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- HIGH POWER PERFORMANCE

- LOW,  SUBZERO TEMPERATURE 
OPERATION

- SAFETY

- LARGE BATTERY PACK SYSTEMS
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WHY Ni METAL HYDRIDE BATTERIES?
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Raw 

material
Mg alloys Batteries Modules End-user

Mg BASED

METAL 

HYDRIDES

ALLOYS  FOR 

ANODESSILMAG NILAR

The MOVITZ 

by NILAR  

Mg2SiO4

Gigacell by Kawasaki
Toyota Prius
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OBJECTIVES

•High power densities

•Fast charge-discharge performance

•Low-temperature operation

•Long service life

•High safety 
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INTERMETALLIC HYDRIDES: ADVANTAGES

Extremely fast absorption and desorption of 

hydrogen gas (seconds)

Convenient operation range, below 50 oC and at 

H2 pressures (0.1-1 bar)

High volume density of H in the metal lattice, 

1.5-2.0 times higher than for LH2

Reversible absorption and desorption, can be 

repeated > 10000 times
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HYBRID INTERMETALLICS:  

3RM3 = RM5 + 2 RM2

RM5  RM5H6

RM2 Laves type
RM3 PuNi3 typeIRREVERSIBLE  H   ABSORPTION-

DECOMPOSITION: AMORPHISATION 

TOO UNSTABLE (P>2 bar)

NEED  EXPENSIVE COBALT

RM2  RM2H4

EXCELLENT H 

STORAGE

PERFORMANCE

WHEN Mg 

PRESENT
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FOCUS ON THE EFFECT OF MAGNESIUM

(a) Thermodynamics and phase equilibria in   

RE-Mg-Ni-based hydride systems 

(b) Metallurgical processing of the alloys 

(c)Studies of hydrogen diffusion and charge-

discharge performance of the electrodes

(d)Mechanism of the processes in the metal 

hydride electrodes by in situ characterization 

and modelling  
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EFFECT OF HOMOGENISATION ON 

DISCHARGE PERFORMANCE  OF La2MgNi9
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HIGH CYCLE  STABILITY 
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LOW AMPLITUDE CHRONAMPEROMETRY:

H Diffusion in La1.5Nd0.5MgNi9 and in in La2MgNi9
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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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Neutron wavelengths (0.94-

2.96) Å. Range of 2θ=0-165°

high Q ≤ 13 Å-1.  High 

resolution δd/d =10-3

Neutron Diffraction: SINQ, PSI, Switzerland

High Resolution Diffractactometer: HRPT
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In situ NPD of isothermal 

desorption from La1.5Mg1.5Ni9D11

HIGH INTENSITY AND HIGH RESOLUTION DATA

COLLECTED IN 3-5 MINUTES FOR ALL d-VALUES

1000 bar 

hydrogenation

rig



v

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 



v

v

19.09.2016 27



v

v

19.09.2016 28

Dr.  Chubin Wan
Dr. Roman Denys
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HIGH TEMPERATURE IN SITU STUDIES 

@ ≤1000 C 
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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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