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HYDROGEN BASED ENERGY STORAGE  
USING METAL HYDRIDES 

22 February 2018 





The HENERGY project contributes to the thematic 
field "Renewable Energies" of the EU ERAfrica FP7 
programme and aims to join the best efforts of the 
European and African scientific communities 
targeting development of the advanced hydrogen 
energy systems. The work is collaboration between 
the leading European and African research 
institutions: Institute for Energy Technology, Norway 
(IFE); Hydrogen Storage and Systems, Norway (HSS); 
Prototech AS, Norway (PRO); University of the 
Western Cape, South Africa (UWC), Middle East 
Technical University, Turkey (METU) and Cairo 
University, Egypt (CU). 



Goal & Approach 
The ultimate goal of the project is in 
creation of the prerequisites for the 
development of advanced energy 
systems utilising solar energy. 
 
• Advanced integrated Unitised 

Reversible Fuel Cell System (U-
RFCS) based on Solid Oxide (SO) 
technology; 

• High temperature hydrogen 
storage and supply system 
operating at 300-550 °C. 

Primary energy source: solar 
Outputs: 

• Electric power; 
• Heat; 
• Hydrogen.  

CHP HCHP 

Electric power + heat 
management = Combined 

Heat and Power (CHP)  

CHP + H2 production = 
HCHP  
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GOAL: 
 

   REDUCE / ELIMINATE USE  
OF RARE EARTH METALS AND Co 

 
INSTEAD OF RE(Co,Ni)5 

 
 (La, Pr, Nd)2MgNi9       LAVES TYPE (Zr/Ti)TM2 
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RARE EATH-Mg-Ni MH ANODE ALLOYS 
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       La-Mg-Ni Alloys 
 

 
Eutectic   
Mg+Mg2Ni+LaMg12 
88 at% Mg 
   

Ref. phase diagram:  
S. De Negri, M. Giovannini, A. Saccone, 
 Journal of Alloys and Compounds  
397 (2005) pp. 126-134.  

LaMg12, LaMg11Ni, La2(Mg,Ni)17 

(La,Mg)Ni3 + (La,Mg)2Ni7  

H STORAGE/ 
FAST H KINETICS: 
Mg METAL 

Ni-MH BATTERIES 
LaMg SUBSTIT. 

Presenter
Presentation Notes
Material selected for this study was a Mg-basef alloy modified By mischmetal and nickel.Its chemical chemical composition was selected On the basis of ternary phase disgram of the system Mg-La-Ni.In this system at  88 at% Mg,  10 at%  Ni and 8 wt%  is formed a ternaryEutectic containing, further to the matrix Mg phase, two other components.These are Mg2Ni and LaMg12 intermetallic alloys.Advantage of choosing this composition Is in presnce of the catalysers of H uptake (both intermetallic phases)and, furthermore, in formation of fine particles. This allows fast hydrogen diffusion in bulk material.
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(La, Pr, Nd)2MgNi9 BATTERY ANODES 

400 mAh/g 
 
>300 cycles 
 
Adjustable 
stability and  
diffusion 
rate 
by La/Pr/Nd 
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Zr/Ti BASED MH ANODE ALLOYS 
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v C15 Laves type structure  

 

Zr

 

8b 

96g 

32e 

Cr
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8a site: A, A+B;   16d site: B  
 
A2B2 – 96;  AB3 – 32;  B4 – 8  
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v STRATEGY IN THE SELECTION OF THE  
Zr/Ti BASED MH ANODE ALLOYS 

• Use Laves type solid solutions between TiTM2 
and ZrTM2 

• H2 equilibrium pressure should be close to 1 bar 
• C15 / C14 structures 
• Stoichiometric TM/(Ti+Zr) = 2 as compared to 

the overstoichiometric compositions with 
TM/(Ti+Zr) > 2 

• Cyclic stability as related to Ti / Zr content 
• Choice of transition metals:  Ni / Mn / V / Fe 
• Achieve easy activation of the alloys 
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STATUS AND FUTURE 
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HRD Performance

450 mAh/g

(Ti+Zr) alloy

Ti-BASED ALLOYS:  
450 mAh/g 
Dr. Chubin Wan 
Dr. Alexey Volodin 
Dr. Roman Denys 

