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Hydrogen economy
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Hydrogen economy

Means to store energy from renewables
H, storage
Mobile applications
Cars, Trucks, Forklifts, Ships, Cell Phones

Stationary applications
Energy buffer in power plants
Home storage

How much can you stretch a metallic Does the storage capacity of a nano
glass with hydrogen in one dimension? material depend on its surroundings?




Hydrogen economy




Possibilities to tune properties towards application?
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Super lattices




Single crystalline multilayers

MgO substrate top view:
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Vanadium phase diagram

50 nm film
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Resistivity and optical transmission
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Proximity and finite size effects on hydrogen absorption in vanadium

Phase boundaries and hydrogen locations

Excess resistivity Ap — electron scattering from H as impurities
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In-situ gas loading environment on Super ADAM

Ultra high vacuum P : 1e-10 mbar
Temperature sensor on the sample
T:293-493 K

P:1e-4 - 1e3 mbar

Ultra pure hydrogen and deuterium

Optical Transmission
Optical Reflectance possible
Raman scattering possible
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Neutron reflectometry ... .. ’
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Reflectivity

Lattice expansion
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Finite size effect

Fe/V 1/7 Fe/V 3/16 Fe/V 3/21
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Finite size scaling

Condition for critical point: a lj, 82 [j,
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Influence of deuterium induced lattice expansion on optical transmission

Neutron reflectivity measurements:
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Change in site occupancy as cause for different lattice expansion?

Is the optical transmission driven by lattice expansion?
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lon beam techniques

RBS & O NRA Resonant Nuclear Reaction Analysis
15N (6.385 MeV) + 'H—-'2C+ o+ y(4.43 MeV)
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Real space crystallography in thin films — lon channeling

. lattice atoms

SiBUowINE cane @ interstitials Simulation of ion trajectories FLUX7-code:

ion beam

\\ /\_ —————————— P.J.M. Smulders, D.O. Boerma, NIMB 29 (1987)
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norm. channeling yield
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The ultimate detection limit: Interstitial hydrogen

Site Location and thermal vibrational motion
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Proximity and finite size effects on hydrogen absorption in vanadium

What is the H-site occupancy?

Phase boundaries and hydrogen locations
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Why disorder?

 Disorder

Breaks local and global symmetries

No more well-defined directions for
diffusion

Topological frustration

More open energy landscape
No grain boundaries

Large entropy from disorder

 Limitations

Thermal stability
Cycling
Brittle?

Information is entropy

"...iImplies that the coordinates of atoms

contain all the information needed to calculate the
configurational entropy.” — M. Widom 2018
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Diffusion

Cut Through
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| Diffusion equation:
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Using light transmission to watch hydrogen diffuse

Gunnar K. Palsson!, Andreas Bliersbach!, Max Wolff!, Atieh Zamani'! & Bjérgvin Hjérvarsson!



Time (s)

Hydrogen diffusion

50 nm film of vanadium
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H diffusion measured with neutrons

Aw(10'2 sec-!)

2-0

J. Phys. Chem. Solids

210°C
VH (a PHASE)

Pergamon Press 1971. Vol. 32, pp. 41-54. Printed in Great Britain.

QUASIELASTIC NEUTRON SCATTERING BY

HYDROGEN IN THE o« AND B PHASES OF
VANADIUM HYDRIDE?

J. M. ROWE, KURT SKOLDt and H. E. FLOTOW
Argonne National Laboratory, Argonne, Ill. 60439, U.S.A.

and

J. J. RUSH
Center For Radiation Research, National Bureau of Standards, Washington, D.C. 20234, U.S.A.

(Received 8 January 1970; in revised form 6 April 1970)



Normalized Reflectivity

Resonant enhancement
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Calculating the wave field

Distance from surface A
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Incoherent scattering
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Incoherent scattering
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Hydrogen loading
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Summary

Hydrogen economy

Transition metal hydrides
Proximity effect
Finite size effect
Strain effect

Resistivity as a measure for order
Optical transmission as a measure for hydrogen concentration
lon beam analysis as real space method

Neutron reflectometry



Swedish Neutron Week 2026
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We are happy to anounce that the Swedish Neutron Week 2026 will take place at the conference
venue on the AstraZeneca Gothenburg site, which is kindly offered by AstraZeneca for the
conference free of charge. The conference will be jointly organised by SNSS and Swedness. It is
scheduled to take place between 25 - 27 May. A preliminary program is now available, including a
diverse schdule including talks and posters on Quantum materials, Soft matter, Life science, Energy
materials, neutron instrumentation and more. The Swedish Neutron Week has in the past served as
an excellent forum for the neutron scattering community in the country and we hope to see as many
of you as possible there. Abstract submission is now open until 29 March 2026 and registration, free
of charge, is also open until 30 April 2026. The conference will also be succeeded by the Swedness

10th anniversary workshop on the 28-29 May also in Goteborg.

=

Sppnsors

\ SWEDISH
| | NEUTRON
X SCATTERING

v
_ & SOCETY

4
'.l Y Vetenskapsradet

NEUTRONS Center for Neutron Scattering
Uppsala Universitet

SwedNEss AstraZeneca(%

Detektoren filr Neutronen GmbH

STIFTELSEN fir
STRATEGISK FORSKNING FOR SOCIETY

B RESEARCH USING

B LARGE-SCALE

U

| EXPERIMENTAL u e|
FACILITIES



	Slide 1: Hydrogen storage materials
	Slide 2: Hydrogen economy
	Slide 3: Hydrogen economy
	Slide 4
	Slide 5: Super lattices
	Slide 6
	Slide 7: Vanadium phase diagram
	Slide 8: Resistivity and optical transmission
	Slide 9
	Slide 10
	Slide 11: Neutron reflectometry
	Slide 12: Lattice expansion
	Slide 13: Finite size effect
	Slide 14: Finite size scaling
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22: Diffusion
	Slide 23: Hydrogen diffusion
	Slide 24: H diffusion measured with neutrons
	Slide 25: Resonant enhancement
	Slide 26: Calculating the wave field
	Slide 27: Incoherent scattering
	Slide 28: Incoherent scattering
	Slide 29: Hydrogen loading
	Slide 30: Summary
	Slide 31

