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My first time with science

Why is a piece of paper falling down slowly?

* small weight?
e shape?
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My first time with science

Why is a piece of paper falling down slowly?
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tuning material: change a parameter to change the properties Shape!



Many properties of matter




Many properties of matter
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Everything was simple...




It is complicated...




Gel: not quite a solid, not quite a liquid



Semi-conductors
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Topological Insulators

topological insulator: insulating on the inside, conducting on the surface



Photovoltaic materials
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photovoltaic materials: produce electricity from light




Thermoelectric materials

thermoelectric materials: produce electricity from temperature variation



Magnetocaloric materials
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Magnetocaloric materials: cool down from magnetic field variation



Elastocaloric materials

Elastocaloric materials: cool down from pressure variation



Magnetic materials

ferromagnetic, antiferromagnetic (G-type, A-type...), paramagnetic, diamagnetic, frustrated...



Liquid crystals

liguid crystals: align their molecules under an electric field



Superfluidity
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superfluid: does not have any viscosity. When put into a glass, it flows out on its own.



Shape memory alloys

Shape memory alloys: memorize their shape.
You change their shape, and they come back to their previous shape.



Superconductors

superconductors: that don’t have any resistance to the electrical current
expel magnetic field



Superconductors

superconductors: that don’t have any resistance to the electrical current
expel magnetic field




Big potential and key questions

Temperature
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Condensed Matter Science: study all kinds of materials
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Materials at the edge of an instability

small perturbation: large responses



Materials at the edge of an instability

temperature

disorder

control parameter



Materials at the edge of an instability
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Kill the order

temperature

disorder

control parameter
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T (K)

Materials under high pressure

Modulated
o magnetic phase
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Superconducting

ferromagnet: UGe,
T (K)

274 order
===1% order

50

40

FM1

30

TK)

20 -

10

0

~

crossover

anomaly
\

\
\

FM2

\
CEﬁ*I

TCP

0 0.5 1

2

-
(S5}

~ p (GPa)

Taufour V. et al. Phys. Rev. Lett. 105 217201 (2010)

Hidden Order in URu,Si,
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In the beginning,... there was a sample

All kinds of measurements to study these new phases (at UC Davis and elsewhere):
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How do we grow sugar crystals?




How do we grow sugar crystals?

Sugar dissolved String tied to a pencil and 1 week later
in hot water suspended in solution
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sugar water




Solubility limit —

Liquid solution (syrup)

Temperature (°C)

Compositional diagram is like a ma
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Reading the map...

hot liquid
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Reading the map...
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Reading the map...

hot liquid
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Solution growth: example of MnBi
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T. Chen et al. J. Appl. Phys. 45 2358 (1974)
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Solution growth: example of MnBi
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We grow many compounds to study their properties

your next
crystal here




Permanent magnets market

permanent magnet market: $18,800 million by 2018

permanent magnet market report:
http://www.marketsandmarkets.com

and growing fast...

Global permanent magnet market volume (kilo tons)
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Rare-earth magnets by applications

rare-earth magnets by applications (2012)
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Suzanne Shaw and Steve Constantinides
8th international Rare-earth conference



Permanent magnets in cars

Example of the use of up to 100 magnets in

high-quality cars
Automatic Speedometer,
Temperature Sun Roof Motor Gauges and Digital
Control Clock
‘l'o:a“‘ Liquid Level
Defrogger Speakers
Windshield
Wiper Motor
Windshield
Washer Pump
Door Lock S ( -
5 Economy and
Anti-Skid Pollution Control
Fuel Pump Coolant Fon
Motor e Motor
- Motor l.iﬂMdor
swmrm
Heat and Air
Condition Motor
Throttle and
Crankshaft Position

Sensors



Permanent magnets in cars

electric vehicles, hybrid electric vehicles (motor systems often rely on NdFeB magnets)




Permanent magnets in wind turbines

land-based offshore

induction (no permanent magnet) half-speed (200 kg magnets/MW)
half-speed (200 kg magnets/MW) direct drive (600 kg magnets/MW)
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New Magnets

Rhyo,Bi

Critical Materials Institute

AN ENERGY INNOVATION HUB
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Creating and Tuning materials

chemical substitutions pressure

Czochralski technique

solution growth
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chemical substitutions pressure

Czochralski technique

solution growth

Think Make

Material Design
Cycle
Measure

BRI




Creating and Tuning materials

chemical substitutions pressure

Czochralski technique

solution growth

Think Make
Material Design
Cycle
Measure

Thank you for your attention!




