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IR THERMAG CONFERENCE SERIES

The International Institute of Refrigeration (IIR) established the IR Magnetic Cooling Working Party in
with the inaugural conference held in Montreux, Switzerland, in 2005. The primary goal was to bring t
materials scientists and engineeigrking in the field of magnetic cooling. Rapid advancements in other ce
technologies led to a growing number of participants at subsequent conferences. This growth eventually
a transition to include all caloric technologies under the umbsétlze secalled THERMAG conferences, whic
have since become a wedlcognized and distinguished conference series dedicated to all caloric effects.

In 2022, the IIR decided to broaden its scope to encompass aHlswaikdtechnologies, aiming to enhar
technology transfer across various disciplines, including cryogenics, refrigeration, heat pumping,
harvesting, thermal management, thermalagfe, and sensorics. Consequently, the new IR Working Grot
Solid-State Cooling and Heating was established. This group continues the THERMAG conference ser
enriched with a wider range of solilate phenomena, to foster the development otipsh@pplications anc
strengthen collaboration between research and industry.

2005: ', Montreux, Switzerland
2007:2¢ Portorog, Slovenia
2009: ¥ lowa, USA
2010: 4' Baotou, China
2012: ¥, Grenoble, France
2014: &, Victoria, Canada
2016: 7, Turin, ltaly
2018: &, Darmstadt, Germany
2021: 9, College Park, USA
2024: 1", Baotou, China

2026: 11", Ljubljana, Slovenia

IR THERMAG XI TOPICS

0 Magnetocaloric or thermomagnetic materials and o Electrocaloric or pyroelectric materials and devic
devices

0 Mechanocaloric and thermomechanical material o Multicaloric and Multipyro materials and devices
devices

0 Thermoelectric and magnetbermoelectric 0 Spincaloritronic materials and devices
materials and devices

o Thermal control devices: switches, diodes, 0 Solid-state thermal storage materials and device
regulators, transistors, thermal logic, circuits

0 Solid-state laser cooling o Other solidstate materials and related technolog
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FOREWORD

It is with great pleasure that we presentBloek of Abstractgor the11™ IR Conference
on SolidState Cooling, Heating and Energy Harvesting (Thermaghélll in Ljubljana,
Slovenia, from Juneill, 2026.

This conference marks a significant milestone, as it unites several domains-statalid
cooling, heating, and energy harvesting technologies. By bringing together leading
researchers, engineers, and industry experts from around the world, ThermageXI ser
as a platform for sharing cuttirefige research ofunctional materials and their
applications in energy systems.

The abstracts collected in this book reflect the breadth and depth of innovation presented at the conference. They
span fundamental research, material development, device prototyping, modeling, and practical applications that are
shaping the future of shable energy technologies.

We extend our sincere gratitude to all authors who submitted their work and to the reviewers whose expertise and
dedication ensured the quality of this book. Special thanks go to the keynote speakers, session chairs, scientific
committee, and organizers wimade this event possible. We also acknowledge the support of the International
Institute of Refrigeration (IIR), the Slovenian Energy Associaf®iiE) the Chinese Association of Refrigeration

(CAR), the Faculty of Mechanical Engineeri(fME) at the Uiversity of Ljubljana(UL), and all our sponsors and
partners.

We hope this Book of Abstracts serves as a valuable resource for researchers and practitioners, inspiring new
collaborations and advancing the transition toward efficient, environmentally friendly cooling, heating, and energy
harvesting solutions.

Welcome to Thermag XhBnd thank you for being part of this exciting scientific community.

Prof. Dr. Andrej Kitanovski

Conference Chair

Faculty of Mechanical Engineering, University of Ljubljana
Ljubljana, Slovenia

June 2026
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PROGRAMME AT A GLANCE

Sunday, Day 1 7 JUNE 2026
16:30 i 19:00 Registration (Cankarjev dom)
19:00 i 21:00 Social: Welcome reception (Cankarjev dom)

Monday, Day 2 8 JUNE 2026
07:30 i 08:30 Registration
08:30 i 10:00 Opening ceremony with round table
10:00 i 10:30 Plenary: M52" k ?-t51 M!/ 0
10:30 i 11:00 Plenary: Prof. Ercang Luo
11:00 i 11:10 Social: Group photo
11:10 i 11:30 Break: Coffee break with posters & exhibition
11:30 i 13:30 Paralle: P&66, 21 PX]| E P&66, 21 PX
13:30 i 14:30 Lunch: Lunch with posters and exhibition
14:30 i 16:30 Paralle: P&66, 21 P X] E P&66, 21 PX
16:30 i 17:30 Break: Coffee break with posters & exhibition
17:30 i 18:30 Paralle:. P&66, 21 PX_ E P&66, 21 PX
20:00 i 22:00 Social: Women in Science Event

Women in Science Event

Venue: Ljubljana City Museum, Gosposka ulica 15, 1000 Ljubljana
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Tuesday, Day 3 9 JUNE 2026
08:00 i 08:30 Reaistration
08:30 i 09:30 Sponsor's talks and projects
09:30 i 10:00 Plenary: A5k H, /,! 1 ?2!57:
10:00 i 10:30 Plenary: Prof. Ken-ichi Uchida
10:30 i 11:00 Plenary: Prof. Jing -Feng Li
11:00 i 11:30 Break: Coffee break with posters & exhibition
11:30 i 13:30 Parallel: Sessiol PXa E P&66, 21 PXb
13:30 i 14:30 Lunch Lunch with posters and exhibition
14:30 i 16:30 Parallel: P&66, 21 PXc E P&66, 21 P]
16:40 i 18:30 Social: Sightseeing tour of Ljubljana
20:00 i 23:00 Social: Conference dinner

Sightseeing walking tour of Ljubljana

Meeting point: Registrat ion desk

Conference dinner
Venue: Grand Hotel Union Eurostars (Grand Union Hall),

Miklosiceva cesta 1, 1000 Ljubljana




THERMAG XI | IR International Conference on Selglate Cooling, Heating,
and Energy Harvesting | Juné 11, 2026 |jubljana, Slovenia

Wednesday, Day 4 10 JUNE 2026
08:00 i 09:00 Registration
09:00 i 09:30 Plenary: Prof. Baowen Li
09:30 i 10:00 Plenary: Prof. Suxin Qian
10:00 i 10:30 Plenary: Prof. Xavier Moya
10:30 i 11:00 Plenary: Prof. Zhang Jun
11:00 i 11:30 Break: Coffee break with posters & exhibition
11:30 i 13:30 Paralle. P&66, 21 P[[ E P&66, 21 P]
13:30 i 14:30 Lunch: Lunch with posters and exhibition
1430 i 16:30 Parallel: P&66, 21 P[] E P&66,21 P]
16:30 i 18:00 Parallel:

16:45 i 18:00 Session S15
16:45 i 17:45 Around -the-world electrocaloric characterization

16:30 i 17:45 IES Elastocalorics Workshop: Undergoing Rapid Transformation
18:00 i 20:00 Special event: Cooling portfolio event

20:00 i 22:00 Social: Students event

Special events:

A Around -the -world electrocaloric characterization
A organized by Prof. Emmanuel Defay in Linhart hall

A IES Elastocalorics Workshop: Undergoing Rapid Transformation
A organized by IES in E2 room

A Cooling portfolio event
A organized by the EIC in Linhart hall h free entrance

Students event (Venue and information: TBA)

10
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Thursday 11 JUNE 2026
08:00 i 09:00 Reaistration
09:00 i 09:30 Plenary: Prof. Victorino Franco
09:30 i 10:00 Plenary: Prof. Tsuyoshi Kawanami
10:00 i 10:30 Plenary: Prof. Pol Lloveras
10:30 i 11:00 Plenary: Prof. Xiaoshi Qian
11:00 i 11:30 Break: Coffee break
11:30 i 12:30 Parallel: P&66, 21 P[° E P&66,21 P]
12:45 i 13:30 Social: Closing ceremony

11
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PLENARY TALKS

Special guests opening THERMAG XI on Monday morning.

PLENARY - SPECIAL GUEST

Prof. Bjorn Palm
KTH Royal Institute of Technology, Sweden

Advancements in Vapour Compression:

State of the art and perspectives

10:00 MON - JUN 8 - LINHART HALL

PLENARY - SPECIAL GUEST

Prof. Ercang Luo
Chinese Academy of Sciences, China

Advancements in Thermoacoustics: State

of the art and perspectives

10:30 MON - JUN 8 - LINHART HALL

12
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TUESDAY PLENARIES

PLENARY

Dr. Kilian Bartholomé
Fraunhofer Institute IPM, Germany

Advancementsin Electrocaloric and Pyroelectric devices:
State of the art and perspectives

9:30 TUE - JUN 9 - LINHART HALL

PLENARY

Prof. Ken-ichi Uchida
National Institute for Materials Science, Japan

Advancementsin Spincaloritronic materials and devices:

State of the art and perspectives

10:00 TUE - JUN 9 - LINHART HALL

PLENARY

Prof. Jing-FengLi

Tsinghua University, China

Advancementsin Thermoelectric materials and devices for

heating, cooling, and energy harvesting: State of the art

and nerspectives
10:30 TUE - JUN 9 - LINHART HALL

13
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WEDNESDAY PLENARIES

PLENARY

Prof. Baowen Li
Southern University of Science and Technology, China

Advancementsin Thermal control devices: State of the art

and perspectives

9:00 WED - JUN 10 - LINHART HALL

PLENARY

Prof. SuxinQian
Xi'an Jiaotong University, China

Advancementsin Elastocaloric materials and devices:
State of the art and perspectives

9:30 WED - JUN 10 - LINHART HALL

PLENARY

Prof. Xavier Moya
University of Cambridge, UK

Advancementsin Barocaloric materials and devices: State

of the art and perspectives

10:00 WED - JUN 10 - LINHART HALL

PLENARY
Prof. Zhang Jun

Chinese Academy of Sciences, China
Advancementsin Solid State Laser Cooling: State of the art

and perspectives

10:30 WED - JUN 10 - LINHART HALL




THERMAG XI | IR International Conference on Selglate Cooling, Heating,
and Energy Harvesting | Juné 11, 2026 |jubljana, Slovenia

THURSDAY PLENARIES

PLENARY

Prof. VictorinoFranco
University of Seville, Spain

Advancementsin Magnetocaloricand Thermomagnetic

materials: State of the art and perspectives

9:00 THU - JUN 11 - LINHART HALL

PLENARY

Prof. Tsuyoshi Kawanami
Meiji University, Japan

Advancementsin Magnetocaloricand Thermomagnetic

devices: State of the art and perspectives

9:30 THU - JUN 11 - LINHART HALL

PLENARY

Prof. Pol Lloveras
Polytechnic University of Catalonia, Spain

Solid-State Thermal Storage: State of the art and

perspectives

10:00 THU - JUN 11 - LINHART HALL

PLENARY

Prof. XiaoshiQian
Shanghai Jiao Tong University, China

High polar entropic design of electrocaloric materials

10:30 THU - JUN 11 - LINHART HALL

15
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CHALLENGES, ADVANCEMENTS AND PERSPECTIVES OF VAPOR
COMPRESSION

Bjorn Palm
KTH Royal Institute of Technology, Swedéhorn.Palm@energy.kth.se

ABSTRACT

Heat pumping technologies, for heating and for cooling, will be extremely important in the near future. The need
for cooling is expected to rise by a factor of 3 by 2050 due to increased temperatures and increased living
standards. About half of the wd's energy use is for heating, and the main energy source is fossil fuels. To
decarbonise the energy system by 2050 hundreds of millions of heat pumps need to be installed.

The dominating technology for heat pumping today is the vapor compression cycle. This technology has the
advantages of being well developed, and of using a fluid (refrigerant) which changes in temperature during
compression and expansion, which facilitatesheat transfer with the heat source and heat sink.

The synthetic fluids used as refrigerants have one or more negative effects on the environment: Contributing to
ozone depletion, contributing to global warming, and contributing to spreading of PFAS such as TFA. However,
the vapor compression cycle cancalsse natural refrigerants with no or low environmental impact, like carbon
dioxide, ammonia and hydrocarbons. Due to the negative environmental effects of synthetic fluids, the industry is
now moving towards the use of natural refrigerants.

In this presentation, different examples of such systems will be given, as well as examples of current research related
to implementation of natural refrigerants.

Keywords: Refrigeration RefrigerantsVVapor compressiorooling, Heating Heat pump
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ADVANCES OF THERMOACOUSTICS: THE STATE OF THE ART AND
PERSPECTIVES

Ercang Luo
@The State Key Laboratory of Cryogenic Sciences and Technology, Technical Institute of Physics and
Chemistry, Chinese Academy of Sciences, China, Beijing, 100190, Ghina@mail.ipc.ac.cn
® University of Chinese Academy of Sciences, China, Beijing, 100190, China

ABSTRACT

Thermoacoustic technology is an emerging energy conversion and utilization technology characterized by its environmental
friendliness, high reliability, and high efficiency, with significant development potential, and it holds great promigauis va

fields aimed at achieving carbon neutrality. This presentation will introduce the working principles of thermoacoustic heat
engines, the latest progress in prototype development and theoretical research, as well as future application progpects. Firs
progess in prototype research of thermoacoustic heat engines will be reviewed, including: (1) recent advances in
thermoacoustic/Stirling power generation prototypes, particularly the development -pista®e thermoacoustic Stirling

power generation techna@yg; (2) progress in thermoacoustic hddten refrigeration prototypes, focusing on reom
temperature and cryogenic refrigeration prototypes; and (3) advancements in thermoacoustic/Stirling heat pumps, especially
those for extremely loiemperature ambieiafr-source heat pumps and hitgmperature steam heat pump prototypes. Next,

the theoretical research progress on thermoacoustic/Stirling heat engines will be presented, covering: (1) the thermodynamic
cycle theory of thermoacoustic/Stirling heat engirgecifically the latest developments in LEC theory; (2) quantitative
theoretical studies on thermoacoustic/Stirling heat engines, including progress in the theoretical modelingvefdiges
thermoacoustic effects; and (3) sekcited oscillation thay in thermoacoustic/Stirling heat engines, focusing on advances in
time-domain nonlinear thermoacoustic network modeling. Finally, a brief overview of the development trends and application
prospects of this technology will be outlooked.

Keywords: Advances, Thermoacoustics, Stirling, LEC cycle, Refrigeration, Power generation
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ADVANCEMENTS IN SPINCALORITRONIC MATERIALS AND DEVICES:
STATE OF THE ART AND PERSPECTIVES

Ken-ichi Uchida®®
@ NationalInstitutefor MaterialsSciencg(NIMS)
Tsukuba,305-0047,JapanUCHIDA.Kenichi@nims.go.jp

®) pepartment of Advanced Materials Science, Graduate School of Frontier Sciences, The University of Tokyo
Kashiwa, 2778561, Japarkuchida@edu.ktokyo.ac.jp

ABSTRACT

Spin caloritronics is a fusion research field that combines spintronics with thermoelectrics and thermal energy
engineering (Uchida, 2021). In this field, many experimental and theoretical studies have focused on clarifying
novel physics and functionalisearising from the interplay between heat, charge, and spin currents. One of the
important functionalities realized by spin caloritronics is the transverse thermoelectric conversion, where heat and
chargecurrentsareinterconvertedn theorthogonaldiredion (Uchida,2022;Adachi,2025).This symmetry allows

for a simpler structure of thermoelectric conversion modules compared to conventional Seebeck devices, thereby
significantly enhancing their versatility. Materials science studies to enhance the transverse thermoelectric
conversion performee is being conducted worldwide to realize rgeieration energy harvesting and heat
sensing technologies. In this talk, we will show history, recent progresses, and prospects of spin caloritronics and
report on tle status of research and development of the transverse thermoelectric conversion (Uchida, 2024; Hirai,
2024; Ando, 2025).

Keywords: Spin caloritronics, Transverse¢hermoelectricsThermalmanagementylagneticmaterial
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ADVANCEMENTS IN THERMOELECTRIC MATERIALS AND DEVICES FOR
HEATING, COOLING, AND ENERGY HARVESTING: STATE OF THE ART
AND PERSPECTIVES

Jing-Feng Li @b

@School of Materials Science and Engineering, Tsinghua University, Beijing, 100084 China,
jingfeng@mail.tsinghua.edu.cn

®Department of Applied Physics, Graduate School of EngineéFirtipku University, Sendai, Japan

ABSTRACT

Thermoelectric (TE) materials that can directly convert heat energy into electrical energy and vice versa are
receiving increasing attention from both the scientific and industrial communities. The conversion efficiency of TE
devices is highly dependentonh e di mensi onl ess figure of merit (ZT)
where 0, 8 and T are the electrical conductivity,
Achieving high ZT necessitates a delicate balance among ititreesically coupled transport properties: high
electrical conductivity, a large Seebeck coefficient, and low thermal conductivibhallenge that has long impeded
material optimization. Over the past two decades, however, substantial advances have been made in thermoelectri
science and engineering. Continuous breakthroughs have been achieved in exploripgrfbigiance
thermoeletric materials not only in existing systems but also in new compounds. This presentation covers
thermoelectric energy conrgton principles, recent advances in hjgrformance thermoelectric materials, and

key applications in energy harvesting, wastat recovery, and precision thermal management.

Keywords: Thermoelectric conversion technology, dimensionless figure of merit, materials development
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ADVANCEMENTS IN THERMAL CONTROL DEVICES: STATE OF THE ART
AND PERSPECTIVES

Baowen Li

Department of Physics, Shenzhen Key Lab for Phononics and Intelligent Thermal Materials, and State Key Lab of
Quantum Functional Materials, Department of Materials Science and Engineering, Southern University of
Science and Technology (SUSTech), ShenzhemeC
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ABSTRACT
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will present recent-mhenagleanemdantmatien ikadys tamedr Malvi ce s,
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Keywords: thermal diode, thermal interfacial materials, solid state cooling
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ADVANCEMENTS IN MAGNETOCALORIC AND THERMOMAGNETIC
MATERIALS: STATE OF THE ART AND PERSPECTIVES R

Victorino Franco, Zhe Cui, Carlos RomereMuiiiz, Jorge Revueltalosada,
Alejandro DescalzeRuiz, Zhonghao Chang, Elisa Guisadérenas, José M.
Gorddn-Pidal, Jia Yan Law
Multidisciplinary Unit for Energy Science, University of Seville, Spainanco@us.es

ABSTRACT

Evaluating the statef-the-art in solidstate thermal management requires navigating evolving trends across
material families, balancing primary magnetocaloric performance with critical secondary properties. Attention
increasingly focuses on sustainaloi@npositionally complex alloy&linar et al., 2024)However, navigating their

vast compositional space while designing for performance presents a severe combinatorial bottleneck as
conventional firsfprinciples accuracy is computationally too expensiveovercome this, we introduce a physics
informed machine learning framework based on a minsupkrcell principl€Cui et al., 2026)By demonstrating

that magnetostructural behavior emerges from local atomic environments, this framework efficiently maps global
design spaces to optimize thermomagnetic phase transformations. Beyond compositional exploration,
characterization of the maials should be performed in experimental conditions that mimic their actual operation
inside the device, paying attentitmreversibility and hysteresis, especially for comgghaped regenerators.

Keywords: Magnetocaloricmaterials vast compositional space computational search; computational design;
hysteresis; reversibility; characterization
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ADVANCEMENTS IN MAGNETOCALORIC AND THERMOMAGNETIC
DEVICES: STATE OF THE ART AND PERSPECTIVES

Tsuyoshi Kawanami

Department of Mechanical Engineering Informatics, Meiji University
Kawasaki, 214571, Japarkawanami@meiji.ac.jp

ABSTRACT

Magnetic thermal technologies have advanced significantly over the past decades through the development of high
performance magnetocaloric materials and innovative system architectures. This plenary lecture reviews recent
progress in magnetocaloric and rinemagnetic devices from the perspective of thermal management and
temperaturgradient control. After briefly tracing the evolution of magnetic refrigeration, key challenges in active
magnetic regenerators (AMRs) are discussed, with particular emphatie gap between materigvel and
systemlevel performance. Strategies for preserving thermal gradients and improving thermal stability are
presented, together with recent developments in thermomagnetic devices for-drergglconversion and waste

hea utilization. Finally, future perspectives on integrated magnetic thezrmaaly systems are discussed,
highlighting the growing role of thermal management as a unifying framework foigeagtation cooling, heat
pumping, and energgonversion technologs.

Keywords: Active Magnetic Regenerator (AMR)Magnetocaloric Refrigeration, Thermomagnetic Energy
Conversion, Thermal Management
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SOLID-STATE THERMAL STORAGE: STATE OF THE ART AND
PERSPECTIVES

Pol Lloveras

Group of Characterization of Materials, Department of Physics and Barcelona Research Center in Multiscale
Science and Engineering, Universitat Politécnica de Catalunya, Barcelona, 08019, Spain

pol.lloveras@upc.edu

ABSTRACT

Thermal Energy Storage (TES) is becoming increasingly important as a key technology for enhancing energy
efficiency and environmental sustainability across a wide range of applications. TES impacts areas as diverse as
solar energy, industrial waste heagnewable electricity and thermal management of -cblin logistics,
electronics and wearables. The variety of uses, scales, operation frequencies and temperature ranges critically
influence system and material requirements. While established techndiogies market adoption, substantial
opportunities remain for advances in materials science and engineering to develop innovatstatediictrmal

storage solutions that can compete with existing approaches and enable novel applications. Here, wrobvervie
TES applications, systems and materials will be provided.

Keywords: Thermal Energy Storage, latent heat, setite phase change materials, organics, hybrids, metallic
alloys.
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HIGH POLAR ENTROPIC DESIGN OF ELECTROCALORIC MATERIALS

Xiaoshi Qian®, Donglin Han®, ShangyuZheng®, FeihongDu®
@ ShanghabiaoTong University, Shanghai200240,China,xsgian@sjtu.edu.cn

ABSTRACT

Materialsexhibitingahighelectrocaloriceffect (ECE)tendto favor a disorderedyet easilytunablepolar structure.
Thistalk will showthatby processinghepolarstructureinto ahigh polarentropystate the ECEin bothpolymeric

and ceramic materials can be markedly improved. We synthesized the-F(V¥BEFEDB) tetrapolymer and the
interfaceaugmented P(VDHTFE-CFE) that exhibited increased crystallinity, and reduced crystalline size. The
resulting EC polymer presemte near 300% enhancement of ECE at the low fields. The strategy seems working
for inorganics as well, we developed a ldak relaxor ferroelectric with strong polar disordéa targeted
multielementsubstitutionat both the A- andB-sitesof the perovskiteoxide. Thesemultielementinduced features

led to an increased density of interfaces, significantly enhancing the polar entropy. A high ECE of an isothermal
entropychangeDSiso~ 15 Jkg-1K-1 undera 10 MV m-1 field is observedTheformationof ultrafine dispersed,
multiphasealipoleconfigurationdeadsto high-polarentropyelectrocaloricshatsustairalonglifetime of large ECE

over 3 million cycles.

Keywords: High polarentropy,electrocalorianaterialsdipole correlation,on-chip cooling.
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GIANT TUNABLE BAROCALORIC EFFECTS USING GUEST -MOLECULE
ADSORPTION IN A METAL -ORGANIC FRAMEWORK

Melony Dilshad®, Giulio Lampronti ®, ThomasD. Bennett?), Xavier Moya®
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CambridgeCB30FS,UK
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ABSTRACT

Metalorganic frameworks (MOFs) that exhibit fistder structural phase transitions with significant volume
changes are promising candidates for barocaloric cooling and heating appli2diloin®, 2021) Here we report

giant barocalorieffectsin a zeoliticimidazolateframework[ZIF-4(Zn)] thatcanbereversiblydrivenoverawide

range of temperatures with pressure, near a starting temperature that is highly tunable using gas adsorption. Fol
nitrogenated frameworks of Z# ( Zn) , we report i sot%ed8dhkky'andadiabatipy c h
temperature TghangkG K \parlikbaseealb~y190|Kador desolvated frameworks
ZIF-4(Zn), we reportlargerbarocaloriceffectsof | &g ~ 210JK™ kg™ and| Be| ~ 60 K nearTo~ 137 K driven

using the same pressure change. Our findings should establish a benchmark for Mf®amentally benign
solid-state refrigerants that can be tuned using guest molecules.

Keywords: Metalorganic frameworks, gas adsorption, barocaloric
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BAROCALORIC EFFECT IN HYBRID ORGANIC -INORGANIC PEROVSKITE -
LIKE COMPOUNDS

Emmanouil K. Charkiolakis @, David Gracia®, Vera Cuartero®, Javier Blascd?,
Gloria Subiag®, Marco Evangelisti®

@ |nstituto de Nanociencia y Materiales de Aragén (INMA), CSIC & Universidad de Zarafarzaoza, 500009,
Spain,e-mail charkiolakis@unizarse

ABSTRACT

The development of efficient sotstate cooling technologies relies heavily on the discovery of materials exhibiting
strong caloric responses to external stimuli. Among them, barocaloric materials provide a promising route toward
environmentally friendlyefrigeration. Here, we report a detailed investigation of the barocaloric behavior of hybrid
organicinorganic perovskitdéike compounds (CM) (Li et al., 2021) (Kammoun et al., 1998 combination of

adiabatic calorimetry, highressure calorimetryowder Xray diffraction (PXRD), and synchrotrdrased PXRD
experiments was employed to elucidate the structural and thermodynamic responses to hydrostatic pressure. The
results reveal that only part of the material undergoes a reversible phase tramsitittimg in the coexistence of

three distinct phases. This pressimduced phase mixture is directly correlated with an impressive barocaloric
effect near room temperature, underscoring the interplay between structural flexibility, phase heterogdneity, a
thermodynamic properties.

Keywords: Barocaloric Effect, Hybrid organimorganic materials, Higlpressure calorimetry, Synchrotronry
diffraction
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INVESTIGATION OF BAROCALORIC AND PHASE TRANSITION
SUPERCOOLING IN PLASTIC CRYSTALS

Yi Tang®, Xavier Moya®

@ University of Cambridge Departmenbf Material ScienceandMetallurgy, Cambridge CB3 OF S,
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ABSTRACT

Compared to vapectompression cycles using higdWP gases, barocaloric cooling offers quiet operation, high
power density, and reduced climate impact. However, translating this promise into practical devices requires
overcoming several challenges: achigvisignificant, reversible temperature/entropy changes at reasonable
pressuresieducinghysteresi@ndperformancelrift duringcycling, andensuringefficient heatexchangen actual
components.

In this work, we investigate how morphology affects supercooling and barocaloric performance. Using high
pressure calorimetry data andsitu xday diffraction explained how the morphological factors and structural
transition could optimize the microstture enhances the phase transition features in plastic crystals. Based on these
findings, we provide straightforward processing and integration guidelines for stable, applieatipoperation.

Keywords: Barocaloric Energystorage SupercoolingPhasdransition

46


mailto:yt399@cam.ac.uk

THERMAG XI | IR International Conference on Selgfate Cooling, Heating,
and Energy Harvesting | Juné 711, 2026 |jubljana, Slovenia

ROOM-TEMPERATURE BAROCALORIC EFFECT IN A SPIN-CROSSOVER
MATERIAL
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Evangelisti®

@ |nstituto de Nanociencia y Materiales de Aragén (INMA), GSIGlversidad de Zaragoza, 50009 Zaragoza,
Spain
® CELLS - ALBA Synchrotron, 08290 Cerdanyola del Valles, Barcelona, Spain

©l'nstitut de Chimie Mol ®cul aire et des -Saday®t4D0aux d
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ABSTRACT

The goal of this work is to evaluate the barocaloric potential of [FERpip).] compound by examining the
pressure dependence of the spinssover transition, occurring near room temperdtiaseco et al., 2015We
employ a combination of higpressure calorimetry and powderay diffraction measurements, conducted both
under variablgoressure and variabtemperature conditions. Both methods indicate that the-cspssover
transition shiftslinearly to higher temperatureswith increasingpressure, wike simultaneouslyexhibiting an
increasdn the width of the thermal hysteresis. We report a giant barocaloric effect, revealing isothermal entropy
changes in the 7D 79 J kg* K range and adiabatic temperature changes bet®6eand 26 K for a pressure
change of 2 kbar(Gracia et al., 2025)Although the effect diminishesunderreversibleconditions,it remains
significantly largewhencomparedo other spircrossover compounds. When compared with other barocalorics,
[Fe(pap5NQy),] compound standsut due to its operational temperatures beirapaal to room temperature,
underscoring its potential in practiagplications.

Keywords: barocaloric effect, sphirossover compounds,-ray diffraction under pressure, highessure
calorimetry
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BAROCALORIC EFFECT IN NEOPENTYLGLYCOL (NPG)/NATURAL
RUBBER COMPOSITE

Baris Emre®P), StiheylaY ticel?, Eyiip Kavak®, Melony Dilshad®, Lluis Mafiosa?,
Xavier Moya®
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ABSTRACT

Plastic crystals, a class of materials characterized by orientationally disordered yet translationally ordered molecular
structures, have attracted significant attention as-pégformance barocaloric materials for sedtéte cooling
applications. Theinnique combination of soft lattice dynamics and strong coupling between pressure and molecular
orientation results in exceptionally large entropy changes under moderate hydrostatic pressures. This pressure
driven orderdisorder transition gives rise to ogkal barocaloric effects, often comparable to or exceeding those
observed in magnetocaloric and electrocaloric matdilibdseras et al., 2019NPG, a prototypical plastic crystal,

has emerged as one of the most promising materials for achieving colossal barocaloric effectstatealiwbling
applications. This transition is accompanied by large entropy and volume changes, which carsitdyrewresd

by applying moderate hydrostatic pressuytdsveras et al., 2019Recently, potential of polymeomposite films

as caloric materials for environmentally friendly sedidte refrigeration was reportéidinser et al., 2024)n this

work, we report the NPG/natural rubber composite as efficient, sustainable, and tunable barocaloric materials for
nextgeneration soligtate cooling systems.

Keywords: Barocaloric plasticcrystal,naturalrubber,composite
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THERMOELASTIC HARVESTING OF LOW-GRADE WASTE HEAT
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ABSTRACT

Ferroicpropertiesenablescaloric cooling, which is the core scopeof this conferenceln addition,thesefunctional
materialsallow for harvestingow-gradewasteheat,andrecentbreakthroughsn thermomagnetiandpyroelectric

devices make this complementary energy conversion process the second key scope of this conference. However
among ferroic materials, ferroelastic materials like shape memory alloys had been mostly used only for elastocaloric
refrigeration, butarely for energy harvesting.

Here we present experiments and simulations of a novel thermoelastic harvester design. It uses commercial NiTi
shape memory wires in a protagorasttagonist setup, which -mevers the mechanical energy required for
prestraining. For our device we analytbe influence of key design and operational parameters, which include
temperatures, prestrain, amarkload At optimized conditions, our thermoelastic generator outperforms other
ferroic harvesting devices with respect to power density, total output pamgthermodynamic efficiency.

Keywords: ferroic energyharvestinglow-gradewasteheatrecovery thermoelastigienerator
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HEAT TO POWER ENERGY CONVERSION USING THERMOMECHANICAL
POLYMERS: AN EXPERIMENTAL PROOF OF CONCEPT
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ABSTRACT

Low-gradeheatalthoughabundants hardly convertibleinto usableenergynot only becausef thelimited Carnot
efficiency, but also due to the lack of proper solutions, especially at low scales. In this work, we investigated the
thermomechanical properties of natural rubber and proposed a design of a heat to power energy converter. The
thermomechanicalharacterizatioof naturalrubbertubesshowedemperaturénducedstressvariationup to 9~12

kPa/Kfor elongationdbetweer3 and6 timestheinitial length.A devicewasthendevelopedisingadualassembly

of parallelnaturalrubbertubes.Temperaturevariationsof 5 ~ 35 K weretheninducedby cyclic flow betweerhot

andcold reservoirs Applying thermodynamicycles,the prototypewasableto produceup to 3.2 J of mechanical

energy per cycle (150 mJ/émer cycle). Considering the cycle period of 34 s, this corresponded to an output
mechanical power of 120 mW.

Keywords: heatto power,thermomechanicahaturalrubber,low gradeheatconversion
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ELASTOCALORIC COOLING WITH THIN FILMS ACHIEVING ULTRA -
HIGH FATIGUE LIFETIMES
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ABSTRACT

Efficient thermal management at the microscale is essential forgeagration electronics and photonics, yet
current cooling technologies remain limited in scalability, efficiency, and sustainability. Elastocaloric cooling using
micrometerthick shapememoryalloy (SMA) films offersa promisingroutethroughhigh surfaceto-volume ratios

and fast heat transfer. However, the practical use of SMA thin films has been restricted by poor fatigue lifetimes
under tensile loading. Here, we demonstrate elastocaloriefilinirdevices achieving over 10 million fully
reversilbe tensile cycles, representing a fawderof-magnitude improvement over previous devices. This
breakthrough is enabled by uli@wv-fatigue TiNiCuCo SMA films and a mechanically optimized device
architecture featuring adjustable clamping and stoetimized geometries. The device exhibits stable performance

with no degradation and specific coolipgp wer up to 12.6 W g T . These resul
high-performance elastocaloric cooling for fast and efficient microscale thermal management.

Keywords: Elastocaloric cooling, Fatigue resistance, Microscale cooling, Shape memory alloyBInT lievices
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FILM -BASED HEAT -DRIVEN ELASTOCALORIC COOLING
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ABSTRACT

Elastocaloric cooling is recognized as a promising sgilile cooling technology. Conventional elastocaloric
systems typically use electrically driven actuators to load the elastocaloric material. In this work, we present a novel
heatactuated elastocaiarcooling device driven by a filhased shape memory alloy (SMA) actuator, designed to
utilize low-grade thermal energy. The developed thermally responsive actuator achieves a driving strogenof 380
with sufficient force tanducea martensitic transfamationin the elastocalorieefrigerant film. Atarequiredheating
temperatureof 86 °C, the refrigerantilm in our device achievesa temperaturespanof 12.9 Kunderthermal
actuationThiswork demonstratethefeasibility of integratingthermalactuatiorwith film -based SMA elastocaloric
cooling, paving the way for thermally driven sefithte cooling systems.

