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1. Introduction
Energy consumption management in industrial and household applications is
a critical global issue, driving the development of Micro Combined Heat and
Power (MCHP) systems. MCHPs generate thermal and electrical energy but
face challenges such as operating frequency variations, which cause voltage
instability and reduced generator efficiency. Addressing these challenges
requires generators that maintain high efficiency across varying frequencies.
A key component influencing generator performance is the magnetic core.
Magnetic materials, particularly ferromagnets and ferrimagnets, are widely
used in motors, generators, and transformers due to their aligned magnetic
moments and permanent magnetization. In 1903 Heusler compounds were
discovered, exhibiting desirable magnetic properties despite their non-
magnetic constituent elements. Their properties are governed by the Slater-
Pauling model:
[M=Z-24]
where (Z) is the number of valence electrons per formula unit. Heusler
compounds typically have a cubic crystal structure, with predictable magnetic
moments based on valence electrons.
Heusler compounds are magnetically soft, making them ideal for use as
magnetic cores in electrical equipment. Recent research focuses on optimizing
their properties through element substitution, crystal structure modifications,
and advanced fabrication methods to enhance their performance in high-
efficiency generators and motors.
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This study investigates the feasibility of using Heusler compounds as
magnetic cores in generators, focusing on improving efficiency and stability
across varying operating frequencies. Cobalt-based Heusler compounds, such
as Co:MnSi, exhibit strong agreement with the Slater-Pauling model, making
them promising candidates for magnetic cores due to their high saturation
magnetization and low coercivity. The study also examines Fe-MnSi, where
cobalt is replaced by iron, to evaluate the impact of this substitution [3].

The project culminated in the design and construction of a micro-CHP system,
incorporating the developed magnetic material as the generator core. Recent
advancements in magnetic materials include the use of soft magnetic
composites in synchronous PM motors [4], innovative fabrication methods for
permanent magnet motors in compressors [5], and improved rotor core
efficiency through dynamic heating conditions [6]. Additionally, high-speed
permanent magnet generators with amorphous alloy cores have been
developed for aerospace applications [7], and high-efficiency linear
generators using high-temperature superconducting coils are being explored
for ocean wave energy conversion [8].

This study aims to identify the optimal magnetic core for conventional coil-
based generators to achieve a stronger magnetic field, contributing to the
advancement of micro-CHP systems and global energy efficiency
technologies.

2. Methodology
The cobalt-based Heusler compound Co-MnSi was selected as the primary
material, while Fe-MnSi (with cobalt replaced by iron) was also studied to
evaluate the impact of this substitution. Samples were synthesized using arc
melting, followed by annealing and milling to enhance magnetic properties. A
sample was also produced via mechanical alloying.
The project culminated in the design of a micro- CHP system, incorporating
the produced magnetic material as the generator core. A setup was developed
to test the effect of different cores on output voltage at varying frequencies,
ensuring repeatable and reliable measurements. The system includes
components for generating an alternating magnetic field, a generator for core
placement, and a container for the core.
The micro-CHP system consists of a steam generator, turbine, and generator.
Waste heat from industrial processes (e.g., a thermal furnace or bakery oven)
evaporates water in a boiler, producing steam that drives the turbine. The
rotational motion is transferred to the generator, producing electricity. The
steam is then cooled and recycled back to the boiler. A prototype was designed
to generate electricity using a steam-powered turbine. Three models were
evaluated, focusing on high- pressure steam generation and efficient delivery
to the turbine. The first model used a pressure cooker for steam, connected via
a gas hose, with a pressure gauge to monitor steam pressure. Magnetic cores
were integrated into a hydroelectric generator for testing.

https://jap.alzahra.ac.ir

*

ALZAHRA
UNIVERSITY



X1/ Extended Abstracts

Initial designs included a Teflon turbine with 20 blades, capable of rotating
under 2 bar steam pressure. However, Teflon's thermal expansion limited its
performance. A second design used galvanized steel blades, with alternating
moving and fixed blades to direct steam flow. This reaction turbine had a 40
cm shaft and 9.5 cm diameter plates.

