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Dear Colleagues,

It is our pleasure to invite all scientists, academicians, young researchers, business delegates 
and students from all over the world to attend the 2nd International Conference on Magnetism 
and Magnetic Materials will be held in Rome, Italy during March MARCH 16, 2023.

MAGNETISMMEET 2023 Conference provides a platform of international standards where 
you can discuss and share persuasive key advances in Renewable and Sustainable Energy. In 
addition to Presentations, Workshops, and Discussions, the conference also offers a unique 
venue for renewing professional relationships, networking and for remaining up-to-date 
variations in our challenging and expanding discipline.

MAGNETISMMEET 2023 we have not only increased the number of opportunities for you to 
network with colleagues from across the world but also introduced more focused sessions that 
will feature cutting edge presentations, special panel discussions, and livelier interaction with 
industry leaders and experts. 

We’re looking forward to an excellent meeting with scientists from different countries around 
the world and sharing new and exciting results in Magnetism and Magnetic Materials.
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Development of Soft Magnetic Microwires for 
Technological Applications

A. Zhukov1,2,3*, M. Ipatov1,2, P. Corte-León1, A. Gonzalez1, J.M. Blanco2 
and V. Zhukova1,2 
1Dept. Advanced Polymers and Materials: Physics, Chemistry and Technology, Univ.  
Basque Country, UPV/EHU San Sebastián 20018, Spain
2Dept. Appl. Phys., Univ.  Basque Country EIG, UPV/EHU, 20018, San Sebastian, Spain
3IKERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain

Abstract
Amorphous magnetic wires have attracted great attention owing to their superior soft magnetic, 
mechanical and corrosion properties. Excellent magnetic properties such as magnetic bistability 
or Giant Magnetoimpedance (GMI) effect are suitable for magnetic sensors applications [1]. 
Recent tendency in devices miniaturization stimulated development of thin (few µm diameters) 
microwires. 
Usually better magnetic softness and higher GMI effect have been reported for Co-rich 
amorphous microwires, while Fe-rich amorphous microwires present spontaneous magnetic 
bistability related to remagnetization process through fast domain wall propagation [1,2].  
Less expensive Fe-rich microwires are preferable for the applications. But amorphous Fe-rich 
materials exhibit rather high magnetostriction coefficient and consequently present quite low 
GMI effect. 
Recently we designed the post- processing allowing further optimization of magnetic properties 
of Fe- and Fe-Co based glass-coated microwires [2]. 
Conventional annealing allows considerable improvement of domain wall dynamics in Fe-
rich microwires and slight decrease of coercivity, however remarkable magnetic hardening 
is observed after conventional furnace annealing of Co-rich microwires. Stress annealing of 
Fe-rich microwires allows considerable magnetic softening and GMI effect enhancement 
and even more remarkable improvement of domain wall dynamics.  In Co-rich microwires 
stress-annealing allows improvement of GMI effect and even induction of transverse magnetic 
anisotropy at high enough annealing temperature, however the highest GMI effect is observed for 
stress-annealed Co-rich microwires which present rectangular hysteresis loops. Consequently, 
annealed Co-rich microwires can present both fast domain wall propagation and GMI effect.
For interpretation of observed changes of hysteresis loops after stress annealing we considered 
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internal stresses relaxation and different mechanisms of stress-induced anisotropy.
Observed versatile properties of properly processed glass-coated amorphous microwires with 
enhanced and tuneable soft magnetic properties make them suitable for various applications.

References:
1. A. Zhukov, M. Ipatov and V. Zhukova, Advances in Giant Magnetoimpedance of Materials, 

Handbook of Magnetic Materials, ed. K.H.J.  Buschow, 24:  2015 ch.2,pp.139-236.
2. V. Zhukova, J. M. Blanco, M. Ipatov, M.Churyukanova, S. Taskaev and A. Zhukov, Sci. 

Reports, 8, 3202 (2018).

Keywords
Soft magnetic materials; Magnetic wires; Giant Magnetoimpedance effect; Domain wall 
propagation

Biography
Dr. Arcady Zhukov received Ph.D. degree from the Institute of Solid State Physics 
(Chernogolovka) of the Russian Academy of Science, in 2010- Doctor of Science (habilitation) 
in Moscow State “Lomonosov” University. Present employment: Ikerbasque Research 
professor at the Advanced Polymers and Materials of the University of Basque Country, Spain. 
He has published more than 600 referred papers in the international journals (total number 
of citations of A. Zhukov’s papers, updated November 12, 2020: 9921, Citation H-index 
54(WOS)/ 12821 and H=62(Google scholar)). A. Zhukov, edited conference proceedings, 
chaired Donostia International Conference on Nanoscaled Magnetism (DICNMA), III Joint 
European Magnetic Symposia, Donostia International Workshop on Energy, Materials and 
Nanotechnology – DINEMN, 7-th International Workshop on Magnetic Wires (2015), 
24th International Symposium on Metastable, Amorphous and Nanostructured Materials 
(ISMANAM 2017), several sessions at various MMM and Intermag Conferences, gave a 
number of plenary, keynote and invited talks at few international conferences. He is an associate 
Editor of IEEE Magnetic letters and International Journal on Smart Sensing and Intelligent 
Systems, member of several editorial boards(Sensors, Crystals…) and various committees of 
International Conferences (MMM, Intermag, MISM, ICSM…). A. Zhukov edited two books: 
“Novel Functional Magnetic Materials” and “High Performance Soft Magnetic Materials”, 
wrote two books: “Magnetic properties and applications of ferromagnetic microwires with 
amorphous and nanocrystalline structure” and “Magnetic sensors based on thin magnetically 
soft wires with tuneable magnetic properties and its applications”, more than 20 book chapters 
(including one published in the Handbook of Magnetic Materials ed. by Prof. K. Buschow).
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Exploring Stokes Vectors in the Polarization of Light in 
a Ferrofluids Subjected to a Magnetic Field

Alberto Tufaile1*, Adriana Pedrosa Biscaia Tufaile1

1Soft Matter Lab, School of Arts, Sciences and Humanities, University of São Paulo, São 
Paulo 03828-000, Brazil