Keywords: Elastocaloriccooling, Shapememoryalloy (SMA), SMA thermalactuatorHeatdrivencooling
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ABSTRACT

Elastocaloric cooling has attracted attention for its zero global warming potential and high theoretical energy
efficiency, but the bulky actuators required hindgractical applicationAccordingly, high-energydensity heat

driven shapenemory alloy (SMA) actuators are being considered. To evaluate the performance-driviezat

SMA actuators, this study developed a multimodal SMA thermomechanical test platform. It incorporates three
testing modes, luding constant force, constant displacement, andrliioeee variation. A servo motor was used

to precisely simulate the driving characteristics of {teaten SMAs under diverse mechanical loads. Experimental
results demonstrate that under cdyiveh SMAs athievea nmgrhumy ar i @
reversiblestresof 662 MPa,a maximumreversiblestrainof 2%, a specificgravimetricoutputforce of 693.3N-g

1, and an energydensity of up to 6.26 J-cm®. This study providescrucial experimentalevidence and design
guidance for the subsequentdevelopmentof low-electricity-consumptionsmaltsizedelastocaloriccooling
systems.

Keywords: Elastocaloricooling, Heatactivatedcooling, Shapememaoryalloy.
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MAGNETIC COOLING T FROM LAB TO MARKET
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Lehmann, Milan Strauch, Max Greifenstein, Max Fries
MagnothernSolutionsGmbH
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ABSTRACT

Magnetic cooling has been investigated for more #&fagears, with numerous prototype systems demonstrating
the fundamental feasibility of the technology. However, only a limited number of systems have progressed to
applicationlevel integration while delivering the cooling power and efficiency requirecaimpete with
conventional vapecompression technology.

As a first applicatiororiented device, we developed POLARIS, a magnetic beverage cooler. While this system
successfully validated integration into an ars# product, it did not reach the cooling power necessary to match
the performancef conventionabeveragesoolers.Building ontheseinsights,we developedECLIPSE aversatile
magneticcooling platform designedor integrationinto horizontalandvertical supermarketefrigerationcabinets

aswell aswaterchiller applications ECLIPSEachievesnorethan600W of coolingpowerata 20 K temperature

span and exceeds 1000 W at lower spans.

In this contribution, we present the progression of our prototypes toward higher $ggtéiperformance. We
highlight the distinction between the thermodynamic efficiency of the magnetic cooling cycle itself and the realized
efficiency of the integratedystem, thereby outlining key challenges and opportunities for advancing magnetic
cooling toward commercial competitiveness.

Keywords: Magneticcoolingdevice,commercializationAMR
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DESIGN AND CHALLENGES OF A LARGE -SCALE MAGNETIC COOLING
UNIT FOR INDUSTRIAL REFRIGERATION

SergiuLionte, Dimitri CuenotDelattre, Hugo du Moulinetd 6 Ha r d evichet e ,
Risser, Simon Robert, Pierre Couturier, Myriam Harnafi
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ABSTRACT

In the last decades stricter environmental regulations and the-q@itapeocess of higleWP refrigerants have
regulated more and more the traditional vapampression cooling technology, driving the development of cleaner
solid-state alternatives such msgnetic cooling.

In this paperwe presenburlastdevelopment®f a newarchitecturdarge scalemagneticcooling unit specifically
engineered for commercial refrigeration. The mutual collaboration of research and engineering efforts demonstrates
our expertise in areas such as mechanical engineering, optimal magnetic field arrangement, Active Magnetic
Regenerator (AMR) gevetry, andmagnetehydraulic synchronizationWe will show the evolutiorof this
magnetic cooling unit from its conceptualization, guided by an Artificial EvolthiEsed multphysics and muki

scale numerical model, to its realization through detaile® @ésigns.

The prototypebs technical speci fications and the i
mature technology ready to meet the technical requirements of the cooling industry.

Keywords: magneticcooling, magneticcoolingunit, activemagnetiaegenerator
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HIGH -EFFICIENCY REGENERATORS BASED ON LA(FE,MN,SI) 13-H

Edmund Lovell®, Paul Burdett®, Neil Wilson®
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ABSTRACT
Gadoliniumremainsa costlyandcritical material still widely usedin magnetiacoolingsystems.

This work presents a scalable, -@ée alternative using higbowerdensity regenerators composed entirely of
La( Fe, Mnalogsi Developed through a mujtear effort, these regenerators feature regular geometries
delivering low pressure, and mulitiaterial layering, optimized via a statéthe-art characterization platform.

The resulting regenerator design achieves high operating frequency over a wide temperature span, enabling &
compact cooling system that seamlessly integrates into commercial appliances, whilst boosting appliance efficiency
(+25%) versus gas compressionhiealogy. Testing up to 3 Hz and 1 T demonstrates a pegportionalcooling

power increasewith frequency,reaching456 W/kg and 182 W/kg for temperaturespansof 0 K and 15 K,
respectivelyi significantly enhanced compared to recently repo@éddased cooling systems (e.g. Magnotherm
Polaris in Liang, 2026).

With scalable production and competitive cost projections, this breakthrough in regenerator design enables
commercially competitive magnetic cooling.

Keywords: magnetocaloricegeneratonmagneticcoolingdevice La(Fe,Mn,Si)s-H, gadoliniumfree
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DESIGN AND OPTIMISATION OF A COMPACT MAGNETIC COOLING UNIT
FOR COMMERCIAL REFRIGERATION
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ABSTRACT

This paperpresentsanimproveddesignof a compactmagnetocalorianit developedby magnoric,which features

an innovative hydraulic distribution system as well as a rotating longitudinal arrangement of Active Magnetic
Regenerators. This design enables a better power density in a way that the MRS unit to be effectively integrated
into a commercial refrigrated display cabinet for commercial use.

The prototype incorporates a fixed rectangular shaped magnetic system with NdFeB permanent magnets, and
employs rotating beds with Gehsed alloys as the magnetocaloric materials.

Thefocusof this paperis on the improvedarchitectureaswell ason the descriptionof themain componentsThe
designprocesseganwith a seriesof numericalsimulationsusinga previouslyintroducedmodel,enhancedby an
EvolutionaryAlgorithm (EA). This wasfollowed by the CAD designof severalessentiatomponentsAfterwards,
we conducted and analyzed a set of experimental measurements on the complete system.

Keywords: magneticcooling, magneticcoolingunit, activemagnetiaegenerator
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HOW ONE PROTOTYPE IS SHAPING NEXT-GENERATION MAGNETIC
REFRIGERATORS

StefanorDal | 6 Ol i o
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ABSTRACT

Magnetic refrigeration is rapidly advancing from a promising concept to the most realistic alternative {0 vapor
compression systems, offering a practical path toward sustainablesffigigncy cooling.

Building on MagQueef Dal | 6 Ol i @& ometof the highegper?Pofmh@ Magnetic refrigeration prototypes
developed to dat@Masche et al., 2022022, 2023) we now present a new TRAprototype designed to accelerate
the transition from research to rembrld applications.This systemis the most compactof its categoryand
demonstrateow magnetiaefrigerationcanbe effectively integrated into smaitale appliances.

Its keyinnovationis a patentpendingfluidic systenthatdelivershigherefficiency,improvedstability, andgreater
reliability, while usingsimplified, costeffective componentsThe architectures engineeredo berobustyeteasy
to scale, supporting future development of larger and more powerful magnetic refrigeration products.

This work outlinesthe mainfeaturesof this high-efficiency prototypeandthe roadmapguidingits evolutionfrom
laboratory innovation toward commercially viable cooling solutions.

Keywords: magnetiaefrigeration efficient cooling,innovativecooling.
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TERBIUM 1T A MAGNETOCALORIC MATERIAL OF THE EXTREME

Tino Gottschall®, Michael D. K u z 6 ) Eduard Bykov®, Marc Strassheim®©),
Timo Niehoff®©), Catalina Salazar Mejigd®
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ABSTRACT

The rareearth element gadolinium is considered the benchmark materimdog net i ¢ cool i ng bec
temperaturds locatedat room temperaturg(Gottschall et al., 2019)This circumstanceand its extraordinary
magnetocalorigroperties ar¢he reasonwhy gadoliniumis the mostcommonlyusedmaterialin demonstrators
aroundtheworld (Greco et al., 2019)n this work, we demonstrate that the reseth element terbium is even more
astonishing in various ways. In direct pulsed fields measurements up t(Sé2aZar Mejia et al., 2023prbium

shows a temperature change of about 73 K. Due to the asynohigteynagnetocaloripeakin highfields, terbium

is evensuperiorto gadoliniumin magneticfields of morethan20 T at room temperature, despiis low Néel
temperature a233 K. Terbium also exhibitsneof the highest magnetocrystalline anisotropies, making this element
exciting for the rotary magnetocaloric effect. We present our direct measurements, which further highlight the
outstanding nature of this element.

Keywords: magnetocalorianaterialsrareearths pulsedmagnetidields, directmeasurements
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MULTIFUNCTIONAL HIGH ENTROPY ALLOYS FOR CALORIC
APPLICATIONS

Vincent Fournée®: Dany Sihom Kwekan?, Gwladys Lengaign&, Julian Ledieu®,
JulesValentin®, PascalBoulet®, Sylvie Migot®, Jaafar Ghanbaja®, Sorour
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@ Departmenbf Physics Universityof Parma, Parma, 43124, Italy.

ABSTRACT

High-entropyalloys (HEAs) mix five or moreelementsat nearequalconcentratioriorming anideal solid solution
stabilizedby a high mixing entropy.The hugecompositionakpaceof HEAs offers opportunitiego discovernew

functional materials with improved properties. Inspiredrdmgent reports, we present nesgults on the structure

and magnetocaloric performances of some FeMnNiGeSi and FeMnNiCoGeSi HEAs. STEM indicates a perfect
solid solutionin the postannealedsampleswhereall atomicspeciegandomlyoccupyeachcrystallographicsite.
ThemagnetizatiorcurvesM(H) revealmagnetichysteresist temperaturesloseto thetransitionreflectingafield

induced firstorder transition. We investigate the effect of chemical doping, demonstrating the possibility to tune
the transition towards room temperature. The magnetocaloric effect is evaluated. Isothermal entropy change as large
asabout40J.kg'.K is attainedat5 T, while thethermalhysteresiss alsoreduceciownto 7K uponstresgelief.

Keywords: Magnetocaloric effect, Higlentropy alloys, Crystal structure, Fiuatder magnetostructural transition,
Room temperature magnetic refrigeration
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DISENTANGLING CONVENTIONAL, ANISOTROPIC, STRUCTURAL, AND
ELECTRONIC CONTRIBUTIONS TO THE MAGNETOCALORIC EFFECT IN
MULTIFUNCTIONAL MAGNETIC MATERIALS

Konstantin Skokov, Alex Aubert, Wei Liu, Benedikt Beckmann, Yulia Klunnikova,
Oliver Gutfleisch

Institute of Materials Science, Technical University of Darmstadt, Darmé#izi7,Germany,
Konstantin.Skokov@talarmstadt.de

ABSTRACT

Multifunctional materials exhibiting strong coupling among structural, magnetic, and electronic degrees of freedom
are central to nexgeneration soligstate refrigeration technologies. In systems with-tirster phase transitions,
external fields inducabrupt changes whose microscopic mechanisms remain insufficiently understood. We present
anintegratedapproacho disentangl¢he interactions between these coupled subsystents alutidateheorigins

of the magnetocaloriceffect and thermal hysteress. Custombuilt experimentalsetups enable simultaneous
measurements of magnetization, magnetostriction, resistivity, and temperaturecenigieitedthermodynamic
conditions Applied to benchmarkmaterialssuchasLa(Fe,Si)s, Heusleralloys,FeRh, and RCothese experiments

allow quantitative evaluation of elastic and magnetoelastic couplings goveptiage transformations.
Complementary meafield analysis of the data reveals the respective contributions of magnistitropy/attice
distortions andelectronicdegree®f freedomto theoverallmagnetocaloricesponse.

Keywords: Multicaloric effect, Scientific instrumentation, Medield theory, Firstorder transitions, Magnetic
hysteresis

ReferencesSkokov, K. P. (2023). Appl. Phys. Rev. 10, 031408 (doi: 10.1063/5.0133411); Aubert, A. (2024). ACS
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PHASE TRANSITIONS AND CALORIC EFFECTSIN HFosgsl Ao.id-E2
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ABSTRACT

Ta-substituted F#if has been recently explored for its magnetocaloric properties aiming at cooling applications
(Samanta et al., 2025§Shen et al., 2026)HfosiTan.1eFe2 exhibits an isosymmetric transition from a low
temperature ferromagnetic to a higgmperature antiferromagnetic stateTat= 262K , followed by a second

order transition to the paramagnestate at Ty = 321K . The first-order transition shows remarkably high

magnetic field (Q¥YQ & 9 0/Y and pressuré ¥Q »> 1 9.8 K/kbar) sensitivities making it interesting from a
fundamental viewpoint in the context of a limiting case as presented by San@andeman, 2012)n this work

we will present a detailed study of the magnetocaloric effect éir4sFb.16e2 in ambient conditions using both

direct and indirect methods as well as the influence of pressure on the magnetocaloric performance giving emphasis
to the fieldexponent— of the entropy changeeY® (‘ ¢'Q- (Law et al., 2018)We find that the ferrantiferro

transition becomes more first order with increasing pressure, increasing thermal hysteresis but also the entropy
change.

Keywords: magnetocaloridyarocaloricfirst-order
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MODELING THE MAGNETOCALORIC BEHAVIOR OF HO1.xERxAL 2
WITHIN A MEAN -FIELD FRAMEWORK

Bruno de P. Alho®, Paulade O. Ribeiro®, Rodrigo S. de Oliveira®, Eduardo P.
Nébregd®, Vinicius S. R. de Sous®, Pedro J. von Rank&
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ABSTRACT

We investigate magnetic, thermahd magnetocaloric propertietrare earth intermetallic compounds; ; kAl 2
with @ =0, 0.05, 0.10, 0.20 and 0.25, through a theoretical model Hamiltonian that consittelsutionsof the
crystallineelectricfield anisotropyin bothHo andEr magneticsublattices, disordén exchangénteractionsamong
Ho-Ho, Er-Er andHo-Er magnetidons,andthe Zeemareffect.

M. Khan et. al. earlierreported(Khan et al.,2012 experimentalmeasurementsye first determinea single free

variable, the intersublattice magnetic exchange parameter, to properly model the temperature and magnetic field
dependencies of heat capacity and magnetization. Then we used the modeling results to explain the emergence of
spinreorientatiortransition, how does go from first tasecond order, arits influence on the magnetocaloric effect

in the title compounds. Theoretical results agree with experimental data reasonably well.

Keywords: heatcapacity;magnetocalorieffect; intermetalliccompound.
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MODELING MAGNETIC AND MAGNETOCALORIC BEHAVIOR OF
FERROMAGNETS WITH STRUCTURAL PHASE TRANSITIONS
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ABSTRACT

The giant magnetocaloréffectis oftenlinked to first-order magnetostructurthnsitionsnvolving bothmagnetic

and structural changego describehis behavior, a thermodynamic analysidesfomagnets undergoing structural
phase transitions (SPTs) near the Curie temperature is presemestudy considers the influence of SPTs on the
magnetic energy and introduces a gist-order phase transition model assuming a sharp temperature dependence
of the spirexchange energy near the Curie pdint 6 v o v e t Thia dependen2edaises frohetrelative
displacement of magnetic atoms at different crystallographic sites, coupling magnetic and structural degrees of
freedom. The applicability of the model is confirmed by the quantitative agreement between the calculated and
experimental temperatel dependences of magnetization and specific heat for Heusler ferromagnetic alloys
undergoing SPTs. Using general thermodynamic relations, the model estimateslfielel entropy an@ddiabatic
temperature changes, both showing strong dependence onntperature difference between the structural
transition and the Curie point.

Keywords: Magneticenergy;magnetizationheatcapacity;magnetocalorieffect; adiabaticcemperaturehange.
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3D-PRINTED MAGNETOCALORIC REGENERATORS: BRIDGING DESIGN,
MATERIALS, AND FUNCTIONAL PERFORMANCE
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ABSTRACT

Additive manufacturing (AM) enables the fabrication of magnetocaloric regenerators with complex geometries,
optimizing thermalexchangeandminimizing pressuredrop in magneticcooling devices.Using laserpowderbed

fusion (PBFLB), netshape parts can be produced from materials that are otherwise difficult to process, such as
gadolinium. The flexibility of PBALB allows rapid adaptation of microchannel designs and outer geometries,
facilitating accelerated devegdment from material to device level.

This study presents the complete processing chain from Gd powder to fully functiorsliapet! regenerators.
Structural and functional characterization includes the magnetocaloric effect, pressure drop analysis of complex
structures, achieved temperatuspan, and performance evaluation in a real magnetocaloric refrigerator
(POLARIS®©, MAGNOTHERM Solutions). The work highlights key challenges and advantages across the
processingchain,including powderavailability, processabilityand depowderingproviding valuablensightsfor

the advancement of additively manufactured caloric materials and devices.

Keywords: Additive Manufacturing, magnetocalorics, N&taped regenerator, 3D Design Optimization, Pricess
Structuré Property Relationship
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ADDITIVE MANUFACTURING OF HEUSLER-TYPE NIMN -BASED HEAT
EXCHANGERS FOR MAGNETIC REFRIGERATION
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ABSTRACT

Addressing current societal challenges requiresfreendly technologies and sustainable, profitable routes for
manufacturing thredimensional structures. Caloric materials are central to-geration energgfficient
devicesandcreateopportunitiedor additivemanufacturingMetamagnetichapememoryalloys areattractivefor
magnetic refrigeration because their fiostler martensitic transformation produces a large entropy change;
however, their crystalline phase becomes unstable above ~300 €h wdnstrains conventional thermal
processing. In this work, we formulate printable inks and pastes for gmieéng and direcink-writing to
fabricate complex 3D architectures from NiMased powders developed via alloy design. A sustainable binder
system of hydroxypropytellulose in deionized water is employed. The inks contain >95 wt.% powder and are
rheologically optimized to enable deposition of hundreds of layers with high fidelity (~0.5mm wall thickosss).
processingcomprisescontrolled dying, polymer removal bycalcination, andsinteringto obtain fully metallic
structures, followed by Nelectrodeposition to enhance corrosion resistance. The resulting solid sections<8xhibit
vol.% porosity.

Keywords: Additive ManufacturingMetamagnetiShapeMemoryAlloys, HeatExchangersivagnetocalorics
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ULTRALOW -COST MAGNETOCALORIC COMPOUND FOR CRYOGENIC
COOLING

Wei LIU ®, Benjamin Theisel®, Yuila Klunnikova ®, Konstantin Skokov®, Oliver
Gutfleisch®
(a) Materials Science, TU Darmstadt Darmst&d287,Germanywei.liu@tu-darmstadt.de

ABSTRACT

The search for cosdffective magnetocaloric materials is essential for laiggde cryogenic applications such as
hydrogenliquefaction(Liu et al., 202,20249.We reportthe ionic compoundFeCk, composecentirely of earth
abundantelements, as a promising noareearth magnetocaloric material. Fe@xhibits both inverse and
conventional magnetocaloréffectsrelatedto an antiferromagneti¢ransitionnear24 K andafield-inducedspin

flip transition around..5 T. The conventional magne&ntropychange reaches 18J8kg /Kat 5 T, comparable to

heavy raresarth materials like DyNi The adi abat i c adataimp 26 Kaunderr5. Corhbmedg e ¢
with its ultralow material cost and scalability from FeCH® precursors, Fe€lrepresents a new class of
sustainable ionic compounds for magnetocaloric hydrogen liquefaction inithié Rrange.

Keywords: magnetocalorieffect,hydrogerliquefaction,cryogeniccooling,antiferromagnetism
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ABSTRACT

Magnetic refrigeration using magnetocaloric materials offers a promisingriecdly method for hydrogen
liquefaction (Kitanovski,2020; Wang,2025), potentially surpassing 60% Carnot efficiendtg successlepends

on materials with strongnagnetocaloric effects between R@nd77 K, with Holmium representingninteresting

option (Terada, 2021). In this work we provide a complete magnetic and magnetocaloric characterization of both
single crystalline, along three crystallographic orientations, and polycrystalline Holmium in view of its potential
application in mgnetocaloric hydrogen liquefaction devices. The complex magnetic phase diagram of Holmium
(Zverev, 2015) has been thoroughly analyzed within the region of application, considering the typology of phase
transitions. Holmium polycrystals exhibit magnetocalproperties comparable to single crystals, but wéttuced
anisotropyrelated challenges. Unlike single crystals, polycrystals simplify device design minimizing mechanical
stress from magnetic forces. Finally, we investigated the impact of material shaping and processing techniques on
the magnetic and magtocaloric properties of polycrystalline Holmium.

Keywords: magnetocaloric effect, magnetic cooling, hydrogen liquefaction, Holmium, direct adidbatmerature
change measurements
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ABSTRACT
The growing role of hydrogen in clean energy demands more efficient liquefaction methods, as its liquefied form
offers high volumetric energy density for storage and transport. Conventional complessdrsystems acestly
and energyintensive, motivating the exploration of magnetic refrigerafidracha et al., 1994)This approach
employs the adiabatic temperature variation of magnetocaloric materials in an Active Magnetocaloric Regenerator
to operatethe final cooling stage for hydrogen liquefacti@iu et al., 2024) Achieving large temperature spans
demands high magnetic fields that can only be obtained using superconductors. Also, attaining high operating
frequency and thus greater efficiency, requires a rotary configuration, involving a magnetic system capable of
sustaining high fields while allowing rotational motion of the magnetocaloric maf€adtschall et al., 2024)
(Barclay et al., 2018)We discuss our developments of superconducting magnetic systems meeting these
requirements. The degi is supported by finite element simulations of the field distribution and the magnetic forces
involved, targetinga concentrated 5 T field enabling a sharp field change.

Keywords: MagnetocaloricRefrigeration HydrogenLiquefaction,Superconducting/lagnets,Magnetic System.
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ABSTRACT

Quantum technologiésespecially superconducting quantum compudimgquire robust, scalable cooling deep in

the millikelvin regime. Adiabatic DemagnetizatiorRefrigeration(ADR) is a helium-3-free, modulartechnique
capable of meetinthese demands. Building on our earlier demonstration of continuous ADR (CADR) &@low
mK in acompactrackmountedsystem(Schifler et al., 2025he presentwork advanceshis approachtowarda
largerscaleplatform targeting 20 pW at 20 mK, far beyond the ~3 pW at 50 mK achieved previously. Reaching
this performance necessitates a full redesign of ADR components and a detailed understanding of their coupled
behaviour. We therefore developed an integratedetimagiframework capturing the entire CADR cy{Ehandavar

et al., 2025) including refrigerants, mechanical and superconducting heat switches, and all thermal idterfaces
and validated it experimentallysing a dedicatedmillikelvin test system.The combina simulations and
measurementsevealkey insights into materials, interface conductance, and switching dynamics, guiding the
optimization of nexigeneration, scalable magnetic refrigeration for quantum computing infrastructure.

Keywords: adiabatiaddemagnetizatiorefrigeration(ADR); quantumcomputing;millikelvin cooling
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ABSTRACT

Hydrogenwill playacentralrole asanenergycarrierin thefuture (Liu et al., 2022)In itsliquid state hydrogerhas
enormougpotential dudo its high density purity andeasyhandlingduringtransportHowever,theboiling point of
hydrogen ionly 20 K. Cryogenic magnetic refrigeration can be the key technology for liquefying hydrogen in an
energy and costefficient manner(Magnotherm) In this work, we present thdesign and the resultsf our
reciprocatingnagnetocaloric demonstrator using a lalogee superconducting magnet with a maximum field of 19

T and the rare earth holmium as the refrigerant. Haljass usedastheheatexchangduid. Thehotheatexchanger

is connectedo a bathof liquid nitrogen torealize precooling down to 77 Kn our first experimentsye could

establish a temperature span of 17inKa 9 T field.These are the first promising steps towards Europe's first
magnetic hydrogen liquefier.
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ABSTRACT

An Active MagneticRegenerativéAMR) systemdesignedor hydrogenliquefactionis investigatedn this study

to determine how material layering influences its thermodynamic performance. Using a numerical AMR model
accounting for the compressibility of the heat transfer flichmantopoulos et al., 202%he analysis evaluates

the cooling power and coefficient of performance (COP) as functions of the Curie temperature of the magnetocaloric
materials, the fractional composition of the layers within the AMR bed, regendoatqurbfile, and the mass flow

rate of the heliumas the heattransferfluid. A systematicparametricstudy is conductedto identify optimal
combinationdor achievinghemaximumcoolingpower.Theresultsvalidatedby experimentérom HZDR, reveal
thatemploying layered magnetocaloric materials with properly selected Curie temperatures substantially improves
both cooling power and COP compared to sifgjer configurations. These findings contribute to the improved
design and optimization of AMHRased kidrogen liquefaction systems.

Keywords: Active Magnetic Regenerative, Magnetocaloric Materials, Curie Temperature, Hydrogen
Liguefaction, Cooling Power

ReferencesDiamantopoulos]T., MorenocRamirez,L. M., Franco,V., & Bjark, R. (2025).A fast 1D model
of active magnetiaegenerationwith a compressiblenvorking fluid. InternationalJournal of Refrigeration,
178, 359-366.https://doi.org/10.1016/}.ijirefrig.2025.07.02825.07.005

Acknowledgement: We acknowledge funding from the Bunded project HyLICAL. This project has received
funding from the Europeand) n i oHorézen EuroperesearchandinnovationprogramundergrantagreemeniNo
101101461. The project is supported by the Clean Hydrogen Partnership and its members.

74


mailto:afmas@dtu.dk
https://doi.org/10.1016/j.ijrefrig.2025.07.005

THERMAG XI | lIR International Conference on Sefgtate Cooling, Heating,
and Energy Harvesting | Juné 11, 2026 |jubljana, Slovenia

SURVEYING DIFFERENT MAGNETOCALORIC MATERIALS USING AN
ACTIVE MAGNETIC REGENERATIVE REGENERATOR (AMRR) FOR
HYDROGEN LIQUEFACTION

Mohamed G. Gado, TsuyoshiShirai, Kyohei Natsumi, Akira Uchida, Takenori
Numazawa, Koji Kamiya
National Institute for Materials Science Tsuku®@5-0003,Japanmohamed.gado@nims.go.jp

ABSTRACT

Hydrogen serves as a key clean energy carrier for decarbonization. Liquefied hydrogen offers high volumetric
energy density for efficient storage and transport. However, its low liquefaction temperature of 20 K makes the
process energintensive(Numazawa et al., 2014This study investigates magnetic refrigeration as a potential
method to enhance hydrogen liquefaction efficiency. Utilizing the magnetocaloric effect (MCE), magnetic
refrigeration enables an efficienboling cycle, which reducesenergyconsimptionin the liquefaction process
(Kamiya et al., 2025Herein,granulartHoAl, particleshavebeenproposedgiventheir significantspecificheatand
strongMCE. To boostthetemperaturespan, an Active Magnetic Regenerative Refrigerator (AMRR) is deployed
(Barclay et al., 1982 Holladay et al., 2018Helium (instead of hydrogen gas) is used as a process gas to abate
hydrogen embrittlement. In the present study, different magnetocaloric materials have been utilized to examine the
hydrogen liquefaction efficiency in comparison to HpAThis will eventually upgradeydrogen utilization and

push boundaries toward achieving a hydrogen society.

Keywords: Magneticrefrigeration Hydrogenliquefaction,strongMCE
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THE PERSPECTIVES OF ULTRA -HIGH -TEMPERATURE SOLID-STATE
HEAT PUMPS
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ABSTRACT

Conventionaheatpumptechnologiesarewell suitedfor low- andmedium temperaturesourcesputnot for ultra-

high temperatures above 300 °C. This presentation will highlight the opportunities and challenges for emerging and
environmentally friendly high temperature heat pump technologies based or{lsitéidsvski et al., 2025)These
technologies havthe potentialto deliverheatattemperaturesf upto 1,600K. Solid-basechigh-temperaturdeat
pumpsoffer the advantages of using solid refrigerants that eliminate the risk of leakage and have recycling potential.
Technologies such as magnetocaloric, electrocalgfiimar et al., 2026) mechanocaloric, and thermoelectric
(Peltier) are based on different sefithte phenomena. In this presentation, each of these technologies will be
presented in more detail: we will give an outlook on possible solutions, applications, scalabilitypadhap for

future technologicahdvances.

Keywords: magnetocaloric, electrocaloric, mechanocaloric, thermoelectric, heat transfer, refrigeration, heat pump,
high temperature, solistate
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ABSTRACT

Among electrocalorianaterials bariumtitanate(BTO) andits derivativeshavelong servedasbenchmarlsystems

due to their environmentally benign composition, though their electrocaloric performance has fallen short of that
achieved by lead scandium tantalate ceramics with which the largest temperature span ever obtained on
electrocaloricegeneratorhasbeernreached20K) (Li et al., 2023)However thesdeadbasederamicdependn
scarcetoxic, or environmentally persistent elements.

In this work, we present the development of doust, leadree, and ecdriendly manganesdoped barium
strontiumtitanatemultilayer capacitorsdesignedvith an optimizedarchitectureandfabricatedvia anindustrially

scalableprocessThesecapacitorddemonstraten adiabaticelectrocaloridemperaturehangebeyond2 K. When

integratednto aregenerativeeooling system they achievea temperaturespan athe samelevel asleadscandium
tantalate, without electrical breakdown.

This work represents a substantial step toward sustainable electrocaloric cooling based on aburdaitt, non
materials and scalable manufacturing approaches.
Keywords: Electrocaloric§ coolingi leadfree
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ABSTRACT

Scaling up electrocaloric cooling or heat pump systems requires a significant geometric volume and electrical
capacitance resulting from the electrocaloric material. To realize high electrical fields (e.g., 100V/um), required for
high electrocaloric tempeture changes in PVDBased polymers, is a tradff between layer thickness and
operation voltage. While thin layers reduce the required voltage (e.g., below 400V), they also increase the
fabrication effort, number of electrodes requires and add inattieenal mass. Thus, efficient high voltage
electronics is currently in the focus of research. While multilevel converters previously showdbhltesectrical
efficiencies at voltages up to around 400V, more simpleléwel halfbridge converters mighie preferred for
lower-cost and simpler systems. This work demonstrates 1000V charging of two 5uF capacitors in antiphase using
anaround 8 € 99% efficient s i | i-bridge coovartebwithl zereoltafe s@ijchintpads e d  h
hystereticcurrent control. Preliminary measurementsharging/discharginglectrocaloricpolymers (COOLPOL

project) will also be presented.

Keywords: ElectrocaloricsDC-DC ConvertersEnergyEfficiency, PowerElectronics
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ABSTRACT

Caloric materials exhibit a reversible temperature change when exposed to an external field, offering an
environmentally friendly alternative to traditional hgatmping systems. Among them, electrocaloric materials are
particularly attractive due to thase of applying electric fields via electroq&srell6 et al., 2022)However, their
relatively small adiabatitemperature change limits practical applicatifvialant et al., 2012)The temperature

span of electrocaloric hepumping devices can be enhanced by implementing active regenékataomovski et

al., 2015) Experimental prototypes have demonstrated the potential of this approach, but their designs require
optimization(Plaznik et al., 20152019),(Torell6 et al., 2020)Numerical modelling provides an efficient pathway

for this, given the large number of pareters influencing performance. Here, we present a generalized numerical
modelling framework for electrocaloric active regenerators that allows easy modification of device geometry,
materials, operating and boundary conditions, enabling systematic dp8igization and performance prediction.

A representative case study exploring various AER geometries, materials and operating conditions demonstrates
the capabilities, effectiveness and advantages of the presemeaivork.

Keywords: Electrocaloriceffect,activeregenerationpumericalmodelling,optimization
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ABSTRACT

Refrigeration systems account for nearly 20% of global energy consumption, with the efficiency of conventional
vaporcompression cooling limited to #60% (Dupont et al., 2019)The electrocaloric effect (ECE) has emerged

as a promising pathway toward efficient, compact, and environmentally friendlyssatiédcooling. This study
investigates PVDibasedmultilayer capacitordMLCs) aselectrocaloriccooling elementspffering light weight,
mechanically flexible, and lowost alternative as compared to centional ceramics. A prototype comprising
multiple vertically stacked MLCs with interlayer gaps and enclosed within a shrink tube, was fabricated. A low
viscous silicone oil was reciprocated through the gaps to enable effective heat transfer betwedbsthadvthe
reciprocating fluid. The prototype operating at 50°C demonstrated a temperature span of 15.8°C at an applied
voltage of 250 V, a flow rate of 37 mL/min and period of 7 s. These results highlight the strong potential of polymer
based MLC systemas sustainable and scalable alternatives to traditional cooling technologies.

Keywords: ElectrocaloricCooling,Polymer,MLC
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ABSTRACT

Ideally, electrocaloric (EC) materials should possess large temperature changes and low losses. Appropriate EC
components should therefore exhibit high dielectric strength as well as a reasonable refrigerant volume. Most
promising results are achieved withultilayer ceramic (MLC) components, showing an increased dielectric
strength accompanied with low operational voltages and arteaslijust component thickness.

Wewill give anoverviewof ourwork on EC materialandcomponent developmerwhile 1-x (Pb(MgusNb2)Os 1
x PbTiO; (PMN-PT) based MLCs show high dielectric strength and reasonable EC effect ofqgipy to 2 K,
microstructureof Bay s:Sio.18SM.065T i0.903803 (BSSNnT)ceramicshadto be adjustedo avoid abnormalgrain growth.
We systematicallymodifiedmaterialcompositiorandprepareBSSnTMLCs showing Osp = 30V/em and g3 ¥

1.4 K. Influenceof dielectriclosseswill alsobe discussedndsetinto contextof the overall aim to developEC
componentgor operatiorin EC systems.

Keywords: leadfree, electrocalorieffect, multilayerceramics
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LEAD SCANDIUM TANTALATE THICK FILMS FABRICATED BY POWDER
AEROSOL DEPOSITION
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ABSTRACT

In recentyears electrocaloriqd EC) coolingemergedasanenvironmentallyfriendly solid-statealternativeto vapor
compression systems (Shi et al., 2019; Torell6 and Defay, 2022).-$ite @dered Pb(36Ta.5)Os (PST)ceramic

is oneof themoststudiedinorganicmaterialsasit exhibitsthe highestEC temperaturehangen literature (Nair et

al., 2019; Nouchokgwe et al., 2021). The powder aerosol deposition (PAD) method enables preparation of dense
films on various substrates (e.g., polymers) enabling potential applications in microelectronics.

In this work, we preparedP?STthick films on gold-coatedpolyimide substratesvia PAD method.We preparedhe
B-site ordered PST pellets that were ground and milled to obtain-ite Brdered powder for deposition. The
films werehighly densewith therelativedensityof ~99%,andthe B-site orderparametenf 0.89wasmaintained

after deposition. The functional properties of the PST films will be discussed in this contribution. Furthésrénore,
preparation and characterization of ldegk PAD films based on B&Si.35TiO3 will also be addressed.