Further modifications replaced hoses with water pipes and used steel adhesive
to minimize steam loss. Despite challenges like heavy blades, pressure loss,
and steam leakage, the design shows potential for improvement and successful
operation in micro-CHP systems. A third turbine design was pursued,
focusing on the use of high-pressure water instead of steam, addressing the
need for a condenser. The setup included two barrels: one for pressurized
water input and the other for collecting water output. Water in the input barrel
was heated to generate pressure, which drove the turbine. A pressure gauge
monitored pressure levels, and gas hoses connected the barrels to the turbine.
The turbine's rotation was transferred to a bicycle dynamo acting as a
generator, capable of powering 12 small LEDs (6 W total) at 60 RPM.
However, the system faced challenges:

1. Insufficient water pressure to effectively rotate the turbine.

2. Intermittent electricity generation.

3. Inability to utilize the generated heat, making it unsuitable as a micro-CHP
system.

Despite these limitations, the project achieved:

1. A functional water turbine powered by high-pressure water.

2. Independent electricity generation, albeit inefficient for micro-CHP
applications.

3. Results and Discussion

The alloys FeaMnSi (Sm;) and Co-MnSi (Sm;) were produced via mechanical
alloying. XRD analysis confirmed a face-centered cubic (FCC) structure for
Co:MnSi, with nanocrystalline grains (~7 nm). FeaMnSi showed broader
peaks, indicating smaller crystallites (~3 nm) and potential directional growth.
SEM revealed micron-sized particles, with FexMnSi exhibiting a bimodal
grain distribution, suggesting a two-phase structure.

VSM measurements showed soft magnetic behavior, with Co-MnSi having a
higher saturation magnetization (113 Am?¥kg) compared to Fe-MnSi (6
Am%kg). Experimental Ms values deviated from Slater-Pauling predictions,
likely due to polycrystallinity in Co-MnSi and a two-phase structure in
Fe-MnSi, where one phase displayed paramagnetic behavior. This aligns with
the Bethe-Slater curve, linking magnetic interactions to atomic spacing [2].
Fe:MnSi shows paramagnetic behavior due to near-zero Mn-Fe exchange
constants (Bethe-Slater curve), confirmed by Maossbauer analysis [1].
Co2MnSi has higher coercivity (86 Oe) than Fe-MnSi (15 Oe), attributed to
cobalt's magnetic anisotropy [59]. Adding an Fe-MnSi core to a generator
increased output voltage by 0.07% (10-11 V to 11.8 V). Frequency-voltage
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tests (Figure 8) show that frequency significantly impacts voltage due to small
A relative to coil diameter [9].

4. Conclusion
Micro-CHP systems improve energy efficiency, with Fe2MnSi cores boosting
generator voltage by 0.07%. However, iron filings are more cost-effective. A
natural gas-powered micro-CHP system can achieve a 3.5-month payback
period, making it economically viable for residential use, especially with
rising electricity prices. Future optimizations can further enhance performance
and adoption.

Keywords: CHP, MCHP, Fe:MnSi, Co:MnSi, Heusler Alloy.
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(c) Modification of connections from the boiler to the turbine.
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Fig. 3 Connection method of the turbine to the generator in the new structure.
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Fig. 4 Results of X-ray diffraction (XRD) analysis for the two samples X-MnSi (X =

Fe, Co).
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Fig. 5 SEM images of the two samples Xo-MnSi (X = Fe, Co) at two different
magnifications.
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Fig. 6 Results of VSM analysis for (X = Fe, Co) X2MnSi samples. The central
region is shown at higher magnification in the corner of the image.
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Table 1. Crystalline and Magnetic properties of compounds.

Parameters Co:MnSi Fe:MnSi
Saturation Magnetization 113 6
Coercivity 86 15
Remanence 4.70 0.06
Crystal Structure FCC FCC
Lattice Parameters 5.662 5.752
Cristallite Size 7nm 3nm
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Fig. 7 Comparison of experimental and calculated voltages for magnetic cores at
different field frequencies.
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