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REACTION PATHWAYS AND ROLE OF ADDITIVES IN 

REACTIVE HYDRIDE COMPOSITES
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RHC- LiBH 4-MgH2 composites

11.5 wt% gravimetric storage capacity !!
� H= 46kJ/molH2

Teq = 170 °C (1 bar H 2)

2LiBH4+MgH2 � 2LiH+MgB2 + 4H2
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Sorption Reactions – Desorption

Reduction of the reaction time 
by a factor of 10

Example of 

2LiBH4+MgH2� 2LiH+MgB2+4H2

composites

Measured at 400°C and 5 bar hydrogen

+Transition-Metal based
additives

Function of the additives?

Also: enhanced absorption 
reaction

Zr-based additves as a model system
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Chemical state: ZrCl 4 in
LiBH 4-MgH2 composites

Change of the
Zr-state during

milling

Stable upon
further cycling

Formation of 
ZrB2 likely

Measured at A1,DESY, Hamburg, Germany

XANES measurements at the Zr-k edge
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Size of Zr-structures – ASAXS 

� Zr- based nanostructures after milling 

� Stable upon cycling

Measured at B1,DESY, Hamburg, Germany
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ASAXS – Model fitting 

� Random two-phase model typical length scales

� � � ~30-60nm (crystallites)

� � � ~2-5nm (Zr-phase)

� �

� �

Hydride phase TM-phase/ ZrB2

U. Bösenberg et al., Nanotechnology 2009
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Location of Zr-structures (TEM)

Location of Zr-nanostructures
in the interfaces

interface

LiH

MgB2

Zr-phase

In cooperation Young Whan Cho and Ji Woo Kim,

Seoul National University and the Korean institute 

of Science and Technology, Korea

MgB2 grain

LiH matrix

ZrB2 nano particle

�X�W�•�”

2nm

Cycling

U. Bösenberg et al., submitted for publication
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Calculated lattice misfits

2.9{0001}ZrB2

3.5{111}MgO

15.5{100}Li2O

1.8{0001}TiB2

2.7{0001}VB2

62.5{100}CaB6

6.5{111}LiH

3.7{0001}Mg

Misfit in %PlaneCompound

Metal atoms in the closest packed planes to MgB2 basal plane

� Incubation period in pure composite time independent process
� Nucleation problem heterogeneous nucleation from the additives
� Interfacial energy lattice misfits

Furthermore
� Ionization
� Low enthalpy of fusion
� 3D-misfit

U. Bösenberg et al., submitted for publication
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Heterogeneous nucleation during desorption? 
Evidence?

Inocluation with MgB2

improves the reaction
kinetics

Addition of MgB2 (inocluation)
� similar to TM additives
� quantity dependent

U. Bösenberg et al., submitted for publication
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Absorption: 
Kinetic analysis from in-situ XRD

Absorption 2LiH+MgB2, 265°C 150 bar H 2

Calculated phase fractions and 
transformed fractions from Peak

area analysis

Rate limiting process: CV 3D interface
control for both phases

MgB2 is consumed from the surface
towards the center

U. Bösenberg et al., submitted for publication

Additives:refined microstructure shorter diffusion distances faster kinetics
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Conclusions

� Significant improvement of the sorption kinetics with

TM-based additives

� Characterization of Zr-based additives

� Formation of stable ZrB2

� Formation of stable nanostructures

� Location in the grain boundaries and interfaces

� Proposed role of the additives

� Nucleation agent for MgB2

� Refinement of the microstructure

� Nucleation and growth as well as dissolution of MgB2 

determine sorption kinetics
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Outlook

� Knowledge-transfer and comparison to other RHC systems

e.g. Ca(BH4)2-MgH2

NaBH4-MgH2   Claudio Pistidda

� Lower sorption temperatures

� Upscaling and tank implementation

José Bellosta von Colbe
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