Keywords: ElectrocaloricPST,Thick film, Flexible electronicsPowderaerosobdeposition
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LANDAU APPROACH FOR PYROELECTRIC ENERGY HARVESTING IN
FERROELECTRICS
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ABSTRACT

This study investigates the energy conversion potential of ferroelectric materials using their phase transitions for
pyroelectric energy harvesting. The Olsen cycle, composed of two isothermal and two constant electric field
branches, is considered as thest efficient conversion mechanism. This cycle was simulated to analyze the effects
of temperature variations and crystal orientations under different electric field directions. Polarization responses
were simulated using Landau Devonshiretheory. An innovative approachwas then proposedto model the
electrocaloric effect, validated by experimental data andgiiatiples calculations. The simulation successfully
reproducedhenegativeslectrocalorieffectassociatedith specificcrystal orientationkinally, the most promising

phase transitions for pyroelectric energy harvesting were identified, achieving an energy density of about 102
mJ/cm3, in good agreement with previously reported results.

Keywords: PyroelectricenergyharvestingQOlsencycle; Ferroelectricsinglecrystals;LandauDevonshiremodel;
Electrocaloric effect
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(1i X)PB(FEo sNBo.5)Osi XBIFEO 3 CERAMICS

lvana G o r_i 4> Tadej Rojac®P), Andreja B e n [®%, 0 r dPah@o),
Hana @Y% ¢gi |
ElectronicCeramicDepartment,) o {Seefaninstitute,Ljubljana, 1000,Slovenia.
J o ¢SeefaninternationaPostgraduat&chool,Ljubljana, 1000,Slovenia.
PresentddressLuxembourginstituteof ScienceandTechnology EschsurAlzette,4362,Luxembourg.
*Correspondencevana.gorican@ijs.s#3861 4773498

ABSTRACT

T h e X)PhlFe sNbos)Osi xBiFeO; (PFN10kBFO) is an interesting ceramics system exhibiting relaxor
ferroelectric behaviour. Among the compositions, PEDBFO stands out as singdase multicaloric material,
exhibiting good electrocaloric and magnetocaloric properties, especially when doped fligmtGd* ions (Prah

et al., 2020a). Another notable composition is PBMBFO, which has potential for energy storage applications
(Prah et al., 2020b). In this work, Mioped PFN10xBFO (x = 0.2, 0.3, and 0.4) ceramics were investigated.
Their electrocaloricand energy storage propertieswere analyzedto identify the compositionwith the best
multifunctional performance. PRI2OBFO exhibited the best electrocaloric effect, namely ©.at 65°C and 70
kV/cm, as well as good energy storage properties, with an energy storage density@fitaiid an efficiency of
91% at 70kV/cm. This makes thg = 0.2 composition the most promising multifunctional material among those
investigated.

Keywords: PFN BFO, electrocaloricenergystorage.
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MODELING NON-ADIABATIC EFFECTSIN ELECTROCALORIC
REGENERATIVE CYCLES WITH FINITE (DE)POLARIZATION
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ABSTRACT

Electrocaloric (EC) regenerative systems transfer heat between thermal reservoirs via cyclic (de)polarization
(Ogbol t e (KitamoVski et al2 Z015%N) practical devices, these transitions occur over finite durations
while the EC element remains thermally coupled to the working (feage et al., 2020Yyesulting in thermally
irreversible transitions that alter tiies diagram(Plaznik et al., 2019)ValesCastro et al., 2023)

We present a twdimensional transient numerical model of an ditigh-temperature active electrocaloric
regeneratofAER), base®nPbZ 52Tio.4¢03(PZT)thin-film multilayer(Klinar et al., 2026)Themodelincorporates
coupledsolid-fluid heat transfer, tim@arying field actuation, and electric work from hysteresis loops. While the
solid-state entropyrajectoryis directly impactedby finite switching, its influenceon COPandexergyefficiency
depend®n t he fluiddéds ability to transfer heat to col d

We evaluate th@émpact of (de)polarization durations across several orders of magnitude on tempetHies
cooling and heating capacity, and exergy efficiency. The temperature evolution is examined using CFD simulations
to validate the model assumptions.

Keywords: electrocaloriceffect, activeregenerative cycldinite (de)polarization, entropy generation, numerical
modeling, CFD simulations
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HEIGHT -OPTIMIZED MICRO THERMOELECTRIC DEVICES FOR HOT -
SPOT COOLING AND LOW -GRADIENT ENERGY HARVESTING
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ABSTRACT

Electrochemicatiepositionenablesfficient fabricationof micro thermoelectrialevices(uTEDs) compatiblewith

on-chip integration for hotspot cooling and sptiwered sensin{Zhang et al., 2022)This work presents a hew
design strategy that optimizes device height rather than-seasi®nal area, increasing packing density, cooling
power, and output power while reducing the use of toxic and costly thermoelectric materials. U TEDs were fabricated
usingphotolithography and electrochemical deposition e{BikSe.x)s (n-type) and Te (jype) (Dutt et al., 2022,

2025, Li et al 2018)Nitrogen injectioninto the electrolyteminimized oxygenincorporation,lowering contact
resistanc@ndenhancingerformanceThe areaand heightoptimized pTEDs achieved maximum cooling of 10.8

K and 10.5 K at room temperature, respectively, and 21 K at 343 K for fogitilized devices, with 75% less Te
consumption. Finite element simulations confirmed cooling densitiesothue ds of W cm | . As ¢
produced milliwatievel powerdensitiesat small temperaturedifferences.Theseresultsdemonstrateefficient,
scalablguTEDsfor on-chip cooling and energgutonomous loT and biomedical applications.

Keywords: Thermoelectric devices, micro thermoelectric devices, micro thermoelectric coolers, geometry
optimization, electrochemical deposition, contact resistance
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TE-FREE THERMOELECTRIC MODULES WITH ALD SURFACE
PROTECTION FOR SUSTAINABLE POWER AND COOLING
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ABSTRACT

Commercial Thermoelectric (TE)odules are based 8 Te; compounds becausetbiirunrivalledTE properties

at low-grade heatelated temperature&550 K). However, the scarcitgf elemental Te severely limits the
applicability of these modules. Here, we present the performance of TE mahsesibledrom Te-free
compoundsincluding p-type MgAgSb and n-type Mgs(Sb,Bi}, usinga simple, versatile, and scalable processing
routine. Tofurtherimprove stability, atomic layer deposition (ALD) coatings were applied to protect the surfaces
of Mg-based legs, which significantly extended the operational lifetime of the modules. We demonstrate module
level conversion efficiencies of 3% and 8.886temperaturalifferencesf 75K and260K, respectivelyaswell

as maximumcooling of 72 K when used as a cooler. These proofs of principle pave the way for robust, high
performance, andustainable solidtate power generation and cooling to replace the highly rare and toke. Bi

Keywords: Thermoelectricmodules; Tellurium-free materials; Magnesiurbasedcompounds;Atomic layer
deposition (ALD); Energy conversion; Device stability
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FULL -SCALE THERMOELECTRIC HEAT PUMP BOOSTER FOR LOW
TEMPERATURE DISTRICT HEATING SUBSTATION
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ABSTRACT

One key energy efficiency measure in district heating (DH) systems is lowering supply and return temperatures.
Fourthgeneration DH operates ati®D °C, enabling better use of renewable and waste heat sources. Fifth
generatiorsystemoperateat evenlower temperaturesequiringadditionalheatsourced boosterd for domestic

hot water.Theseboostersnayincludevaporcompressioteat pumpsgasor electricboilers,wasteheat,or solar

energy.

We present aralternative: dull-scalethermoelectridheat pumphat canserveasa boosterin a DH substationA
parametric experimental anal ysi s r eviahHeating pdwarends y st
increase the DH supply temperature by up td&4%ll while maintaining a compact, silent, and vibratfoee
operation. Operating in thé 2kW range, the system raises supply temperaturesit80XK) achieving a CORof

2.4 1.6,significantlyoutperformingdirectfuel or electricity-to-heatconversionwhereCOR; is typically below1.,

Keywords: thermoelectricPeltier,boosterheatpump,districtheating

Acknowledgement:We wouldlike to acknowledgéehe supportfrom ProjectGreatech:Hybrid technologies for
green factories of the future.

90


mailto:andrej.kitanovski@fs.uni-lj.si
mailto:miha.bobic@danfoss.com

THERMAG XI | IR International Conference on Selglate Cooling, Heating,
and Energy Harvesting | Juné 711, 2026 |jubljana, Slovenia
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THERMOELECTRIC MODULES UNDER REAL OPERATING CONDITIONS
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ABSTRACT

Thermoelectrianodulesaresolid-statedevicesthat enablethe direct conversiorof heatinto electricalenergyand

vice versa, which have found multiple routes toward technological implementation. However, most commercial
modules still rely on materials that are either toxic or expensive, such as tellurium compounds. Recent advances in
magnesiurrbasedand tellurium-free materialshave shown significant improvements pffering competitiveand
sustainable alternatives fpracticalapplications. Irthis work, weexplorethe behavior ofthis newgeneration of

modules under realistic operating conditions for: i) eneegydsting to power autonomous devices and ii) localized
cooling for thermal control. The results shed light on their performance and stability under application scenarios,
providing valuableinsightsfor potentialuses infuture energyefficient systems. This workontributes to the

broader understanding of environmentally friendly thermoelectric technologies and supports the transition from
laboratory research toward practical devices.

Keywords: Thermoelectric modules, Energy Harvesting, Peltier Cooling, Tellufiaer materials, Sustainable
Technologies
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NUMERICAL DESIGN AND PERFORMANCE ASSESSMENTOF MULTICAL:
A HYBRID MULTICALORIC HEAT PUMP
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ABSTRACT

Thegrowingneedfor sustainabl@ndefficientthermalmanagementiasrenewednterestin solid-stateheatpumps
based on caloric effectflakeuchj Sandeman2015) These systems exploit reversililemperature changes
induced by magnetic, electric, or mechanical fields, enabling the use of solid materials@gVEerefrigerants
(Fahler et al., 2018However, singldield caloric devices still face limitations due to high field requirements and
restricted temperature spans. The MULTICpilojectintroducesa novel approachoy exploitingthe multicaloric
effect, wheretwo or morecaloric responses are simultaneously or sequentially activated within the same material
or device. Depending on the material properties, differentfiidl couplings (e.g., magnételasto, electrd baro

, magnetoelectrocaloric) can be tailored to improve efficiency and durability. A numerical investigation was
carried out to model andptimize the MULTICAL heat pump. The magndiaro MNnCoGesdno.o1 and elaste
electro (BasSrn.5)TiOs are the materials under test. The multicaloric behaviour of MULTICAL heat pump working
with (BaysSho.5)TiOs always overestimates (+ 30% on temperature sgéfton cooling power) the multicaloric
behaviour of thesystememploying MnCoGe edhno.o1. The simulationshighlight how hybrid caloric activation
enhancegemperaturgpan and COP, paving the way for ngeneration, fully ecdriendly refrigeration systems.

Keywords: Multicaloric effect; Solidstate heat pump; Caloric materials; Finite element method; EaHigjgncy
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ROOM-TEMPERATURE MULTICALORIC COMPOSITE THICK FILMS
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ABSTRACT

In pursuit of better cooling technologies, research has been made on combining different caloric effects, namely the
multicaloric effect (Hou et al., 2022; Stefmaulats et al., 2018). However, the combination of electrocaloric (EC)

and magnetocaloric (MOh composite materials remains mostly unexplored. In light of this, using the powder
aerosoldepositionmethod,we preparedcompositethick films thatcombineboth EC andMC phasesOur results

show that the composites exhibit an EC temperature change as high as 0.44 K at 25@k mom temperature,
asignificantenhancemertomparedo the0.3K in theEC-only samplesln addition,thecomposites exhibit mom
temperatureMC output of~1.4K at 2 T. For thefirst time, thick-film compositegoining together EC and MC

effects have been successfully prepared and directly characterized at room temperature, thereby expanding the
possibilities of caloric applications.

Keywords: powderaerosodepositiongelectrocaloricmagnetocaloricmnulticaloric; thick films
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ABSTRACT

We address the lorgtanding problem of mechanical fatigue in Heublased elastocaloric and multicaloric
materials by applying the PowderTube (PIT) method. This approach significantly enhances the mechanical
robustness of Heusler materials. Usinglicyloading up to 100,000 cycles and hilglad tests, we demonstrate that

PIT samples maintain their structural integrity, with only minor,-aitical cracks at theample ends while the
coreremaindully thermallyconnectedo thesteelshell.Evenafter plasticdeformationtheHeuslercorestaysintact.
Magnetizationmeasurementbefore and after cycling show only minimal changes,confirming the mat er i al 0
durability. Furthermoremagnetocalorieneasurement®vealexcellenthermalcouplingbetweerthe Heuslercore

and the metallic shell. Our results show that the PIT method increases the operational lifetime of Heusler alloys by
several orders of magnitude compared to bulk samples, enabling independent optimization of mechanical stability
and caloric performarc

Keywords: MagnetocaloricElastocaloricMulticaloric, Heusleralloys
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ABSTRACT

All-d-metal Heusler alloybave attracted increasing attention as promising candidates for multicaloric materials,
owing to their ability to exhibit multiple caloric effects under different external stimuli. In this study, the
NizsC0o1aMn37Tigz alloy was synthesized by arc melting and subsequently processed into two formspunelt
ribbons and suctienast tubular samples. Structural and magnetic characterizations showed that the sample stabilize
in a B2 phase and undergo a martensitic transformation beBv&300 K (ribbons) and 38825 K (suctiorcast).

The meltspunribbons,transformingnearroom temperaturewereideal for magnetocaloristudies.Microscopic
observations revealed grailependent behavior, with the wheide showing ridges and valleys fronrapid
solidification, while the freeside contained fine cavities that may limit mechanical reliability for elastocaloric
response. Conversely, the suctiast tubes, after an optimized heat treatment to induce the martensitic
transformation demonstratestcellent mechanical strength. These results highlight suctistiNizeC014aMns7Tiiz

as a cadidate for realizing combined magnesmd elastocaloric functionality in el metalHeusler systems.

Keywords: All -d-metalHeuslertype alloys, MartensiticTransformationMechanicalpropertiesMagnetocaloric
effect
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ABSTRACT

Heusler alloys like NiMni Sn and NiCoi Mni Ti show strong potential for solistate cooling due to their first

order magnetostructural transitions (FOMSBeckmann et al., 2025, Scheibel et al., 20 )wever, their
functional performance is highly sensitive to processing conditions [3]. In this work, bulk samples are produced via
Laser Powder Bed Fusion (PRB/M) using gasatomized powdersto explore the influence of additive
manufacturingparameterson microstructureand caloric properties. By varyingser power, scan speeahd

strategy, we achieve controlled tuning of martensitic, austeaitdC urietemperaturesgswell asreducedhermal
hysteresisStructural,compositionalandmagnetic analysagvealhowrapidsolidificationenhancethesharpness

and reversibility of FOMST. We demonstratedhat additive manufacturing not only preserves the functional
properties of these alloys but also enables active enhancement of their tunability of transition behavior compared to
conventionally processed samples.

Keywords: Multicalorics,HeuslerAlloys, LaserPowderBed Fusion, TransitionTemperaturd uning.
References:

B. Beckmannetal, ActaMater.282,120460(2025).doi.org/10.1016/j.actamat.2024.120460

F. Scheibeletal, EnergyTechnol.6, 1397(2018).doi.org/10.1002/ente.201800264

F. Scheibeletal, ActaMater.29,101783(2023).doi.org/10.1016/j.mtla.2023.101783

AcknowledgementtWe gr atefully acknowledge Deutsche Forschu
CRC/TRR 270 (Project ID 405553726)

97


mailto:nene.teinor@tu-darmstadt.de

THERMAG XI | IR International Conference on Selglate Cooling, Heating,
and Energy Harvesting | Juné 11, 2026 |jubljana, Slovenia

ORAL PRESENTATIONS

Thermal Control Devices LINHART HALL

Chair MiguelMunoz Rojo - Co-chair Karl Joulain - Help Blaz Velkavrh

11:30 Bridgingthe thermal gap: the role of fluidic and mechanical
thermal control devices in advancing caloric technologies
Katja Klinar - FME, University of Ljubljana

11:42 Role of adhesion and air ionisation in film-based electrostatic
actuation
Elie Zoghbi - Université Paris-Saclay, ENS Paris-Saclay

11:54 AVO: film-based thermochromic optical modulator
Dannili - Karlsruhe Institute of Technology

12:06 Digital microfluidic thermal switch capacitors for
magnetocaloric cooling
Blaz Velkavrh - FME, University of Ljubljana

12:18 Thermal conductivity of cellulose-based composite films
Vanja Kokol - FME, University of Maribor

12:30 Phase-change material thermal diodes for caloricrefrigerator
Karl Joulain - Université de Poifiers

12:42 Enhancing solid-state thermal rectification via temperature-
dependentthermal contact resistance
Katja Vozel - FME, University of Ljubljana

12:54 Theoretical analysis of heat spreading in hexagonal boron
nitride structures for thermal diode fabrication

Timm Swoboda - /CN2 — Catalan Inst. of Nanoscience & Nanotechnology

13:06 Passive magnetically-actuated thermal regulator: stationary and
oscillating regimes
Katie Barcak - Rice University

98



THERMAG XI | IR International Conference on Selgfate Cooling, Heating,
and Energy Harvesting | Juné 711, 2026 |jubljana, Slovenia

BRIDGING THE THERMAL GAP: THE ROLE OF FLUIDIC AND
MECHANICAL THERMAL CONTROL DEVICES IN ADVANCING CALORIC
TECHNOLOGIES
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ABSTRACT

The developmenbf caloric technologiedacesa key bottleneckin efficient thermalcontrol. Conventionalheat

transferi convectionusedin activeregeneratorsloesnot enableoperationat frequenciesabove5 Hz. To address
theselimitations, advancedluidic andmechanicathermal control devicesreemergingasessentiacomponents

for improving performance, stability, and efficiency. These devisash as thermal switches, diodes, and variable
conductance condu#t&nable active, nonlinear, and reversible management of heat flow, analogous to electronic
control in eledtical circuits. This work reviews the current state of research on fluidic and mechanical thermal
control devices specifically applied tol@ac refrigeration and heat pumping systems. Emphsagigcedontheir
operationalprinciples,integrationchallengesandpotentialto enhanceneatexchange, reduce response time, and
increase overall energy efficiency. Finally, key design guidelines and research targets are outlined for enabling the
next generation of higherformance caloric devices.

Keywords: thermalswitch,thermaldiode thermalregulatormagnetocaloricgelectrocaloricmechanocaloricheat
transfer, refrigeration, heat pump, high temperature, -stéité
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ROLE OF ADHESION AND AIR IONIZATION IN FILM -BASED
ELECTROSTATIC ACTUATION
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ABSTRACT

Electrostatic actuation (EA) on electrocaloric (EC) films plays an important role in transferring heat in cooling
devices (Maet al, 2017) and thermal switches (Almare@al, 2018), where heat is exchanged by the moving
active film. Understanding actuation losses is crucial for improving efficiency, but it is difficult due to the interplay
between adhesion and partial discharges. Analyzing the position of the film via Hoéarage versus the voltage

reveals that a minimum voltage of around 90 V isunexgl to begin the EA motion. On the other hand, the actuation
efficiency and forces can be reduced by the appearance of charges on the film surface when the voltage exceed
450 V. Their presence is proven by fitting the electrostatic force and currestirei@gnts. Here, we study the EA
working voltage range, between the lower bound retatadhesiorforcesandtheupperbounddueto air ionization
(HusainandNema,1982),andthereis a lower limit of 1.44‘ (@ & for the actuation losses, a detrirtareffect

for thermal switches.

Keywords: Coolingdevice thermalswitchesfilms, electrocalorid EC) effect, electrostati@ctuation(EA)
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ABSTRACT

The phase change material Vanadium dioxide{\@dergoes a reversible phase transformation froimsaiating
monoclinic to a metallic tetragonal phase at approximately 68 °C. The resulting pronounced thermochromic effect
is of special interest for photonic switchif@ueff et al., 2020)Here, we present the development ofoatical
modulatorusingthelargetransmissiorcontrastof a magnetrorsputteredvO; film on a silicon waveguide. Gold
microheaters are integrated to induce the phase transformation in thidnv@rough local Joule heating.he
relationship between the input electrical power and maximum heater temperature as well as the copiteft of
modulationis exploredexperimentallyandby finite elementsimulationsfor VO films with variouslengthsand
thicknesses. First demonstrators show an optical modulation depth up to 9 dB. Our results indicate thas#te prop
modulator enables a reduced footprint and lower required electrical power compared to previously reported metal
heater integrated VORBased modulatordeyaselvan et al., 20195anchez et al., 2018)

Keywords: phase change material, vanadium dioxide, rtetaisulator transition, thermochromic effect,
thermally induced optical modulation
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ABSTRACT

Vapourcompressiomasbecomea well-developedechnologyfor refrigerationandair conditioning.However, it

suffers from environmental problems of refrigerants and moderate efficiency. An alternative is magnetocaloric
energyconversionDespiteshowinggreatpotentialt o d anggdetocalorideviceshaveissueswith inefficiency in

heat transfer. In light of this, we are preparing unique fluidic thermal switch capacitors for magnetocaloric cooling
applications that are based on electrowettinglielectric (EWOD).

In this work, we preparednultilayer structuresconsistingof electrodeandSU-8 dielectriclayersandinvestigated
theEWOD effectof distilled waterdroplet.Initial contactangledis 113°,while thecontactangledecreaset 90° at
100V andto 83° at175V. Thedecreasén the contactangleof the waterdropletwasfurtherusedin numerical
analysigo testthe principle of thermalswitch capacitoroperationaswell asto numericallyconfirm the successful
cooling with a magnetocaloric device.

Keywords: digital microfluidics, electrowettingthermalswitchcapacitormagnetocaloricooling
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ABSTRACT

Theuseof biopolymersn advancedopto)electronicendwearablesensodeviceshasattainedextensiveattention

recently, above all, to replace nbiodegradable dielectric thermoplastic polymers (as Pl, PVDF) while maintaining
thed e v i flexéiditg andincreasingheirrecyclability. Thenanocellulose/N@asgainedparticular attention due

to its biocompatibility, coseffectiveness, and filforming properties. However, all of these materials are thermal
insulators, while attached electronic components produce heat by Joule (resistive) effect during operation, which
negatively affects their performaneead also softens thermoplastics. The thermal diffusivity of NC films can be
obtained by reducing the thermal resistance at the interface between the cellulose nanofibrils/crystals with an
increased interaction through their highly aligned anisotropictstrel and/or introducettiermally-conductive2D
nanofillers.In this contribution,we will presenthe influenceof NC typeand additiorof hexagonaboronnitride

(hBN) of variouslateralsizeson structuralandthermalconductivityproperties of such films.

Keywords: NanocellulosehBN, films, thermalconductivity.
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ABSTRACT

PhasechangematerialssuchasVanadiumDioxide, polyethylenor nitinol havebeenstudiedrecentlyto conceive
andbuild thermalelementsuchasthermaldiode (Ito et al., 2014fHaratoka et al., 2023hermaltransistor(Ben
Abdallah et al., 2014)rthermalmemristor(OrdonezMiranda et al., 2019Moreover, soligstate refrigerators have
been conceived using magnetocaloric or electrocaloric maté€iaiar et al., 2020ayvhose performances strongly
depend on the functioning of thermal switcliggnar et al., 2020h)in particular their operating frequency and
their switchingratio (Klinar et al., 2022)Anotherissueis thereliability of thermalswitchesthat often comprise
moving pieces. In this context, phase change materials appear as a way to conceive a fstfhtsobidloric
refrigerator without any moving piece tinis work, we exploreanddeterminghepropertiegconductivitycontrast,
latentheat critical temperaturelhat aphasechangematerialenteringn thecompositiorof sucharefrigeratorshould
havein orderto obtaina cooling device exhibiting cooling power and coefficient of performance comparable to
conventional technologies.

Keywords: Thermalcontrolelementscaloricrefrigerator phasechangamaterialsthermalswitch, heattransfer
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ENHANCING SOLID -STATE THERMAL RECTIFICATION VIA
TEMPERATURE -DEPENDENT THERMAL CONTACT RESISTANCE
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ABSTRACT

Macroscopic soliestate thermal diodes (MSTDs) are compact and scalable devices that offer fully passive
directional heat control. However, their rectification factors (RF) remain too low for practical use. This work
investigates improving MSTD performaniog exploiting the temperature dependence of thermal contact resistance
(TCR) between constituting materials at low temperatures. As TCR increases exponentially with decreasing
temperature, due to the transition from diffusive to ballistic heat trandpbuley et al., 2019)it can enhance
asymmetric heat flow across interfaces. Numerical s
includetemperaturalependenthermalconductivitiesand TCRsfor selectednaterialpairs (Stoner et al., 1993)

(Swartz et al., 1987Results showhattemperaturalependenT CR canraiseRF from 0.006to 0.94nearabsolute
zeroata5 K bias.Moderate improvement also occurs at slightly higher temperatures, where TCR still varies with
temperature. These results show that leveraging TCR temperature dependence can greatly enhance MSTLC
efficiency in cryogenic systems such as spacecraft, electramd sensors.

Keywords: Heattransfer,Thermaldiode, Thermalrectification, ThermalmanagementCryogenics
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THEORETICAL ANALYSIS OF HEAT SPREADING IN HEXAGONAL BORON
NITRIDE STRUCTURESFOR THERMAL DIODE FABRICATION
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ABSTRACT

Understanding heat spreading in nanoscale devices remains essential for the design of future electronics. One
limiting factorin this contextis thermalcrosstalkbetweenadjacenttomponentgPandeet al., 2024).In this work,

we presenfatheoreticalstudyof heatspreadingn hexagonaboronnitride (hBN) monolayersA simplified linear
threedevice finite element method model was developed to evaluate the thermal crosstalk between them. The
centralcomponents thermallycoupledto two outeronesthroughahBN monolayeexhibitingasymmetrichermal
conductivityk definedby arectificationratio (RR= knign'kiow). We observeda continuougreductionof the thermal
couplingbetweerthedevicesasa functionof RR decreasindgrom 70%to 55%for valuesof RRupto 5. Building
ontheseresultswe developedhermaldiodedesigndasedon asymmetricshapechBN usingmoleculardynamics

to optimize such structures, followed by the fabrication and experimental characterization of their thermal
rectification characteristics.
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PASSIVE MAGNETICALLY -ACTUATED THERMAL REGULATOR:
STATIONARY AND OSCILLATING REGIMES

Katie Barcak®, Lorenzo Castelli®, Geoff Wehmeyer?®
@ Rice University, Houston,77005, USAkb151@rice.edu

ABSTRACT

Passive thermal regulation is crucial for thermal management and energy conversion systems. Here, we present :
thermomagneticalhactuated device that can regulate temperature in either stationary or osaifiatiafjties,
dependingon thethermal boundargonditions.Thedeviceleverageshe magnetic phase transition of gadolinium

to actuate motion of a mobile element and control the thermal contact between conducting surfaces. For isothermal
boundary conditions, the thermal regulator behaves as a bistalibnary system with a mobile element that either
opens or closes a gap, leading to thermal switch ratio of 34 in vacuum (2 in air) and thermal hysteresis near 5
oC (Castelligt gl., 2023)For constant heat flodoundary conditions, the mobile element can exhibitastfllations

that generate AC temperature profiles witho 3 mHz frequencies from a DC heat flow. We will discuss potential
applications of these oscillations for thermal sawtooth waveform generation and improved efficiency theimoelectr
energy harvesting.

Keywords: Thermomagnetic Devices, Thermal Regulator, Thermomagnetic Oscillations
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A MULTI TRANSFORMATION TEMPERAUTRE APPROACH FOR A THREE -
STAGE ELASTOCALORIC COOLING SYSTEM

Het Mevada®, BoyangLiu ®, Parham Kabirifar ®, Yunho Hwang®, Ichiro
Takeuchi®

@Centerfor EnvironmentaEnergyEngineering Departmenbf MechanicalEngineeringUniversity of Maryland,
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*Correspondingauthor:Tel: (301)4056809,E-mail: takeuchi@umd.edu

ABSTRACT

Elastocaloric systems have emerged as a promising alternative to conventionalovaprassion refrigeration
amongsolid-statecoolingtechnologiesln activeregenerativelastocaloricystemsshapememaoryalloys (SMAS)
serveasboththeworking materialandthe regenerativdneatexchangerHowever,strainmaldistributioncanlimit

their performance. This work presents a numerical simulation framework to optimize a staggerestagaulti
elastocaloric cooling system. By optimizing the austenite finisipézature (A of SMA across the thregtage
regenerator, the system achieved a 25% reduction in input work with significantly improved strain uniformity
compared to a uniform :Adesign. The optimized configuration delivered a giant temperature lift of 42 K, a
maximum cooling power of 100 W, and a regenerbdeel COP of 7. These results demonstrate that multi
transformation temperature elastocaloric regenerators can effectively mitigate the strain inhomogeneities and
broaden the operational temperature windadyancing the development of durableemgy-efficient solidstate
cooling technologies.

Keywords: elastocaloricooling, shapeanemoryalloy, transformationemperaturenumericaimodeling
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DEVELOPMENT OF A NOVEL PRODUCT -ORIENTED MODULAR
ELASTOCALORIC COOLING SYSTEM FOR INDUSTRIAL AND LIFE -
SCIENCE APPLICATIONS

Philipp Molitor &, Franziska Louia®, StefanSeelecké&), Paul Motzki &
@ SaarlandUniversity, Departmenbf SystemsEngineering,
Saarbruecker§6123,Germanyphilipp.molitor@unisaarland.de
® Centerfor MechatronicandAutomationTechnology(ZeMA gGmbH), Saarbruecken, 66121, Germany

ABSTRACT

Elastocaloric cooling constitutes a promising saligte refrigeration technology with considerable potential for
integration into compact lifscience instrumentation requiring sustainable and precise thermal management. By
cyclically conditioning a comfied air volume within a closedop configuration, the system attains high
thermodynamic efficiency while avoiding the use of environmentally harmful refrigerants. To simplify maintenance
and reduce operational downtime, the central elastocaloric mosluesigned as an easily interchangeable
component. This modular design approach enables a compact and scalable cooling solution tailored for highly
sensitive lifescience applications.

This studypresentghe developmenof thefinal designconcepftfor thefirst productorientedelastocaloricooling

unit and investigates its functional principles and operational characteristics. The performance of-thieeNiTi

based system is experimentally evaluated and correlated with the outcomes of the preceding design phase ant
numerical simulations.

Keywords: Elastocalorics, Elastocaloric Device, Fully Modular, Interchangeable EC Unit, Application, Life
Science
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OPERATING STRATEGY OPTIMIZATION FOR NON-HOLDING -STEP
REGENERATIVE ELASTOCALORIC SYSTEMS

Zexi Li, Guoan Zhou, Shuhuai Yao

Departmenbf MechanicabndAerospacd=ngineering,The HongKong Universityof ScienceandTechnology
Hong Kong, Chinag-mail meshyao@ust.hk

ABSTRACT

Active regeneratiotis typically usedto increasehetemperaturepanof elastocalorigeC) devices A roller- cam

driven elastocaloric refrigerator can reduce the system complexity as it operates continuous loading and unloading
steps without pausing/holding for working fluid convection. Thus, mechanical and thermal phase synchronization
is crucial for performanceoptimization. This study investigateshe phasedifference betweenthe loadingand
thermalcyclesby 3D numerical simulationAt 0.5 Hz andautilization factorV* = 1, a¥-cycleshift increasethe
no-spanspecificcooling powerby 9.9timesandthe no-load temperaturespanby 3.1 timescompared to the fully
synchronous case.

Keywords: elastocaloric3D simulation;activeregeneration
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INNOVATIVE APPROACH TO ENHANCING PERFORMANCE OF ROTARY
ELASTOCALORIC MACHINES THROUGH AIRFLOW SEPARATION

Ilvan Trofimenko @®) [ukas Ehl®, Franziska Louia®, Paul Motzki @®

@ Saarland University, Department of Systems Engineering Saarbrué6le3,Germany,
ivan.trofimenko@unsaarland.de

® Centerfor MechatronicsandAutomationTechnology(ZeMA gGmbH), Saarbruecken, 66121, Germany

ABSTRACT

The elastocaloric effect offers great potential for the development of environmentally friendly and sustainable solid
stateheating andoolingmachines. Inhepreviouslyintroducedrotary elastocalorimachines withension loaded
elements cooling and heating of SMA wires takes place in different portions of the same channel, rooategiof

and heatedair is thereforepossible.For maximizing heatingand/or cooling performancethis mixing has to be
deminished. Instead of using additionally actuated locks for airflow division it's preferrable to separate the airflow
between cooling and heating portions by means of stationary channel walls of an optimized shape. An innovative
approach for flar separation has been proposed, examined with CFD simulations and applied in presbasediair
machine with inner cooling volume. Experimental data measured on hardware prototype has been used to adjust
the FEM model to account for additional effectlaration of these effects has also been quantitatively examined.

Keywords: elastocalorieffect, EC-machinesperformancenhancementCFD, airflow optimization
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EVALUATION OF A CU-BASED ELASTOCALORIC ALLOY FOR ULTRA -
LOW TEMPERATURE COOLING
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ABSTRACT

Elastocaloric refrigeration is regarded as one of the most promisingg@eatation notvapourcompression

cooling technologies. Although most research efforts have focused on investigating elastocaloric materials and
systems operating near room tempewtuhe development of solutions capable of functioning at-lokva
temperatures remains highly desirable for applicatButh as biomedical refrigeration or liquefigas storage.

For this reason, this work investigates alizised shape memory alloy (3Mfor elastocaloric cooling at ultra

low temperatures. First, a series of isothermal and adiabatic tests is performed to characterize the material
experimentally. Experimental characterization revealed a reproducible elastocaloric effect at templematutes
160°C,with a10 K temperaturehangeandlow hysteresisgemonstratingts potentialfor ultra-low temperature
elastocaloric devices. The resulting elastocaloric data serve as input for a cascadecoapoession
elastocaloric model used to evaluate cooling performance alawrgemperatures.

