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Why Hafnium?
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X-ray Diffraction
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Structure and Form Factor
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Form Factor
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Neutron Diffraction

- Light atoms
- Atoms that are close in atomic number (e.g. Fe and Mn)
- Magnetic materials

Need

+ Relatively large sample quantity (~ 1-5 grams)
- Relatively long measurement times (> 1h in Delft)
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Neutron Diffractometer Pearl @ TU Delft
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Neutron Diffraction
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In-situ XRD
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Thin Films — Textured!
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In situ XR
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In situ XRD
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Counts per second [-]

In situ XRD
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In situ XRD

17501

15001

1T

>
' w -h_ ) w
it . . . ’ !

1250

Counts per second [-]
- 5
w (=]
o o

wu
o
o

3]
%]
o

X =35°

AN
00¢

0.

X =55°

6 X =70°

31 32 33
20 [deg]

o]
TUDelft

34

3551 52 53 54 55 56 57

26 [deq]

26 [deq]

58 34 35 36 37 38 39 40 41 42

31 32 33 34 35
20 [deg]

15



In situ XRD
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FCC — FCT phase transition without phase coexistence
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Hafnium as hydrogen sensor

FCC — FCT phase transition without phase coexistence ensures a sensing response
without hysteresis
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Neutron Reflectometry

*  How did we know the hydrogen concentration in the thin film? Neutron
Reflectometry!

- X-ray and Neutron Reflectometry are techniques that provide information
about the thickness, composition and roughness of flat samples with layer
thicknesses of 2 - 200 nm.
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Conclusions

« Hafnium (and other thin film metal hydrides) can be used as effective hydrogen
sensing materials.

« The absence of a first-order phase transition in thin films
— Consistent with the hysteresis-free sensing properties of hafnium-hydrogen thin films
— Shows the profound influence of nanoconfinement

* Neutron diffraction can be a useful tool to study the atomic structure of
materials with (i) light elements, (ii) elements that are close together in atomic
number, (iii) magnetic materials.

- X-ray and Neutron Reflectometry are techniques that allows one to study the
composition, thickness and roughness of thin layered structures.
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