Abstract
Ferrofluid is a magnetic fluid that undergoes structural changes when subjected to a magnetic 
field, with the formation of arrays of nanoparticles aligned with the field [1]. For certain 
magnetic field configurations, a point light source interacting with thin film of ferrofluid, in 
a device known as Ferrocell, creates images of circles, parabolas and hyperbolas [2, 3]. We 
interpret the formation of some of these images in the Ferrocell as analogous to a Möbius 
transformation by inversion of isopotential magnetic field lines. The formation of circles 
through this transformation is known as horocycles, which can be observed directly on the 
Ferrocell plane. Furthermore, using polarized light passing through the ferrofluid, we can 
observe the formation of light patterns for different types of magnetic field. We also explore 
what is the relationship between fundamental multipolar expressions and light polarization 
patterns obtained with ferrofluids. We have used multipole fields and apply them to Ferrocell 
and look at their light patterns and compare them to multipoles of complex functions. We can 
interpret the light polarization patterns as the sum of these fundamental multipoles. In order to 
model our results, we explored the physical effects observed in the Ferrocell subjected to the 
magnetic field using the Mueller matrix formalism [4]. Thus, observing the results of some 
experiments, we related the observed light patterns with Stokes vectors that can be operated by 
Mueller matrices, which represent the magnetic field applied to the sample of ferrofluid. Based 
on our studies, we observed that changes in the dichroism of this system can be monitored 
throughout the sample, allowing the visualization of magneto-optical effects mainly for linear 
polarized light, and the effects of circular polarized light are related to birefringence. We extend 
the results of our studies to the field of atmospheric optics [5], exploring some characteristics 
of complex fluids present in the Earth's atmosphere through the observation of some optical 
phenomena and compared them with the optical phenomena observed in gems and magnetic 
materials, following some hints giving by the Geometrical Theory of Diffraction [6,7].
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1. Tufaile, A.; Vanderelli, T.A.; Tufaile, A.P.B. Light polarization using ferrofluids and 
magnetic fields. J. Adv. Condens. Matter Phys.2017, 2017, 2583717.

2. Tufaile, A.; Snyder, M.; Tufaile, A.P.B. Horocycles of Light in a Ferrocell. Condens. 
Matter. 2021, 6, 30.

3. Tufaile, A.; Snyder, M.; Tufaile, A.P.B. Study of Light Polarization by Ferrofluid film 
using Jones Calculus. Condens. Matter.2022,7, 5030045.

4. Tufaile, A.; Tufaile, A. P. B. Exploring the Polarization of Light in Ferrofluids with Mueller 
Matrices. Magnetochemistry 2022, 8, 121.

5. Tufaile, A. Snyder, M.; Vanderelli, T.A.; Tufaile, A.P.B. Jumping Sundogs, Cat’s Eye and 
Ferrofluids.  Condens. Matter  2020, 5, 45.

6. Tufaile, A.; Tufaile, A. P. B. Parhelic-like circle from light scattering in Plateau Borders. 
Phys. Let. A, 379,  529-534, 2015.

7. A. Tufaile, A. P. B. Tufaile, The dynamics of diffracted rays in foams, Phys. Let. A, 379, 
3059-3098, 2015.

 

Biography
I am Professor Alberto Tufaile, physicist at the University of São Paulo, Brazil, for over 
20 years, working in teaching, education and research, focusing on experimental physics 
with two-phase systems (bubbles, antibubbles, drops, foams and granular materials), fluid 
mechanics, dynamical systems and complex systems, time series analysis, magneto-optical 
systems with ferrofluids and optics of hyperbolic lenses. I am the founder of the Soft Matter 
lab at University of São Paulo. I also work in the area of developing new methodologies for 
multidisciplinary teaching, connecting physics with other sciences and arts. I have published 
35 articles in scientific journals, 12 book chapters, and 3 scientific books. I am the supervisor 
of 10 students in scientific initiation and undergraduate work. In addition, I have a patent for 
a device that simulates atomic orbitals using ferrofluids. During this period I received four 
international awards and I have presented around 70 papers at international conferences in 
several countries.
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Artificial Multiferroics: Platelets of Ferrites Embedded 
in Barium Titanate

A. Barbier1*, P.-L. Nguyen1, F. Petronio1,2, M. Rioult1,2, T. Aghavnian1,2, 
J.-B. Moussy1, D. Stanescu1, H. Magnan1, C. Mocuta2, A. Vlad2, 
A. Resta2, P. Ohresser2, B. Sarpi4, F.Maccherozzi4, C. Rountree1, N. 
Jedrecy3, R. Belkhou2

1 Service de Physique de l’Etat Condensé, SPEC, CEA, CNRS, UMR 3680, Université 
Paris-Saclay, CEA Saclay, 91191 Gif-sur-Yvette Cedex, France. (*) antoine.barbier@cea.
fr; 2 Synchrotron SOLEIL, L'Orme des Merisiers Saint-Aubin, 91192 Gif-sur-Yvette, France 
; 3 INSP, UPMC-Sorbonne Universités, 75252 Paris Cedex 05, France ; 4 Diamond Light 
Source, Oxforshire, United Kingdom

Abstract
Multiferroic materials are of high technological interest because they are expected to lead to 
important applications and devices in key technologies including spintronics, sensors, multiple 
state memory cells, energy harvesting etc. Intrinsic single phase multiferroic materials are 
seldom and new routes have to be explored to circumvent this difficulty. Associating, at the 
nanoscale, ferromagnetic and ferroelectric materials is a challenging route to obtain artificial 
magneto-electric multiferroics [1]. We explored a number of possibilities resulting from the 
combination of single crystalline atomic oxygen assisted molecular beam epitaxy (AO-MBE) 
grown thin films including prototypical ferroelectric BaTiO3 layers deposited on conductive 
substrates. We considered ferromagnetic elements doping [2], laminar M-Fe2O4/ BaTiO3 
(M=Fe, Co, Ni, Mn) systems [3,4] and more recently embedded nanostructures realized 
by combined AO-MBE and laser lithography processes. Embedded platelets of M-Fe2O4 
(M=Fe, Co, Ni, Mn) in BaTiO3 were realized with various shapes and thicknesses [5]. These 
compounds/materials have reasonable magnetic properties and electric polarizations and are 
quite environment friendly. The in-depth understanding of the nature of the couplings and 
electronic transport in such systems is challenging. To tackle this issue simultaneous structural, 
ferroelectric and magnetic measurements were realized combining laboratory tools and state of 
the art synchrotron radiation, well suited techniques [6], including X-ray diffraction, magnetic 
dichroism, and X-PEEM spectromicroscopy in order to describe and understand this new type 
of artificial multiferroic structures. 
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1. Antoine Barbier, "Single and Heterostructure Multiferroic Thin Films" in Magnetic, 
Ferroelectric, and Multiferroic Metal Oxides, (Elsevier), pp 487- 514 (2018). 

2. A. Barbier et al., J. Appl. Phys .(2012)  112, 114116 ;  Phys. Rev. B (2015)  91, 035417
3. N. Jedrecy et al., Phys. Rev. B (2013) 88, 121409(R) ; T. Aghavnian et al., J. Elec. Spec. 

