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PLAN 

× Introduction ς Presentation of hydride storage 

× ISO16111 

×Different way to measure the hydrogen capacity of a tank 

×Thermal mass flowmeter : details 

×Tank manufactured and initially tested by Mahytec 

×Test bench and results from FHA 

×Test bench and results from CEA 

×Recommendations for optimized testing devices 

×Conclusions and perspectives 
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A few words  on hydride storage  

Intermetallic Hydrides 

×  no progress expected in capacity, but work well 

 Č research of low cost 

 

Complex Hydrides 

×  potential progress or rupture, but not working well 

  Č alanates, LiBH4 + MgH2, LiNH2 

 

Search for low cost precursor (i) impurities  

(ii) fundamental  research : influence of impurities  on the 

absorption capacities 

Desequilibrate the thermodynamics and obtain  reversibility  
Å nanoconfinement  

Å catalysis 

Å hybridation of materials  (LiBH4+MgH2) 

NaBH4 

metallic link (reversible) ionic link (tricky reversibility) 



Oliver Büker | Benoit Delobelle | Olivier Gillia | Rodrigo Perez | SAB final meeting ς 21/05/2019 ς DELFT | slide no 4 

Hydride storage  - principle  
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Hydride storage  - principle  
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Hydride storage  - principle  
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LaNi5H5 

Thèse Crivello 

Hydride storage  - principle  
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Hydride storage  - principle  

Vanõt Hoff  law  
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Č security  if leaks : auto -cooling  and stopping  

Article : B. Charlas, O. Gillia, P. Doremus, D. Imbault, Int. J. H. E, 2012  

Matériau : TiVCr  (BCC) ð 0 ð 40 bars at 30°C 

Cooling due to desorption  

Hydride storage  ð exo/endo -thermicity  
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MmNi5 (LaNi5) laboratory  alloy  

Industrial  alloy  of  the same  formulation  

M. Botzung Ph.D 

(MmNi5Sn = La0.9Ce0.05Nd0.04Pr0.01Ni4.63Sn0.32) 

Hydride storage  - principle  
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Family Compound 

Max 
weigth 

capacity 
(%) 

Temp. 
(ÁC) 

at P=1 
bar 

Kinetics 
ɲI 

(kJ/mol) 

AB FeTi 1.8 -8 Fast -28.1 

AB5 LaNi5 1.49 12 Very fast -30.8 

AB2 
Ti0.98Zr0.02V0.43 

Fe0.09Cr0.05Mn1.5 
1.9 -28 Very fast -27.4 

BCC (V0.9Ti0.1)0.95Fe0.05 3.7 36 Fast -43.2 

A2B Mg2Ni 3.6 255 Mean -64.5 

complexe NaAlH4 7.5 180 Mean -70 

Single 
element 

Mg 7.6 279 Slow -74.5 

source : Sandrock review paper, 2003 

Hydrides ð somes  examples  
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Hydrides ð somes  examples  
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Hydride reversible  capacity  

The hydride reversible capacity is linked 
to operating conditions  

operating temperature range [Tload:Tunload] 
operating pressure range [Pload:Punload] 

e.g. RC : rated capacity on ISO16111 

Hydride reversible capacity 

! in ISO16111, the operating temperature range differs from service temperature range which is at least [-40:65] °C 

Pload 

Punload= 

=Tunload 

=Tload 
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Piloting  the hydride tank  

Pressure piloting Temperature piloting Both 

T = cst = T1 or T2 

P = Punload to Pload 

T = T1 to T3 

P = Pun/ load 

T = T1 to T2 

P = Punload to Pload 

T1 

RC 

T2 

RC 

Punload 

Pload 

Pun/ load 

T1 

T2 

T3 

RC 

RC 

Punload 

Pload 

T1 

T2 

RC 
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Tank reversible  capacity  

ὲ ὲ ὲ  

ὲ
ὖ ὠ

ὤὝὙὝ
 

ὠ ὠ ὠ  

Tank reversible capacity shall include the hydrogen in the hydride as well as the hydrogen in gaseous form 

Tank reversible  capacity  > Material  reversible  capacity  

Ὑὅ 
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ISO 16111  
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From  ISO 16111  

P 

MDP 

PT 

Maximum developped pressure <0,8 PT 

Test pressure of the shell (<250 bar) 
 

RCP : Rated charging pressure ensure Ɑ Ɑ▀▄▼░▌▪
□╪●  

Design strength :  

Ɑ▀▄▼░▌▪
□╪● Ɑ╟ ȟ ╜╓╟Ɑ◄▐ Ɑ◌ Ɑ▼▐▫╬▓Ɑ▐◐▀►░▀▄ ▼◌▄■■Ɑ▫◄▐▄►▼  

RCP Pressure corresponding to design stress limit  Ɑ▀▄▼░▌▪
□╪●  

 

╟╣ 

(generally at 65°C) 
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From  ISO 16111  

Fire test 

ω1 MH tank 

Burst test 

ω3 MH tank 

Drop test 

ω1 MH tank 

Leak test 

ω1 MH tank 

Hydrogen 
cycling 

ω5 to 6 MH tank 

Shut-off valve 
impact test 

ω3 MH tank 

Thermal 
cycling test 

ω5 to 6 MH tank Batch test 

ωPressurize to 
destruction 

+ 
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From  ISO 16111  

for those used in a single orientation : 5 tanks in that orientation 

for those used in a single orientation : 2x3 tanks in perpendicular orientation, horizontal 
and vertical 

cycle between <5% of RC and >95% of RC 

at pressure P=RCP for loading (and for unloading ?) 

5 vibrate 50 cycles vibrate 50 cycles vibrate 50 cycles 

minimum number of cycles 

Cycle test 

Χ 

repeat until if strain measured at loaded state : 
ü for gages with strain > 0,5 strain design limit  is stable Č success 
ü is exeeding the strain design limit  or plastification is observed Č failure 



Oliver Büker | Benoit Delobelle | Olivier Gillia | Rodrigo Perez | SAB final meeting ς 21/05/2019 ς DELFT | slide no 20 

Measurement  techniques  

Measurement 
techniques  

Direct 
Gravimetric 
technique 

Direct 
Volumetric 
technique 

Flow integration 
technique 

Mass flow 
technique 

Volume flow 
technique 

Direct pressure measurement is not relevant 
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Measurement  tech . ð Mass measurement  

CEA/LITEN 

SCALES 

CEA/LITEN 

A lot of uncertainties coming from :  
�‡ weigth and stiffnesses of connection 
�‡ air movement around the tank 

The idea is simply to weigth the absorbed gas (hydrogen) 

Need very precise scale as H2 is light : 
AB tank : 0,8 kg H2 / 100 kg system 


