVDC systems, and wireless power infrastructure.
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