Rel. Phenom. (2015) 202, 16 ; N. Jedrecy et al., ACS Appl. Mater. Interfaces (2018), 10, 
28003

4. D. Stanescu et al., ACS Appl. Nano Mater. 2 (2019) 3556-3569
5. P.-L. Nguyen et al., AC S Appl. Nano Mater. 3 (2020), 327-341
6. Antoine Barbier, Cristian Mocuta, Rachid Belkhou, "Selected Synchrotron Radiation 

Techniques" in Encyclopedia of Nanotechnology (Ed. B. Brusham, Springer) (2015).

Keywords
Multiferroics; Oxide nanostructures; Atomic oxygen assisted MBE growth

Biography
Dr. Antoine Barbier is research director at CEA where he is a specialist for the field of 
synchrotron radiation and oxides thin films studies. He holds a PhD in Solid State Physics 
(1993) and a Habilitation to Conduct Research (HDR) from university of Strasbourg (2003). 
With a strong background in surface physics/chemistry and magnetic thin films, he joined 
CEA/Grenoble in 1994 where he used massively ultrahigh vacuum surface X-ray diffraction 
to study oxides surface structures and metal/oxide interfaces. His research interests moved to 
magnetic and ferroelectric oxides surfaces, interfaces, heterostructures and thin films and he 
joined the oxide group at CEA/Saclay in 2003. Currently, his researches focus on oxide thin 
films for spintronics and solar water-splitting applications.
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Anomalous Hall Measurement of 2D Ferromagnet-
based Heterostructures

*Changgu Lee1, Jinhwan Lee1, Pawan Srivastava1, Yasir Hassan2, Cheng 
Tan3, Lan Wang3

1 School of Mechanical Engineering, Sungkyunkwan University,
Seoul 440-746, South Korea
1 SKKU Advanced Institute of Nanotechnology, Sungkyunkwan University,
Seoul 440-746, South Korea
3 Department of Physics, Royal Melbourne Institute of Technology, Melbourne, Australia, 
3000

Abstract
The representative 2D materials, graphene, h-BN, and MoS2, have interesting mechanical, 
electrical and optical properties and have exhibited fascinating physical phenomena so far. 
However, they mostly lack one important physical property in physics, magnetism. The new 
2D materials such as CrSiTe3, CrI3, and FePS3, which began to be studied recently, possess 
ferro- or antiferro-magentic properties even in atomic level thickness and are expected to 
reveal deep level of physics in 2-dimensional confinement. 
In this talk, our recent works on electrical characterization of a 2D ferromagnet (Fe3GeTe2)-
based heterostructures and their exotic properties. From the hall measurement, Fe3GeTe2 
exhibited the anomalous hall effect due to its intrinsic ferromagnetism [1]. Interestingly, 
the magnetic properties such as coercivity changed significantly with decreasing thickness 
changing from weak ferromagnet to strong ferromagnet. In the heterostructure of Fe3GeTe2/
Graphite/Fe3GeTe2, Hall measurement showed an exotic 3-states of resistance due to the spin-
polarized current at the interfaces [2]. In the Fe3GeTe2/CrPS4 (FM/AFM) heterostructure, 
exchange bias was observed below the Neel temperature of the AFM layer. The exchange bias 
was dependent on the thickness variation of the AFM layer, and down to bilayer of AFM layer 
the exchange bias was maintained. Also, it could be controlled by applying electric potential.
 
This work was supported by National Research Foundation of Korea (Grant no. 
2016K1A1A2912707, 2020R1A2C2014687) and Samsung Research & Incubation Funding 
Center of Samsung Electronics under Project Number SRFC- MA2102-02.
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Keywords
2-dimenaional ferromagnet; Fe3GeTe2; Anomalous Hall Effect; Heterostructure

References
1. C. Tan, J. Lee, S. Jung, T. Park, S. Albarakati, J. Partridge, M. R. Field, D. G. McCulloch, 

L. Wang, C. Lee, Hard magnetic properties in nanoflake van der Waals Fe3GeTe2, nature 
communcations, 9, 1554 (2018).

2. S. Albarakati, C. Tan, Z. Chen, J. G. Partridge, G. Zheng, L. Farrar, E. L. H. Mayes, M. R. 
Field, C. Lee, Y. Wang, Y. Xiong, M. Tian, F. Xiang, A. R. Hamilton, O. A. Tretiakov, D. 
Culcer, Y. Zhao, Lan Wang, Antisymmetric magnetoresistance in van der Waals Fe3GeTe2/
graphite/Fe3GeTe2 trilayer heterostructures, Science Advances, 5, eaaw0409, 2019

Biography
Prof. Changgu Lee is a professor in Mechanical Engineering at Sungkyunkwan University 
since 2010. His research interest is in synthesis and charaterization of physical properties of 
2-dimensional materials. He used to measure mechanical properties of graphene, h-BN, and 
MoS2. Currently, he has deep interest in magnetic 2D materials such as FexGeTe2(x=3,4,5), 
CrI3, CrGeTe3, CrPS4, MnPS3, etc. He synthesize those 2D magnetic materials (AFM, FM) 
and characterize their optical, electrical, and magnetic properties. Also he is interested in using 
these materials in spintronic device applications for switching and neuromorphic computing.
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X-Ray Scattering Experiments at the Materials and 
Magnetism Beamline, I16 at Diamond Light Source

D. G. Porter1,*, G. Nisbet1, A. Vibhakar1 and A. Bombardi1,2

1Diamond Light Source Ltd., Didcot, Oxfordshire, OX11 0DE, UK
2Department of Physics, University of Oxford, Parks Road, Oxford OX1 3PU, United 
Kingdom

Abstract
Advanced materials continue to be at the forefront of science and technology. Understanding 
the properties - electronic, mechanical, magnetic - of these materials remains one of the most 
challenging and active areas of science research.

I16, the Materials and Magnetism beamline and Diamond Light Source in the UK, provides 
a unique, world-class single crystal X-Ray diffraction facility for studying a diverse range of 
materials. This versatile diffraction facility is fully optimised to combine high flux and high 
resolution over a wide and continuously tuneable energy range, for diffraction and scattering 
experiments.

The high flux on this beamline is essential for two key categories of study:
• measurements of very weak, but increasingly important, scattering processes, such as 
diffraction from magnetic, charge and orbital ordering
• measurements on very small samples volumes, including artificial nanostructures, thin-
films and surfaces.
The intense, low-divergence undulator beam can be focused to a spot less than 50 by 200 
microns, with an energy range that is continuously tuneable from 3.3 keV (below the uranium 
M-edges) to around 15 keV. Energies in the range 2.7-3.0 keV are now available but require 
a non-standard set-up to reduce air absorption and should be discussed with beamline staff.

A diamond crystal phase retarder is available to convert the linearly polarised X-ray beam to 
circular polarisation.