Keywords: Elastocaloriacooling, Shapanemaoryalloy, Modelling, Ultra-low temperature
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DEFINING FATIGUE -LIFE LIMITS OF ELASTOCALORIC NI-TI ALLOY

Jan Cerar®, Jernej Klemend®, JakaT u g@ k
(a) Universityof Ljubljana, Facultyof MechanicalEngineering
1000 Ljubljana, Slovenig-mail: jan.cerar@fs.unlij.si

ABSTRACT

As global demand for environmentally sustainable cooling grows, elastocaloric systems have emerged as
compelling candidates to replace traditional vagamnpression technologies. Their success, however, hinges on
overcoming the intrinsic fatigue limitatisrof elastocaloric materials under tensile stress. Although tensile loading
enables thin, slender elements with fast and efficient heat transfer, it is also more susceptible to fatigue damage.
Defining optimal operating conditiodsspecifically mean straiand strain amplitudie is therefore essential for
ensuring fatiguagesistant operation and can lead to performance characteristics that deviate from conventional
expectations. Here, the fatigue behavior of a superelastic NiTi alloy was systematicallgatedsinder various

mean and amplitude strains, both for compressive and tensile loading regimes, while simultaneously monitoring the
elastocaloric effect. The resulting 3D Hailifke (in)finite-life diagram, constructed from strain and corresponding
adialatic temperature changes, identifies loading regions that enable continuous;rigigtasmt operation with
sufficiently large temperature changes for effective elastocaloric cooling anpumeping applications.

Keywords: elastocalorieffect, fatiguelife, compressiontension
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EXPLORING THE ELASTOCALORIC POTENTIAL OF NIMNTI ALLOYS
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ABSTRACT

The use of caloric materials for sokthtecooling applications presents a sustainable alternative to traditional vapor
compressiotbasedefrigerationmethods Among elastocalorignaterials superelastishapememoryalloys stand

out, owing to the reversible stresgluced martensitic transformation which involves high latent heat. NiMnTi
basedilloysshowremarkableslastocaloriperformancealueto thelargeunit cell volumechangeduring martensitic
transition and to their promising mechanical properties. In this work, polycrystalline NiMnTi alloys were produced
through different casting methods and the correlation between process conditions and microstructural, thermal and
mechanial properties was investigated. The mechanical characterization was thetbergvofk: both isothermal

and quasadiabaticmechanical tests were performed alongside strain recovery measurements, to determine the
elastocaloric parameters of NiMnTi allopsoduced through different methods. The current study contributes to
the expansion of the knowledge on polycrystalline NiMnTi alloy produced througleffestive processes to lay

the foundations for further development of effective elastocaloric alloys.

Keywords: NiMnTi, Arc melting,Melt spinning,Suctioncasting elastocalorieffect, mechanicaproperties
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DEVELOPMENT OF FE-MODIFIED NITI SHAPE MEMORY ALLOYS WITH
ENHANCED CRYOGENIC ELASTOCALORIC RESPONSE
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ABSTRACT

Shape memory alloys (SMAs) are among the most promising materiaslithstate cooling due to their large
elastocalorieffect (eCE)associatedvith the stressinducedmartensitidransformationin this work, theeffect of

Fe addition (B5 at.%) on NiTibased SMAs was investigated to enhance their eCE performance. Bulk samples
were produced bgrc melting, whileribbonswere obtainedhrough hotandsubsequentold working stepsBoth

were heatreated according to different schedules to tailor their microstructure and transformation behavior.
Comprehensive microstructural analyses were performed to correlate phase evolution, grain size, texture, and
secondary phase distributionttvialloy composition and thermal treatment, and to evaluate their effect on functional
andmechanicapropertiesincreasing-e contentprogressiveljfowersthe transformationemperatures, while heat
treatmentsfurther tune the phasestability. Compressio and tensile tests were also conductedto assess the
mechanical response and elastocaloric properties.

Keywords: Shapememory alloysNiTi, Elastocaloriceffect;
Acknowledgement: The authors acknowledge the Ministry of University for funding the project "Improved

elastoCaloric Effect BEyond tRaditional thermal manaGement (ICEBERG)" under the framework of the
programme PRIN (Progetti di Rilevante interesse Nazionale) Prot. 2022IZB2LS
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MECHANOCALORIC EFFECTSIN SILICONE RUBBER

Aleix Abadia-Huguet®® Pol Barcelond?, Mariona Roura-BoscH?®, Eduard
Vives®?) Elena Xuriguera®, Lluis Manosd®9, Klara Lunser @), Enric Stern-
Taulats®©)

@ Departamentie Fisicadela MatériaCondensada, Univeristde Barcelona08028 BarcelonaCatalunya.
® Univeristatde Barcelonanstitut of ComplexSystemgUBICS),08028 BarcelonaCatalunya.
© Institutde Nanociéncia Nanotecnologi@iN2UB), 08028 BarceloneCatalunya.

@ DIOPA ResearclGroup,Departamentle CiénciadeMaterials iQuimicaFisica,Univeristatde Barcelona,

08028, Barcelona, Catalunya.
© |nstitutefor EnergyandMaterialsProcesses Applied QuantunmMaterials(AQM), University Duisburg
Essen,47057, Duisburg, Germany.

ABSTRACT

Polymeric mechanocaloric materials can provide cooling at low values of the applie@Ftore al., 2025)Vhile

it is well knownthattheelastocaloricesponsén naturalrubberarisesnearit straindrivenchrystallisation silicone

rubber materials haweceived limited attention despite their wide use and ease of manufag@ihilgerg et al.,
1958),(Xie et al., 2016) o date, only one study has little examined its elastocaloric behavior at room temperature
(Bennacer et al., 202while another has reported giant barocaloric effects under prébraraura et al., 2020)

In this work, we present a comprehensive characterization of the mechanocaloric response of Silicone Rubber to
gain insight in its physical origins. The elastocaloric effect was studied at room temperature using infrared
thermography, and over a broatlemperature range using indirect methods basédeomvell relations under both
tensile and compressive modessltu X-ray diffraction was employed to correlate macroscopic caloric effects
with microscopic structural evolution under tensile stress. Finabylts on the uniaxial response are compared
with a characterisation of the barocaloric counterpart, thus providing the full mechanocaloric description frame.

Keywords: Polymers SiliconeRubber ElastocaloricBarocaloric X-Ray.
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ADVANCING MECHANOCALORIC COOLING SOLUTIONS THROUGH 3D
PRINTING OF SUPERELASTIC LATTICE
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Shirin Dehgahi®, Davoud Jafari®
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ABSTRACT

Shape Memory Alloys (SMAs) are materials that undergo adnd#r phase transformation upon mechanical
deformation. The variation of latent heat associated with the Thermoelastic Martensitic Transformation (TMT)
enables caloric effects that can be explbiin cooling applications. Laser powder bed fusion (LPBF), an additive
manufacturing technique, allows the manufacturing of complex architectures with large exchange surface area. In
particular, strutdased lattice structures not only enhance the heaiaage but also improve the str@ssduced

TMT while maintaining their structural integrity. Moreover, it is also possible to introduce compositional or
microstructural gradients which can further enhance the mechanocaloric efficiency and the temyedduren

our work, we fabricated NiTi and/or NiMnTi lattice structures with LPBF. The mechanocaloric properties are
investigated experimentally upon unidirectional compression and torsional deformation. Factors influencing the
functional performances dhe material are considered and eventually characterized. Moreover, the mechanical
properties and cycling resistance were assessed.

Keywords: Mechanocalorieffect; NiTi; NiMnTi; Lattices;LaserPowderBedFusion

118


mailto:emanuelebestetti@cnr.it
mailto:davoud.jafari@utwente.nl

THERMAG XI | IR International Conference on Selglate Cooling, Heating,
and Energy Harvesting | Juné 11, 2026 |jubljana, Slovenia

ORAL PRESENTATIONS

Magnetocalorics & Thermomagnetics  LINHART HALL

Chair Katja Klinar - Co-chair Joao Silva - Help Kamyar Dobakhti

14:30 Magnetostructural insights in multiphase high-entropy alloys via
advanced thermomagnetic characterisation and microscopy
Jia-Yan Law - University of Seville

14:42 Rotating magnetocaloric effect of textured ycrystalline RNis in
medium magnetic fields (upto 2 T)
Yurii Koshkidko - I[LT&SR, Polish Academy of Sciences

14:54 Rotating magnetocaloric effect in highly anisotropic epoxy-
bonded MnFePSi composite
Joao Silva - [FIMUP — University of Porto

15:06 Magnetic reversibility accompanied by thermal hysteresis in
magnetocaloric materials: a lock-in thermography study
Jorge Revuelta-Losada - University of Seville

15:18 A high-throughput study of carbon and copper substitution in
gadolinium-based films
Tchilabalo Pakam - Univ. Grenoble Alpes, CNRS, Institut Néel

15:30 The conventional and rotating magnetocaloric effect of a gadolinium
parallel-plate magnetic regenerator — influence of geometry
Rafael Almeida - University of Porto — IFIMUP

15:42 FEMCE — your one-stop software for 3D magnetocalorics simulation
Rodrigo Kiefe - CICECO — Aveiro Institute of Materials

15:54 Exploring the critical parameters of the shape anisotropy based

rotating magnetocaloric effect in Gd
Goncgalo Oliveira - Universidade do Porto — FCUP / IFIMUP

16:06 A proposed cycle design for active magnetic regenerators to
enhance magnetocaloric heat pump performance
Kunihiko Hayashi - Toyota Motor Corporation

16:18 Validation of the numerical simulation of a high-frequency
regenerative thermomagnetic generator HyperEG
Kamyar Dobakhti - FME, University of Ljubljana

119



THERMAG XI | lIR International Conference on Sefgtate Cooling, Heating,
and Energy Harvesting | Juné 11, 2026 |jubljana, Slovenia

MAGNETOSTRUCTURAL INSIGHTS IN MULTIPHASE HIGH -ENTROPY
ALLOYS VIA ADVANCED THERMOMAGNETIC CHARACTERIZATION
AND MICROSCOPY

Jia Yan Law®, Liuliu Han®, Dierk Raabéd®, Oliver Gutfleisch®, Victorino Franco®
@Multidisciplinary Unit for EnergyScienceUniversityof Seville, Spain,ylaw@us.es
® Max Planckinstitutefor Sustainablélaterials,Diisseldorf Germany
©) Departmenbf MaterialsScienceTechnicalUniversityof DarmstadtDarmstadtGermany

ABSTRACT

Third-generatiorhigh-entropyalloys (HEAS) aredefinedby compositionstrategicallydesignedrom the medium
entropyonesto achieveargetedunctionalpropertiedKlinar et al., 2024), (Law et al., 2023), (Zhang et al., 2024)

The seedof this generationthe FeMnNiGeSIHEAS, are multiphase yet achieve magnetocaloric effect (MCE)
exceeding previous resulfbaw et al., 2021)and competitive with conventional benchmark materials, like
La(Fe,Si)s, FeP, and GeSiGe, upon lowtemperature annealing. Thiseatment modifies the distribution of
magnetic anisotropy, substantially enhancing MCE. These alloys undergo magnetostrangicaimationsyhich
arefurther investigatedusingtemperaturalependentirst-orderreversal curve (TFORC) analysis and advanced
microscopy. This analytical framework enables mapping of phase coexistence and the evolution of hysteresis with
both field and temperature. The findings overturn the Jstagding singlghase paradigm of HEAsnd
demonstrate that controlled multiphase character can deliver enhanced functional properties. Reporting TFORC
behavior for the first time in any HEA, this work establishes foundational insights to advance the rational design of
nextgeneration magnetoaaic HEAS.

Keywords: Magnetocaloric effect; higkntropy alloys; third generation; temperatdependent firsbrder
reversal curve (TFORC); advanced microscopy.

References:
KIlinar, K., Law, J. Y., Franco, V., Moy a, X. and Ki
magnetocal ori c, pyromagneti c, Advaaced BEnergy Matariglddcarticleand p

2401739. doi: 10.1002/aenm.202401739

Law, J. Y. and Franco, V. (20rBHnoPpReali leavy DN Magin@n o &
Journal of Materials Researc838, pp. 3¥51. doi: 10.1557/s4357822-007120

Law, J.Y., DiazGarcia, A., MorendRa m2 r e z , L. M. and Franco, V. (2021)
FeMnNiGeSi highe n't r o p yActa Mdteaajias22, article 116931. doi: 10.1016/j.actamat.2021.116931

Zhang, W. T. , Wang, X. Q. , Zhang, F. Q. et al . (2024)
mat e rRa@ Metads 43, pp. 46304776. doi: 10.1007/s125984-028520

Acknowledgement: Work supported bygrant PID20231460470BI00 from AEI/10.13039/501100011033, and
the European Innovation Council, funded by the European Union, through project CoCoMag (Grant No.
101099736). JYL acknowledges EMERGIA fellowship (Ref. EMC21_00418) from Junta de Andalucia.

120


mailto:jylaw@us.es

THERMAG XI | IR International Conference on Selglate Cooling, Heating,
and Energy Harvesting | Juné 711, 2026 |jubljana, Slovenia

ROTATING MAGNETOCALORIC EFFECT OF TEXTURED
POLYCRYSTALLINE RNIsIN MEDIUM MAGNETIC FIELDS (UPTO 2T)
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ABSTRACT

Recently, polycrystalline magnetocaloric materials with rotating MCE have attracted more attention due to their
more convenient sample preparation than monocrystalline mat@ias et al., 2022)In our case, samples of
polycrystalline RN§ with induced magnetic anisotropy were obtained by directional crystallization. Grain
orientation was investigated using EBSD. To investigate MGRedium magnetic fields (up to 1.8 T), we used a
magneticfield sourcebased orpermanent magnetnd anapparatugor direct MCE measurements places a

rotary table( Ko s h ki d & k o Meadurenaehts were 2abrigéd7ot in different directions relative to the main
axis of the magnetic texture. As a result of direct measurements of the MCE, it was fouhd thtgtional MCE

of polycrystallineDyNis in the Curie temperature region (14 K) is 1.2 K at 1.8 T. This value is comparable to the
rotational MCEobserved previously in single crystdiikitin et al., 2010) The influence of magnetocrystalline
anisotropy on the magnitude of rotating MCE is discussed.

Keywords: rotating MCE, magnetocrystalline anisotropy, directional crystallization, direct method of MCE
research, medium magnetic fields
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ROTATING MAGNETOCALORIC EFFECT IN HIGHLY ANISOTROPIC
EPOXY-BONDED MNFEPSI COMPOSITE
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ABSTRACT

The rotating magnetocaloric effect (RMCEImeida et al., 2024has triggered attention for its potential in
refrigeration devices using loimtensity fields (~0.4 T). Yet, typical magnetocaloric materials (MCKI8)ar et

al., 2024)studied for RMCE still present major challenges: (i) relying on heavy and critical rare earth metals like
Gd; (ii) being single crystals or highly textured polycrystals complex to produce; and (iii) being -sedend
magnetic transition alloys, used t@oidd magnetic hysteresis and brittlené&autfleisch et al., 2016)Here we
address tbse challenges by developing higlading MnFePSi epoxiponded composites optimized for RMCE.
The epoxy was processed in a high aspect ratio mold with up to 98wt% of the inorganic MCM. Composites were
cured with and without a magnetic field to induce maigranisotropy via particle orientation. RMCE was studied

via SQUIDVSM to evaluate the impact of combinirgpseudemagnetocrystallineanisotropywith shape
anisotropy.Overall,the approachprovidesa simple and scalable pathway to engineer {fghformance RMCE
composites for cooling technologies.

Keywords: CompositesMnFePSi;RMCE; Anisotropy
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MAGNETIC REVERSIBILITY ACCOMPANIED BY THERMAL HYSTERESIS
IN MAGNETOCALORIC MATERIALS: A LOCK-IN THERMOGRAPHY
STUDY
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Law®. V. Franco®
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ABSTRACT

Direct tracing of the magnetocaloric effect offers insight into theweald performance, cyclability and heat
transfer dynamics of materials for their implementation in efficient magnetic refrigeration devices.

In this work, infrared thermograpma direct, norcontact, highthroughput techniquetogether with lockin
amplification for enhancing the sigr@knoise ratio, is implemented for systematic characterization and evaluation
of the adiabatic temperature change of relevant magnetocaloric material féiReleltaLosadeet al, 2025)The

method enableshe simultaneousacquisition of the phaseshift with respectthe magneticfield oscillations,
evidencingthe frequencydependence of the caloric properties, essential to take into account in the regeneration
cycle of refrigerators. Furthermore, the application of-saturating fields (in many cases in the order of those
typically used in actual applicationgjoved the thermal hysteresis of the reversible adiabatic temperature change
in different materials despite the transition being reversible vs. field oscillations. Additionally, the method enables
the 2D mapping of the caloric effect.

Keywords: Magnetocaloric effect; Direct characterization measurements;-inotikermography; Hysteresis;
Reversibility; Dynamic conditions
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A HIGH THROUGHPUT STUDY OF CARBON AND COPPER SUBSTITUTION
IN GADOLINIUM BASED FILMS
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ABSTRACT

A combinatorial thirfilm approach was employed to investigate the tunability of magnetic, magnetocaloric, and
structuralpropertiesof compositionallygradedGdX (X = C, Cu) films synthesizedy high-ratetriode sputtering.
High-throughput characterization of the graded films was carried out across 100 mm wafers using EDX
spectroscopymechanicaprofilometry, SEM, XRD (bothlab andsynchrotrorbased)andMOKE magnetometry,
complemented by SQUHYSM M(H,T) measurements on selected samples. The Curie tatape(T), saturation
magnetization and crystallographic texture were shown to be influenced by element substitution, deposition
temperature, and pedeposition annealing. These findings demonstrate how rapid screening enalciesenated
exploration and optimization of Gd-based magnetocaloricmaterials for nextgenerationsolid-state cooling
technologies.
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THE CONVENTIONAL AND ROTATING MAGNETOCALORIC EFFECT OF A
GADOLINIUM PARALLEL PLATE MAGNETIC REGENERATOR -
INFLUENCE OF GEOMETRY
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ABSTRACT

Most magnetic refrigerators rely on the conventional magnetocaloric effect (MCE), where magnetocaloric materials
exhibittemperaturehangevhenexposedo variationsn magnetidield intensity.Recently,it hasbeen shown that
demagnetizing effects in anisotropically shaped samples can give rise to the rotating magnetocaloric effect (RMCE)
when either the sample or the magnetic field is rotated, potentially enabling more compact and efficient magnetic
refrigeratbn devicegAlmeida, et al., 2024), (de Souza et al., 2025).

The RMCE wasinvestigatedn assemblie®f parallelplatestaperednto cylindrical tubingthroughfinite element
simulations, determining the internal field profile induced by different external magnetic(Réddis and Amaral,
2025).By varying platethicknesswidth, length,spacing,andtotal numberof plates,we find that increasinghe

number of plates is a key parameter, enhancing the total avaifi¥je while reducing the maximunyg ¥, ¢ This

tradeoff, driven by greaterefrigerantmassandstrongerinter-platemagnetidnteractionsmotivateda systematic
study of RMCEbased active magnetic regenerators.

Keywords: MagneticRefrigeration RotationalMagnetocaloricffect
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FEMCE T YOUR ONE-STOP SOFTWARE FOR 3D MAGNETOCALORICS
SIMULATION

Rodrigo Kiefe®, Henrique Souzd®, JoaoAmaral ®
@ Departmenbf PhysicsandCICECO- Instituteof Materials, Aveiro, 3810193, Portugal ciceco@ua. pt

ABSTRACT

We present new capabilities and features of othourse software FEMCE (Kiefe and Amaral, 2025), a-user
friendly 3D Finite Elementsimulationtool. As anexamplethe magnetiaooling performancégheterogeneouseat
andtemperaturehange)f key refrigerantdesignsareevaluatecandcharacterizeavith FEMCE, suchas:a stack

of evenly spaced thin plates, packed beds and roltaoneled refrigerants. These refrigerant designs are then
evaluated considering different benchmark materials, exhibiting both dinst secon@rder magnetic phase
transitions. FEMCE streamlinetudies on a recent emerging alternative approach to induce magnetic cooling based
on the shapeanisotropyof the refrigerant(Almeida et al., 2024). Using FEMCE, the conventionalapproach to
magnetic cooling is challenged, showcasing the performance itseréf this demagnetizing fieldased
magnetocaloric effect, for a wide temperatgpan and lower magnetic fields.

Keywords: Finite-ElementMethod;MagnetocaloricsDemagnetizingdield

References:
Kiefe, R. andJ. S. Amaral (2025)6 F E M T & 3D finite elementsimulationtool for magneticr e f r i ger ant
International Journal of Refrigeratioh73 pp. 180184. DOI: 10.1016/.ijrefrig.2025.02.017

Almeida, R. (2024) 6 R o t aniagnetogaloriceffect in polycrystalsi harnessingthe demagnetizinge f f ect 6,
Journal of Physics: Energy (1). DOI: 10.1088/251%655/ad1c61

Acknowledgement: This work was developed within the scope of the project CICEAREro Institute of
Materials, UIDB/50011/2020, UIDP/50011/2020 & LA/P/0006/2020, financed by national funds through the
FCT/MCTES (PIDDAC),and project PTDC/EMETED/3099/2020.This work has receivedfunding from the
EuropearUni onés Hori zon Europe research and innovation
under the grant agreement No. 1011611BBAGCCINE.

126


mailto:ciceco@ua.pt

THERMAG XI | lIR International Conference on Sefgtate Cooling, Heating,
and Energy Harvesting | Juné 11, 2026 |jubljana, Slovenia

EXPLORING THE CRITICAL PARAMETERS OF THE SHAPE ANISOTROPY
BASED ROTATING MAGNETOCALORIC EFFECT IN GD
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ABSTRACT

The rotating magnetocaloric effect (RMCE) consists of a temperature change induced in a material when it is rotated
within aconstanexternamagnetidield, eliminatingtheneedor field intensitymodulation.Traditionally thiseffect

is studiedin systemawith strongmagnetocrystallinanisotropy(MCA), suchassinglecrystals(Nikitin et al., 2010)

and textured polycrystaléZhang et al., 2015)whose fabrication complexity and cost hinders their practical
application. Recently, shape anisotropy (SAJmeida et al., 2024),(Quim et al., 202Bas emerged as an
alternative mechanism for RMCE, allowing for the use of polycrystals. In this work the critical parameters of the
SA-based RMCE are explored in Gd square plates with varying aspect ratios, both directly and indirectly as a
function of rdation angle, magnetic field intensity and temperatddditionally, the experimentakesultsare

validaed throughfinite elementsimulationsonthe FEMCE softwarg(Kiefe and Amaral, 2025)llowing for the

study of the angular dependence of the RMCE and its upper limits.

Keywords: ShapeAnisotropy;RotatingMagnetocalori€&ffect; Gadolinium;Finite Elements
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A PROPOSED CYCLE DESIGN FOR ACTIVE MAGNETIC REGENERATORS
TO ENHANCE MAGNETOCALORIC HEAT PUMP PERFORMANCE
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ABSTRACT

With the growing demand for energyficient refrigeration technologies, magnetocaloric heat pumps have attracted
considerable attention. In this study, we focus on magnetic refrigeration technology, which offers high theoretical
efficiency,andconducta fundamentalnvestigationaiming to derivea newcycle configurationsuitable forfuture
vehicleapplicationsin conventionaAMR heatexchanggrocesseghe heattransferfluid reciprocates withithe
magnetocaloricnaterial MCM), leadingto mixing betweertheheatedandcooledfluid streamsyhich reduceshe
effectivetemperaturgradientandconsequentldeterioratesheoverallperformanceln theproposed cycle, coolant

flows unidirectionally through the MCM, and an additional thermal circuit is incorporated to promote heat transfer
and heat dissipation. As a result, the system achievesfiigiency, greater output, and legpumping losses. The

MCM employed in this work is based on gadolinium ingots, the feasibility is verified through both numerical
simulations and experimental demonstration using a prototype device.

Keywords: magnetocaloribieatpump,AMR, MCM
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VALIDATION OF THE NUMERICAL SIMULATION OF A HIGH -
FREQUENCY REGENERATIVE THERMOMAGNETIC GENERATOR
HYPEREG
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ABSTRACT

As in magnetocaloridevicesthermomagnetidevicesalsorequireanincreasen operatingfrequencyto enhance

their performance. In this paper we present a novel design and numerical validation process-tegugghy
regenerator the HyperedKitanovski et al., 2023)(Klinar et al., 2024} for efficient thermemagnetic energy
generation. Hypereg addresses common limitations such as low efficiency, limited operating frequency, high
hydraulic losses, fluid mixing, and poor scalability, by introducing multiple parallel regenerators insthad of
traditional inseries configuration. This device uses gadolinium plates and four perpendictdigreational heat
exchangers. This approach enables usctdethe deviceeasilyandconsiderably Additionally, the shorterfluid
traveldistanceovercanesthelimitation of low operating frequency, while the resulting higher frequency, together
with the use of heat exchangers, mitigates the low system efficiency. Performance was modeled with an Ansys
Fluent numerical model and validated against an experimantalp ot ype, demonstrating tF
improved operating characteristics. Here we present the validation process and a primary configuration of the
device.

Keywords: Low-grade waste heat, energy recovery, thermomagnetic energy harvester, heat transfer,
magnetocaloric
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TRANSIENT CFD MODELING OF A ROTATIONAL MAGNETOCALORIC
REGENERATOR WITH REALISTIC OPERATING CONDITIONS
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ABSTRACT

The rotational magnetocaloric effect (RMCRjovides a promising alternative to conventional MCE by enabling
comparable adiabatic temperature changes under lower external magneti@\fiekiga et al., 2024, Fernandes
et al., 2025) It eliminates the need for external magnetic fielddulation, as thermodynamic cydle achieved
through rotanjinduced changes iithe internal magnetic field orientation(Kitanovski et al., 2010)This study
presents a transient 2D CFD model of an RM#2Eedactive magneticegenerator. The model captures anisotropic
heat transfer between the magnetocaloricsolid and the fluid, incorporating time-dependentinternal field
variations generatedby different doubleHalbach magnet configurationgVieira et al., 2023),(Fortkamp et al.,
2020) A parametric analysiscoupled with a simplified 1D model, investigates magnetic fieldmplitude,
rotation frequency, internal fieldraveform, and thermal boundary conditions, including firitgpacity reservoirs.
Key outputsinclude spatiotemporakemperaturesvolution across multiple cycles, reflecting the effectiveness

of the heat transfer fluid irextracting and delivering RMCEeneratedthermal energy to the external thermal
reservoirs, therebygleterminingnet heatingand cooling power.

Keywords: rotational magnetocaloric effect, active magnetic regenerator, CFD modeling, internal magnetic field
variation, solid-state cooling refrigeration
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MICROFABRICATED SI -BASED pTEG DEVICE PLATFORM FOR NOVEL
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ABSTRACT

Waste heat recovery usitigermoelectric materials offeescompactsolid-state solution for seffowered devices,
especially in harsh environments. While most efforts focus on improving material zT, device design and thermal
management are equally critical to maximizing performance. Our group has historically devdlopedhased

UTEG platforms integrating nanostructured materials in the form of thin (freasezMarin et al., 2014)hanowires

(Sojo et al., 2025)and microbeaméStranz et al., 2022Here, we present recent advances that increase platform
versatility,allowing integration of diverse thermoelectriwaterials in thirfilm form with their specific growth or
depositiontechniques. To illustratthis, we fabricated and tested a planar silicon uTEG incorporating thin films of
Cr,Si and Nbdoped SrTiQ (6 mol%), d emonstrating the platformoésfimadapt
thermoelectric materials integrated into a fully operating device and under realistic operating conditions.

Keywords: Silicon, thin film, micro-thermoelectriggenerato(uTEG), silicide, perovskite.
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ABSTRACT

The transition to green energy has led to an increasing demand for advanced battery solutions.-fLimelétEU
BLAZETEC project (https://blazetec.epaimsto developrevolutionaryultra-high-temperaturg1200-1600 °C)
thermal batteriesthat offer high-efficiency conversion, cosgéffectiveness, andbng-duration energy storage.
BLAZETEC focuses on the development ofensibleheat thermal battery for storing concentrated sunlight and
providing electric power on demand, and a latezdt electric thermal battery that can convert surplus electricity
from renewables into heat and provide electricity on denfaaths et al., 2022)

Solid-state thermato-electric converters are steady devices with no movement, corresponding to long ldetimes
no necessityof maintenance, andre scalable, withan efficiency not significantlydependingon the active size.
Batteries under development in BLAZETEC are enabled by advanceestaitdthermal energy converters based
on thermionic (TIG), thermoelectric (TEG), and thermophotovoltaic (TPV) generators. Specifically the TIG
hybridization is thekey technology for efficient higkemperature T&-TEG (Trucchi et al., 2018and TIGTPV
(Bellucci et al., 20202022)systems.

Keywords: Thermal battery, thermionic energy conversion, thermoelectric generation, thermophotovoltaics,
concentrated sunlight, ulttsigh temperature
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AN INNOVATIVE HEAT EXCHANGER WITH EMBEDDED
THERMOELECTRIC CHIPS FOR WASTE COOLING RECOVERY
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ABSTRACT

A crossflow heat exchanger embedded with thermoelectric chips is designed for waste cold recovery. The heat
exchanger consists of modular flasmannel components. The léemperature gaseous nitrogen enters the channel
nextto the cold sideof the TEG moduleasa cold source After leavingthe module the nitrogenis heated to room
temperature by the ambient air, and then guided into the channel next to the hot side of the TEG module as a hea
source. Two pairs of parapet walls form an enclosed spacedretwe adjacent flovechannel components, and the
thermoelectric chips are installed in these spaces. In addition, the hot nitrogen flow channel is deliberately arranged
outside to avoid ice formation on the device surface. An open voltage of 1.4 V axthaumgpower generation

rate of 22mW are obtained when the flow rate is 110 SLPM.

Keywords: ThermoelectripowergenerationWastecold recovery HeatexchangerModulardesign Anti-icing
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ABSTRACT

Transverse thermoelectrf@ TE) conversiongeneratesn electric currentorthogonalto the temperature gradient.
Because the number of thermal and electrical contacts can be reduced, TTE devices have attracted considerabl
attention as an efficient approach for thermal management (Uchida, 2022).

I n this study, we experimentally demonstrate the T
materialexhibitsaxisdependentonductionpolarity andhasattractedattentionasa TTE materialin zeromagnetic

field (Koster, 2023 & Ohsumi, 2024); however, its magnetothermoelectric transport propertiemhgeebeen
investigated.

We observea Nernseffectin this material,wherethe NernstthermopoweiS reaches 700¢ V / akROK and6T.
FurthermoreS,/T shows a distinct peak around 20 K, whereas it becomes constant in ttesriperature range
(Behnia,2016).Throughasystemati@nalysiscombinedwith Hall resistivity, we elucidatethattheobserved Nernst
peak originates from the phondnag effect.

Keywords: Transverseéhermoelectrieffect, Nernsteffect,axisdependentonductiorpolarity, semimetal
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MATERIAL LOSSES AND HEAT EXCHANGES: A UNIFIED
THERMODYNAMIC APPROACH TO COOLING EFFICIENCY
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ABSTRACT

To achieve highly efficient cooling devices using caloric materials, it is hecessary to engineer a system where
electric/magnetic field and the heat transfer are fully mastered. The active substance, the source of the field and the
thermal switches can alhtroduce additional losses that need to be considered when estimating the system's
efficiency upperbound.At the sametime, all cooling systemsitherusetheregenerativapproachor theyrely on
cascadehermodynamicyclesto amplify thetemperaturevariationof thematerialin orderto achievetherequired
temperaturespan.Thethermodynami@pproachwe presentereprovidesguidanceo understandheregenerative
thermodynamic cycle (Brown, 1976; Steyert, 1978) and to design future devices. After describing regenerative and
cascaded cycles, the analysis will consider heat transfer within the frame of the finite time thermodynamics.
Different approache$or maximizing efficiency will be presented. Finally, additional losses are introduced to
illustrate the design challenges.

Keywords: cooling, Thermodynamicycles,losses
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LEAD -FREE PYROELECTRIC ENERGY HARVESTING

Moiz Khalil @), Youri Nouchokgwé?®, Emmanuel Defay®

@ | uxembourgnstituteof ScienceandTechnology 5 Av. desHautsFourneaux4362EschBelval, Luxembourg
®)Yniversity of Luxembourg2 Av. del'Universite,4365EschBelval, Luxembourg
E-mail: emmanuel.defay@list./Tel : +352 621 410 452

ABSTRACT

Pyroelectricgeneratorswhich converttemperaturdluctuationsinto electricalenergy, areattractinginterestin
harvestinglow gradewasteheat. Currenthigh-performancesystemsoften useleadbasedmaterialssuchaslead
scandium tantalate (PS{Dhertieret al., 2022)which are costly and environmentally unsustainable. We present a
leadfree pyroelectric device based on barium strontium titanate (BST) multilayer capacitors (MLCs). BST is an
environmentallyfriendly ferroelectricmaterialwith afirst orderphasedransitionnearroomtemperaturg~18°C)

and lower fabrication costs than PST. A BST MLC prototype was tested under thermal cycling between 0 °C and
115 AC with an applied field of 83 kV cm 1T (300 V).
hot and cold fluid flow,thd e vi ce del i vered an active power density
to-electric conversion. BST MLCs are shown to be promising candidates to replabaseadmnaterials, including

PST, for pyroeletric energy harvesting.

Keywords: Pyroelectric energy harvesting; Lefde; Barium strontium titanate; Multilayer capacitors;
Sustainable; Active power density.
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POWER SUPPLY FOR ELECTROCALORIC COOLING DEVICE
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ABSTRACT

Compact, efficient, and reversible supplies are essential for electrocaloric cooling. Naribivletdectrodeggive

the opportunity to apply an electric field to small devices. Thus, the supply needs to be compact. The energy
convertedby the electrocaloric material represents less 2% of the electrical energy thdias been storedn

the electrocaloric capacitance; the remaining part needs to be recovered during the dibeffi@ygs al., 2018)

To achieve high coefficients of performance, the power supply needs to be efficient and bidirectional. In this
context, different topologies have been proposed: The bidirectional flybaaknmala et al., 2015)he halfbridge

(Monch et al., 2023)and multilevel converter@Imanza et al., 2025)The flyback is based on a coupled inductor

and is mostly developed for electroactive polymer. Thelivédige used an inductor to control the current and has
been used with PMN electrocaloric ceramic. The riewiil converters are used for dielectric elastomer actuators.
This work proposes to compare these topologies, using PVDF/cepasgd electrocaloric materials.

