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Is (safety of) hydrogen-storage material an issue? 
State of the Art & Gaps at material level 
State of the Art & Gaps at system level 
 

Things to be discussed 

Source SANDIA  

Not discussed: 
toxicology 
 



Metal hydrides exhibit high potential to meet the US DOE system 
targets for automotive hydrogen storage.  

The hydrogen release is of moderate speed due to the fact that it 
is endothermal and is controlled by diffusion.  

The hazards will rise, in presence of unpassivated light metals . A 
destruction of the storage containers might be expected 
generating a highly pyrophoric cloud in hydrogen. 

From the previous Report (2013) 

Related knowledge gap 
Investigation of accident/crash situation including 
hydride storage facilities. 





What's going in Europe ? FCH JU projects 

Project Application Output Base materials 

BOR4STORE On-board storage 
FC-integrated 
Prototype  

LiBH4 

EDEN 
Stationary, coupled to 
RES 

FC-integrated 
Prototype tested in real 
condition 

MgH2 

SSH2S On-board storage 
FC-integrated 
Prototype tested in real 
condition 

Li-imide 
LiBH4 

HyPER 
Aviation, Portable 
power 

FC-integrated 
Prototype tested in real 
condition 

MgH2 

hydride-
hydroxides 



Material Safety Data Sheets (MSDS) 

Very important in labs. Not enough for designers 

An example of the information contained:  





Behaviour of storage materials under accidental 
conditions 



Example of testing 

Pyrophoricity test for NaAlH4 (0.02TiCl3), consisting in dropping 
water on a certain quantity of material.  

Burning rate test for LiBH4 + 2LiNH2 

H. Tanaka,et al. , International Journal of 
Hydrogen Energy, 34 (2009) Pages 3210-3218 

1.0 s 0.3 s 0 s 



Reactivity of NaAlH4 with O2, H2O, and CO2 

The gas evolution rate of D2 from samples of 
NaAlD4 that have been exposed to various levels 
of oxygen  

Simultaneous Thermogravimetric 
Modulated Beam Mass 
Spectrometer (STMBMS) 

SANDIA report SAND2007-4960  





Eruption test of NaAlH4 

IR thermograms from the eruption test for NaAlH4(0.02TiCl3). Colour 
temperature scale is in centigrades.  

Tanaka et al., IJHE 34 (2009)  





Behaviour of solid-state storage tanks under 
accidental conditions 







What if air get into the storage? 

Modelling of a breach-in-tank scenario for an AlH3 tubular tank 

Dedrick et al. ICHS2009 

80% porous bed  
a reaction front propagating through the 
system for one hour 

The conclusions suggest that this 
accidental scenario does not 
represent the worst case. 





Reducing hazard by compacting 

Khalil, Process Safety and Environmental Protection, 2013 

NaAlH4 wafer after 72 h of exposure to ambient air: (A) side-view and (B) top view. 
Volume variation indicating slow reaction without sudden energy release 

The trick here is to reduce exposure to air and its contaminants, 
without jeopardising the hydrogen loading and releasing kinetics   
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