The large 6-circle kappa diffractometer supports several sample stages, giving temperatures 
down to ~4-6 K and up to 800K. A wide variety of detectors including a Pilatus 100K 
photon-counting pixel detector and high-resolution Merlin detector for coherent diffraction 
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measurements. Typical samples types include tiny single crystals <50 µm in length to thin-
films several with length of several cm, though larger samples are possible.

Linear polarisation analysis can be achieved with a novel in-vacuum analyser stage.

Keywords
x-ray diffraction, resonant x-ray scattering, magnetic ordering, electronic ordering

Biography
Dr Dan Porter is a beamline scientist at Diamond Light Source in the UK, working on 
the materials and magnetism beamline, I16. As part of this beamline, Dan specialises is 
resonant x-ray diffraction in the hard (2.5-15 keV) x-ray energy range, looking at magnetic 
and electronic ordering in a wide range of materials. The beamline is also capable of many 
different techniques thanks to its range of set up options and sample environments, including 
high resolution diffraction and Bragg coherent imaging at temperatures from 4.5 - 800K and 
magnetic fields up to 1T.
Dan's research interests lay in understanding the electronic ordering phenomena of functional 
materials, including magnetism is ruthenate compounds and ionic ordering in battery cathode 
materials.
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Quantification of electronic and magnetoelastic 
mechanisms of first-order magnetic phase transitions 
from first principles: application to caloric effects in 
La(FexSi1-x)13

Eduardo Mendive Tapia1*, Christopher E. Patrick2, Tilmann Hickel3, 
Jörg Neugebauer3 and Julie B. Staunton4

1Departament de Física de la Matèria Condensada, Facultat de Física, Universitat de 
Barcelona, Martí i Franquès 1, E-08028 Barcelona, Catalonia 
2Department of Materials, University of Oxford, Parks Road, Oxford OX1 3PH, United 
Kingdom 
3Department of Computational Materials Design, Max-Planck-Institut für Eisenforschung, 
40237 Düsseldorf, Germany 
4Department of Physics, University of Warwick, Coventry CV4 7AL, United Kingdom

Abstract
The development of new types of cooling technologies, presently dominated by low-
performance harmful greenhouse gases, is an urgent need to respond to climate change and 
limited energy resources. In this context, refrigeration alternatively generated by solid-state 
magnetic materials promises to be a more efficient and environmentally friendly technology 
[1]. The cooling performance of magnetic materials is typically quantified by the so-called 
caloric effect, which becomes giant and commercially viable around discontinuous (first-order) 
transitions between functional magnetic phases. The field of caloric refrigeration, therefore, is 
strongly motivated by the understanding and uncovering of magnetic materials showing first 
order transitions with large caloric effects.

One of the most famous magnetic materials class is La(FexSi1-x)13 and its derived 
quaternary compounds [2,3]. These exhibit giant caloric effects associated with a first-order 
paramagneticferromagnetic transition near room temperature and are made of relatively 
abundant, cheap, and nontoxic elements. A well-understood and largely observed mechanism 
driving first-order transitions is a strong coupling of magnetism with the lattice volume, known 
as magnetovolume coupling [4]. However, it has been shown that the magnetic discontinuity 
of La(FexSi1-x)13 is related to itinerant electron metamagnetic features that can potentially 
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be the principal mechanism [2]. Purely electronic sources driving first-order transitions have 
a long and subtle history, but the first principles modelling at finite temperature of their 
contribution along with magnetovolume effects is a major challenge. Here we present an 
accurate ab initio study at finite temperature focused on the magnetism of La(FexSi1-x)13 
based on the disordered local moment (DLM) picture [5] to quantify purely electronic and 
magnetoelastic effects [6,7]. We obtain results in very good agreement with experiment and 
demonstrate that the magnetoelastic coupling drives the first-order character and causes at the 
same time a huge electronic entropy contribution to the caloric response. Recent theoretical 
developments and the effect of multisite interactions will be discussed.

Keywords
Magnetocaloric effect; Ab initio thermodynamics; Magnetic materials; Phase transitions

References
1. X. Moya et al., Nature Materials 13, 439 (2014). 
2. A. Fujita et al., Phys. Rev. B 65, 014410 (2001). 
3. Ll. Mañosa et al., Nature Communications 2, 595 (2011). 
4. C.P. Bean and D. S. Rodbell, Phys. Rev. 126, 104 (1962). 
5. B.L. Gyorffy et al., J. Phys. F: 15, 1337 (1985). 
6. E. Mendive-Tapia and J. B. Staunton, Phys. Rev. B 99, 144424 (2019). 
7. E. Mendive-Tapia, J. Neugebauer, and T. Hickel, Phys. Rev. B 105, 064425 (2022)
 

Biography
Eduardo Mendive Tapia completed his PhD at the university of Warwick (UK) in 2018, 
awarded with the Springer exceptional thesis prize 2019 and being runner up of the Sam 
Edwards prize. His research interests focus on the first-principles study of temperature-
dependent properties of complex magnetic structures emerging in itinerant electron materials. 
This includes the prediction of new mechanisms of first-order magnetic phase transitions for 
cooling technologies, the exploitation of magnetic frustration, as well as the description of 
magneto-phonon coupling. Currently, he is a postdoctoral researcher at Forschungszentrum 
Jülich and the Max-Planck-Institut für Eisenforschung in Düsseldorf (Germany), which will 
be followed by an individual Marie Curie postdoctoral fellowship he recently obtained.
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Multicaloric Effects: Stressing Magnetocalorics to 
Stress Cooling Power

E. Stern-Taulats1, P. Lloveras2, A. Aznar2, M. Barrio2, J.-Ll.Tamarit2, 
M. Ghidini3,4,7, F. Maccherozzi4, S. S. Dhesi4, A. I. Tovstolytkin5, J. L. 
Llamazares6, J. Kim7, N. D. Mathur7, X. Moya7,A. Gràcia-Condal1,A. 
Planes1, and L. Mañosa1

1 Department of Condensed Matter Physics, University of Barcelona, Barcelona, Spain
2 ETSEIB, Universitat Politècnica de Catalunya, Barcelona, Spain.
3 Department of Physics, University of Parma, Parma, Italy
4 Diamond Light Source, Didcot, UK
5 Institute of Magnetism, Kyiv, Ukraine
6 Instituto Potosino de Investigación Científica y Tecnológica, San Luis Potosí, México
7 Department of Materials Science, University of Cambridge, Cambridge, UK

Abstract
Magnetocaloric materials generally owe the giant character of their magnetic field-driven 
thermal response to the magnetostructural coupling at a first-order phase transition. This 
property allows these materials to inherently exhibit multicaloric effects by applying both 
magnetic fields and the mechanical stresses that best tailor the symmetries associated with 
the structural change. It has been shown that adding a secondary driving field for the thermal 
response can be very advantageous to the tunability of the caloric effect magnitude, the 
operating temperature, and the reduction of hysteresis losses [1]. I will explore the conditions 
that enhance these multi-stimuli-driven thermal effects in a range of materials.

