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SYNTHESIS



Methodology
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High Throughput Physical Vapour Deposition Systems
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w Generic Schematic of synthetic systems
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HT-PVD Synthesis
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CHARACTERISATION AND
SCREENING



Parameter

Equipment

Automated SEM and EDS
Automated Thin Film X-ray Diffraction
Automated Atomic Force Microscopy

Composition High Resolution TEM and EDS
And Automated Raman Microscopy
Structure Automated Infrared Microscopy
Automated Optical Profilometer
Automated Spot X-Ray Photoelectron Spectroscopy
Automated Laser Ablation Inductively Coupled Mass spectroscopy
Conductivity Automated Four-Point Probe or Van de Pauw
Automated Imaging Ellipsometer
Optical Imaging Reflectivity
Automated Visible/UV Transmission Spectroscopy
Thermal Imaging Thermal (IR) Camera
Optical Profilometer
Thickness Automated Atomic Force Microscopy

Automated Imaging Ellipsometer

Hydrogen storage

Automated Pressure — Temperature - Transmission measurements
High throughput Temperature Programmed desorption




Re-synthesize metal
hydride
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Summary of primary screening: P-T-T
=2 Pressure-Temperature-Transmission
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A Transmission
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A Transmission
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Pl 14

Red Spot (@) is Mg 69Nig 31
Plateau pressure = 0.5 - 1.0 x 10° Pa at 175 °C



W Mg-Ni Hydrogenation Cycle
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Quadrupole Mass
Spectrometer

Gas Inlet /

Summary of secondary screening: TPD
Temperature Programmed Desorption & Reversibility
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Temperature Programmed Desorption
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MEMS Array
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Voltage / V

Vacuum heating rate determined to be 114 6 K V1
Maximum temperature therefore 957 K 36 K V-1



H2 Partial Pressure /arb

TPD: Magnesium — Nickel Hydrides
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Magnesium — Nickel H;
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H2 Partial Pressure / arb.
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Apparent activation energy / kJ mol?

Apparent Activation Energies
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w Summary of Figures of Merit
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All FOM determined as a function of composition

 Primary Screen:
— AH, AS
e Secondary Screen:

— Gravimetric capacity (wt. %)
* Initial and reversible

— Toneet @ given heating rate
— Ea
— Stability (over n cycles)

Complete picture of hydrogen sorption for lead
candidate identification



W Summary

e Synthesis

— Patented approach to high throughput
synthesis of materials

e Screening

— PTT and TPD combine to yield a complete
picture of hydrogen sorption and storage

e Informatics

— High throughput analysis provides means to
rapidly visualise and interpret results
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