Keywords: Half-bridge converter, Flyback converter, Multilevel converter, Power supply efficiency, electro
caloric materials
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IMPLEMENTATION AND VALIDATION OF AN ACTIVE
ELECTROCALORIC REGENERATOR COMPONENT IN TCC BUILDER

Gr ega ®ellgzaskk Ob e®, Kdtja\Vozel®) Amdyes Kitanovski @),
Markys Cain®, Katja Klinar @
@ Faculty of Mechanical Engineering, University of Ljubljana Ljubljana, 1000, Sloveaig, klinar@fs.unij.si
® Electrosciencektd, FarnhamGU9 9QT, UK

ABSTRACT

In the scope of theHERMINATOR project an energharvesting prototype will be built, based on a combination

of thermoelectric, thermoacoustic and electrocaloric devices (refrigerators, heat pumps and generators). Therefore,
a fast and reliable approach is needed to evathat@erformance of a system where multiple different thermal
devices, based on different thermal principles, are connected and work in unison. This will enable optimization to
be carried out for all the possible combinations of condet#ices for a desired combined output. Here we present

a part of suchframework, theactive electrocaloric regenerator (AERpplementedasa component into an open

source code TCC BuildgiVozel et al., 2024)The code uses premeasured functions, which characterize the
behavior of the deviceThese functionsome from the experimental measurements or numerical simulations and
can therefore include different effects, assumptions and simplifications. Taking an example of a prototype and its
behavior describing functions from the literature, we verify the impheatien of the component. Furthermore, we
present a case study comparing various AER configurations and assessing their performance relative to that of
individual AERs.

Keywords: active electrocaloric regenerator, optimization, TCC Builder, electrocaloric, heat transfer,
refrigeration, heat pump
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AGENTIC OPTIMISATION OF THERMAL CONVERSION SYSTEM:
FRAMEWORK, ALGORITHMS AND INDUSTRIAL APPLICATIONS

Abiodun Ayodeji®, Ahmed Teyeb®, Mohmmad Ali Asgar Abbas®, Nagu
Sathappar®, Makis Livadas®, Evelyne El Masri®
@BrunelInnovationCentre Brunel University London,UxbridgeUB8 3PH, UK,
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ABSTRACT

Existing thermal conversion solvers, includifn@CBuilder, allow multiple devices to be physically coupled by
passing the output of one device to the input of the next. However, identifying optimal opsgaditgpnsor such
chainsstill relieson bruteforce, userdriven parameterselectionwithin eachd e v i allevabderange.As the
numberof devicesand control variablesincreasesthis manual exploration becomes inefficient and limits the
discovery of highperformance system architectures.

In this work, we introduce Agent€CCBuilder, which transforms TCCBuilder from a manual coupling tool into

an autonomous design framework. By integrating ralljective Bayesian optimization directly into the device
coupling workflow, the operating coritins of all devices are selected automatically and optimized jointly. This
agentdriven approach treats the chained devices as a coupled system, enabling adaptive selection, learning anc
hierarchical planningThis results in a systematic discovery of Hijgerforming thermal architectures while
explicitly balancing competing objectives such as power output and efficiency.

Agentic TTCBuilder is evaluated through a systematic comparative study of the thermoacoustic, electrocaloric and
pyroelectric stack found in literature. Performance is assessed using key metrics including powepaugput,
density, and conversion efficiency, allowing both absolute gains anddfiadi® be quantified. The preliminary
results show that agenptimized device chains consistently outperform their sidgkdce and manually selected
counterparts, achievinpower outpuincreasef 23% with improved efficiency. This gain demonstrateshe
innovationof AgenticTCC as the framework for intelligent coupling and optimisation of thermal conversion
system. Beyond the immediate applications in whest recovery and precision temperature management,
AgenticTCCBuilder establishes a computational foundatiom é&xploring emerging thermal conversion
phenomena at the intersection of multiple technologies.

Keywords: Wasteheat recovery, Design Automation, Electrocaloric,BayesianOptimisation, Thermoacoustic,
Material discovery
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BULK CERAMICS AND AEROSOL-DEPOSITED FILMS FOR CALORIC
APPLICATIONS

Hana U r_ d¢*P Matteod 6 A n @,&ictar Regis®?, lvanaGo r i@ a n
@ElectronicCeramicDepartment) o ¢Stefaninstitute,Ljubljana, 1000,Slovenia.
®J o ¢StefaninternationalPostgraduat&chool,Ljubljana, 1000,Slovenia.
*Presentincauthor:hana.ursic@ijs.si

ABSTRACT

Many activities in soliestate cooling research focus on one of the caloric effeattectrocaloric (EC),
magnetocaloric (MC), or mechanocaloric. Among these, the EC effect is triggered by voltage, which is readily
available.In this contribution,we will discusghePb(SesTan5)0s andPb(MgusNb,/3)Os-basedceramicsandthick

films for electrocaloric applications. The synthesinegterials were used in various applications, such as caloric
thick-film structures for flexible electronics. Further, we will discuss the preparation of caloric elemeadtbiat
bothECandMC effects namelyPb(Fe sNbo 5)Osi BiFeO; ceramicsaswell asthemulticaloriccompositehick film

based on the EC PMNOPT and MC Ld&eSi-based intermetallic alloy, where enhancement of electrocaloric
performance can be observed. Finally, the-iead alternatives will be discussed for B@plications.

Keywords: electrocaloricmulticaloric,ceramicthick film

142


mailto:hana.ursic@ijs.si

THERMAG XI | IR International Conference on Selgfate Cooling, Heating,
and Energy Harvesting | Juné 711, 2026 |jubljana, Slovenia

INTERFACIAL ENGINEERING OF ELECTROCALORIC POLYMERS FOR
HIGH STABILITY AND COOLING PERFORMANCE

Donglin Han®®), Xiaoshi Qian®, Shuhuai Yao®
@ The HongKong Universityof ScienceandTechnology,
HongKong, 999077 China,medonglinh@ust.hkmeshyao@ust.hk
® shanghailiaoTong University,
Shanghai200240 China,sjtuhandonglin@sjtu.edu.crsgian@sjtu.edu.cn

ABSTRACT

Thewidespreadiseof refrigerationdeviceshassignificantenvironmentaimpactsdueto high energyconsumption

and carbon emissions. Electrocaloric (EC) refrigeration, offering high energy efficiency and zero direct carbon
emissions, is a promising negéneratiorcooling technology. EC polymeeseattractivefor their flexibility and
selthealingpropertieshowever largeelectricfields aretypically requiredto achievehigh entropychangesoften
leadingto undesirablalielectricbreakdownln this work, we developednterfacialmodificationstrategiegor the
P(VDFTrFE-CFE) terpolymer to enable loxigme refrigeration with high cooling capacities. Introducing
hierarchicabrganidnterfacecombinedvith anannealingprocesyieldedabreakdowrfield of 482MV/m (Chen et

al., 2025). Furthermore, incorporating orgaimiorganic interfaces significantly enhanced the entropy change (Cai

et al., 2025), achieving 55 J/kg-K under 80 MV/m, which is over twice that of the pristine terpolymer (23 J/kg-K).
These results deonstrate an effective route to higlerformance, stable EC polymer refrigeration.

Keywords: electrocaloricferroelectricpolymers,interfacespreakdowrproperty ,entropychange
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NEW LEAD -FREE AURIVILLIUS OXIDES FOR ELECTROCALORIC
COOLING: FROM BULK TO EPITAXIAL THIN FILMS

SaralLafuerza®:®), Javier Blasco,®: ® Marco Evangelisti®: ®) David Gracia®:®),
Gloria Subias,®-® José Angel Pard& ©, Xavier Torrelles?, Jessica Padilla
Pantoja®, José Manuel Caiced®, José Santis®
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ABSTRACT

Aurivillius oxidesarelayeredferroelectricawith highdielectricstrengthJow leakagecurrent,andexcellentfatigue
resistancemakingthempromisingcandidategor environmentallyfriendly solid-stateelectrocaloriq EC) cooling.

Here, we present an investigation of ldesk SpBisTisO15 (SBTO5) compositions in both bulk ceramics and
epitaxial thin films. Bulk samples synthesized by seligte reaction and optimized via La and Nb codoping showed
atunableEC responsewith amaximumadiabatidemperaturevariation(cp J of about0.3K under37kV cm™ near

350 K, measured directly using a homemade eadisibatic calorimeter (Lafuerzst al, 2024). Highquality
epitaxial SBTO5 thin films grown by pulsed laser deposition exhibited enhanggani@ ferroelectricity and an
improved Tcompared to bulk codoped samples (Lafuatzal, 2025). These results pave the way for achieving

a large EC response at room temperature in Aurivillius films through compositional and structural optimization,
enabling scalable, efficient, and sustainable EC cooling.

Keywords: electrocaloricjeadfreeferroelectrics Aurivillius oxides,epitaxialthin films
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DIRECT THERMAL METHOD REVEALS HIGH EFFICIENCY OF
ELECTROCALORIC LEAD -FREE BA0,6SRo,4T10 3

Julius Metzdorf®, Patrick Corhan®, Jan Schipper®, SakyoHirose, ®), Kilian
Bartholomé®
@FraunhofetPM

®MurataManufacturingCo., Ltd. Freiburg,79110,Germanyjulius.metzdorf@ipm.fraunhofer.de

ABSTRACT

Electrocaloriccooling systemsare dealtasa future environmentallyfriendly highly efficient alternativeto vapor
compression. To fulfill that expectation the electrocaloric material does not only need sufficiently high adiabatic
temperature change over a broad temperature range. It needs to be made from environmentally harmless constituen
and has teshow high efficiency. The efficienayf a material can be describedthy figure of merit being the ratio

of adiabatic temperature change to irreversidteperature change. Using a direct thermethod, only including

a voltage source and an IR camera, we show thas$a) TiOz multi-layer capacitoghow a figure of merit of up

to 10. This means that the upper efficiency limit for cascaded systems (without regenbtaliavi)h this MLC

could beup to 70%of the Carnotimit, therebybeingone of themost efficient electrocaloric materials published

so far.

Keywords: Electrocaloric, efficiency, thermal method, BaSrTiO3, L-&éaeé
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LARGE LOW-FIELD -DRIVEN ELECTROCALORIC EFFECT IN
MOLECULAR FERROELECTRICS
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ABSTRACT

Due to environmentdriendliness and higlefficiency, electrocaloric effect (ECE) is widely regarded as a
refrigeration technology for tomorrooya et al., 2020)(Klinar et al., 2024)(Neese et al., 2008)Ma et al.,

2017) Recent study focuses on two kinds of ferroelectrics: inorganic ceramics usually with low driving field but
small entropy chang@air et al., 2019 Moya et al., 2013and organic PVDF polymers with large entrapmange

but high driving field (Qian et al., 2021Here,we bring up a newfamily, molecularferroelectrics For molecular
ferroelectricsccomposedf organicandinorganicparts,they hold the potentialto integratethelow driving field of
inorganics and large entropy change of organics. We studied ECE in a series of molecular ferroelectrics. For
TMCM-CdCk which showsthe largestlow-field-driven ECE, the orderdisordertransitionof spheréike organic

cation TMCM' gives a large entropy change while the deymmetry interaction provided by CdGhorganic
chainsaccountdor thelow driving field (Lin et al., 2025)Besides] will briefly introduceour recentprogressn

full solid-state magnetic refrigeration devidés et al., 2024)

Keywords: ElectrocaloricOrganicinorganichybrids,Direct measuremeni/etaelectrictransition
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SHAPING OF THERMOMAGNETIC MATERIALS INTO HEAT
EXCHANGERS i A PROCESS LEVEL ANALYSIS
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ABSTRACT

To date, there are very few technologies available for the conversion-ténaperature waste heat into electricity.
Thermomagnetic generators are one approach proposed more than a century ago. Such devices are based on a cyc
change of magnetization thitemperature, which is in practice often implemented by shaping a magnetic material
into a heat exchanger with large surface to volume ratio. Within the EU MSCA initial training network
Heat4Energy, thermomagnetic materials are shaped into heat exchamigr are then analysed in a prototype
thermomagnetic generator for the conversion of low grade waste heat (<100°C) to electricity. In collaboration with
the industrial stakeholders of the project;agalability and practical application issues of matgiprocessing are
addressed during the project. In this work, we analyse the environmental impacts and energy costs of key
manufacturing stages at process level and give suggestions for the sustainable processing of these magneti
materials.

Keywords: thermomagnetic energy conversion, heat exchangers, environmental impacts, processing
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HEUSLER ALLOYS: A MATERIALS PLATFORM FOR EXPLORING
THERMOMAGNETIC ENERGY HARESTING

SimoneFabbrici®, Lorenzo Gallo®®, Eleonora Rusconi®, FrancescoCugini®©),
Massimo Solz#©), Franca Albertini ®
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ABSTRACT

Thermomagnetic energy harvesting ipramisingtechnologyfor recovering thebundantlyavailable lowgrade
wasteheat.Performanceelieson the developmenbf improvedmagnetianaterialsthat experiencea magneticor
magnetostructural transition in a temperature range between ambient and 100 °C. Heusler compounds stand out a
promising candidates due to their remarkable tunability of functional properties.

We will report on NiMnGa and NiMnIn based compouif@siginietal., 2025) properly doped with magnetic and
norrmagnetic elements to tune their firgtind secondrder transitions temperatures. Temperature and field
dependent magnetization measurements will be used as an effectivdfabkyiciet al., 2022)to estimate the
magnetic work attainable in thermomagnetic cycles between two thermal reservoirs with varying temperatures. We
will discuss the effect of chemical substitution on the magnetic behavior of these materials, and their impact on
thermomagnetiperformance. Comparison with experimental results obtained in a laboratory scale prototype for
notable compositions will be provided.

Keywords: Heuslercompoundsmartensitidaransformationthermomagnetienergyharvesting
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HIGH -PERFORMANCE THERMOMAGNETIC POWER GENERATION
MATERIALS AND DEVICES FOR LOW -GRADE WASTE HEAT
HARVESTING
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ABSTRACT

In recentyears,thermomagnetigenerato(TMG) hasattractedmuchattentionasa newtechnologyfor harvesting
low-gradewasteheat(Chen et al., 2025However,the practicalperformanceof most TMGs is still far belowthe
theoreticalvalue. We built an active TMG device for harvestinggnade waste heat, and then evaluated the effect
of different phase transitions on TMG performance. It is found th&liNisino s Heusler alloy with secondrder
phase transitioexhibitslargeTMG performanceinakingit agoodcandidatdor TMG materials(Chen et al., 2024)
Then,we designed a novel TM@.iu et al., 2023) in which the magnetocaloric material acts as a switch that
controls the magnetic circuit. This design makes the magnetimftar inductiorcoil change between timegative

and positive maximum values, increasing the induced power by a factor of fourpfithezed TMG performance

is 2 to 3 orders of magnitude higher than those of other active TMGs.

Keywords: ThermomagnetigenerationMagnetocalorieffect; Wasteheatharvesting.
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DESIGN AND CHARACTERIZATION OF RARE-EARTH -FREE HIGH
ENTROPY ALLOYS FOR THERMOMAGNETIC HEAT RECOVERY
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ABSTRACT

The development of thermomagnetic energy conversion technologies f@rdde heat recovery is critically
dependent othe availability of materials withtailoredproperties. Keyequirements includi&rge magnetization
changes at operational temperatures, high thermal diffusivity, and low specific and latent heat (D. Dzekan et al.,
2021; F. Cugini et al., 2025).

In my talk | will discussnewfindingsonrareearthfree high entropyalloysbasedon Fe-Ni-GaMn-Si. Structural
andmagnetiaccharacterizationeevealsecondorderCurietransitionsnearroomtemperaturewhich align well with

the operationakequirement®f thermomagnetidevices.To assessheir energyconversiorpotential,calculations

based on experimental magnetization data were performed to estimate the magnetic work produced during ideal
thermomagnetic cycles. These results show significant promise, with magnetic work values surpassing those of Gd
when the hot source tgrarature exceeds 335 K-tperando testing of these HEAs in a prototype thermomagnetic
motor demonstrates that these alloys deliver high mechanical and electrical power outputs, outperforming values
reported in the literature.

Keywords: Thermomagnetibeatrecovery;High entropyalloys;
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NEAR NET-SHAPE MANUFACTURING OF LAFESI -BASED
REGENERATORS TOWARDS COMMERCIALIZATION

Hugo Vieyra®, Konrad Loewe?, Matthias Katter @
@ Vacuumschmelz&mbH& Co. KG, Hanau,63450,Germany hugo.vieyra@vacuumschmelze.com

ABSTRACT

LaFeSibasedlloysrepresent one of the fewagnetocaloric materigmilies with strong potential for larggcale
implementation in magnetic refrigeration technology. Their good magnetocaloric properties, along with clear
advantages in sustainability and cost effectiveness, further increase their chances of overtteoghingatk
gadolinium. Vacummschmelze is driving the introduction of LaleSied alloys to the market tailored to the
specific needs of its customers and partners.

The key challenge hindering widespread use of LaBbB®js is the implementation of a shaping process that
ensures reproducible, defgmor geometries at production volumes exceeding laboratory scale. Althoughegear

shape manufacturing techniques are promising, only a limited number are suitable for process upscaling at
competitive costs. In this work, we address this challenge by exploring a netyapetmanufacturing route for
LaFeSibased regenerators, aimittgcombine geometric precision with mechanical integrity and scalability.

Keywords: LaFeSi,Neatshaping,upscaling
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DEVELOPMENT AND EXPERIMENTAL TESTING OF THERMOMAGNETIC
MOTORS

P.V. Trevizoli®P H.C.C. Michel®® C.E.L. Silva®, P.A.D. Chave&), M.S. Tadim®,
A.F.G. Pires®, M.P.C. Basto&), D.L.B. Torres®, T.T.M. Rocha®?, M.A.
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MG, 31270901, Brazil

©Department of Electronic Engineering, Federal University of Minas Gerais (UFMG), Belo Horizonte, MG,
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ABSTRACT

Thermomagnetic motors are selthte energy harvesters able to convertdgoade heat wastes (T<100°C) into
mechanical energy. The objective of this work is to present the key design parameters to sticeassiagnetic

motor prototypes with different concepts: linear and rotary. It includes the relation between the magnetic field
source, the fluid flow and heat transfer properties related to the MM heat exchanger towards the increasing of the
produced poweand operating frequency. Results showed tihedinear apparatus was able to operate at 1.67Hz

and produce powers of ~9W, using Gd spheres with 500um; while the rotary motor presented maximum velocities
around 350RPM and achieved maximum torques and powers of ~1.2Nm and ~4.5W, respasitigeyd plates

with 0.9mm thick. Both systems operat@d5°C and 3%0°C as heat sink and source temperati@essidering

the stateof-the-art, theseresultsare amondhe highestvaluesreportedin theliterature.

Keywords: HeatWasteRecovery EnergyHarvesting, Thermomagnetidotors, Design,MechanicalPower
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EXPERIMENTAL COMPARISON OF THERMOMAGNETIC MOTOR WITH
DIFFERENT MAGNETIC HEAT EXCHANGER CONFIGURATIONS

Guilherme Hitoshi Kaneko®, Alisson Coccide Souzd, TsuyoshiKawanami®
@ Meij University, KawasakiKanagawa214-8571,Japanghkaneko@gmail.com
®Federal Rural University of Pernambuco, Cde&antoAgostinho,PE,54518430,Brazil

ABSTRACT

Thermomagnetic motors (TMMs) offer a promising approach for harvestinggriade thermal energy by
converting otherwise wasted heat into mechanical work through magnetization transitions near the Curie
temperature. This study experimentally compares thgudypower of a purely magnetic TMM operating under
different configurations. Two setups were tested: one with two magnetic heat exchangers (MHES) and another with
four MHEs, arranged either in series or in parallel. The serial configuration extendkee while the parallel
configuration enhances the magnetic force. Performance was evaluated under identical thermal and magnetic
conditions. Results show that increasing the number of MHEs and optimizing their configuration significantly
improves power generation.Thesefindings advancethe understandingof TMM behavior and support the
development of more efficient systems for practical energy recovery applications.

Keywords: Thermomagnetienotor,MagneticheatexchangerEnergyharvestinglL.ow-gradethermalenergy.
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DESIGN PARTICULATITIES AND FIRST EXPERIMENTAL RESULTS OF A
NEW GENERATION TERMOMAGNETIC MOTOR

JeanSchneider, Michel Risser, Sergiu Lionte, Pierre Couturier, Simon Robert,
Hugo du Moulinet doHar demar e
@ MagnoricSAS Duppigheim,67120,France sergiu.lionte @magnoric.com

ABSTRACT

A significant part of the lovwgrade waste heat is massively undgploited and typically released into the
environment without recovery. The main reason lies in lack of efficient solution available on large scale for low
temperature sources. A proper simno could be the thermomagnetic energy conversion via the magnetocaloric
effect, which can easily be applied to low temperature sources.

In this paper we present the design and the first experimental results of a next generation thermomagnetic motor
basedon an axial architectureThe magneticfield profile andtheinsidethermalleakages presentedwell asthe

initial performance results. The output mechanical power is investigated for a controlled frequency, and the
numericallysimulationis experimentallyalidated.Theinitial resultsshowthatthe TMM could easilybe usedfor

heat harvesting at low temperature level.

Keywords: Thermomagnetimotor,wasteheatharvestingmagnetocalorieffect
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A HIGH -PERFROMANCE ROTARY THERMOMAGNETIC GENERATOR
PROTOTYPE FOR WASTE HEAT HARVESTING
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ABSTRACT

In this work, we present a laboratesyale prototype of a rotary thermomagnetic generator, developed to enable
rapid assessment of thermomagnetic materials and to serve as a versatbmdestor device architecture
optimization (Cugini, 2025). Thgystem operates accorditmgthe Curie wheeprinciple,employinga thinrotor,

made of a thermomagnetic material, that is exposed to a magnetic field gradient and exchanges heat with two
thermalreservoirs A customdesignecelectricgenerator enablesimultaneougneasuremendf torque,rotational

speed, mechanical and electrical power output. The effective temperature gradient during operation is monitored
using a higksensitivity infrared camera. The prototype was tested with several classes of promising thermomagnetic
materials, integated with a straightforward rotor fabrication method assisted byrBiing. When operated with
optimized NiMnIn Heusler alloys and MnFePSi compounds, the generator exhibited mass power density and
efficiency values that suggs those of previously developed generators operating withinit6@ 30 temperature

range.

Keywords: thermomagnetigeneratorheatharvestingHeusleralloys, MnFeP Sicompounds
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FINITE ELEMENT MODELING AND OPTIMIZATION OF A MAGNETIC
FIELD SOURCE FOR THERMOMAGNETIC GENERATION

Radel GimaeV®, Katja Klinar ®, Andrej Kitanovski®
@ University of Ljubljana, Facultyof MechanicalEngineering,
A g k e r6]1800Lgubljana,Sloveniaandrej.kitanovski@fs.uHj.si

ABSTRACT

Low-grade waste heat is of great interest for energy recovery, as it accounts for up to 65% of total heat losses, while
only 6%is currentlyutilized (Langama nd OO T o o | @echndogyioi7waste hé&ahharvesting is the active
thermomagnetic generator (TMG).

Theperformanceandcostof a TMG areinfluencedby thefield sourcecharacteristican permanenimagnetbased
systems the magnetic configuration determines the magnetic flux distribution, consequently impacting TMG
efficiency. As the magneticfield sourceis oneof the costliestTMG componentsminimizing its sizeand material

usage is a critical task, often performed using finite element modeling.

This study investigates the influence of the magnetic field source on TMG performance. TMG operation was
simulatedusingAnsysMaxwell to evaluateoutputcharacteristicslependingon field sourceparametersBasedon
the parametric analysis, the field source proposed by (Tomc et al., 2023) was optimized for use in TMGs.

Keywords: thermomagnetidpw-gradewasteheat,magnetidield sourcefinite elemenmodeling
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GIANT CRYOGENIC MAGNETOCALORIC EFFECT IN EUCL:

FengxiaHu, Yuan Lin, BaogenShen
Beijing NationalLaboratoryfor Condensedilatter PhysicsInstituteof Physics ChineseAcademyof Sciences,

Beijing, 100190P.R. China.ixhu@iphy.ac.cn

ABSTRACT

Cryogenic magnetocaloric materials attract growing attention for-stdié refrigeration technologies, especially

in subKelvin applications. We discovered giant cryogenic magnetocaloric effect in orthorhombic 8@l et

al., 2024)where a ferromagnetic ground state with excellent silmgidbehavior of Eu2+ and free spins has been
demonstrated by combining ab initio calculations with Brillouin function analysis and magnetic measurements. At

a low field of 1 T, EuCI2 achieves the highesv er r ecorDB60o8B U ¢ 88T 1 L Kil.
demagnetizati on measurements demonstrated thatt the
subKelvin temperature3 4 6 mK) , surpassi ng pr iodrieflyrinergace duerdcenmat e r
work on device and barocaloric/electrocaloric effgén et al., 2024, 2025),(Gao et al., 202garticularly, low

pressure reversibly driving colossal barocaloric effect has been achieved -dlintestsional varderWaals
alkylammonium halide¢Gao et al., 2024)

Keywords: cryogenianagnetocalorieffect,barocaloriceffect
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THEORETICAL ANALYSIS ON MAGNETOCALORIC PROPERTIES OF ND .
xPRxAL 2 SERIES COMPOUNDS
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ABSTRACT

One promising application of magnetocaloriceffect is hydrogenliquefaction, a process that requires cooling
hydrogen gas below 20 K to achieve the liquid phase, which could significantly improve energy efficiency and
sustainability in hydrogen storage and transport technol¢gaw et al., 2022)

Liu et. al(Liu et al., 2023)eported experimental results oniNEKAl, series compoundehere it was mentioned
that PrAb and Pg7sNdo2sAlo s h o w  ma x + langenthagp@®r comparative to) other heavy +eaeh Laves
phasegLiu et al., 2022)

In this work we presenta theoretical investigation of the magnetothemalnd magnetocaloric effect in the
intermetallic series compounds N&rAl.. Our model Hamiltonian includes the crystalline electrical field,
exchange,and Zeemaninteractionsin both N&* and P# sublattices. A reasonable agreement was achieved
between the theory and experimentialta concerningheat capacity, @d'Yyand g ¥; o (magnetocaloriaquantities).

Additionally, the analysisof magneticanisotropyand simulationsfor the rotating magnetocaloriceffect were
performed.

Keywords: magnetocaloric, mean field, crystalline electrical field, 4+eagth, magnetianisotropy.
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A HIGH THROUGHPUT STUDY OF COMPOSITIONALLY GRADED LAFESI -
BASED FILMS

André Beleza*, Tchilabalo Pakam, William Rigaut, Pierre Le Berre, Lukas Fink,
Richard Haettel, Thibaut Devillers, Nora Dempsey
Univ. GrenobleAlpes,CNRS, Institut Néel,38000Grenoble France
* andre.beleza@neel.cnrs.fr

ABSTRACT

The magnetic properties of La(Fe;Sibased alloys, including Curie temperature:)(Tmagnetization, and
magnetocaloric effect, can be tuned via composi{®hen et al., 2009), (Niitsu et al., 2013)e used the
combinatorial thirfilm approach(Green et al., 2013p study the effect of element substitution and processing
conditions on the structural and magnetic propertiesagfe,Si)s and La(Fe,Si,xs ( X = Co, Mn ¢é)
Compositionally graded films were deposited by triggattering onto stati@my thermally oxidized 100 mm Si
substrates. Higthroughput characterization across full wafers was performed using EDX spectroscopy,
profilometry, SEM, XRD, and MOKE magnetometry, wigklected samples analyzed by SQWBM. EDX
composition maps and a psetdgonary diagram of Jfor a LaFe Si-Co library depositecat 700°Cwerecreated.
ThehighestT¢ of 304K occurredin the Co-rich region,andcorrelations between elemental distribution, structure,
and magnetic properties are discussed.

Keywords: CombinatorialStudy,High-throughputcharacterizationThermomagneti®aterials
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DESIGN OF HALBACH CYLINDERS: A COST EVALUATION FRAMEWORK
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ABSTRACT

The Halbach cylinder is a commonly used permanent magnet configuration with applications ranginngtlimad

devices to industrial equipment, including thermomagnetic conversion systems such as Active Magnetic
Regenerators and Thermomagnetic Motors. These applications often demand either static or variable magnetic
fields with high intensity across largmps. Therefore, key design considerations include magnetic field strength
and volume, as well as magnet material usage and associated costs. In partnership with CIITBEAINHDFeB

magnet manufacturer, this work has the objective of evaluating Halbdoider designs through a cest
optimization approach. A simplified, validated mathematical model is employed to analyze various geometries.
Each configuration is assessed not only for magnetic field metrics but also in terms of material cost, baked on rea
marketpricing. The proposedpproach magupporthedevelopment oéfficientandeconomicallyiable Halbach
configurations for practical applications.

Keywords: NdFeB,PermanenMagnets HalbachCylinders,Design,Cost Evaluation
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AB INITIO UNDERSTANDING OF LARGE CALORIC EFFECTS AND
MINIMAL HYSTERESISIN FIRST-ORDER MAGNETIC TRANSITIONS
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ABSTRACT

Caloric effects in magnetic materials are particularly pronounced neaorfilest magnetic phase transitions
(Pecharsky et al., 1997)However, these transitions often exhibit detrimental thermal hysteresis. While
magnetovolumeouplingis awell-established driver of firsbrder behaviofBean et al., 1962}the role of purely
electronic mechanisms, as well as the connection of these two mechanisms to thermal hysteresis, remains not fully
understood. In this work, we employ the disordered local moment (DLM) framework within density functional
theory (DFT)(Gyorffy et al., 1985)(Mendive Tapia et al., 20202022 and carry out experiments to investigate
the temperaturdependent magnetic and caloric properties atemials exhibiting different types of magnetic phase
transitions. We present new results quantifying how electronic and magnetovolume interactions inearceifirst
transitions in rareearthbased materials. By integrating these findings with previoesréhical predictions and
experimental observatior{badiaHuguet et al., 2025\Mendive Tapia et al., 2028 2020b, 2023 (Liu et al.,

2022 2024, we identify the microscopic factors that underpin a unified view of-dirder behavior and its
associted thermal hysteresis across a broad rafigeiblishedexperimentatlata. Theseinsightsprovidedesign
principlesfor engineeringnagnetianaterials that combine large caloric responses with minimal hysteresis.

Keywords: Magneticmaterialsabinitio thermodynamicdijrst-ordertransitions hysteresis
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A SPRING-ASSISTED LINEAR THERMOMAGNETIC CONVERSION
SYSTEM: EXPERIMENTAL RESULTS
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ABSTRACT

The growing demand for energy requires efficient conversion solutions. Thermomagnetic motors -stateolid
energy harvesters able to convert {grade heat wastes into mechanical energy, potentially increasing systems
efficiency. This work presents adwas on the previous version of a linear thermomagnetic system prototype
assisted by a spring mechanism. The experimental setup features a Halbach magnetic circuit, with a maximum
magnetic field of 1.35 T. A 54 g packed bed of Gd spheres with 0.5 mm diasetged as thermomagnetic
material. The lineamotion,drivenby the interactiorbetweermagnetic and elastforces, convertthermalenergy

into mechanical work. Novel experimental results reached maximum output powers of 5.83 W, 9.04 W and 9.09
W, respectivelyattheheatsourcegemperaturef 35°C,40°Cand45°C,while theheatsinkis at 5°C. Themaximum
frequencyis 1.67Hz. Theseresultsoffering promisinginsightsfor potentialapplicationin heatrecoverysystems.

Keywords: HeatWasteRecovery EnergyHarvesting,Thermomagnetidotors, Linear, Prototype.
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RESEARCH ON THE CYCLE PERFORMANCE OF CASCADE ROOM -
TEMPERATURE MAGNETIC HEAT PUMP SYSTEM
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ABSTRACT

Traditional heat pump technology is facing challenges due to the issue of refrigerant substitution, while magnetic
heat pump technology has attracted attention due to its environmental friendliness andariegggotential. To
increase its temperaturpan and widdemperature heating capacity, a cascade fmonperature magnetic heat

pump system was proposed. A hybrid cycle is adopted, combining the Brayton and Ericsson cycle, and the
proportions of these two cycles in the new cyate adjusted througmixing coefficient. The intermediate water

tank is used to replace the instage heat exchanger to reduce the heat exchange temperature difference between
stages. The maximum temperatsganreached32 K, which was 2.6% higher than thaof the Brayton cycle.
Comparedwith the singlestage system temperature span, it has increased by 61.6%. The hot end temperature has
reached 42. 3 , which is currently the highest hot
system known.

Keywords: Magneticheatpump; Active magneticregeneratorHybrid cycle; Temperaturespan; Cascade cycle
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NEW MINIMALISM STYLE MAGNETIC HEAT PUMPS: FUSION
RECONSTRUCTION OF MAGNETOCALORIC EFFECT AND LOOP HEAT
PIPE

Fucheng Chef®, Jianghong WU®), Geyao Xu?, Yaokang Zhand®, Hangye
Zhang®, Yong Li®
@ School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou,
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ABSTRACT

The development of room temperature magnetic heat pumps is hindered by thefftizetereen operating
frequency and heat exchange efficiency. Here we introduce a new minimalism magnetic heat@agmnepocaloric

loop heat pipe that couples phase change heat transfer with the magnetocaloric effect. A compsteigeulti
prototype (circumferential radius 100 mm, inner radius 6 mm) shows interlayer thermal resistafnit v iea
99.98% reduction compared to sefithte conduction. A thresage cascadeqtotype achieved a & no-load
temperature spanyhile modeling predicts upo 20 Kfor tenstage. Thenestageprototypewas able to achieve

a maximum specific heating power of 7 Wagj a cycle frequency of 10 Hz. This novel cycle features the advantages
of rapid heategeneration andltralow thermalresistancegnablingcooling and heatingin confined spaces and
highlighting phasehange heat transfer as a promising route for future caloric heat pumps.