[1] Stern-Taulats, Enric, et al. "Multicaloric materials and effects." MRS Bulletin 43.4 (2018): 
295-299.
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Magnetocaloric materials, multicaloric effects, phase transitions
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Inducing Prestressing Effect on Mortar Beams 
Reinforced with Crimped SMA Fibers through 
different Heating Methods

Eunsoo Choi1*, Taehyun Park, Jungu Kang and Bui Thanh Nhan

Department of Civil and Environmental Engineering, Hongik University, Soul 04066, 
Republic of Korea

Abstract
This paper investigates the efficiency of prestressing effect on the flexural performance of 
reinforced mortar beams through different heating methods. To this end, different specimens 
reinforced by 1.0% and 1.5% volume fractions crimped SMA fibres as well as diverse internal 
and external heating sources are employed. The SMA fibres are made by cold drawing with 
a diameter of 0.8 mm and cut with a length of 30 mm. For the internal heating, electronic 
resistance wires are embedded inside beams at the bottom portion and, thus, they increase 
temperature of the SMA fibres to activate recovery stress of each SMA fibre. The external 
method uses two heat guns placed outside of beams. The heat guns blow hot air to the bottom 
of beams and increase temperature of the beam from the bottom to top surfaces. 
Time-deflection relationships during heating and cooling of specimens are extracted to evaluate 
the amount of induced prestressing force in each specimen via different heating process. Upon 
developing prestressing force in the reinforced mortar beams, we carry out several three-
point bending tests to study the flexural behavior of mortar beams and compare the material 
parameters with the reinforced specimens in the absent of prestressing force. The results show 
that internal heating source using electric current in comparison with external heating via heat 
gun could be faster and more uniform across the beams cross section contributing to a higher 
potential capacity in terms of stimulating recovery stress and subsequently boosting ductility 
and toughness of the composites.

Keywords
SMA crimped fibre; recovery stress; prestressing effect; heating method
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Symmetric Pt/Co/Ru/Co/Pt Synthetic 
Antiferromagnetic Multilayers Hosting Zero-Field 
Skyrmions

Lucas Scaranari Palhares1,2,*, Jeovani Brandão2, Fanny Béron1
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Abstract
Magnetic skyrmions are topological solitons that have been widely studied in magnetic 
materials with broken spatial inversion symmetry [1,2]. These non-collinear spin textures exist 
as stable ground states for the magnetization vector field, as a consequence of the fine balance 
among the exchange, Dzyaloshinskii-Moriya (DMI), anisotropy, dipolar, and in most cases, 
Zeeman interactions. However, the skyrmion-phase dependence on temperature and external 
magnetic field has instigated the pursuit of materials hosting skyrmions at room-temperature 
and zero-field conditions, since the required control over temperature and magnetic field poses 
an obstacle toward applications. Recently, synthetic antiferromagnetic multilayers (SAF-
MLs), based on ferromagnetic/spacer/ferromagnetic multilayers, have been reported to exhibit 
mixed phases containing skyrmions and domain walls in these conditions [3]. Furthermore, it 
has been shown that the antiferromagnetically coupled skyrmions have opposite topological 
charges, meaning that the transverse velocity component, which emerges from the skyrmion 
Hall effect, is suppressed, leading to undeflected skyrmion motion [4]. In this context, we 
investigated the effects of the spacer layer thickness between 0 to 2 nm in symmetric Pt/Co/
Ru/Co/Pt SAF-MLs. The multilayers were deposited through magnetron sputtering technique 
and their magnetic properties were characterized by magnetometry and magnetic force 
microscopy (MFM) imaging. Our results suggest that antiferromagnetic coupling is achieved 
for Ru thickness of 0.4, 0.6, and 0.8 nm. These multilayers exhibit a compensated remanent 
magnetic state after decreasing the field back to zero from out-of-plane saturation.  Most 
notably, in the as-grown state (i.e., prior to any field application), MFM images of the whole 
thickness interval exhibit long stripe-shape domains with few skyrmions among them. On 
the other hand, after applying and removing an out-of-plane saturating magnetic field (i.e., at 
remanent state),zero-field round and elongated skyrmions arise as the observed microscopic 
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magnetic ground state. This investigation reveals that the fabricated symmetric Pt/Co/Ru/Co/
Pt SAF-MLs possess antiferromagnetically coupled spin textures at room-temperature and 
zero-field, without the need for macroscopic broken inversion symmetry, contributing towards 
the realization of commercially viable skyrmion-based spintronic devices.
This work has been made possible through funding by the Brazilian agencies FAPESP 
(Projects No. 2017/10581-1 and 2020/07397-7), CNPq (#436573/2018-0), and Coordenação 
de Aperfeiçoamento de Pessoal de Nível Superior Brasil (CAPES), grant number 
88887.569085/202000.
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Magnetite-based Nanoparticles As Agents For Magnetic 
Resonance Imaging and CombinedTherapy
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Abstract
Magnetic nanoparticles (MNPs) are particularly promising in several biomedical applications, 
such asimaging, cell tracking, drug and gene delivery, magnetic fluid hyperthermia, and so 
on [1]. Iron Oxide Nanoparticles (IONPs) are the most widely investigatedbecause of their 
versatility, biocompatibility, good magnetic properties, and low costs[2]. Theycan beemployed 
in Magnetic Resonance Imaging (MRI) as T2 contrast agents (CAs), as they shortenthe proton 
transverse relaxation time (T2), yielding dark T2-weighted images[3].  As concern Magnetic 
Fluid Hyperthermia (MFH), the exposure of IONPs to an alternating magnetic field (AMF) 
resultsin heat dissipation, and consequent temperature increment of the target area where 
IONPs are injected (the tumor),leading to cancer cells apoptosis[4]. 
In this context, we explored the use of IONPs as MRI-CAs and as heating mediators for 
MFH combined with hadron therapy (HT). The NMR-dispersion profiles were collected at 
room temperature by measuring the longitudinal T1 and the transverse T2 relaxation times (10 
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kHz <ν<60 MHz). Carbonion/protonirradiationswereperformedatCNAO (Centro Nazionale di 
Adroterapia Oncologica- Pavia, Italy). Photonbeamirradiation was performedat Fondazione 
IRCCS Istituto Nazionale dei Tumori (Milano, Italy). Hyperthermia was realized by means of 
a thermalization system surrounding the samples, assisted by MFH (AMF of amplitude µ0H 
= 19.5 mT and frequency f = 109.8 kHz). The temperature of the cells was increased up to 42 
°C and kept constant for 30 min. 
As concern the results: (i) the 1H-NMR transverse relaxivity resulted much higher than the 
one of the previously commercial CA Endorem®, thus envisaging a possible clinical use with 
reduced doses; (ii) the relatively high SAR (110±30 W/gFe3O4) allowed to performcombined 
HT+hyperthermia treatments on pancreatic tumor cells cultures [8,9].In particular, for all the 
three types of irradiations investigated, the MNPs plus hyperthermia treatment grants a further 
killing effect, compared to the single irradiation, that results to be synergistic in case of proton 
irradiation, and additive for carbon ion irradiation.

