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Magnetic Energy Materials:
on phase transitions, caloric effects & more
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Magnetism

Is literally everywhere...

Motors, transformers
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compass-on-wood.jpg

https://pixfeeds.com/images/4/274772/1200-168325384-electric-motor.jpg




g HZB...
. Zentrum Berlin
—— Foculty of Physics

Magnetism

Is literally everywhere...
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Loudspeakers

Electric guitar pick-ups

By Svjo - Own work, CC BY-SA 3.0, https:// ] : e
commons.wikimedia.org/w/index.php?curid=30341185 http://darthphineas.com/2019/07/humbucker-modifications/
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Magnetism

Is literally everywhere...
Magnetic storage media
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Magnetism

Is literally everywhere...

Magnetic resonance
imaging

Magnetic nanoparticles

https://pixfeeds.com/images/4/274772/1200-503664242-patient-in-scanner.jpg
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Magnetism

And everything is actually magnetic...
diamagnetic
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https://www.youtube.com/embed/YohXS nka-U http://www.aparchive.com/metadata/youtube/f760c710bc6ebcd S56bfd7fb75d70404#

Andre Geim - 2010 Ignobel
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Magnetic order
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All magnetically ordered materials will have a
transition to a magnetic disordered phase.
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Magnetic phase transitions

Magnetic order X Temperature
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Kishore et al. Materials 2018, 11(8), 1433
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Magnetic phase transitions

The thermomagnetic generator is not a new idea:
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Tesla 1890
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Magnetocaloric effect

Is the change in temperature observed when a
magnetic material is placed on magnetic field.
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Magnetocaloric effect

Is the change in temperature observed when a
magnetic material is placed on magnetic field.

The effect will be larger
around phase
transitions.
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Phase transitions

My aim is to understand phase transitions so that we can design
better materials for applications.

Ferro .
Because atoms are part of a crystal structure that will
I t I I I Para also change
A B A B A
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phase transitions .
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Tailoring phase transitions
-tailor Tc, AS & hysteresis
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Understanding phase transitions

EXAFS
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Understanding phase transitions

What is the mechanism
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Understanding phase transitions

Structural compatibility
at the phase transition
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Understanding phase transitions
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Study the barocaloric effect in

Barocaloric effect different compounds
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Multicaloric effects

7
’, N O
o v LCNMO =
AR S La; ;Cay 3 MnOs; ©
: LCMO O
T: 259K S
©
O
. =
: 0 S
BaT103 =
TR._Q ~ 200K
% "4 @00sT e,
. ) -0.5
- ® 00T v
: . “ 6
- Apply strain on a magnetoelastic 3 7 @0sT 10
. g 8 ® 030T 205 245
or ferroelectric transition 8- @ 00T
- Core/shell nanoparticles V/A to ® 1007 o EXT
strain a material? -1, A '~ | -
e . , L 00 140 180 220 260
- “trigger” a structural transition T(K)

Nature Materials 12, 52 (2013)




gl': :-VEEFRE?}I;AT HZB Helmholtz

Zentrum Berlin

B Foculty of Physics

Nanoparticles

Hyperthermia & drug delivery
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Developing instrumentation

Uniaxial pressure In-field DSC
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Objectives:
» understand critical phenomena
* Design better materials for applications

Materials physics’ toolkit:
* synthesis techniques
« Characterization techniques
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Thank you!

lcaron@physik.uni-bielefeld.de
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