Keywords: Magnetic heat pump; Magnetocaloric loop heat pipe; Cascade thermodynamic cycle; Phase change
heat transfer; Minimalism compact prototype
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EVALUATION OF CURIE TEMPERATURE EFFECTSIN THE
PERFORMANCE OF ACTIVE MAGNETIC REGENERATORS - PART I:
SECOND ORDER PHASE TRANSITION
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ABSTRACT

Magnetic refrigeration is a promising alternative to conventional cooling systems, offering higher efficiency and
environmentabenefits This studyaddresseacritical butunderexploredissue theimpactof CurietemperaturéTc)
uncertainty in multilayer active magnetic regenerators (AMRSs). Although multilayer AMRs extend the operational
temperature range by combining materials with differenttfieir performance is sensitive ta Variations due to
manufacturing tolerances. A numerical model based efRe-@o-Si materials was developéed combined with
machine learning to evaluate the effects of statistieaeviations. Monte Carlo simulationsing neural networks
showed t hat even Kaamsighificamty edueetthie probability af reaehint) the desired cooling
power, especially in systems with many layers. The study highlights the importgreeisématerialcontroland
present@novelmethodologyor uncertaintyassessmenisingAl tools,supporting the development of reliable and
commercially viable magnetocaloric cooling technologies.

Keywords: Uncertainty Analysis, Monte Carlo method, Artificial Neural Networks, Numerical Model,
Magnetocaloric, Active Magnetic Regenerator
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EVALUATION OF CURIE TEMPERATURE EFFECTS IN THE PERFORMANCE OF
ACTIVE MAGNETIC REGENERATORS - PART II: FIRST ORDER PHASE
TRANSITION
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ABSTRACT

Vaporcompression coolingystemsare energyintensiveand environmentallyharmful, motivatingthe searchfor

cleaner and more efficient alternatives. Magnetic refrigeration has emerged as a promising solution, but its
technological maturity is limited by several factors, including variations in the Curie temperature of magnetocaloric
alloys. In this study, Monte Carlo uncertainty analysis was conducted using Artificial Neural Networks trained on
experimentally validated numerical data to quantify the effects of Curie temperature variability. The results reveal
that current material uncertainties lead to Higant performance uncertainty, forcing designers to oversize
prototypes b0 80%to ensurestableoperationThisoversizingncreasesystem cost and complexity, while large

scale manufacturing remains hindered by insufficient quality control of magnetocaloric materials. Improving
material uniformity is therefore critical for advancing magnetic refrigeration toward practical applications

Keywords: UncertaintyAnalysis,Monte Carlomethod Artificial NeuralNetworks
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NUMERICAL MODELING OF A CASCADED BAROCALORIC COOLER
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ABSTRACT

Barocaloric materials have stirred strong interest in recent years due to the colossal effects reported in several
materialfamilies(Lloveraset al., 2021)Yet,thedevelopmentf subsequertoolingdevicesandprototypesemains

in its early researchtagesHere,we presenainovelbarocaloricoolerdesigrbasedntheprincipleof cascadingnd

thermal switcheg¢Torello et al., 2025)The design utilizes a prototypical colossal barocaloric material and takes
into account relevant features previously overlooked, such as its colossal latent heat, the time it takes to apply
pressure, and the higpressuresell thicknessOur resultsshowthata secondaw efficiency of 23%is achievable

for atemperaturespan of 15 K and a cooling power of 1.5 kW'l refrigerant. We will also provide insights in

work recovery and strategies on how to optimize it.

Keywords: Barocaloriccooling,finite elementmultistage secondaw efficiency.
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NUMERICAL ANALYSIS ON THE OPTIMIZATION OF AN HEAT RECOVERY
CYCLE FOR AN ELASTOCALORIC DEVICE
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ABSTRACT

This study presents a numerical investigation of a spiraped elastocaloric regenerator operating under a Heat
Recovery (HR) cycle (Qiaet al, 2015). The device consists of two spghhped NiTi beds (length 100 mm) with
windings of 0.3 mm and fluid channels of 0.15 mm (Cirdtaal, 2026), connected by heat recovery pipesr260
long. The finite elementmethodis usedto modelthe deviceandinvestigatethe influenceof key operating and
geometrical parameters. The operating frequency varies be@@eHz and 0.15 Hz and the ratio between the HR
duration and the fluid flow time is set to 1, 2, and 3. Five connectingdapeeters, ranging from 3 mm %nm,
arealsoinvestigatedResultsshowthatappropriatduning of theseparametergnhancesoththe cooling capacity

and overall efficiency, providing designguidelinesfor advancectlastocaloricegeneratorin solid-state cooling
applications.

Keywords: Elastocaloric cooling, Heat Recovery cycle, geometry optimization, thermal analysis, numerical
modelling
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INFLUENCE OF LOADING AND UNLOADING PROFILES ON AN ACTIVE
ELASTOCALORIC REGENERATOR: A NUMERICAL STUDY
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ABSTRACT

A transient numerical analysis was carried out to investigate the influence of different loading and unloading
profilesd instantaneous, linear, and sepairaboli® on the thermal performance of a spirstiaped elastocaloric
device. The model focuses sol@y heat transfer within a 100 riong spiral section composed of alternating
layers of elastocaloric material (0.30 mm) and water channels (0.15Haohioadingprofile wasappliedfor 0.2

s, correspondingo arotationfrequencyof 1Hz( T u gtalk D16; Cirillo et al., 2026). Results, expressed in terms

of temperature span, cooling power, and coefficient of performance (COP), show that the ideal instantaneous
loading case provides the highest thermal performance, while smoother profiles lead tly stighced
effectiveness. Temperature field distributions further illustrate the impact of the stress evolution on transient heat
exchange. These findings offer insights into the role of load temporal profiles in optimizing elastocaloric
regenerators.

Keywords: Elastocaloricegeneratoeattransfermodeling loadingunloadingprofile, thermalperformance.
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SMARTCOOL i MODELING AND SIMULATION OF ELASTOCALORIC
MATERIAL BEHAVIOR FOR TRANSLATORY COOLING CONCEPTS
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ABSTRACT

Elastocaloric cooling, exploiting the martensitic phase transformation in shape memory alloys, is considered one of
the most promising alternative® vaporcompression technologyue to its high efficiencyand environmental
compatibility. While different heat transfer mechanisms and drive concepts have been explored, this work
introducesatranslatoryelastocalorianachineconceptenablingmechanicaknergyrecuperatiorby simultaneously

loading and unloading coupled elastocaloric elements based on-Nitkaum alloys.

Thecontributionfocuseson themodelingandsimulationof the elastocalorianaterialbehaviorunderbidirectional

loading. A thermodynamielsased model incorporating experimentally derived parameters is developed to describe
key aspects such as mechanical responses, transformation behavior and latent heats. Based on these results, t
simulation study esbles the performance of the upcoming prototype to be assessed. These insights provide a
pathway for optimizing elastocaloric system design and improwérigd efficiency in future elastocaloric cooling
systems.

Keywords: ElastocaloricsPhaselransformationSimulation,Modeling, Thermodynamics
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ELASTOCALORIC MEASUREMENT APPARATUS FOR ELASTOMERS WITH
BIMODAL (EXTENSION/COMPRESSION) STRAIN -RATE AND
TEMPERATURE CONTROL
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ABSTRACT

The effectsof strainrate on the elastocaloriccesponsénavebeenextensivelyinvestigatedfor metallic materials
(Tusek et al., 2018), (Schmidt et al., 2016), (Zhou et al., 2018)uchinvestigationsrelimited for elastomerignaterials.

To addresshisgap,webuilt atensile apparatus that can separately set the-stafior extension and compression,
while regulating the ambient temperature. The apparatus uses-griveltoupled to a variablgpeed motor,
enabling bidirectional control of strain, hold period, and strain. The elastomer sample is housed in a
PID-controlled heater coupled to a nitroggas flux for temperature regulation, and its temperature is measured
with infrared thermography. This setaffows us todesignvariouselastocaloricycles;an exampleis a low-rate
extensionfollowed by a high-rate compression, which minimizes material damage while maximizing the cooling
effect. By allowing separate straiate control for extension and contraction, together with temperature control, the
instrument provides a platform for a systematic investigatibrefficient, longlasting elastocaloric cycling
programs for elastomers.

Keywords: elastocalorieffect,elastomerstrainrate
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THERMO -MECHANO -CALORIC INVESTIGATION OF CYCLIC TRAINING
EFFECTS IN NITI -BASED ELASTOCALORIC MATERIALS
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ABSTRACT

The emergingtechnologyof Elastocaloricoffers greatpotentialfor higherefficiency coolingbasedon solid-state
materials such as Nick8litanium-based alloys. To ensure consistent performance of the alloys they are first
subjectedo a training procedureThis studyfocuseson the training of superelastidNiTi-basedalloys, examining
theevolutionof theirthermemechanecaloricbehaviorundercyclicloading.A combinedexperimentaapproach is

applied to determine evolving latent heats under mechanical load, enabling the observation-tihits veaiation

during training. Controlled mechanical cyaji was performed to quantify changes in transformation stresses,
hysteresishapeandarea,andresidualstrain,while infraredthermographyapturedhe coupledthermal response.
Theresultsrevealcharacteristic progressivaodificationsin latent heatreleaseandabsorption, closely linked to

the stabilization of transformation behavior. This approach provides novel insights into how repeated loading alters
both mechanical and thermal performance as well as the efficiency ebas&d alloys.

Keywords: elastocaloricdatentheatstrainingproceduregxperimental
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PRESSUREINDUCED MEASUREMENTS OF BAROCALORIC EFFECT
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ABSTRACT

Barocaloriceffectsin solid materials haveecentlygained attentiomsa promising routéoward environmentally

friendly solidstate cooling. Accurate characterization is essential for understanding material performance under
realisticoperatingconditions.Themostcommonmethod differential scanningcalorimetrywith pressurecellsd

probes temperatwiaduced transitions, whereas barocaloric devices rely on prassimeed effects. Here, we
presenta novel experimentaketupcapableof performingpressue-inducedmeasurementst varioustemperatures

and pressure rates, reachjprgssures up to 2 kbar. The setup enables both direct and indirect characterization of
the barocaloric effect, providing measurements of adiabatic temperature and isothermal entropy changes. Initial
tests performed with silicone rubber demonstrated adéabamperature changes of around 10 K at 1 kbar,
confirming the setupob6s reliability and sensitivity.
materials and advancing the development of {pigtiormance solidtate refrigeration teclotogies.

Keywords: barocaloriceffect,pressurénducedtransition,adiabatidemperaturehange
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P-T STRUCTURAL CHARACTERIZATION OF SPIN CROSSOVER
COMPOUND FE(PYRAZINE)[FE(CN) (NO

Maxime DeutscH?®, Dorsaf Gheries®, Dominik Schanief?
@ CRM2, Lorraine University
Vandoeuvrdés-Nancy,54506 France,maxime.deutsch@unilrraine.fr

ABSTRACT

Solid-state barocaloric refrigeration is an unconventional refrigeration principle, based on the barocaloric effect
which causes reversible thermal (temperature and entropy) changes related to volume changestate solid
materials induced by applied hydtatic pressure. Among the barocaloric compound Spin crossover (SCO)
materials widely studied for their potential applications in molecular switches, memory devices, sensors are
promising candidate in order to build solid state barocaloric refrigera®®. @mpounds showing'brder spin

phase transition, which araostly basedon commonEarthabundant elementsuchas iron, will allow to avoid

the use of harmful/dangerous and of critical raw materials such asarélheelements.

In order to optimize the properties of these compounds, a thorough understanding of their structures and phase
di agram is essential. Here, we report a structural
(Plasencia et al., 2021)nder both pressure and temperature, showing spin phase transition undensinéints.

Keywords: High pressureSpin crossoverparocaloric X-ray diffraction
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GIANT MECHANOCALORIC EFFECTSIN CONFINED SPIN-CROSSOVER
COMPOUNDS UNDER UNIAXIAL LOADING: TRANSFERABLE DESIGN
RULES

Enric Stern-Taulats®, Kuibra Gurpinar ®: 9, Klara Linser@, Eyup Kavak( ®),

Sinecan I. Bozku& ", Baris Emre®), Orhan Atakol®, Marcel Porta@, Antoni

Planes?, Eduard Vives®, Alejandro Salvatori™, Pol Lloveras”, JosepLluis

Tamarit®, Lluis Mafosd®
@Departamentle Fisicade la MatériaCondensadd;acultatde Fisica,Universitatde Barcelona08028
BarcelonaCataloniaenric.stern@fmc.ub.edu
®Departmenbf Chemistry Facultyof Science AnkaraUniversity. Ankara,06100,Turkiye
©GraduateSchoolof NaturalandApplied SciencesAnkaraUniversity. Ankara06100,Turkiye
@institutefor EnergyMaterialsProcessedJniversitatDuisburgEssen47259Duisburg,Germany
©Departmenbf EngineeringPhysics Facultyof EngineeringAnkaraUniversity, Ankara,06100,T trkiye

ODepartmenbf ForensicSciencesGendarmeriandCoastGuardAcademy AnkaraUniversity. Ankarg 06906, Tirkiye
@Departamentle FisicaQuantica Astrofisica.Facultatde Fisica,Universitatde Barcelona08028 BarcelonaCatalonia
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ABSTRACT

Barocaloric materials are outstanding, but integration is hampered by generating and containing high hydrostatic
pressuresvith thick-walled vessels, seals, and presdmmasmitting medidlLloveras et al., 2021)With a laterally
confined pistorcylinder imposing a controlled stress state between hydrostatic anghfeeéal, we drive giant
mechanocalorieffects inthe spit r o s sover ¢ o mp | seusingfederate uniaxial Idadsr(~-2 kN).B F
Combinedcalorimetricanddilatometricmeasurementgive| pS130Jk g K Tand| o¥ 6.8K at95MPa; at

160 MPa, | Tehchesld.4 K, comparableto hydrostaticbarocalorics.BecauseSCO transitionscarry large
entropiegSandeman et al., 201§)/allone et al., 2019)Romanini et al., 2021}he uniaxialroutetransferamore
heatat lower stresghanelastocalorigrototypesreducingoperationaivork and boostingcOP (Moya et al., 2015)
(Qian et al., 2023} ower peak stresasopermitsthinner,thermally conductiveonfinement wallsmproving heat
exchange and enabling higher cycling frequencies. Together this enables compeatawolitdoling units and
guides design: choose tferce mode and confinement that maximise coupling and stabilise the load path.

Keywords: Mechanocaloric effects, elastocaloric effects, barocaloric effects,c&mrover compounds, Uniaxial
loading, Confinement, Solidtate cooling.
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COLOSSAL BAROCALORIC EFFECTSIN SPIN CROSSOVER COMPOUNDS
WITH A SHARP SPIN TRANSITION
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ABSTRACT

Recently, spin crossover(SCO) compoundshave emergedas promising solid-state barocaloric refrigerants
(Sandeman et al., 201§y allone et al., 2019)In thesecompoundsa phasetransitionfrom a high-spin(HS)to a
low-spin(LS) statethatcanbeaccompaniethy a large volume chandg&dtlich et al., 2013)Shatruk et al., 2015)

is behind the emergence of barocaloric effects. In this work, we characterized the barocaloric response of two SCO:
{Fe(3-Fpy)2[Pd(CN)4]} and {Fe(Fpy)2[Pt(CN)4]} (abbreviated as FPd and FPt, respectivelyhégns of high

pressure calorimetry and-pay powder diffraction. Both compounds exhibislaarpHS-LS phasetransitionwith

an associatedransition entropy changeof &Y & 200and170 Jkg - K, respectively beingthe highestvalues
reportedsofar for the family of SCOcompoundgMartinez et al., 2009)Their HS-LS phasdransition is strongly
sensitive to the applied pressure and shift at a ratdTgl p & 1 0.222KIMPa We have found that both
compounds exhibit colossal barocaloric effects below room temperature, which become reversible under moderate
pressuresofj g8 100. MPa

Keywords: spin crossover, colossal barocaloric effects, {uighssure calorimetry, higbressure >ay powder

diffraction.
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ADSORPTION REFRIGERATION
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ABSTRACT

Solidi gas adsorption refrigeration is an alternative to vapor compression refrigeration. Herein, we conceive the idea
of acoustically enhanced sdligas adsorption refrigeration, combining adsorption refrigeration with
thermoacoustic effects. Since sorptikinetics is governed by variations of pressure and temperature that are
intrinsic to acoustiovaves the combinationis physicallyreasonableTheresultingadsorptiorrefrigerationmicro-
cyclesareacousticallydriven, therebyeliminatingthe complexstructurein conventionakhdsorptiorsystemsyvith
extrathermoacousticooling effects.We developatheoryandapplyit to evaluatecooling capacityandcoefficient

of performancenf the combinedrefrigerationcycle. Resultsshowthat, underappropriateacousticfields andwith
suitable adsorberstdsorbate pairs, thefrigeration ismproved considerably compargéa standalone adsorption

or thermoacousticefrigeration,verifying thatacoustimscillationscaneffectively drive, andsignificantly enhance
adsorptiorrefrigeration.This explorationbuildsthe theoreticalframeworkfor the acousticallyenhancedolid-gas
adsorption refrigeration.

Keywords: solidi gasadsorptiorrefrigeration thermoacousticefrigeration,Langmuirkinetics
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MODELING OF THERMOACOUSTIC GENERATOR IN TCCBUILDER
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ABSTRACT

Thermoacoustic power generation represents an innovative emanggsting approach characterized by high
reliability, low cost, and environmental friendlineg§ao et al., 2023) Within the THERMINATOR project,
funded by the European Unionés Horizon Europe prog
developing an electrthermal energy converter that combines thermoacoustic and electrocaloric principles. To
analyse theriteraction and integration of these two technoldyiegentually leading to working prototypé the

first step focusesn modelling. The hybrid systens modelled using CChuilder,anopensource simulatiotool

for time-dependent onrdimensional analysis of thermal control circé®zel et al., 2024)

In this paperwe presenbneof thefour modulesbeingdevelopedvithin this project:thethermoacoustigenerator
module. The module operates as a black model, considering onliys inputs and outputs. These are carefully
definedandconnectedhroughspecificmathematicafunctionsderivedfrom the literature,describingthed e vi c e 6 s
performance. In thipaper we demonstrate the model and present a case study comparingoamiigusations

and assessing their performance relative to that of individual thermoacoustic generators.

Keywords: thermoacousticT CCbuilder,generatorheattransfer,energyefficiency
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ABSTRACT

PhaseChangeMaterials(PCMs)areemergingasefficient solutionsfor the developmenof thermalenergystorage

and management systems. Thanks to their high thermal conductivity and wide region of phase transition
temperatures, metallic PCMs are suitable materials for effective latent heat storage solutions. In this work, fully
metallic PCMs composed of a -®ased active phase (melting temperature equal to 230°C) dispersed within a
passive Albased matrix, thought for Thermal Energy Storage purposes, were produced by induction melting.
Thermal properties were modelled and compared to results from experitastgtal he microstructure of the alloys
wereanalyzedoy optical and scanningelectronmicroscopyand energydispersivex- ray analysisMoreover, the

effect of thermal cycling was investigated to assess the PCMs stability in view of technological solutions design.
Thediscussedesultsaim at providinga guidelinefor the developmenbof efficient thermal energy storage systems
based on advanced metallic PCMs.

Keywords: thermalenergystoragephasechangematerials Al-Snalloys
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ROLE OF POLYMER ELECTRODES FOR GELIFIED
THERMOELECTROCHEMICAL REDOX SYSTEMSFOR WASTE-HEAT
RECOVERY APPLICATIONS
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ABSTRACT

Thermogalvanic cells (TGCs) have emerged as a promising technology for convertiggattersthermal energy

into electricity. Liquid electrolytesoften struggle withleakage andigidity issueghatrestricttheir usein flexible

and wearable_applications. Gel electrolytes have emerged as an ideal solution, especially when ionic liquids are
incorporated into gel matrift.ee et al., 2025)

We present a Gel Electrolyte TGC device using 100 mM Co(Il)/Co(lll) electrolytes and PEDOT PH1000(10%
DMSO) based electrodes on both GI&3®© and PETITO. The device has shown Seebeck coefficient ranging
from 1100 uV/K to 1300 uV/K. We verified that théeetrochemical Seebeck coefficient depends on electrode
distances. In the range from 200 um to 2r&mebeckose from-1100 pV/K to-1600 uV/K. Electrical conductivity
reachedup to 0.31mS/cm,highlightingthema t e rpotemtialfoshigh-performancehermoelectric applications.

We arenowinvestigating the impact of different Co(l1)/Co(lll) concentratianslelectrodesnade through various
deposition techniques on the device performgBcekingham et al., 2021)

Keywords: SeebeclCoefficient,Thermogalvani€ell, Co(Il)/Co(lll) Electrolyte,EnergyHarvesting.
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THERMOPHOTOVOLTAICS: FROM CELLS TO MODULES
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ABSTRACT

Thermophotovoltaics (TPV) convert thermal radiation directly into electricity through the photovoltaic effect.
ConventionalTPV systemscombinea thermalemitterwith a closelycoupledinfraredsensitivephotovoltaiccell.

Although recent studies report efficiencies up to 44% (Rayinde et al., 2024) the highest among sotstate

heat engings many rely on serrémpirical models and millimetescale devices, leaving open questions about
practicalperformanceandscalability. Here,we addresghesechallengeghroughtwo advances(l) fabricationof

largearea (1 cm2) TPV cells based on Ge and InGaAs semiconductors, and (2) direct efficiency measurement using
high-temperature calorimetry under high viéactor conditiongLépez et al., 2023). We demonstrate efficiencies

of 7i 12%for Geand25i 30%for InGaAsdevicesachievingpowerdensitiesof 1i 5 W/cmz2at emitter temperatures

up to 1800 °C. Preliminary TPV module integration results show over 100 W output, advancing scalable TPV
systems for higltemperature thermal battery applications (Datas et al., 2022).

Keywords: thermophotovoltaics;alorimetry,efficiency measuremengemiconductodevices
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INTRODUCING AN ARTIFICIAL NEURAL NETWORK FOR PREDICTING
THE PERFORMANCE OF THERMOPHOTOVOLTAIC DEVICES

Myrto Zeneli®”, Alejandro Datas?®
@ |nstitutode EnergiaSolari UniversidadPolitécnicade Madrid Madrid, 28040, Spaimy.zeneli@upm.es

ABSTRACT

Thermophotovoltaic (TPV) devices convert thermal radiation into electricity using a pair of an emitting and an
absorbing (thermophotovoltaic cell) surface. Selecting suitable optoelectrical material properties and
operating/design parameters is cruciait¢bieve high conversion efficiencies in such devices. Simulation tools can
assist on this process, however, most of the-sfatiee-art models are either limited in their predictions or time
consumingThiswork introducesareducedordermodelbasedon an artificial-neuralnetwork(ANN) trained with

data from an electric model describing the performance of TPV devices. The electric model (Datas et al., 2015)
uses inputs, such as the emitter and cell temperatures, emitter emissivity, asdrizek reflectivity, providing
valuable insighinto the TPV conversion efficiency. ANNased multivariable polynomial functions ahen
trainedin MatlabE usingdatafrom theproducediatasetsyith fitting performedhroughthelLevenbery Marquardt
algorithm. The resulting functions enable fast and accurate estimation of TPVs performance.

Keywords: artificial neuralnetworksihermophotovoltaidevice;electricmodel;reducedordermodel
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HYPEREG: HIGH -FREQUENCY MAGNETOCALORIC REGENERATOR
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ABSTRACT

Magnetic refrigeration is an efficient, environmentally friendly alternative to vepmpression systems, using
magnetocaloric materials in active magnetic regenerators (AMRs). However, AMRs typically operate efficiently
only below5 Hz dueto heattransferlimits andfluid lossessoadequateooling powerat low frequencydemands
largemasse®f magnetocaloricnaterialandpermanenmagnetsincreasingcostandslowingcommercialization.

To address these challenges, we present an experimentabprmofcept of HyperegKitanovski et al., 2024),

(Klinar et al., 2024)a highfrequency AMR capable of operating at significantly higher frequencies (abd¥2).10

To harness Hyperegbds pot germanentimagnetic field soefEomc ehal.t 2028Nn | e s
was developed, generating a T.5agnetic field change at frequencies up téiaPwhile a redesigned hydraulic

system enables he@ansferfluid oscillation up to 20 HzThese preliminary findings mark an important first step
toward the development dfigh powerdensity magnetocaloric devices, as well as other caloric technologies.
Further design challenges will also be outlined in this contribution.

Keywords: Active Magnetic Regenerator, Higfrequency, Magnetocaloric, Magnetic Field Source, Power
Density
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COUPLED MAGNETIC AND ELECTRIC MODEL OF A THERMOMAGNETIC
ENERGY HARVESTER

Aske Chris Nilssorf®, Andrea Roberto Insinga®, Salvatore De Angeli$?, Rasmus
Bjork @
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ABSTRACT

Thiswork present@nanalyticalandnumericalmodelof athermomagnetigenerato(TMG) thatcalculategpower

by explicitly couplingthe T M G énagneticandelectriccircuits. The governingordinary differential equationsof

the TMG arederived.The analyticalsolutionof theseyalid for systemswith smallrelativevariationsof magnetic
permeability, shows that TMG power has a linear dependence on coil volume, independent of the specific
combinationof wire radiusandcoil turns,while thefull numericalmodelalwaysapplies.Utilizing the model,we
determine values for the load impedance that maximize power, requiring the implementation of a load capacitor
matching the two coil's selfiductance. The model is validated with experimental data and finally used to study
prototypeTMGs presentedn literature,wherewe showthatthe powerof theseliteratureTMGs canbe increased

by a factor of 18400 timeshad larger coils been used in the prototy(ihl et al., 2024), (Dzekan et al., 2021),

(Liu et al., 2023), (Waske et al., 2019).

Keywords: Thermomagnetic energy harvesting, Thermomagnetic materials, Magnetic circuit, Electric circuit,
Finite element method, Numerical modeling
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RESEARCH ON A MAGNETOCALORIC HEAT PUMP DESIGN PREVENTING
FLUID MIXING IN AMR OPERATION

Daiki Endo®, Kunihiko Hayashi®, TsuyoshiKawanami®
@Schoolof ScienceandTechnologyMeiji University
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ABSTRACT

Magnetocaloric heat pumps based on the active magnetic regenerator (AMR) cycle utilize the magnetocaloric effect
to obtain heated and cooled fluids at the hot and cold ends, respectively, through a reciprocating flow of heat
transfer fluid. However, thisithirectional operation causes mixing between the-hagll lowtemperature streams,

which limits the achievable temperature span. In this study, we propose a unidirdttiwranfiguration in which

the heatransfer fluid continuously carries heat avilygm the magnetocaloric material (MCM), thereby preventing
mixing between the hot and cold ends. Thermal storage media are introduced on both sides to alternately store anc
release heat, allowing each end to remain thermally independent. As a resutiptiseg system can efficiently
establish and maintain a temperature span withoutimadkg losses, offering a promising pathway toward higher
performance and practical implementation of magnetocaloriegugap technology.

Keywords: magnetocaloribeatpump,AMR, reciprocatinglow, unidirectionalflow, MCM
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DESIGN OF A MAGNETOCALORIC HEATPIPE WITH 20SEGMENTS

Jan Schipper®®), Sabrina UnmiiRig®, Christian Vogel, Kilian Bartholomé®, Stefan
Monch®, Jirgen Wollenstein®
@ Universitat Stuttgart Stuttga®0569,Germany
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ABSTRACT

Active magnetocaloric heat pipes (AMH) are proposed as an alternative to active magnetocaloric regenerators
(AMR). AMH use evaporation/condensation and passive check valves to rectify heat flow. This heat transfer
method enables a higher power densitygamkerates much lower pressure losses compared to the forced convection
used by AMR. In this work we will focus on the development of our latest prototype. Which is a cascade consisting
of 20 segments filled with 2 kg of Gd. Several components of thistppatdike the magnet systeamdthe check
valveshavebeenimprovedcomparedo previousprototypes Eventhoughonly about60% of the segments were
functional at the same time due to issues with the distribution of the liquid, this system achieved a maximum

temperature span of 13.5K and a maximum cooling power of 235 W. At 10 K the system reached an exergetic
efficiency of 17 %.

Keywords: magnetocaloric cooling, active magnetocaloric heat pipe, heat pump
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A COMPACT DESIGN PORTFOLIO FOR MAGNETOCALORIC
REFRIGERATORS AND HEAT PUMPS

Jierong Liang®, Dimitri Benkeé®, ThomasPlatte®, Tim Sittig®, Maximilian Fries ®),
Tino Gottschall®

@ DresderHigh MagneticField Laboratory(HLD-EMFL), HelmholtzZentrumDresderRossendorf)1328
Dresden, Germany

® MAGNOTHERM SolutionsGmbH, Pfungstadtestr. 102,64297DarmstadtGermany

ABSTRACT

In this work, we show a concise technology portfolio to support the-s@ye design of magnetocaloric
refrigerators and heat pumfisiang et al., 2020)The portfolio comprises three integrated components: (1) a
dimensionless analytical model for rapid estimation of magnetocaloric material requirements; (2) a convolutional
approach for coupling magnetic field distributions, material properties, andl@uiccharacteristics to determine

the optimal regeneratgeometry;and(3) asecondaw analysisod thatquantifiesirreversibilitiesthroughouthe
regenerator, enabling the rapid identification of efficiency losses, with particular emphasis on cryogenic
regenerators employingompressibleheattransferfluids. The technologysuite will be validated againstboth
experimentatlata and a fulkcale regenerator mod@iamantopoulo%t al., 2025) Moreover, it is applicable to

both roomtemperature and cryogenic magnetocaloric sys{@itanovski et al., 2020)This integrated portfolio
represents a significant step toward the rapid, mibdetd developnm¢ of nextgeneration magnetocaloric
refrigeration and heat pump technologies.

Keywords: Active MagneticRegeneratoimensionles#\nalysis,ConvolutionOperation,Thermodynamics.
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DESIGN AND PERFORMANCE OF A CAM -DISC-BASED ELASTOCALORIC
DEVICE WITH FOUR PHASE-SHIFTED ELASTOCALORIC REGENERATOR

Andrej Ge r o vCniigkdn | StafanoDall Olio, SimonK r a ¢ Mile Brojan, Jaka
Tugek
University of Ljubljana, Faculty of mechanical Engineering Ljubljéia1000,Sloveniag-mail:
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ABSTRACT

Elastocaloric cooling has emerged as one of the most promisingstatkdalternatives to conventional vapor
compressiorsystemsWhile significantprogresshasbeenmadein the developmenbf elastocalorienaterialsand
regenerators in recent years, the drive systems for loading elastocaloric elements have received comparatively little
attention, despite their critical impact on overall performance. Here, we present the first integrated elastocaloric
device that combies four elastocaloric regeneratorada of NiTi tubes and a drive system that provitestant
torqueandwork-recoveryduring the operation.The objectiveis to demonstrat@n approactthat optimizes work

input to maximize systedevel efficiency by utilizing the synergy between the mechanical respaointdee
regeneratorandtheadvancedirive conceptWe describethe design,operationandexperimental characterization

of the device, including measured temperature span, cooling/heating power and coefficient of peri@@Bhce
Theresultsdemonstrat¢he potentialfor future compactefficient,andscalableslastocaloric cooling systems.

Keywords: Elastocaloricefficient drive systemgconstantorqueapproach
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NON-UNIFORMLY SHAPED MULTI -LAYER ELASTOCALORIC
REGENERATORS
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ABSTRACT

Elastocaloric (eC) cooling enjoyed fast development, however, its full potential has yet to be released, partially due
to the inevitable inhomogeneous phase transition in eC materials. Inspired by the evergreen coniferous trees in
nature, we report a namiformly shaped multlayer eC regenerator that advances eC cooling by aligning geometry
with stresdistributionto addresghis challengeThe designstrategicallyariestubedensityacrosshree layers to

match the intrinsic stress profile, mitigating overstress and incomplete transitions. Using a single corgradecial

NiTi material, the regenerator achieved a 45.5 K4fvad temperature span, surpassing the unisimapedaseline

by 12.4%.Thisimprovements attributedto its non-uniform designwhich boostsphase transition homogeneity by

66.4%. Besides, scalability was demonstrated via a reciprocating eC water chiller incorpwiatagenerators,
achieving272.6W cooling powerat zerotemperaturespan.This researchshowing that customized namiform

shape and geometry philosophy is the future direction for eC cooling.

Keywords: Elastocaloric cooling regenerator, Inhomogeneous phase transitiomyiform geometry, Geometry
function matching principle
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PROOF-OF-CONCEPT TESTING OF NOVEL NEOPENTYL GLYCOL
BAROCALORIC COOLING DEVICE

Pravinth Balthazar®, Mohammad S.Islam®, Nick S.Bennet{?

@ Schoolof MechanicalandMechatronidEngineeringUniversity of TechnologySydney Ultimo, NSW 2007,
Australia,Pravinth.Balthazar@uts.edu.au

ABSTRACT

Rising global warming intensified the demand for alternative sustainable cooling technologies. Barocaloric
refrigeration has emerged as a promising alternative, follothmgiscovery oNeopentyl Glycol (NPG)which is
comparable to R34a(Aznar et al., 2020; Lloveras et al., 2019). Many researchers have investigated materials with
colossabarocaloriceffects (Kitanovsketal., 2015;Qianetal., 2016; Llovera® Tamarit,2021andCirillo et al.,

2022), some focus on thermodynamic cycles (Dai et al., 2023) and numerical analyses (Qian et al. 2024). However,
no barocaloriadevicesexist;magnetocaloridatawereusedto validatethemodelasaviableapproach. Thauthors
designecandbuilt a 65 mm-diameterbarocaloricdeviceto test20g of NPG anddemonstratea proof of concept.