Keywords
Magnetic Fluid Hyperthermia, Magnetic Resonance Imaging, Pancreatic Cancer, Contrast 
Agents
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Soft Magnetic Composite Cores Produced by Spark 
Plasma Sintering from Pseudo Core-Shell Powders like 
Me@MeFe2O4 type

I. Chicinaş1,*, T.F. Marinca1, L. Cotojman1, F. Popa1, B.V. Neamţu1, 
O. Isnard2

1Department of Materials Science and Engineering, Technical University of Cluj-Napoca, 
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Abstract
High magnetic properties (magnetic flux density and magnetic permeability) and high electrical 
resistivity are required in many AC applications for magnetic cores to reduce core losses. 
Usually, magnetic alloys based on Fe powder are coated with a thin dielectric, organic or 
inorganic layer [1]. To avoid the decrease of the magnetic properties of the material by the 
dielectric layer, a magnetic dielectric layer is used which consists of a layer of soft magnetic 
ferrite particles of nanometer size, in order to electrically insulate the metal particles from each 
other [2].
 
Nanocrystalline Permalloy/Supermalloy powders were obtained by mechanosynthesis in a 
Fritsch Pulverisette 6 planetary ball mill. The grinding time was up to 12 h and the average 
crystallite size was 18-20 nm. In Fe-Ni@Me1Me2Fe2O4 pseudo core-shell powders, the core 
is a large metallic particle (Fe or nickel-iron alloy) and the shell is a pseudo-continuous layer 
of nanosized particles of soft magnetic ferrite (NiFe2O4, Ni0.5Zn0.5Fe2O4, Ni0.5Cu0.5Fe2O4, 
Mn0.5Zn0.5Fe2O4, CuFe2O4). Composite particles with a pseudo-core-shell structure were 
prepared using acetone as a surfactant by mixing metal particles with very small ferrite 
particles and subsequent annealing with argon. The pseudo-core-shell powders thus obtained 
were compacted by spark plasma sintering (400°C – 900°C, 20 MPa, 0 - 10 minutes). Powders 
and sintered compacts were studied by: X-ray diffraction, in situ high temperature X-ray 
diffraction, scanning electron microscopy, energy dispersive X-ray spectrometry, magnetic 
hysteresis measurements (M(H) and B (H)) and electrical resistivity. A relative permeability 
of 75 at B = 0.7 T and 10 kHz was obtained for the Fe/CuFe2O4 core. The electrical resistivity 
of sintered composite cores is 3 to 4 orders of magnitude higher than the electrical resistivity 
of the Fe-Si alloy.
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The last results are obtained on the soft magnetic composite (SMC) cores obtained by Spark 
Plasma Sintering using Permalloy (Supermalloy)@Mn0.5Zn0.5Fe2O4 pseudo-core-shell 
powders. Three compositions of pseudo core-shell powders were prepared, with 1, 2 and 3 
w.t% of manganese-zinc mixt ferrite. The electrical resistivity of these SMC compacts is 
in the order of 1-10-2 Ωm, with 3-4 orders of magnitude higher than Supermalloy electrical 
resistivity. The spark plasma sintering at lower temperatures (500 ºC) conserves the initial 
phases of the composite, but upon increasing the sintering temperature and/or sintering time 
produces a solid-state reaction between the alloy and ferrite phases, with negative consequence 
on the magnetic properties of the compacts. The initial relative permeability is around 40 and 
it remains constant until to 2000 Hz. The power losses are lower than 2 W/kg until to 2000 Hz 
[2].

Keywords
pseudo core-shell particles; soft magnetic composites; spark plasma sintering, magnetic 
properties
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Crossover from Individual to Collective Magnetism: 
Anisotropy vs Dipolar Interactions in Simple and 
Binary Dense Particle Systems
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Abstract
Dense systems of magnetic nanoparticles may exhibit dipolar collective behavior. However, two 
fundamental questions remain unsolved: (i) whether the transition temperature may be affected 
by the particles anisotropy or it is essentially determined by the intensity of the interparticle 
dipolar interactions, and (ii) what is the minimum ratio of dipole-dipole interaction (Edd) to 
nanoparticle anisotropy (KefV) energies necessary to crossover from individual to collective 
behavior. We have studied a series of particle assemblies where dipolar interactions are similarly 
intense, but the nanoparticle anisotropy widely varies across the series. This parameter has 
been tuned through different degrees of cobalt-doping in maghemite nanoparticles, resulting 
in a variation of nearly an order of magnitude. All the bare particle compacts display collective 
behavior, except the one made with the highest anisotropy particles, which presents “marginal” 
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features. Thus, a threshold of KefV/Edd  130 to suppress collective behavior is derived, in good 
agreement with Monte Carlo simulations. This translates into a crossover value of  1.7 for the 
easily accessible parameter TMAX(interacting)/TMAX(non-interacting) (temperature ratio of the 
maximum in the temperature dependent zero-field-cooled magnetization of interacting and 
dilute particle systems), which has been successfully tested against the literature to predict 
the individual-like/collective behavior of any given interacting particle assembly comprising 
relatively uniform particles. 
Secondly, I will show the use of nanoscale-uniform binary random dense mixtures with 
different proportions of oxide magnetic nanoparticles with low/high anisotropy as a valuable 
tool to explore or, rather, define the dipolar-collective character of a given magnetic property 
as that resulting in the collapse of the individual features into a single one due to strong enough 
interactions. Crucially, such collective character must, in general, be ascribed to specific 
properties and not to the system [1].

