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Nieuwe onderzoeksmogelijkheden
met de Delftse reactor

Jeroen Plomp, Delft @




Available probes

A 2 MW pool-type research reactor

A Unique radiation available for research:

A Neutrons

A Positrons

~

ARadi o isotopes (U, b,
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Bertram N. Brockhouse
The Nobel Prize in Physics 1994

Born: 15 July 1918, Lethbridge, Alberta, Canada

Died: 13 October 2003, Hamilton, Ontario,
Canada

Affiliation at the time of the award: McMaster
University, Hamilton, Ontario, Canada

Prize motivation: forfthe development of neutron
spectroscopyo

Prize share: 1/2

Neutron to see the invisable

A The Nobel Prize in Physics 1994 was awarded "for pioneering
contributions to the development of neutron scattering
techniques for studies of condensed matter" jointly with one half
to Bertram N. Brockhouse "for the development of neutron
spectroscopy" and with one half to Clifford G. Shull "for the
development of the neutron diffraction technique"

A How atoms/spins move and where atoms/spins are

Clifford G. Shull
The Nobel Prize in Physics 1994

Born: 23 September 1915, Pittsburgh, PA,
USA

Died: 31 March 2001, Medford, MA, USA

Affiliation at the time of the award:
Massachusetts Institute of Technology (MIT),
Cambridge, MA, USA

Prize

otivation: ifor
neutron di f f

raction te

Prize share: 1/2

MLA style: The Nobel Prize in Physics 1994. NobelPrize.org. Nobel Prize Outreach AB 2023. Tue. 19 Sep 2023. <https://www.nobelprize.org/prizes/physics/1994/summary/> 10



Neutrons versus x-ray X-ray versus neutron
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Neutrons magnetic contrast Magnetic moment
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Neutrons are remarkable probes
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User facilities in Europe

Members

As of June 2019, the membe
Budapest Neutron Centre (BNC)
European Spallation Source (ESS)
Forschungszentrum Julich (FZ))
Institute for Energy Technology (IFE)
Institut Laue-Langevin (ILL)
ISIS Neutron and Muon Source
Laboratoire Léon Brillouin (LLB)
Heinz Maier-Leibnitz Zentrum (MLZ2)

Paul Scherrer Institut (PSI)

a

Science & Technology Facilities Council

ISIS Neutron
and Muon Source

NEUTRONS
FOR SOCIETY

PAUL SCHERRER INSTITUT

 NMLZ

Heinz Maier-Leibnitz Zentrum

JULICH

Forschungszentrum
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What type of field neutron users

Neutron:

A Battery materials

A Magnetism

A Colloid science

A Food science

A Polymers science

A Drug delivery systems
A Cultural heritage

A Fundamental physics
A Hydrogen economy
A CO2 storage

A Etc.

Transport
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Delft game changer, cold source project
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Neutron: length scale to analyse

Structure analysis length-scale:

Physics and Chemistry Engineering

Diffraction Reflection Small Angle Scattering Radiography / Tomography

Layered
structure

:; § E’ 10-10 109 108 1077 106 105 104 103 102 [m]
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OYSTER
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Molecules

%&”

Instruments In Delft

Instruments for material research

SESANS

10 cm

Objects
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Diffraction

Atoms

10—10

Neutron diffraction

Structure analysis length-scale 0.1 nm to 1 nm
Neutron powder diffraction, bulk
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Powder diffraction, Pearl

counts
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The PEARL calibration data for the 1.67AA (533) setting
at room temperature. This data was measured for 1 hour
on 1.22gr of NIST sapphire.
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Diffraction

Atoms

10—10

Neutron diffraction

Structure analysis length-scale
0.1 nmto 1 nm |
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Neutron diffraction
In situ of loading and unloading - %
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Powder diffraction, Pearl

A Induction based heating

A Standard operating range RT-1200

A Max 1800 degrees °C

A Used to study molten salts & uranium samples
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Neutron reflectometry

Structure analysis length-scale 5 nm to 150 nm
Neutron reflection, surface, layers
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Reflection

R

Layered
structure

10°

Neutron reflectometry

. 1
Structure analysis length-scale 1 nm to 200 nm —— 100 nm SiO, on Si
Neutron reflection, surface, layers air-Si
------- air-Sio,
10" '
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Neutron reflectometry

Example: Hydrogen sensing materials

No hydrogen present in the 0.001% H, 4% H,
surrounding H, H, H,
L J H, Lo o
[ ) 2 Lo H2“ o0
oo 0o i

Protective layer Protective layer Protective layer

50% 40% 30%
Reflection of Reflection of Reflection
light light of light

A Key to understanding the thermodynamics and sensor response is to know the hydrogen
concentration in the sensing layer
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Neutron reflectometry

o 0 g
Example: Hydrogen sensing materials 10 i
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hydrogenated Ta thin films. ACS Materials Letters, 5, 962-969.




Physics and Chemistr

0098
0980
6096

Colloids

108 107

Small Angle Neutron Scattering (SANS)

Structure analysis length-scale 1 nm to 500 nm

incident beam [:]

sample
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Small Angle Neutron Scattering

Commissioning

New detector and electronics (50x50cm ->
60x60cm)

New funded projects i Steels (PhD Started)
Development of battery cell

New software (epics)

Reduction software under development

| REACTOR
INSTITUTE
DELFT

TUDelft




| REACTOR
INSTITUTE
DELFT

TUDelft

Structure analysis length-scale 50 nm to 20 um

incident beam [:]

sample

Spin Echo Small Angle Neutron Scattering

sics and Chemistry

Small Angle Scattering
9008 ED (&
8508 NS 20
Colloids Aggregates Cell
107 106 10°%

SESANS signal !
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Small Angle Neutron Scattering (SESANS)

Structure analysis length-scale 50 nm to 20 pm
Spin Echo Small Angle Neutron Scattering
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sics and Chemistry
Small Angle Scattering
9958 e Gor
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Colloids Aggregates Cell

107 106 10°

SESANS example

Structure analysis length-scale 50 nm to 20 um

Length of

Diameter of o6yoghur
casein micelle
of milk

0 1000 2000 3000 4000 5000 6000
spin-echo lengte [nm]
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Neutron imaging

Structure analysis length-scale 50 um to cm level

Radiography and tomography
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Radiography / Tomography
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