This studymeasureghe experimentaphasdransitiontemperaturef NPGat 250,300,and350MPa, comparing it

with NaCl to demonstrate the barocaloric effect atlB2The cooling temperature span and refrigeration capacity

will also be evaluated for each pressdreven irreversible Brayton Barocaloric (BBR) cycle. Future research will
examine barocaloric material 6s per eraturgrat3xOdMPainder v a

Keywords: NPG, CoolingTemperaturé&pan RefrigerationCapacity BraytonBarocaloricrefrigerationcycle
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HIGH -PERFORMANCE ELASTOCALORIC AIR COOLING AND
DEHUMIDIFICATION BY SHUTTLE -COILING ACTUATION
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ABSTRACT

Existing elastocaloric air cooling isnited by bulkyand inefficient actuation systefisAh | i n e f(Lial . , 2
al., 2023) resulting in low metrics (compactness, cooling power, and efficiency). Here, we develop ecshlirtfe

actuation based on NiTi wire bending to improve these metrics. A cooling layer consists of NiTi wires and copper
shuttle, and multilayer stackidigrmsachambein whichtheuncoiledwire segmentsemaincold (14.5K drop)to
coolairflow directly (Sharar et al., 2021JChen et al., 2022)A 42 L volume elastocaloric air cooler built on this
architecture delivers 205 W cooling power with an electrical coefficient of performance up to 5.1. Furthermore, our
device demonstrates a promising dehumidification performance, with a moisture reateval 3 L per day at

30°C room temperature and 80% relative humidity. These results reveal the importance of improving the
elastocaloric air cooling by advancing actuatibi¥ang et al., 2023)

Keywords: Shapememoryalloy, Elastocaloricooling,Bending,EnergyEfficiency, Dehumidification
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HIGH SPECIFIC POWER ELASTOCALORIC SYSTEMST FLAT AND
COMPLIANT COOLING SYSTEMS THROUGH DIELECTRIC
ELECTROACTIVE POLYMER ACTUATOR SYSTEMS

Paul Motzki , Daniel Bruch

SmartMaterial SystemsZeMA i Centerfor MechatronicandAutomationTechnology SaarlandJniversity
Saarbricken, 66121, Germamgul. motzki@unisaarland.dedaniel.bruch@unrsaarland.de
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ABSTRACT

Research on Elastocaloric cooling and heating has been emerging in recent years due to its potential to reduce
energy consumption and environmental impacts. The newly-fdR@d DEAcool project seeks to push this
technology further by incorporating dieldctelectroactive polymers (EAPS) as actuators in elastocaloric (EC)
systems. Replacing conventional electric motors or hydraulic systems, EAP drive systems offer substantial
reduction in both weight and space requirements without compromising enerigneffiand work output. This

novel approach will significantly improve the speciiower density of EC systems terms of both volumand

mass,and new completelyflat geometrieenablingnew areasof application,including wearablemedicalcooling

devices, portable vaccine and food preservation, climate control in automotive and aerospace industries, satellite
component cooling, and textilategrated cooling systems. The contribution presents first concepts, preliminary
simulations and eagrlexperimentatesults of EAPs driving the deformation of Nickétanium-based Elastocaloric
materials.

Keywords: elastocaloricgooling,dielectricelastomerselectroactivgpolymers solid-staterefrigerant
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NEW LOW CRITICALITY HIGH ENTROPY ALLOYS WITH IMPROVED
MAGNETOCALORIC EFFECT AT ROOM TEMPERATURE

Elisa Guisado-Arenas®, Zhe Cui®, Luis M. Moreno-RamireZ®, Carlos Romero-
Mufiiz®, Jia Yan Law®, Victorino Franco®

@Multidisciplinary Unit for EnergyScienc MUFENS), Departamentale Fisicadela Materia Condensada,
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ABSTRACT

Magnetic refrigeration is an energfficient alternative to traditional cooling, driven by global cooling demands
and climate mitigation. Yet, widespread adoption is partly stalled by the dirediffadetween performance and
material criticality (unstale supply chains and global market risks). We present a scalable paradigm shift by
engineering the multicomponent high entropy alloys (HEAS) for large magnetocaloric effects without criticality
issues. Our MisFe sNi1xCWSi system eliminates dependeicehighmagnetiemoment rare earths and cobsadt

well as criticalsupply germanium. The desired magnetostructural transformation (MST), absent in MnNiSi, was
successfullynducedvia Fe/Cuadditionforx O 0 .THeptimizedMST magnifieshemagnetocalorieffect aroom
temperaturepoosting performanceby an astounding300 % (comparedto x=0). The x=0.20 alloy records an
isothermal entropy change of 5.8 JH#¢* (2 T), the new global benchmark for roritical magnetocaloric HEAs.
Ourfindingsprovidethecritical materialfoundationaddressingupplystability andsustainableolid-statecooling.

Keywords: magnetocalorieffect, high entropyalloys, low materialcriticality, magnetostructuratansformations

Acknowledgement: work funded by the European Union within CoCoMag project (Grant no. 101099736),
AEI/10.13039/501100011033 (project PID202860470RBI00). E.G.A. acknowledges FPU scholarship (Ref.
FPU23/03426) from the Spanish MICIU. J.Y.L acknowledges EMERGIA 2021 fdlipviiom Junta de Andalucia
(Ref. EMC21_00418).

202


mailto:eguisado1@us.es

THERMAG XI | lIR International Conference on Sefgtate Cooling, Heating,
and Energy Harvesting | Juné 11, 2026 |jubljana, Slovenia

EXPERIMENTAL INVESTIGATION AND COMPARISON WITH
THEORETICAL RESULTS OF A CU BASED QUATERNARY HEUSLER
ALLOY

M. Molteni®, E. Gariboldi @, P. Bassan®

@ politecnico di Milano, Department of Mechanical Engineering Mil@8d,56,Italy,
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ABSTRACT

Heusleralloy areof highinterestdueto their potentialusein for solid staterefrigeration.Focusing on Cu bearing
Heusler alloys, the majority of the investigations on these materials, rely on theoretical calc{Maietal., 2017)

and on magnetic characterizati@whl et al., 1982)paying less attention to processing, heat treatments or thermal
cycling on microstructural features that could impact to the performances of such materials.

The authors investigated a quaternary Heusler alloy, produced-lnettiag, both in the as produced and thermally
cycled condition, trying to focus on microstructural featuneslification.ldentificationof acandidatéeuslemlloy
wasbasecdnavailablditeraturedatawith targetCurietemperature ¢»90°C.

Microstructure was analysed by OM, SEM observations, supported by XRD analyses. Additionally, DSC and DTA
analyses were performed to provide preliminary indications of the presemderostructuratransformationThe
resultswere then comparedwith the simulation derived results to assess the reliability of predictions for the
investigated system.

Keywords: Heusleralloys,Microstructuralinvestigation,Thermalstability
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A SPIN FRUSTRATED HOURGLASS {GDo} MOLECULAR NANOMAGNET
WITH UNUSUAL MAGNETOCALORIC PROPERTIES
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ABSTRACT

We report a highly symmetric{Gds} molecularnanocaggPanguluriet al., 2025) The magnetocaloriceffect,
evaluated bylirect andndirectmethodsexhibitsare-entrantshapen theisentropiccurves,indicatinganontrivial

evolution of magnetic entropy under applied fields. To elucidate this behavior, we used thterfipiéeature
Lanczosmethodon amodelspinHamiltonian.Thecalculationsshowthatthe antiferromagnetiexchange between

Gd" ions,togethemwith the geometridrustrationintrinsic to the{Gds} core,yieldsadegenerate ground state. An
external field lifts this degeneracy, creating a regime with a sharply reduced density of states between 1.5 and 4 K,
which drives the unconventional magnetocaloric response. Thg fade thus represents a rare case of spin
frustration from competing antiferromagnetic interactions, illustrating how frustrated topologies and tunable low
energy excitations can be exploited to modulate magnetothermal behavior.

Keywords: CryogenicsMagnetismMagnetocalorieffect, Spinfrustration,Gadolinium,Molecularmagnet

ReferencesPanguluri et al.). Am. Chem.Soc.2025,doi.org/10.1021/jacs.5¢c13048
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AN EFFICIENT APPROACH TO FABRICATE SPHERICAL
MAGNETOCALORIC POWDERS

Lukas Beyer®®) JensFreudenbergef®?), Marc StraRheim©9, Tino Gottschall®,
Julia K. Hufenbach®P
@L_eibniz Institutefor Solid StateandMaterialsResearctDresden(IFW Dresden)Helmholtzstr.20,
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ABSTRACT

The applicationof magnetocalorienaterialsin heatexchangerss promisingwhensphericalpowdersare utilized.
Sphericitybenefitsthe surfaceto-volumeratio whenusingpowdersdirectly asregeneratobeds,e.g.for hydrogen
liquefaction,or whenusingthemasfeedstockior additive manufacturingPowderbedsareoften preferreddueto
their simple handling and good compromise between heat exchange and pressyfeash@ap et al., 2018)
(Wieland et al., 2020)Tang et al., 2022)T'ypically, spherical powdeggreproducedy gasatomizationamaterial
andcostintensiveapproacttonnectedo greateramountsof excessin contrasttheultrasonicbaseddA T OL a b + 0
deviceby 3DLabatLeibniz IFW Dresderallowsfor amore precise control and even srradhle fabrication. This
helps selecting optimal compositions and parameters towards upscalingnaihifainingalow amount ofmaterial
to start with(Hinrichs et al., 2021)We showcase the utilizatioof this deviceasanoptionin alloy development
and presentrecentresultson magneticaswell as computedtomographic characterization of spherical-Gad
LaFeSibased powder&Stralheim et al., 2025).

Keywords: MagnetocaloricGadolinium,LaFeSi,Powder Atomization
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EXPLORING ANISOTROPIC MAGNETOCALORIC PERFORMANCE VIA
FE/TI SUBSTITUTION IN NITCOi MNiTI HEUSLER -TYPE MELT -SPUN
RIBBONS

Mariana Rios®P), Patricia Lazpita®P), JoaoH. Beld®), Ricardo Pinto®, Daniel
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BasqueCenterfor Materials,Applications,andNanostructures BCMaterials,
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Alegre s/n, 416907 Porto, Portugal

ABSTRACT

In this work, a series of BCoisMnasF&Tiizx (X = 0, 1, 2, 3) ribbons were prepared using rit-spinning
technique. Macroscopic magnetic measurements of thesmait ribbons show thahe magnetostructural
transformatiorstronglydepend®ntheFe/Tiratioin thetypically B2- ordered lattice, exhibiting a significant shift

in the martensitic transformation (MT) temperature frbh7 Kto 318K. Furthermore, thessamples displaa

large change in magnetizatibonppM) during the MT, associated with the
phase to the antiferromagnetic martensite phase, an appealing feature for magnetocaloric applications. Another
remarkable observation is that the thermal hysteresis ifethi$y of compounds remains nearly constant, around

25 K. The intriguing behavior of these msfiun ribbons contributes to the growing understanding -afmiktal
Heuslertype systems and underscores their potential for anisotropic magnetocaloritdgigsparticularly those
requiring a broad operational temperature range, such as in aerospace applications.

Keywords: All-d Metal Heusletype Alloys, Magnetocaloric effect MCE, Anisotropiagnetocaloric
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FROM HYDROGEN TO HYDROGEN: TUNING THE PERFORMANCE OF
GDFESI FOR MAGNETOCALORIC HYDROGEN LIQUEFACTION
THROUGH HYDROGEN MODIFICATIONS

Allan D6ring®, Wei Liu ®, NeneTeinor® Marc Strasshein®, Tino Gotschall®),
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ABSTRACT

Liquid hydrogenplaysa majorrole in the shift towardsa carbonneutralenergysociety.Lowering the cost ofits
liquefactionis crucialfor large scaleimplementationandmagnetocaloricooling presents promising method to

i mprove process efficiency. I n this -$-Xaompouynd (@&FeSi)u n e d
to produce a strong magnetocaloric effect within the hydrogen liquefaction range.

Hydrogenmodificationsuccessfullyeducedr f r Ktm25K,2algningit with the desiredemperature range.
Further mor e, hydrogenation i mproved the isother mal
under a 10 T applied magnetic field. The directly measured adiabatic temperature change also idotddised,

from 6 to 12 K. Thesefindings demonstratéhatcontrolledhydrogenationsane f f ect i ve strat egy
enhance magnetocaloric performance offX compounds, offerig a promising approach for advancing
magnetocaloric hydrogen liquefaction technologies.

Keywords: Magnetocalorichydrogenationhydrogeniquefaction
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SYSTEMATIC STUDY OF THE MICROSTRUCTURE AND
MAGNETOCALORIC PROPERTIES IN OPTIMIZED LAFE 12Be

Protyasha Prachurja®, Wei Liu®, Alex Aubert®, Benedikt Beckmanr® Konstantin
Skokov®, Oliver Gutfleisch®

@ |nstitute of Materials Science, Technical University of Darmstadt Darm$i4887,Germany,
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ABSTRACT

Light rareearthbased magnetocaloric (MC) materials are attractive due to their abundance and lower criticality
concerngLiu et al., 2023) Amongthem,L a F e afird-orderMC compound exhibits a phasetransitionnear

36 K, making it a promising candidate for hydrogen liquefac(ibiop et al., 2016b)However, its strong MC

effect appears only under high magnetic figles T), limiting low-field performancegDiop et al., 2016a)This
reducedeffectis attributedo its antiferromagnetic ground state and secondary phases in the microstructure. In this
study, we systematically optimized the synthesis parandetechnique, compaosition, annealing temperature, and
duratior® to enhance phase purity and magnetocalorjforese. We bserved that annealing at 1383 K for 24 hours

with a 3% La excess minimized the secongdrgsefrom 13.2to 7.7wt.% andsharpenethe firstordertransition.

As aresult,themaximummagneti ¢ entropy <change increased mar ke
magnetic field.

Keywords: MagnetocaloricLa-Fe-B, hydrogenliquefaction,microstructurefirst orderphasetransitionmaterial
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RESIDUAL FERROMAGNETIC REGIONS AFFECTING THE FIRST-ORDER
PHASE TRANSITION IN FE -RH
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ABSTRACT

Among the magnetocaloric materials featuring foster phase transitions (FOPT), FeRh is considered as a
referencesystemto studythe FOPTbecausét isafi s i mignargsystemwith a CsClstructureexhibitingalarge

adiabatic temperature change. Ab initio predictions suggest that slight Fe/Rh stoichiometric changes strongly affect
its FOPT,yet experimentalerification remainedimited. Here,we examinehow small Fe excessnfluences the
transition hysteresis. A 1 at.% Fe surplus induces a persistent ferromagnetic phase in ~10% of the sample, while 5
at.% fully suppresses the FOPT. Elemgmecific XMCD and Mossbauer spectroscopy reveal that this
ferromagnetic signal arisdsom Fe antisite defects (Fe atoms occupying Rh (1b) sites) which create residual
ferromagnetic domains. Consequently, even minor Fe enrichment drastically alters FOPT behavior and
magnetocal oric performance. Th &ldometricisemsitivityagpdoffer bromdeli f y
insight into FOPT dynamics in magnetocaloric materials.

Keywords: FeRh first-orderphasdransition,ferromagneticdlomains XMCD, magnetocaloric
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IN-OPERANDO COMPARISON OF TAILORED FULL -HEUSLERS WITH
FIRST- AND SECOND- ORDER TRANSITIONS FOR LOW -GRADE WASTE
HEAT HARVESTING

EleonoraRusconf?, Lorenzo Gallo®, SimoneFabbrici®, Giovanna Trevisi®,
FrancescoCugini®, Massimo Solz, Franca Albertini ®
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ABSTRACT
Thermomagnetienergyharvestingshowspotentialfor low-gradewasteheat(T<100 °C) conversiorto electricity
by exploiting thermomagnetic materials showing, al

temperature¢Dzekan et al., 202150 far, firstorder transition materials have been scarcely investigated. Here,
two full- HeuslersystemsNi-MnGaandNi-MnSnwererespectivelydopedwith copperlatMn andGasites)(Endo

et al., 2011), (Kataoka et al., 20&@yicobalt(at Ni sites)Krenke et al., 2005), (Zhang et al., 2ab3)btain first

order, and seconrdrder transitions within 300K and 400K. These were tested in a Curie wheel prguge

et al., 2025)0 assess the impacts of transition type, transition temperature, aatehigstvidth on the mechanical

and electrical power outputs. Rotation was observed when the transition temperature was within the effective
temperature gradient (e&T) of the thermomagnetic whe

yiel ded compositions with high &M an®NiwMasCuasGarishd)st er e
A/m?kg, hysteresis: 4+1 K; Mi:CadMnze Sri1 g 74 AIntkg, hysteresis: 7+1 K).

Keywords: Heat4EnergythermomagnetibarvestingHeuslercompoundsiirst ordertransitions
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COMPOSITION INFLUENCE AND MAXIMUM MAGNETOCALORIC EFFECT
AT ROOM TEMPERATURE IN NI -CO-MN-TI ALL -D HEUSLER ALLOYS
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ABSTRACT

Ni-Mn-based Heusler alloys, particularly -Bb-Mn-Ti, show large caloric effects driven by their martensitic
transformation. Building on previous insights into the compositional influence on the transition entropy change, we
optimized the alloy compositioto evaluate the maximum magnetocaloric performance of this system near room
temperature under high magnetic fields. The saturated magnetocaloric effect associated with-afuerfirst
magnetostructuralansformatiorin NizzC0:1aMnza4 5Ti155 wasinvestigaed usingmagnetometryheatcapacity,and

direct adiabatic temperature change measurements in pulsed magnetic fields. A saturated isothermal entropy chang
of 38 J(kgK)* and an adiabatic temperature changei 20 K were obtained, requiring magnetic fields of
approximately 56 T in isothermal and 15 T in adiabatic conditions. Notably, this represents the highest directly
measured adiabatic temperature change among madistiénduced firstorder phase transitions at room
temperature in recent years, pidimg fundamental insight into the upper performance limits achievable in
magnetocaloric Heusler alloys under extreme magnetic field conditions.

Keywords: MagnetocaloricNi-Co-Mn-Ti, Heusleralloys
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CORRELATION OF MICROSTRUCTURE, POROSITY AND DEFECTS WITH
15T-ORDER MAGNETOSTRUCTURAL TRANSITION CHARACTERISTICS IN
NITMNTSN HEUSLER ALLOY
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ABSTRACT

In this study, we examine the influence of particle size and microstructure on the nucleation and growth process of
the temperaturnduced firstorder magnetostructural phase transition (FOMST) ifMNiSn. Gasatomized
powderaminimizethe conflicting effectsof morphologyanddefects Magnetometnandin-situ microscopyreveal

that reducing particle size from 150 pm to < 20 um narrows transition temperature ranges to 1 K and increases
thermal hysteresis to 30 K.

By adjusting the relative density in spgrlasmasintered NiMn-Sn, the effect of porosity on the FOMST is
studied. Magnetometry reveals that an increase of the relative density from 77 % to 99 % narrows the transition
rangedrom 18K to 9 K anddecreasethetransitiontemperaturdrom 263K to 254 K. In-situ microscopyreveals
martensite nucleation at free particle surfaces in 77 % derSEMin, while nucleation in 99 % dense-Mn-Sn

arises at sintering necks.

Keywords: Magnetocaloric, Heusler alloy, Martensitic transformation, Microstructure, Nucleation -Slparka
sintering
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ON THE HIGH -FIELD CHARACTERIZATION OF MAGNETOCALORIC
MATERIALS USING PULSED MAGNETIC FIELDS
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ABSTRACT

Recentstudiesn materialsandmethodgor hydrogeriquefactionandinnovativetechniquedbasedn multicaloric
materialshavesignificantlybroadenedhe scopeof thefield on magnetiaefrigeration.The propercharacterization

of materials is now more crucial than ever. Specifically, at cryogenic temperatures and magnetic fields beyond
permanent magnets. In this work, we give an overview of the characterization techniques established at the Dresder
High MagneticField Laboratory using pulsed fields [1]. We discuss the advantages of the investigation method on
the basis of welstudied magnetocaloric materials [2], including Laves phases [3] andaidhs. Additionallyywe
showhowthe magnetichysteresiplaysa significantrole at cryogenictemperatureandhow its consequencese

only measurableéhroughdirect measurementand, moreover,how indirect measurementsould lead to wrong
interpretation of the magnetocaloric effect at low temperatures.

Keywords: Magnetocalorieffect, directmeasurementsydrogeniquefaction,pulsednagnetidields
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GIANT MAGNETOCALORIC EFFECT IN QUATERNARY FEIRHTIRTPD
ALLOYS: EXPERIMENTAL AND THEORETICAL STUDY
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ABSTRACT

Binary Fé Rh alloys exhibit significant magnetocaloric properties (Gimaev et al., 2020). However, their practically
useful magnetocaloric effects (MCE) are limited to narrow composition and temperature rangestrexitien
MCE in nearstoichiometrialloysoccursfar from roomtemperatureAdditionally, thehighcostof rhodiumrestricts
theirapplicability. Thereforethesearchor alloyswith giantMCE andreduced’hodiumcontent is of great interest.

This study presents the first theoretical and experimental analysis of antiferromagnetic and ferromagnetic phase
coexistence in quaternary bulkifRhi Iri Pd alloys. Firsprinciples calculations were conducted to determine
electronicand magnetiproperties A giantMCE ( fas= 10.2K at amagnetidield changeof 1.8 T)wasdirectly
measured in the compositionoz&R o 90dP th.0dlr'0.035)0.51.

Previously studied binary (Sanchealdés et al., 2020) and ternary-8ehtaining alloys (Jiménez et al., 2021)
wereusedasreferencesMagneticandstructuralpropertiesvereexperimentallyinvestigatedandthemechanisms
underlying the observed giant MCE were analyzed.

Keywords: magnetocaloricjopedrFe-Rh alloys, directmeasurementdirst-principlescalculations
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LIGHT -RARE-EARTH -BASED MAGNETOCALORIC COMPOUNDS:
ADDRESSING CRITICALITY
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ABSTRACT

Lavesphase intermetallic compounds based on heavyeath elements have long been recognized for their
excellent magnetocaloric performance at low temperatures, making them promising candidates for cryogenic
cooling applications(Liu et al., 2024), (Bykov et al., 2024), (Zhang et al., 2028)wever considering recent
geopolitical developments, the reliance on heavy rare earths poses challenges in terms of cost, availability, and
sustainability. In this work, we explore the magnetocaloric propertieavasphases formed frofight rareearth

elements as an alternative, using hydrogenation to lower the transition temp@satane et al., 2011)Using a
combination of structural, magnetic, and direct adiabatic temperature change measurements at the Dresden Higf
Field Laboratory, we demonstrate that these compounds exhibit notable magnetocaloric effects in the
technologically relevant temperatusnge. The relationshipetweencompositionmagneticordering,andentropy

changds analyzedo reveal hav variationsin the stoichiometry can influence magnetic transition behavior. Our
findings highlight the potential of ligktareearth Lavephases as efficient and resouommscious materials for
nextgeneration soligtate coolingechnologies.

Keywords: Magnetocaloriclavesphaseslight-rareearths hydrogenationhydrogeriquefaction
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MAGNETIC AND MAGNETOCALORIC PROPERTIES OF GDRHIN
INTERMETALLIC

SachinGupta
Departmenbf PhysicsBennettUniversity, GreateMNoida201310 /ndia sachin.gupta@bennett.edu.in

ABSTRACT

Rareearth intermetallicsexhibit rich magneticbehaviorwith promising functional properties(Pecharsky and
Gschneidner1997), (Guptand Suresh2015), (Gupta2023).This study investigates the structural, magnetic, and
magnetocaloric properties of the GdRhIn compoundgay diffraction confirms a hexagonal crystal structure.
Magnetization measurements reveal two successive transitions: an antiferrorragieetamagnetidransition

nearl6 K andaferromagnetigo-paramagnetitransitionaround34 K, corroborated by heatpacity data. The

i sothermal magnet i c e nrant cagagty (RCrefounaeto béiP.SIk)g Kaand282Je f r i ¢
k g forfield changesf 70 kOe and 50 kOe, respectively(Kumar et al., 2024)The significant magnetocaloric

effect suggests that GdRhIn is a potential candidate fotdawperature magnetiefrigeration.

Keywords: Magnetocalorieffect; magnetismrareearths
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FERROMAGNETIC PHASE TRANSITION IN (MN,FE) 2(P,SI)
MAGNETOCALORIC COMPOUNDS
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ABSTRACT

Amongthemagnetocalorior thermomagnetimaterialsaimedat applicationsnearambientemperaturearethose
that underga first-ordermagnetictransition. HexagonaMn,Fe)(P,Si) compounds areften brittle, andshowa
significantchangen the c/a ratio for thelattice parameterscrosshe ferromagneti¢FM) -to- paramagneti¢PM)
phase transition, leading to significant internal strains in cyclic magnetic field applications.

In high-energy synchrotron microbeamr&y diffraction experiments we measured the characteristics of lattice
parameters, grain orientations and intragranular strains in the FM and PM phases in single crystalline and
polycrystalline(Mn,Fe}(P,Si)sampleausingscanning3D X-ray diffraction (sS3DXRD). The ferromagnetiqgohase

transition was induced by cooling and by applying a magnetic field. The local internal strain matrix was probed
across the ferromagnetic transition in both the PM and FM phases.

Keywords: Magnetocaloridvaterial, First OrderMagneticTransition,SynchrotronX -ray Diffraction
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Zhonghao Chang®, Jorge Revuelta-Losadd®, Erika Fontana®, Nora Dempsey”,
Katja Klinar ©, Andrej Kitanovski ©, Jia Yan Law®, Victorino Franco®

@ Multidisciplinary Unit for EnergyScienc§ MUFENS), Dpto. Fisicadela MateriaCondensaddCMS-CSIC,
University of Seville, Seville, 41012, Spaithang@us.e34 675019988)

®) UniversitéGrenobleAlpes, CNRS,GrenobleNP, Institut Néel, Grenoble 38000,France
© Facultyof MechanicaEngineeringlUniversity of Ljubljana, Askercevés, Ljubljana1000,Slovenia

ABSTRACT

Themagnetocalorieffect(MCE) is theadiabatid e mp e r a t u iTa@ of @nagnetigraterigl andea varying
magnetidield. Its utilization in magnetocaloricefrigeratorpresents promisingalternativeto conventionavapor
compression systems. MCE is often evaluated Tiandi r e
measurements provide a practical performance metric, albeit influenced by the frequency of the field. Hence, we
numericallyinvestigatehefrequencydependenteladin Gdfilms usingatime-dependentiwo-dimensionamodel

of a custom experimental set{ipevueltal osada et al., 2025The model couples heat transfer with M(Petersen

et al., 2008pased on the Arrofiloakes equation of staieranco et al., 2008jpr a 40 um Gd film capped with 0.1

pm tantalum layer. The temperature response is fous@ttoateabovea critical frequency,with the phaselag
betweerexcitationandresponsalecreasingsfrequency increases. The strong agreement between simulated and
experimental data confirms the predictive capability of the model.

Keywords: Magnetocalorieffect; Heattransfer;Gd thin film; adiabatidemperaturehangefrequency
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XCT IMAGE ANALYSIS FOR CHARACTERIZING 3D PRINTED
THERMOMAGNETIC HEAT EXCHANGERS IN ENERGY HARVESTING
APPLICATIONS
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ABSTRACT

The 3D extrusion and post heat treatment process of the developed thermomagnetic heat exchanger blocks ma:
introduce defects affecting heat transfer efficiency, magnetic and mechanical properties. This study investigates the
morphology of these componemtsd identify trends that enhance material performance in the demonstrator using
thenondestructivecharacterizatiotechniqueof X-ray computedomography(XCT). XCT imageanalysis enables

3D visualization of the printed structures, while DragonFly softwestimates scalar quantities such as volume,
tot al surface area and void fraction. | mage segme
morphological operations on the reconstructed XCT volume, facilitates estimation of the mean filameterdi

channel width, and internal porosity distribution along the building direction. The repeatability and dimensional
accuracy of the printing process are assessed thdigghanalysis parallel and perpendiculathe watefflow
direction.Finally, analysisof cycledheatexchangers reveaseliminarycorrelationsbetweerfailure mechanisms

and mechanical integrity of the blocks.

Keywords: X-ray computedomography)mageanalysis,Thermomagnetidieatexchangers.
References:

Du Plessis, A., Sperling, P., Beerlink, A., Tshabalala, L., Hoosain, S., Mathe, N. & Le Roux, S.G., 2018. Standard
method for microCIbased additive manufacturing quality control 1: Porosity analysis. MethodsX, 5, gdip.1102
1110. doi:10.1016/j.mex.2018.09%0

Funk, A., Zeilinger, M., Miehe, A., Sopu, D., Eckert, J., D6tz, F. & Waske, A., 2018. Mnibz=R&d
magnetocaloric packed bed regenerators: Structural details probeddyytdtnography. Chemical Engineering
Science, 175, pp.820. doi:10.1016/j.ces.201RM30

Glushko, O., Funk, A., MaieKiener, V., Kraker, P., Krautz, M., Eckert, J. & Waske, A., 2019. Mechanical
properties of the magnetocaloric intermetallic LaFe
pp.40Q 50. doi:10.1016/j.actaman28.11.038

P y

You, X., Maschek,M., van Dijk, N.H.H. & Briick, E., 2021. MagneticPhaseDiagramof theMn x F e
/] e24010002

System. Entropy, 24(1), p.2. doi:10.3390

Acknowledgement: This project has received funding from the European Union under grant agreement No
101119852

219


mailto:anja.waske@bam.de
mailto:michael@magneto.systems
mailto:bowei@magneto.systems
mailto:e.h.bruck@tudelft.nl
mailto:n.h.vandijk@tudelft.nl

THERMAG XI | IR International Conference on Selgfate Cooling, Heating,
and Energy Harvesting | Juné 711, 2026 |jubljana, Slovenia

MICROMECHANICAL MODELING OF THE MARTENSITE
TRANSFORMATION IN NIMNGA ALLOYS

Shibl Gill ®, David Bohm®, Anna Kosogor®, Gilles A De Wijs ®, Ama Agyemar®
Thomas Schreff?

@ Departmentor IntegratedSensoiSystemsWniversityfor ContinuingEducatiorkrems,Viktor KaplanStrae
2E, 2700 Wiener Neustadt, Austria

®) RadboudUniversity, Institutefor MoleculesandMaterials,Heyendaalsewej35,6525AJ Nijmegen,The
Netherlands

ABSTRACT

The coupled magnetostructuratransition from the paramagneticcubic austeniticphaseto the ferromagnetic
tetragonal martensitic phase in NiMnGa alloys is central to magnetocaloric and thermomagnetic applications. We
model eigenstresses aedaluatecritical stresse#n polycrystallineN i Mn G a(x = 0.12)alloysusingthefinite

element metho{Xue et al., 2023)focusing on the martensitic transformation within grains. Our approach bridges
scales by integrating DFT derived elasticity tensors and phdispersions with micrometacale finite element
models of misoriented grains. We quantify eigenstresses arising from the martensite transformation, and
demonstrate the influence of the microstructure: grain size, morphology, and orientation. Oushesultsat
average grain size is proportional to eigenstress magnitudes, wheréas WMisesYield Criterion(VMYC) does

not exhibit a direct correlationwith grain size.Porosity dampens both eigenstresses and VMYC, highlighting its
role in mechanical stability.

This project has received funding from the European Union under grant agreement No 101119852 Heat4Energy.
Keywords: Microstructure Finite ElementAnalysis,Martensite ShapeMemory Alloy
References:Xue, T.; Liao, S.; Gan, Z.; Park, C.; Xie, X.; Liu, W. K.; Cao, J. JAEM: A Differentiable GPU-

Accelerated3D Finite ElementSolver for Automatic Inverse Design and Mechanistic Data Science. Computer
Physics Communications 2023, 291, 10880ths://doi.org/10.1016/j.cpc.2023.108802
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FUNCTIONALLY GRADED (MN,FE)2(P,SI) THERMOMAGNETIC
MATERIALS FOR ENERGY HARVESTING APPLICATIONS

SuyeBu, Nielsvan Dijk, Ekkes Brtick

Fundamentafspectsof MaterialsandEnergy,Delft University of Technology Delft, 2629 JB, the Netherlands,
S.Bu@tudelft.nl

ABSTRACT
Thermomagnetienaterials(TMMs) enablewasteheatharvestingn thermomagnetigenerator§TMGs) through
temperature induced magnetization changes ( M), ge

oM typically occurs wi t H30rK), lanitimggpnracticalwffictereynp er at ur e s p a

I'n this work, we i nvest i ga tearthfleeMIMMF eith tuQeBbleSproperties.o mp o
Compositionoptimizationyieldsimpurity-free ( ©9%)andthermalhysteresigree( OK) phasesBy varyingMn

and Si content, the Curie temperature) (i tuned between 30850 K precisely. Compositions with higher Mn
exhibit | arge oM values, up toc~57.0 ALm]JLkg T with

Furthermore, a functionally graded design is proposed by mixing materials with diffejerdan@d applying
controlledheattreatmentsinterdiffusion producessmoothcompositionagradientghat canbe furtherengineered
via additive manufacturing (e.g., 3D printing). The resultingBdient enhances heat exchange, sustains magnetic

flux variation, and maximizes ®M during TMG operat.
Keywords: Ther momagneti c generator, Ther momagnetic mater
gradient

References:

WaskeA. etal. NatEnergy4, 68 74 (2019).https://doi.org/10.1038/s4156118-0306X
N.H. Dung, et al. Phys. Rev. B 86 045134 (20b&ps://doi.org/10.1103/PhysRevB.86.045134

Acknowledgement: This project has receivedfunding from the EuropeanUnion under grant agreementNo
101119852.

221


mailto:S.Bu@tudelft.nl
https://doi.org/10.1038/s41560-018-0306-x
https://doi.org/10.1103/PhysRevB.86.045134

THERMAG XI | lIR International Conference on Sefgtate Cooling, Heating,
and Energy Harvesting | Juné 11, 2026 |jubljana, Slovenia

FIRST PRINCIPLES INVESTIGATION OF ELEMENTAL  SUBSTITUTIONS
AND H-LOADING IN LA(FE xSli-x)13T BASED MAGNETOCALORIC
MATERIALS

Anita Yadav®, Markus Gruner®

¥ Departmentof Physicsand Centerfor Nanointegration(CENIDE), Universitat DuisburgEssen, Duisburg,
47057 e-mail: anita.yadav@uriue.de

ABSTRACT

La(FeSiix)13 is a leading magnetocaloric material, characterized by a sharprfiest phase transition and a large
associatedentropy change. Its behaviorarisesfrom an intricate coupling amongthe magnetic, electronicand
lattice degree®f freedom,which makesthe material highly responsive externalfactors and enablegargeted
tuning of its magnetocaloric respon&gkokov et al., 2023), (Terwey et al., 2020), (Zhang et al., 202h¢
operating rangecan be adjusted bysubstitution and interstitial loadingf other elements, whichlters the local
atomic environment, redistributes electronic density, and interactsheithagneticmoments,therebyreshaping
the interplay between structuraland magneticsubsystems.

In this work, we apply firsprinciples calculations within the densitynctionattheory framework to examine
systematically, how chemical substitution andoldding influences site occupancy and lattice expansion, and how
these effects jointly dictatersttural stability, spin interactions, and thermodynamic behavior. The results further
provide a foundation for constructing machlearningbased force fields, enabling efficient modeling of the
thermodynamicpropertiesof La(FeSiix)13 under hydrostatt and chemical pressure

Keywords: Magnetocaloricmaterials, First-principles calculations
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ASSESSMENT OF THE THERMODYNAMIC PERFORMANCE EVOLUTION OF A
MAGNETIC AIR CONDITIONER PROTOTYPE

Guilherme F. Peixer®, AndersonLorenzoni®, PauloFaria®, DiegoReif®, Alan D.
Nakashimd®, Cristiano S. Teixeira®, Jader R. BarbosaJr.®%, Jaime A. Lozano®
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©Craft& HawkinsDepartmenbf PetroleunmEngineeringlouisianaStateUniversity, BatonRouge LA 70803,
United States.