1. Elena H. Sánchez et al., Simultaneous Individual and Dipolar Collective Properties in Binary 
Assemblies of Magnetic Nanoparticles, Chem. Mater. 2020, 32, 969.
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Micromagnetic Simulations of Domain Structures in 
Magnetostrictive Cylindrical Wires

Przemysław Gawroński

Faculty of Physics and Applied Computer Science, AGH University of Science and 
Technology, al. Mickiewicza 30, 30059 Cracow, Poland

Abstract
We present the results of micromagnetic analysis of magnetic structures that form in cylindrical 
wires with negative magnetostriction coefficients during the remagnetization process. The 
modeled wire was a cylinder 15 μm long and 0.75 μm in diameter. The experimental stress 
distribution [1] that occurs in amorphous glass-coated wires has been taken into account in our 
micromagnetic calculations through magnetoelastic anisotropy. In the case of small value of the 
magnetostriction coefficient (λ=-2•10-7) we observe the formation of a spiral domain structure 
and then its migration into the wire. The process of nucleation and subsequent transformation 
of the spiral domain structure in amorphous glass-covered microwires with a small positive 
magnetostriction value has been previously reported experimentally and numerically [2]. Here 
we analyze the spatial distribution of the 2D topological charge of the domain structure in 
the wire as a function of the decreasing external magnetic field. The transformation of the 
domain structure is accompanied by an increase in the topological charge from 0.7 to a value 
close to unity. Furthermore, analysis of the magnetization profiles leads to the conclusion that 
the cross-section of the tube structure formed in the wire has a structure corresponding to the 
Bloch skyrmion. It is worth emphasizing that the formation of the skyrmionic tube structure 
takes place in the case where there is no Dzyaloshinskii-Moriya Interaction.
For higher negative magnetostriction coefficients (λ= -5•10-6 and -8•10-6) we do not observe a 
spiral domain structure, instead the wire is divided into two parts, where the magnetic moments 
in the entire volume of the wire are circularly directed, their chirality is consistent with the 
chirality of the vortices at the ends of the wire. In the central part of the wire, nontrivial 
magnetic configurations are formed.  

1. H. Chiriac, T.A. Óvári, and Gh. Pop, Phys. Rev. B 52, 10104 (1995)
2. A. Chizhik, A. Zhukov, J. Gonzalez, P. Gawroński, K. Kułakowski, and A. Stupakiewicz, 

Sci Rep. 8, 15090 (2018)
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Anomalous Hall Effect in Graphene Coupled to a 
Ferromagnetic EuO

Satakshi Pandey*, Jerome Robert, Corinne Bouillet, Jean-Francois 
Dayen, David Halley

IPCMS, CNRS-Université de Strasbourg,23 rue du Loess, Bâtiment 69,67200 Strasbourg, 
France

Abstract
Graphene has emerged as a potential candidate in exploring the exciting field of spintronic 
as it can transport spin information with high efficiency. It has a long spin diffusion length at 
room temperature and can control the degree of freedom of spin through the spin relaxation 
mechanism. When kept in proximity to a ferromagnetic material like EuO a large spin 
polarization has been predicted [1] opening the way to various interesting phenomenon and 
new spintronic device concepts [2].
In this work we describe the experimental efforts which includes the growth of magnetic 
Europium Oxide magnetic thin film by an original Molecular Beam Epitaxy method, and 
their structural and magnetic characterizations. Finally, we present transport measurements 
revealing Anomalous Hall effect in Graphene in proximity with EuO thin film. Two types of 
magnetic order are observed where a transition occurs from a ferromagnetic (FM) behaviour 
to a superparamagnetic (SPM) like behaviour when increasing the temperature. Surprisingly, a 
large SPM signal survives up to room temperature which could make possible new spintronic 
applications in graphene.

Keywords
Anomalous Hall effect; Superparamagnetic; Molecular Beam Epitaxy; Europium Oxide
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Doping and Assembling of Atomic Gold Clusters to a 
Chiral Molecular Magnet

S. Rath*, D. K. Swain, G. Mallik, A. Kabiraj and P. P. Dash 

Institute of Technology Bhubaneswar, Argul, Jatni-752050, Khordha, Odisha, India

Abstract
Atomic metal clusters are stimulating subjects due to the adjustable properties emanating from 
atomicity-dependent electronic structures. Gold clusters and their superstructures with different 
atomicity have been pursued for decades due to their wide applications in optics. Further, 
tunning the properties by doping in the atomic cluster is a challenging area of research. This 
work demonstrates the ligand-mediated assembling of eight atoms of gold clusters (Au8) into a 
local periodic nanostructure. The local structure has been analyzed using transmission electron 
microscopy, x-ray diffraction, and small-angle x-ray scattering measurements. It revealed a 
local periodicity of 1.47 nm in the assembled hexagonal+1 Au8 clusters. The observation 
of two opposite natures of the excitonic states in the circular dichroism spectra corroborates 
the coupling of excitons in a fixed chirality. The properties of the material have been altered 
by Mn doping. The magnetic properties of the sample have been analyzed extensively using 
theory and experiments. A strong ferromagnetic ordering has been observed from Mn-doped 
Au8 due to spin-orbit interaction.
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Theoretical Study on In-Plane, Out-of-Plane, and 
Transverse Anisotropic Magnetoresistance Effects for 
Ferromagnetic Films

Satoshi Kokado1,*, Masakiyo Tsunoda2

1Graduate School of Integrated Science and Technology, Shizuoka University, Hamamatsu, 
Japan
2Graduate School of Engineering, Tohoku University, Sendai, Japan

Abstract
The anisotropic magnetoresistance (AMR) effect, in which the electrical resistivity depends on 
the direction of magnetization M, has been observed for a variety of ferromagnets such as Fe, 
Co, Ni, Fe4N, and half metals. The AMR effect has often been explained by using the electron 
scattering theory based on an extrinsic mechanism [1]. In this mechanism, the conduction (s) 
electron is scattered into the other states by nonmagnetic impurities. 
The AMR effect has recently been investigated for various directions of M. The AMR effects 
are, for example, in-plane AMR (IAMR), our-of-plane AMR (OAMR), and transverse AMR 
(TAMR) effects for ferromagnetic films. When the current flows in the [100] direction, the 
IAMR, OAMR, and TAMR mean that M lies in the (001), (010), and (100) planes, respectively. 
Quite recently, the IAMR, OAMR, and TAMR effects have been studied for CoxFe1-x single 
crystal films by using the first principles transport calculation with an intrinsic mechanism 
[2]. The intrinsic mechanism originates from the energy band crossing or anticrossing, which 
depends on the direction of M. The calculation results have been verified experimentally. 
On the other hand, the IAMR [3], OAMR, and TAMR [4] effects have been experimentally 
measured at T=50 K also for Fe4N thin films, with T being temperature. In the experimental 
results, the IAMR and OAMR exhibit the negative AMR with the twofold symmetry, whereas 
the TAMR shows the positive AMR with almost the fourfold symmetry. Such experimental 
results, however, have scarcely been analyzed systematically. We note here that an experimental 
result of T (≤35 K) dependence of the IAMR ratio for Fe4N films has ever been explained 
qualitatively by using the electron scattering theory with the extrinsic mechanism [5]. Our 
concern is therefore whether the present experimental results of IAMR, OAMR, and TAMR 
also can be explained by using the electron scattering theory. 
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In this study, we analyze the experimental results of IAMR, OAMR, and TAMR at T=50 K 
for Fe4N films using the electron scattering theory with the extrinsic mechanism. The theory 
is based on the two-current model with the s-s and s-d scatterings due to the impurities, where 
d is the localized d states [6]. The d states are numerically obtained by applying the exact 
diagonalization method to the Hamiltonian of the d states with the spin-orbit interaction, 
exchange splitting energy, and crystal field energy. We find that the calculation results of 
IAMR, OAMR, and TAMR agree qualitatively well with the respective experimental results. 
In addition, the feature of each AMR is considered on the basis of the probability density of 
the d states of the current direction.

