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Objectives
Sample Environment is critical to
generating world class science at
our facilities.
New instruments are now being designed
and built around SE

EXEED (@ISIS), SNAP (@SNS)

New areas of science is driving change

TS-2 next phase instrument: EXCEED
.

Ruby fluorescence  pressure measurement in
sapphire anvil cell



Objectives

 Our aim is to increase the envelope of available phase space at all the
network facilities.

• High pressure gas cells:
– Significant increase in accessible pressures, both inert gas and hydrogen

• Ultra high temperature furnaces:
– Increase sample size, stabilisation and allow the possibility of crystal growth
– In-situ measurement of conductivity and magnetic susceptibility
– Make these systems more accessible and user friendly.

• Gas absorption systems:
– Mobile systems with user friendly integrated control systems
– Extension of pressure range and temperatures 1.5k – 600k and up to 300bar



Synergies with other facilities

 Partners involved both as participants and observers: CEA, HZB, ILL,
ISIS, TUM.

 Inter-facility contacts: we are already engaged in the exchange of
technical knowledge – Bridgman seal designs, suitable materials,
supplier contacts…

 Acting as a catalyst for developments across the whole spectrum of
sample environment

 Effective use of technical expertise – sharing not duplicating



High pressure science

Areas:
physics, bio-physics, chemistry,
materials science and planetary
science.

Examples:
Inert gases:
Condensed matter: quantum
criticality, pressure-induced
superconductivity, non-Fermi liquid
behaviour.
Planetary science.
Hydrogen:
Clean energy source – storage
materials;
H2 and D2 science.

AD Fortes et al (ISIS)

R. Mittal et al (ILL)

L. Bourgeois et al (LLB)



High pressure cells: current situation
Inert gases:
•LLB - Cells: 6.5 kbar (T6 Al Alloy) @ 4-300 K
•ISIS - Cells: 5.6 kbar (TiZr), 6.4 kbar @ 2 K (BeCu)

Hydrogen:
•Cells – 2.8 kbar @ 20K (Inconel)
•Gas handling – max 7 kbar

BeCu cell – used for muon experiments
at 6.4 kbar and 2K on Riken

Inconel cell – used by Evan
Gray on ISIS

LLB NOVA Swiss
intensifier system

LLB T6 alloy
cell: 6.5 kbar



High pressure cells: Challenges
•Materials – strength versus neutron
transparency;

•Hydrogen compatibility – resistance to
hydrogen embrittlement;

•Safety – PED regulations, hydrogen hazards. Fatigue testing of
material samples

Hydrogen
embrittlement in
Ti alloys.
(V Madina et al.)

FEA stress profile of cell and seal
arrangement at 8.7 kbar.



High pressure cells: Planned work

Inert gases:
•Report – current technology
•Cells: 8 kbar, 10 kbar prototype
•Gas handling systems
•Cryogenic test system

Hydrogen gas handling and pressure
cells:
•Report – hydrogen-safe materials
•Cells: 4, 6 and 8 kbar
•Gas handling and other equipment
•Test regimes and safety issues

Bursting windows captured
by high speed camera.



High temperature science

 Crystallization
 Liquid-liquid phase transitions
 Local structures: coordination numbers,

distances, clusters, supercooling…
 Dynamics of liquids
 Melt viscosity, sound speed,…



High temperature: current situation

 Status: very high temperatures are attained regularly at X-ray facilities but
rarely at neutron facilities

 Project: to build compact furnaces optimised for neutron scattering
instruments and reaching 3000K (2000K today)

 Solution: containerless techniques avoiding contamination
 Aerodynamic levitation
 Electromagnetic levitation (liquid metals), adapted to dielectric materials

with electrostatic levitation technique



High temperature furnace:
Planned work.

• nozzle/coils design study report

• furnaces designs and drawing

• manufacture and test prototypes

• add non-invasive electromagnetic
conductivity measurements to aerodynamic
levitation furnace





Gas adsorption: Challenges

•Automation – controlled volumetric gas dosing
is a complex procedure

•Vapour sorption - continuous flow methods for
hot vapours

•Precision better than 0.1% is required

•In-situ catalysis and synthesis – gas mixing
options and rest gas analysis

•Gravimetric analysis – combination with
extreme pressure and temperature conditions.



Gas adsorption: Planned work
Automated gas dosing systems:
• Volumetric: T < 300 K, P < 1.5 bar
• Volumetric and Continuous Flow: 500 K, 300 bar
• Vapour Mixing System 35bar with rest-gas analysis

Gravimetric gas adsorption environment:
• Build high temperature neutron environment for
magnetic suspension balance 500 K, 300 bar
• Build low temperature option for magnetic
suspension balance 20 K, 1.5 bar

Magnetic suspension
balance with low
temperature option and
gas mixing system

Automated Volumetric
Gas adsorption station



Conclusion

 Our aim is to make complex systems more easily
accessible to a wider community.

 Increase the sample environment knowledge base
across the facilities.