ABSTRACT

Heating, cooling, and air conditioning systems are responsitddéat8% of globalgreenhousgasemissions and

20% of electricity use. With aironditioning demand expected to triple by 2050, new sustainable technologies are
urgently needed. Magnetocaloric refrigeration emerges as a promising solution. This study presents the design,
optimization, andexperimental evaluation of a pitetale magnetocaloric air conditioner. The system combines a
rotoist at or magnet i c cirdafrigananst and tukadiq Reat eMahangers,) optimited using
Artificial Neural Networks and Genetic Algorithms (Peixer et al., 2023a). Three prototype generations were
developed and improved basmtexperimentatesults.Thefirst prototypeachieved a temperature span suitable for

air conditioning (2235 °C) and a peak cooling power of 480 W (Peixer et al., 2023b). Remarkabieionly
systemreportedto cool anactualroomwithout usingsimulatedthermalloads. The study demonstrates significant
progress and dlines challenges toward largeale implementation.

Keywords: Magnetocaloridrefrigeration Air conditioning,Performancé&valuation.
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NUMERICAL MODELING OF AN ACTIVE MAGNETIC REGENERATOR
BASED ON THE ROTATIONAL MAGNETOCALORIC EFFECT

Radel Gimaev?), Dar j &), Udbarl Tomck), Rafael Aimeidd®, Rodrigo Kiefe©),
Jodo H. Beld, Jodo S. Amaral, Katja Klinar ®, Andrej Kitanovski ®"
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, andrej.kitanovsk@fs.untlj.si

ABSTRACT

Therotationalmagnetocalorieffect (RMCE), basedon magnetocrystallinanisotropyor demagnetizingffect, is

promising approach for magnetic refrigeration. RMCE simplifies device design and improves compactness, as there
is no need to vary the magnetic field. Moreover, RMCE enables operation at low fields: the adiabatic temperature
change for 0.4 T (1.15 K) B0% of that for 1 T (1.27 K) (R. Almeida et al., 2023).

To study RMCEbased active magnetic regenerators (AMRS), we developed-dirapasional timedependent
numerical model. This model allows analysf¢he dynamic operation under various parameters including fluid
flow rate, operating frequency, field, AMR geometry and material propertiepéff@mance parameters such as
cooling power, coefficient of performance (COP), exergy efficiency are calculated.

The model was applied to optimize the RM8&sed AMR, determining optimal operating modes and design
parametershroughparametricanalysis.Resultsprovidedesigninsightsand supportthe developmenfor RMCE-
based prototypes.

Keywords: active magnetic regenerator, rotational magnetocaloric effect, heat transfer, refrigeration,
magnetocaloric
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THERMOHYDRAULIC STUDY OF GALLIUM -BASED LIQUID METAL IN
PASSIVE REGENERATORS FOR MAGNETOCALORIC REFRIGERATION

LamesginGetnet, Mina Shahi, KeerthivasanRajamani

University of Twente,Departmenbf ThermalandFluid Engineering,ThermalConversiorandStorageGroup,
Enschede7522 NB, Netherland$a.getnet@utwente.nl

ABSTRACT

Gallium-basediquid metals(GaLMs) presenta significantopportunityfor advancingnagnetocaloricefrigeration

(MR) due to their outstanding thermophysical properties. While theoretical models suggest GaLMs can enhance
cooling capacity and coefficient of performance (C®OPBdtentially reducing system size and material costs
comparedo waterbasedcounterpartgKitanovski et al., 2016), (Rajamani et al., 2024), (Scarpa et al., 2023)
experimentalalidationis critically lacking. This studywill provide a comprehensive experimental investigation

into the thermohydraulics of GaLM flow in passive regenerators. Preliminary tests on sistieédgmrallel plate
geometries have already indicated a 40% improvement intheradfer effectiveness ovemter at low frequencies.

This work will expand upon these initial findings to systematicaltyalyzepressuredrop ard heattransfer
effectivenessn detail. Theinvestigationwill covermultiple regenerator geometries (e.g., parallel plate, circular,
hexagonal, and rectangular channels) across a range of operating frequencies and utilization factors. The primary
objective is to identify optimal regenerator designs for futnegrationinto a full activemagneticregenerator

(AMR) systemTheresultsareintendedo providecrucial experimentalalidationfor GaLMsin AMR technology,
pavingtheway for thedevelopmenof higherefficiency and lowercost systems.

Keywords: Thermohydraulicliquid Metal, PassivdRegeneratotieatTransferEffectivenessPressurrerop
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A MINIATURE SCALE MULTI -UNIT GENERATOR FOR LOW -GRADE
WASTE HEAT RECOVERY

Maxim Wischnewski®, Makoto Ohtsuka®, Hiroyuki Miki ), Manfred Kohl®
@ Karlsruhelnstituteof Technology(KIT)
EggensteirLeopoldshafen76344,Germanymaxim.wischnewski@kit.equ-49721608-22767
® TohokuUniversity, SendaiJapan
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ABSTRACT

Thermomagnetic materials like fNIn-Ga exhibit a steep magnetization change near their Curie temperature
allowing for wasteheat driven modulation of magnetic forces. Using this effect, we developed misetlee
thermomagnetic generators (TMGs) that vanh low-temperature waste heat at temperatures below 180 °C to
electricity via resonant se#fctuation of elastic cantilevetdoseph et al., 2020Recently, we extended this concept
using a piezoelectritayer along the cantileverto increasethe output voltage, facilitating power rectification
(Wischnewski et al., 2024Herewe presenthe developmentf a TMG systemconsistingof five units operating
simultaneouslyEachunit, consisting of a piezoelectric TMG, a rectification and a storage circuit, is capable of
generating up to 1.2 V DC at a source temperatikt20°C. Theunitsareconnectedh parallelto accumulat@ower
outputupto 0.2uW. Theseesults demonstrate the successful upscaling of TMGs consisting of parallel cantilevers
operating in resonant selctuation mode.

Keywords: Thermomagnetic generator, thermal energy harvesting, piezoelectric energy conversicalingp
energy harvesting array, legrade waste heat
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DESING AND PERFORMANCE RESULTS OF A NOVEL ROTARY
THERMOMAGNETIC MOTOR WITH A FIN ROTOR FOR ENERGY
HARVESTING
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ABSTRACT

Thermomagnetic motors are sebthte energy harvesters capable of convertingtéomperature waste heat,
inherent from industrial machinery and processes, into usable mechanical energy. In this presentation, we will
disclose the desig(Silva et al., 2025and performance evaluation of a novel rotary thermomagnetic motor
prototype, featuring a rotor with gadolinium fins and a stationashdped permanent magnet circuit. Warm and

cold fluid streams are supplied to specific regions of the rotor, genenaitign by exploiting the force imbalance

bet ween the rotords ferromagnetic and paramagnetic
speed under different operating conditions, enabling the construction of multiple torque and poweruoutgut
(Michel et al., 2025)The motorachieved maximum rotational speed of 348.5 RPM, peak output power of 4.67 W
and holding torque of 2.3 Nm, surpassing the current-efdtee-art valuegTakahashi et al., 2006Mehmood et

al., 2021) These resudt demonstrate the potential of carefully designed thermomagnetic motors and suitable
operating conditions to advance energy harvesting practical application.

Keywords: Energy Harvesting, Thermomagnetic Motors, Magnetic Circuit, Rotational Speed, TMgaokanical
Power.
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OPTIMIZED FLUID AND HEAT MANAGEMENT FOR INCREASING
EFFICIENCY AND FREQUENCY OF THERMOMAGNETIC GENERATORS
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ABSTRACT

Low-grade waste heat is abundant but underutilized due to low performance of existing harvesting technologies
(Kishore et al., 2018)Thermomagnetic Generators (TMG) are a promising technology, but still require increased
efficiency and cycling frequency for higher output power.

Herewe addresdothissuedy ComputationaFluid DynamicgCFD) driventhermal/hydraulimietworkscoupled to
magnetics. As starting point, we use a recent TMG d€g¥giske et al., 2019nd validated our digitalvin against

it. Our improvements include novel fluid and heat management, which suppriessidhatixing, avoid backflow,

remove temperature inhomogeneities over the thermomagnetic material, and prevent heat losses. Ttdhe gains 0
thermal subsystemhave strongadvantagegor the magneticsubsystem,including lowermagneticstray fields,

sharper magnetic flux change over time enabling higher frequencies. Compared to initial design we prediet an order
of-magnitude increase in exergy efficiency and power density.

Keywords: Thermomagnetic Generator (TMG), Computational Fluid Dynamic (CFD),-¢@ade waste heat,
energy harvesting
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FROM WASTE HEAT TO ENERGY HARVESTING: ADVANCING CURIE
WHEEL PERFORMANCE THROUGH ROTOR DESIGN
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ABSTRACT

This studyaimsto evaluatehow rotor architecturénfluencesthermomagneti¢TM) energyconversiorefficiency

in Curiewheeltype generators. TM generation enables the transformation ajfriase waste heat into mechanical
or electrical energy via temperattirgluced magnetization changes in a magnetic field gradient (D. Deelln
2021).A laboratoryscaleTM generato(F. Cuginietal., 2025)wasusedto testthreeN i M nbased rotors: (i)
an epoxy composite with 87 wt% powder; (ii) a-Bbnted composite with reduced thickness to enhandace
to-volumeratio; and (iii) a polymerfree metallic rotor producedby suctioncasting.In-operando measurements
undercontrolledthermalgradients(297 340 K) revealedthat power output andotationdynamics are strongly
affected by heat exchange efficiency. The optimized configurations achieved some of the highest power outputs
reported for Curiavheel systems. Thesmdlings highlight rotor geometry and interfacial desigmrriical levers
forimprovingTM conversionpfferingvaluablensightsfor thedevelopmenof nextgeneration waste heat recovery
technologies.

Keywords: Thermomagnetic energy conversion; Cwwieeel generator; NiMibased Heusler compounds; Heat
exchange efficiency
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PERFORMANCE ANALYSIS OF MAGNETIC REFRIGERATION SYSTEMS
USING NANOFLUIDS
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ABSTRACT

The efficiency of magnetic refrigeration systems, a sustainable alternative to conventional cooling technologies,
dependseavilyonthe heattransferfluid (Scarpeaet al., 2024). This work analyzesan activemagneticregenerator

that uses a 30% mass mixture of water and propylene glycol, subsequently enriched with various nanoparticles
(Al O , Su@®@ , f#3ad , Dn O, Si C) . The thermophysical
determinedusingempiricalcorrelations andtheir impacton systemperformancewasevaluatedusinga dedicated

model. The results show that volumetric concentration and particle size are the key parameters: an increase in
concentratiorandareductionin particlesizesignificantlyimprovecooling capacity albeitwith areductionin the
coefficient of performance. The material of the nanopatrticles, on the other hand, has a relatively minor influence

on overallthermalperformanceTheseconclusiongrovide usefulinsightsfor optimizing nanofluidsin magnetic
refrigeration.

Keywords: Magnetic refrigeration; Active magnetic regenerator; Nanofluids; Cooling power; Coefficient of
Performance; Nanopatrticle
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FEMCE.MULTIPHYSICS i A COMPREHENSIVE TOOL FOR MAGNETIC
REGENERATOR OPTIMIZATION
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hberganton@ua.pt

ABSTRACT

The optimization of magnetic regenerators is critical for the improvement of the performance of magnetic
refrigeration.FEMCE (Kiefe and Amaral, 2025)was createdo facilitate this procesdy simulatingthe non-linear
magnetostatics problem for an arbitrary refrigerant of an arbitrary magnetic material, determining the
Magnetocaloric Effect (MCE), as well as the demagnetizing -fireddced Rotating Magnetocaloric Effect
(dRMCE). This work extends the capatyilof FEMCE to calculate other important quaest namely the magnetic

work and force/torque required to (de)magnetize the refrigerant; the pressure drop of the passing fluid; and the time
it takes for the heat to transfer to the fluid and after an adiabatic (de)magnetization. This software, wiachedas
FEMCE.multiphysics, is publicly available on GitHub (de Souza, 2025).

Keywords: finite-elementmethod;multiphysicsmagnetocalorieffect;fluid flow; heattransfer;refrigeration
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NUMERICAL OPTIMISATION OF IRREVERSIBLE BRAYTON
BAROCALORIC REFIRGERATION CYCLE USING (C1oH21NH3)2MNCL 4

Pravinth Balthazar®, Mohammad S.Islam®, Nick S.Bennet{?

@ Schoolof MechanicalandMechatronidEngineeringUniversity of TechnologySydney Ultimo, NSW 2007,
Australia,Pravinth.Balthazar@uts.edu.au

ABSTRACT

Barocaloric cooling, which employs solgdate refrigerants, is gaining significant attention (Cirillo et al., 2022;
Kitanovski et al., 2015; Lloveras and Tamarit, 2021). (BA&)Cls (DA - decyl ammonium, GH2:NHs) is a
promisingrefrigerantdueto ultrarlow hysteresigemperaturendlow operationalpressure (Letal., 2021;Seoet

al., 2022). However, numerical analyses of Barocaloric refrigeration cycles remain limited. This study analyses
(DA).MnCl4 using an irreversible Brayton refrigeration cycle. It optimise<O®®, cooling temperature spaind
Dimensionless Refrigeration CapaciBRC) by evaluating the irreversibility factor, timing ratio, and heat reservoir
temperatureat 50 MPa. The resultsshowthat anirreversibility factor ( d0Q0.861is requiredto utilise the phase
transitionregionfully. Reducingthetiming ratio by 25% (from 1.0)a t = 0dd5increaseshe COPfrom 1.9 t06.7
andtheDRCfrom 3.0to 3.4ataheatsourcaemperaturef 313.7 Kandaheatsink of 314.6K. Thisstudyconfirms

the feasibility of (DAYMnCl,, with future work focusing on cascadgcle and integrated heakchangers to

optimise performance for device development.

Keywords: Timing ratio, irreversibility, Cooling Temperatur&pan,COP,Dimensionles®RefrigerationCapacity
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SHELL -BASED FINITE ELEMENT MODELLING FOR OPTIMIZATION OF
BUCKLING STABILITY OF SUPERELASTIC SMA STRUCTURES

Adam P 1 _a n ®,dwka Porenta®, Jaka T u §@ Miha Brojan®
@ Facultyof MechanicalEngineeringUniversity of Ljubljana,A g k e r6] 1800Igubljana, Slovenia,
telephone:+38604 143117
e-mail: adam.plantaric@fs. uiisi

ABSTRACT

Superelastic shape memory alloys (SMAs) demonstrate exceptional fatigue resistance under compressive loading
making them highly suitable for practical applications like elastocaloric cooling. To enhance heat transfer and
ensure efficient device performan@lastocaloric systems often rely on thialled components, which are prone

to buckling and structural collapse under compression. To accurately predict this buckling behavior, shell finite
element models combined with SMA constitutive laws can be gragldn this work, we present a numerical
approach to predict and assess the buckling performance efdhed SMA structures. This method enables
geometric optimization aimed at minimizing or completely eliminating buckling. We further explore ansisdiscu

the buckling stability and geometric optimization of various configuratiagh as corrugated cylinders, sheets,

and spiral geometriesdesigned for use as elastocaloric structures in active elastocaloric regenerators.

Keywords: shapememoryalloys, elastocaloricshell buckling, geometricaloptimization,corrugatedyeometry
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UNIVERSAL ELASTOCALORIC TEST ENVIRONMENT: DESIGN
CONSIDERATIONS AND CHALLENGES

Rawan Barakat®, Felix WelscH®, Paul Motzki @®)
@Saarland University, Department of Systems Engineering Saarbrué6d€3,Germany,
rawan.barakat@ussaarland.de
® Centerfor MechatronicsandAutomationTechnology(ZeMA gGmbH), Saarbruecken, 66121, Germany

ABSTRACT

In recent years, humerous continuously operating cooling machines based on the efficient and environmentally
friendly emerging technology of Elastocalorics (EC) have been developed. These machines utilize different
operationconceptsandtargetimprovementsn Coefficientof PerformancdCOP),cooling power,or temperature

span ( pT) . To enable a reliable comparison of diff
the technology within the broader context of cooling technologies, sthpeldrmeasurement approaches are
necessary.

Therefore, the EWunded project SMACool aims to establish the foundation for standards and testing
methodologies for elastocaloric machines, especially in HYAC applications, and to develop a universal elastocaloric
test environment. This environment issiiged to be adaptable to various-E@chine configurations, in terms of

size, geometry, thermal power, and heat exchange medium. This work presents the final design of the test
environment, discussing the design considerations, key challenges, and pdatingthethods.

Keywords: ElastocaloricsEC-machinesperformancevaluation standardizedheasurementiVAC
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PERFORMANCE -DRIVEN DESIGN OF AN ELASTOCALORIC
REGENERATOR: A NUMERICAL INVESTIGATION

Luca Cirillo ®, Sabrina Gargiulo®, Adriana Grecdo®: Claudia Massell{®
@ Departmenof IndustrialEngineeringUniversityof NaplesFederical, P.leTecchio80,80125Naples
Italy, * Correspondin@uthore-mail: sabrina.gargiulo@unina.it

ABSTRACT

Within the framework of the SMACOOL project, the use of a s@halped elastocaloric regenerator is investigated.

The proposed design consists of NiTi elastocaloric material under compression, alternated with water flow channels
acting as the hedtansfe me d i u met a(, Z0lG] €illloet al, 2026). A detailed numerical analysis was
carried out to evaluate the energetic performance of the regenerator at a fixed operating frequency of 1 Hz, while
varying the thickness of both the water channels had\iTilayersin therangeof [0.20;0.50]mm. Resultsshow

the Tow andthe Qeovasafunctionof volumeratio. However, configurations with increased water channels exhibit
higher cooling power, attributed to the greatessflow rateof the fluid, but alower temperaturerariation. This

work providesinsightsinto the geometric optimization of elastocaloric regenerator through the study of thermal
performance in term of temperature variation and cooling power.

Keywords: Elastocaloric regeneratosplid state refrigeration, geometoptimization, numerical analysis, Finite
Element Method.
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MULTI -OBJECTIVE OPTIMIZATION FOR THE DEVELOPMENT OF AN
ELASTOCALORIC COOLING DEVICE

Luca Cirillo @, Adriana Greco®, Claudia Massell{®, VincenzoOrabona®*

@ Departmenof IndustrialEngineeringUniversity of NaplesFederical P.le Tecchio 80, 80125 Naples Italy
City, * correspondinguthore-mail: vincenzo.orabona2@unina.it

ABSTRACT

Elastocaloric refrigeration is a promising sedithte alternative to conventional cooling technologies(Megtdh
2024).Thisstudypresentaimultiobjectiveoptimizationof theenergyperformancef anelastocaloricooling device

(Cirillo et al, 2026), aiming to maximize the ceside temperature differencgl¢, ¢ }and the cooling poweb ).

Due to high computational costs, CFD simulation results for a sgfiemded AeR regeneradorvarying water
channekhicknessNiTi thicknessmechanicaloadtime, heattransferfluid residenceaime, andfluid velocityd are

used to train a surrogate model, which then serves as the fitness function for a genetic algorithm. This algorithm
explores extended input ranges to identify optimal solutions along the Pareto frgolizef wgrsus g The
proposed approach captures tradis between competing performance indicators and provides guidelines for the
optimal design of the device architecture, supporting the selection of input parameters for enhanced energy
performance.

Keywords: elastocaloriaevice numericalanalysismulti-objectiveoptimization,geneticalgorithm
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SMARTCOOL i DEVELOPMENT AND VALIDATION OF A TRANSLATORY
ELASTOCALORIC SYSTEM

Lukas Ehl®®) David Zimmermann®®) Franziska Louia®, StefanSeeleck®, Paul
Motzki @)®)
@ Centerfor MechatronicsandAutomationTechnology(ZeMA gGmbH),
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ABSTRACT

Elastocaloriccooling, basedon reversible stressinduced phasetransitionsin shapememory alloys, offers a
sustainable alternative to vapomosmpression systems without harmful refrigerants. This -stéite technology
achieves high efficiency and energy density, providing temperature spans svan@@igh theoretical efficiency,

while drastically lowering environmental impact. However, challenges such as mecHatigua, system
efficiency,andcosteffectivematerialprocessingemainunsolvedor largescale use. In automotive electrification,
elastocaloric systems offer potential for battery and cabin thermal management with higher efficiency and reduced
energy consumption.

Research remains essential in cyclic stability, system design, and scalable manufacturing. Within the publicly
funded project SMArtCool, a translatidrased system architecture is being developed to exploit these effects
efficiently. A dedicated test rignvestigates key components and system parameters to guide design optimization.
The setup and first experimental results will be presented at Thetm2Q26, highlighting progress toward
automotive integration.

Keywords: Elastocaloricsyalidation,Systendesign Energyrecuperation
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A CUSTOM HIGH -PRESSURE CALORIMETER TO EVALUATE THE
BAROCALORIC EFFECT
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Gloria Subiag?, Marco Evangelisti®
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®Servicio Generalde Apoyo a la Investigacion(SAl), Universidadde ZaragozaZaragoza,50009, Spain

ABSTRACT

To evaluatehebarocaloric effectwe havedeveloped customcalorimetric setugasedn apistoncylinderCuBe
high-pressure cellGracia et al., 2025)A surfacemount device (SMDJesistor serves simultaneously as sample
holder and pressure sensor, while Dapbih@373 is used as the hydrostatic pressraesmittingmedium.The
system can be operated either with a liguitiogenbasedryostat (Oxfordnstruments OptistatDN) or eompact
Stirling cryocooler (RIGID RS100 Pro), both covering a temperature range from approximately 880R G
The temperature dependence of the isobaric heat capacity at various pressures up to 2@dtbemised by
continuously monitoring the sample temperature with dypé thermocouple in direct contact with it,
complementedy a Pt100 sensor outside the pressure cell. Data are collected during both hedticapling
cycles. From these measurements, the barocaloric figures of m@rita¢ial DI are indirectly estimatedsing
standardhermodynamidormulations. Preliminargesultsonthedirectmeasuremertdf DT will also be presented.

Keywords: Barocaloric Effect, High-pressurecalorimetry, Custombuild Setup
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AN ENERGY-EFFICIENT ACTUATOR BASED ON WORK RECOVERY IN
ELASTOCALORIC COOLING

Jiyuan HU®, Qingping Sun®
Department of Mechanical and Aerospace Engineering, The Hong Kong University of Science and Technology,
Kowloon, Hong Kong, 999077, Chinayegpsun@ust.h(Q. Sun)

ABSTRACT

Elastocaloric cooling has garnered significant research interest as a promising alternative to traditional vapor
compression refrigeration. However, the energy efficiency of current elastocaloric cooling devices is limited by the
unrecovered work of the dmled material. In this work, we propose a work recovery strategy for enhancing the
efficiency of elastocaloric cooling and develop an actuator for inducing phase transitions in shape memory alloys
(SMA) efficiently. Two compressiobased SMA regeneratorseaconnected by transmission mechanisms and
driven by a motor. Through this unique transmission mechanism, the strain energy of one loaded SMA regenerator
can be directly transferred to another regenerator, reducing its required work for loading ircleeldeslly, the

motor would only input the work to overcome the hysteresis loss of SMA in a frictionless system. In the actual
operation, our actuator achieves -foRl reduction in the required work when driving a linear elastic material,
compared to dving the material individually without work recovery. Low required driving power can further
enhance the coefficient of performan€®P) in the elastocaloric cooling devices. These results show the potential

to improve the energy efficiency of the elastocaloric cooling device and promote the commercialization of this
cooling technology.

Keywords: Elastocaloric, COP, Work recovery, Energy Efficiency.
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STAMPING & STACKING: AN EFFICIENT APPROACH TO MANUFACTURE
REFRIGERANT FOR COMPRESSIVE ELASTOCALORIC COOLING

Changfeng $1®, Qingping Sun®

@Department of Mechanical and Aerospace Engineering, The Hong Kong University of Science and
Technology, Kowloon, Hong Kong, 999077, Chinaggpsun@udik (Q. Sun)

ABSTRACT

Elastocaloric cooling using shape memory alloy (SMA) is a promising substitute for conventional vapor
compression refrigeration. Compresstmsed elastocaloric prototypes utilize tubular refrigerants with different
crosssectiongeometryprocessed by wire electric discharge machining (WEDM) to achieve large specific heat
transfer ara as well as high mechanical stabilitjowever, the expensive and tiroensuming WEDM method
hinders commercialization of elastocaloric cooliHgre, we propose an approa@sed on stamping and stacking

of NiTi thin films to manufacture refrigerant with muttell crosssectional geometry for compressive elastocaloric
cooling. We stamp and cut the NiTi thin films into pieces with micro holes, then stack thousands of pieces fo
compression. The geometric parameters of the foellticrosssection are optimized by numerical simulation.
Compared with tubular structure processed by WEDM, our refrigerant processed by stamping & stacking
demonstrates ultrahigh fatigue lifStamping& Stacking is a faster (up to hundreds of pieces per minute) and
cheaper way to process refrigerant with large specific heat transfer area and high structural stability, making
elastocaloric cooling technique more affordable for practical applications.

Keywords: Shape memory alloy, Elastocaloric cooling, Bending, Energy Efficidbeiiumidification

242



THERMAG XI | lIR International Conference on Sefgtate Cooling, Heating,
and Energy Harvesting | Juné 11, 2026 |jubljana, Slovenia

A RELIABLE ELASTOCALORIC REGENERATOR BASED ON FATIGUE -
RESISTANT SHAPE MEMORY ALLOY

Yang Li®, Qingping un®
@ pepartment of Mechanical and Aerospace Engineering, The Hong Kong University of Science and
Technology, Kowloon, Hong Kong, 999077, Chingzgpsun@ust.hQ. Sun)

ABSTRACT

Conventional refrigeration based on vagompression technology has been used and developed for over a century,
accompanied by high global warmipgtential refrigerant emissions. For the carpentral goal, elastocaloric
cooling is a promising solutiaio achieve highly efficient and environmentally friendly refrigeration without direct
greenhouse gas emissions. However, the current elastocaloric devices cannot meet practical needs, which require
constant cooling performance in lotgym operation. He;, we developed a compact compresdiased
regenerator using TiNiCuCo SMA tubes with multilayertfipe crosssection. The single SMA tube is only 20mm

long to prevent buckling and extend the structural fatigue life. Then, a long series of connectath88/nsures

a large temperature span and cooling power. Due to the lower phase transition stress of TiNiCuCo SMA, more
refrigerants can be driven in a regenerator, where the multilaystpiinstructure increases material utilization with

a competent sific heat transfer area. Compared with binary nickel titanium, using TiNiCuCo material eliminates
the functional fatigue of the regenerator. Finally, the regenerator achieves 400W cooling power without degradation.
No structural fatigue was found duritige operation. These results show the elastocaloric regenerator has excellent
potential to convert to commercial applications such as air conditioners and industrial chillers.

Keywords: Elastocaloric, Compression, Cooling power, TiNiCuCo.
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BAROCALORIC EFFECT IN FE(4ATZ)BF4SPIN CROSSOVERCOMPLEX
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ABSTRACT

Spin crossover (SCO) materials, characterized by their reversible transition betwespinoand higkspin
electronic states, have recently emerged as promising candidates festawidooling applications based on
barocaloriceffects(Romanini et al., 2021), (Vallone et al., 20IBhespintransitioncanbetriggerednotonly by
temperaturbutalsoby externapressure, resulting in substantial entropy and volume changes that can be harnessed
for efficient barocaloric cooling. This presstineluced spin transition is often accompanied by a large barocaloric
effect, comparable to or even exceeding that of coiaadt caloric materials. In particular, Fe{bpsed
coordination compounds have demonstrated remarkable barocaloric strengths near room temperature, owing to thei
tunable ligand fields and structural flexibility. The magnitude and reversibility of tloeddaric response depend
strongly on the cooperativity of the spin transition, lattice compressibility, and hysteresis behavior. In this work, we
report thepotentialof SCOcompoundgFe(4atz)BEk) asefficient, environmentallyfriendly solid-staterefrigerants
operatingnear ambient conditions.

Keywords: Barocaloricspincrossoversolid-statecooling
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FATIGUE CRACK GROWTH MODELING OF ELASTOCALORIC
MATERIALS
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ABSTRACT

As an emerging and innovative sefithte technology, elastocaloric cooling has been considered a promising
alternative to conventional vapor compression refrigeration due to its high coefficient of performance and zero
global warming potential. Howevetd commercialization of tensidrased systems is critically limited by the
fatigue life of the employed Shape Memory Alloys (SMASs) undergoing cyclic mechanical loading. To address this
challenge, this contribution investigates the fatigue behavior, mditsieme and failure mechanisms associated

with NiTi SMAs, which are widely used for elastocaloric applications. A predictive computational framework is
developed in COMSOL Multiphysics by combining a generalized pfi@semodel for fracture with a fegue
degradation function and the constitutive MuehehenbackSeelecke SMA model, based on statistical
thermodynamics. Fatigue crack nucleation, propagation, and subcritical crack growth are predicted, providing
insights into the underlying failure meatisms. These findings enable early detection of fatigue damage,
contributing to enhanced reliability and performance of elastocaloric systems.

Keywords: Elastocalori€&ffect, ShapeMemoryAlloys, Fatigue Phase-ield Model, Finite ElementAnalysis
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TUNING TRANSFORMATION TEMPERATURES IN CUTALTMN SHAPE-
MEMORY ALLOYS THROUGH SNADDITION FORELASTOCALORIC
COOLING
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ABSTRACT

Efficient elastocaloric cooling requires lewysteresis shapmemory alloys that are fullgustenitiat theoperating
temperatureCui Al Mn-basedshapememory alloys argoromising candidates; however, precise control of their
transformation temperatures remains challengihs study examines the effect of Sn addition on the transformation
behaviour of agastCuAI9Mn9.5alloys.Alloys containing0.75,1.5,and2.5wt.% Snwerepreparedy arcmelting,
cast into a copper mouldnd characterised using EBXdifferential scanning calorimetry (DSCjesistanci
temperature measurements, and elastocaloric testing. EDXS confirmechgaudauniformity, while Snaddition
systematicallyoweredall transformatioriemperature@Ms, Mf, As,andAf). In particular Af decreasettom 102.4°C

in the baseCuAl9Mn9.5alloy to T161.1 °C in CuAl9Mn9.5Sn2.5. This shift was accompanied by a +oom
temperaturemicrostructurakransitionfrom martensitic plate/lath morphology to predominaatigteniticequiaxed
grains.ThesdindingsdemonstratthatevensmallSnadditionsstronglytuneCui Al Mn alloysfor roomtemperature
elastocaloribehavioursupportingheirpotentialfor cooling applications.

Keywords: Cui AliMn Shapememory Alloys, Sn Addition, Transformation Temperatures, Microstructure,
ElastocaloriaCooling
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ABSTRACT

The EuropeanPathfinderProgramme’'$~=ROSTBIT project focuseson developingnew techniquedor creating
innovative refrigeration technology based on solid state cooling. Our current study will examine how to optimize
the physical propertiesof the spin crossover(SCO) molecularcomplex, which hasa numberof very large
barocaloric effects. These characteristics indicate that SCO is an excellent candidate for solid state refrigeration
applications. In order to make functioning regenerative cooling devices from this material, it will be important to
optimize thehermal pathways within this material to ensure the most efficient heat transfer during the refrigeration
cycles. The primary objective of this research is to optimize the thermal conductitity 8COmatrix. The
secondanpbjective isto improve themechanical properties of tf®CO material to produce high density objects
with sufficient strength for use in solid state refrigeration applicatldiisnately, the goalof the entireprojectis

to determinghebestthermalconductivityandheat capacity of the SCO material to provide the basic operational
characteristics necessary for the next generation of sustainable refrigeration.

Keywords: Spin Crossover Materials, Barocaloric Refrigeration, Thermal Conductivity, sustaiefxigieration
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INVESTIGATION OF MULTICALORIC EFFECTSIN FERROELECTRICS
UNDER UNIAXIAL COMPRESSIVE STRESS
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ABSTRACT

Recently multicaloric(MuC) materials thosein whichcaloriceffectscanbecontrolledby multiple externaffields

(either simultaneously or sequentiailiiave emerged as a promising route to enhance the thermal response and
improve the caloric performance beyond that of siuglleric materials for widespread sobthte cooling
applicationgHou, QianandTakeuchi2022).While mostinvestigation©nMuC effectshavefocusedonapplying
mechanical stimuli to prototypical magnetocaloric materials, here we investigate the influence of uniaxial
compressive stress (0) on t heeleotitsge, t-mamiated EGE. We haeef f e ¢
developed a custofbuilt setup that integrates a loading cell with force sensor,-Voghge application, and
temperature cont enediated BOE sneab@esnents vid temperedépendent polarization
experiments, lis setup is being further upgraded to enable direct measurements usingspdadhinfrared
cameraThetechnicaldevelopmentandpreliminaryd-mediatedE CEresultson perovskiteferroelectricreference
materials will be presented.

Keywords: ferroelectricselectrocaloricmulticaloric,compressivetress
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ABSTRACT

Theincreasingdemandor autonomousinddecentralizeghowersourcedo supplyloT nodeds driving interestin
environmental energy harvesting technologies, such as thermoelectric generators (TEGSs), which convert waste
heat into electricity in a compact, sebthte form. While research has mainly focused on improving the material
thermoelectridigure of merit (zT), U TEG performancelsocritically depend®on devicearchitectureandthermal
management to maximize the temperature gradient across the thermoelectric material (Calaza et al., 2016;
FerrandeVillalba et al., 2019).

Building on our gr oup 6 s -bgsed@VEG platfermdimegratihgpnanosracturedotiin s i
films (PerezMarin et al., 2014), we present a MEMS8mpatible, microfabricated planar uTEG platform for the
integration and evaluation of novelintHilm thermoelectric materials within a fully operational device. The
platformprovidesversatilematerialintegrationthroughmultiple depositiorroutesjncludingdirectdepositiorand

etching, as well as shadawaskmethods that avoid subsequent paitey. In addition, the platform allows last

stage material deposition, eliminating the need for additional lithography steps.

Keywords: energyharvestingmicro-thermoelectrigenerato(uTEG), microfabricationthin-film.
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