Keywords
anisotropic magnetoresistance effect, spin-orbit interaction, crystal field, electron scattering 
theory
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Tuning of magnetic properties of Heusler-type glass-
coated microwires

V.Zhukovaa,b,c*, M. Ipatova,b,c, P. Corte-Leona,b,c, J.Gonzaleza,c and A. 
Zhukova,b,c,d

a Dept. Advanced Polymers and Materials: Physics, Chemistry and Technology, Faculty of 
Chemistry, University of Basque Country, UPV/EHU, 20018 San Sebastian, Spain
bDpto. Física Aplicada, EIG,  UPV/EHU, Plaza de Europa, 1, 20018, San Sebastian, Spain
c EHU Quantum Center, University of the Basque Country, UPV/EHU, Spain
dIKERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain

Abstract
Purpose/Objectives:

Studies of Heusler alloy have attracted considerable interest owing to a number of interesting 
features such as large magnetic field-induced strain, the ferromagnetic shape-memory effect, 
magnetic field induced martensitic transition, a substantial magnetocaloric effect (MCE) and 
the half-metallic behaviour [1].The conventional method for preparation of Heusler alloys is 
arc-melting followed by long high temperature annealing [1,2]. 
MCE observed in Heusler-type alloys is fairly attractive for magnetic refrigeration [1,2]. For 
increasing of the heat exchange rate the use of either thin wires or thin films is beneficial [1,2]. 

Materials/Methods:

Glass-coated Ni-Mn-Ga microwires with a metallic nucleus diameter of d≈ 22µm and total 
diameter of D≈62 µm, respectively, have been prepared using master alloy with a nominal 
composition of Ni50Mn25Ga25 (at.%) by a Taylor-Ulitovsky technique described elsewhere 
[1]

Results and Conclusions:

As-prepared Ni-Mn-Ga microwires at room temperature exhibit a very weak magnetization, 
M. As-prepared samples additionally present magnetoresistance, MR, effect and considerable 
dependence of M(H) dependences (particularly M-values) on magnetic field values attributed 
to the magnetic and atomic disorder. 
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Annealing conditions strongly affect the temperature dependence of magnetization, resistance, 
R, and Curie temperature of prepared microwires.  A ferromagnetic ordering with Curie 
temperature near room temperature and features that can be interpreted as the first order phase 
transformation are observed in annealed samples. We observed the hysteresis in R(T) and 
M(T) dependences in as-prepared and annealed samples. 
Consequently we report on the preparation and processing of Heusler-type glass-coated 
Ni2MnGa microwires exhibiting first order phase transition at heating after appropriate 
annealing.  
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Springer Series in Materials Science, vol 231, Springer International Publishing, 2016, 
ISSN 0933-033X, DOI: 10.1007/978-3-319-26106-5
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The Structural Disorder–Magnetism Relationships in 
Mechanochemically Synthesized Complex Nanooxides

Vladimir Sepelak1

Institute of Nanotechnology, Karlsruhe Institute of Technology, Hermann-von-Helmholtz-
Platz 1, 76344 Eggenstein-Leopoldshafen, Germany

Abstract
The interplay of magnetism and structural disorder in mechanochemically processed complex 
oxides is a fascinating subject of recent interest [1,2]. The present work reviews a one-step 
mechanosynthesis and magnetic properties of magnetoceramics with a variety of structure 
types (cubic spinel, orthorhombic olivine, perovskite, hexagonal structure, double perovskite). 
The case studies are presented, focusing on recent progress in a fundamental understanding 
of the structural disorder–magnetism relationships in “interface-controlled” complex oxides 
prepared by mechanochemical routes. The far-from-equilibrium structural disorder in iron 
containing magnetic nanomaterials is studied by means of 57Fe Mössbauer nuclear probe 
spectroscopy. The functional behavior of mechanosynthesized oxides is characterized by 
SQUID measurements. Selected examples of the separation of interfacial/surface effects from 
bulk effects in oxide nanoparticles are presented. It is demonstrated that interfacial effects in 
the mechanosynthesized ceramics may result either in an enhancement of magnetic behavior 
or in its degradation, i.e., in a desired or undesired magnetic property modification, when 
compared to magnetism of their bulk counterparts prepared by a conventional ceramic method.
The present work is supported by the DFG (project SE 1407/4-2).
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Stereolithographic Additive Manufacturing for 
Electromagnetic Wave Control

Soshu Kirihara

Joining and Welding Research Institute, Osaka University, Japan

Abstract
In stereolithographic additive manufacturing (STL-AM), 2-D cross sections were created 
through photo polymerization by UV laser drawing on spread resin paste including nanoparticles, 
and 3-D models were sterically printed by layer lamination. The lithography system has been 
developed to obtain bulky ceramic components with functional geometries. An automatic 
collimeter was newly equipped with the laser scanner to adjust the beam diameter. Fine or 
coarse beams could realize high resolution or wide area drawings, respectively. As the row 
material of the 3-D printing, nanometer sized metal and ceramic particles were dispersed 
into acrylic liquid resins at about 60 % in volume fraction. These materials were mixed and 
deformed to obtain thixotropic slurry. The resin paste was spread on a glass substrate with 
50 μm in layer thickness by a mechanically moved knife edge. An ultraviolet laser beam of 
355 nm in wavelength was adjusted to 50 μm in variable diameter and scanned on the spread 
resin surface. Irradiation power was automatically changed for an adequate solidification 
depth for layer bonding. The composite precursors including nanoparticles were dewaxed and 
sintered in the air atmosphere. In recent investigations, ultraviolet laser lithographic additive 
manufacturing (UVL-AM) was newly developed as a direct forming process of fine metal 
or ceramic components. As an additive manufacturing technique, 2-D cross sections were 
created through dewaxing and sintering by UV laser drawing, and 3-D components were 
sterically printed by layer laminations with interlayer joining. Through computer-aided smart 
manufacturing, design, and evaluation (Smart MADE), practical material components were 
fabricated to modulate energy and material transfers in potential fields between human societies 
and natural environments as active contributions to Sustainable Development Goals (SDGs).
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flows effectively. Ceramic and metal components were fabricated directly by smart additive 
manufacturing, design and evaluation (Smart MADE) using high power ultraviolet laser 
lithography. Original stereolithography systems were developed and new start-up company 
“SK-Fine” was established through academic-industrial collaboration.
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