Mg-BASED ALLOYS:  
>500 mAh/g 

IMPROVED Ni  
ELECTRODE 
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In operando neutron scattering 
investigation of a commercial Li-ion 
battery at variable current densities 
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IN SITU  
STUDIES USING  
NEUTRON  
SCATTERING 

TIME RESOLUTION 3-5 MINUTES @ PSI 
   SWITZERLAND 

COMMERCIAL BATTERY 
DURING CHARGE AND 

DISCHARGE 

METAL HYDRIDE BATTERY  
ANODES DURING CHARGE  

AND DISCHARGE 

METAL HYDR. 
AT PRESSURES UP  
TO  1000 BAR D2 

EQUILIBRIA IN 
MAGNESIUM 
ALLOYS AT 
TEMPERATURES 
UP TO 1000 C  
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In situ  powder diffraction (SXRD, NPD) 

SXRD 
SNBL, ESRF, 
France 

PND  
D1B @ ILL, Grenoble 
SINQ, PSI, Switzerland 

PROBING  OF THE KINETICS AND MECHANISM OF  
THE  METAL-HYDROGEN INTERACTIONS 

LARGE SCALE FACILITIES:  
FREE ACCESS VIA QUALITY PROPOSALS 

HIGH FLUX BEAM. 106  MORE INTENCE AS COMPARED TO A CONVENTIONAL DIFF   
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v In situ studies:  
Swiss-Norwegian Beam Line, ESRF  
 50 bar H2 / vacuum @ 800 oC 
Gas mixtures: H2+CO; Cryostream; 
High pressures (GPa)  
 

9 10 11 12 13 14 15

 Detector 1
 Detector 2
 Detector 3
 Detector 4
 Detector 5
 Detector 6

2θ-range: 8.66 - 15.38 o

 

 

  

2θ

BM31 BM01  

Presenter
Presentation Notes
In situ SR-XRD studies of the Mg-based hydride nanocomposites were performed at the Swiss Norwegian Beam Lines (SNBL), at the European Synchrotron Radiation Facility (ESRF), Grenoble, France.Experimental data at BM01A were collected using a MAR2300 image plate detectorand a high resolution powder diffractometer.The sample was placed into a quartz capillary and subjectedto hydrogen pressure or to vacuum at controlled temperature.



Tantalum furnace  
375K ... 1400K  
Sample holder 
diam.: 50mm  

Orange cryostat 
1.5...320 K 
Sample holder  
diameter: 50 mm  

High pressure 
Zr-Ti  
sample cell 

Collaboration wiith ICMPE, CNRS, France  
Dr. M. Latroche and Dr. F. Cuevas 

Collaboration with  
Griffith University, 
Australia 
Prof. Evan Gray,  
Dr. Jim Webb, 
Dr. Timothy Webb 
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Structures of La3-xMgxNi9  hydrides 

LaMgNi4D6.6 

LaNi5D6.4 

La2MgNi9D13 

∆V/VAB5
 

∆V/VAB2
 

27 % 

26 % 

Filling of both AB5 and AB2 layers at all Mg/La substitutions  
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Dr.  Chubin Wan 
Dr. Roman Denys 

44.5

46.4

46.6

44.4

47.7

48.8

37.9

29.4

20.7

17.8

16.9

12.7

8.5

7.2

9.4

8.1

5.2

9.7

7.9

8.9

18.7

18.6

15.5

16.9

16.4

7.1

6.4

7.1

8.8

10.8

16.3

20.5

21.1

10.8

12.1

12.4

10.2

14.4

19.4

24.7

33.1

300K

973K

1073K

1123K

1173K

1223K

1248K

1273K

0 10 20 30 40 50 60 70 80 90 100
  

 
 La2MgNi9  LaNi5  LaMgNi4  La4MgNi19-3R  La4MgNi19-2H  La3MgNi14-3R
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v HIGH POWER BATTERIES PROBED BY NEUTRON SCATTERING 

DISCHARGE: 
LiC6 / LiC12 → C (graphite) 
CHARGE: 
C (graphite) → LiC12 → LiC6 

In situ charge/discharge data from SINQ  
neutron source, Paul Scherrer Institute, Switzerland.  

Li1-x(Ni,Mn,Co)O2 mixed  
oxide cathode  

PhD project 
Nazia S. Nazer 
Cosupervisors  
Lars Arnberg & 
Volodymyr 
Yartys 

NMC Li ION BATTERY  
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Thank you for your attention 
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