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Mg(NH2

 

)2

 

+ 2LiH ↔ Li2
 

Mg(NH)2 + 2H2      5.5 wt.%

Ref:
– Chen P et al. Oral presentation at MRS Fall Meeting 2003 (Boston). 
– Xiong ZT, Wu GT, Hu JJ, Chen P et al. Adv Mater 2004; 16:1522. 
– Luo WF. J Alloy Compd 2004; 381:284.
– Leng HY, Ichikawa T, Hino S, et al. J Phys Chem B 2004; 108:8763.
– Nakamori Y, Orimo S. J Alloy Compd 2004; 370:271.
– Xiong ZT, Hu JJ, Wu GT, et al. J Alloy Compd 2005; 398:235.
etc.
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PressurePressure--CompositionComposition--TemperatureTemperature

P-C-T at 180ºC
Relatively high desorption plateau 
pressure, i. e., at 180ºC, the 
plateau pressure is above 20 bars. 

Certain hysteresis exists. 

Multi-step reaction with different 
thermodynamics.

Slow when approaching 
equilibrium.
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Thermodynamics Thermodynamics 

Hydrogen desorption equilibrium pressure at 80ºC is ~ 1.0 bar, 
close to the PEM fuel Cell operation temperature. However, there

 

is a 
sever kinetic problem.

ΔHdes

 

= 38.9 kJ/mol-H2
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• Hydrogen desorption from the 
amide and hydride mixture is 
much faster than ammonia 
generation from the thermal 
decomposition of amide alone.

• Linear growth was observed in 
both reactions at the initial stage 

- J Phys Chem B 110 (2006) 14221.
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= 130 kJ/mol

The rate of decomposition of Mg(NH2

 

)2

 

is too slow to 
match that of the H2

 

desorption. 

Rate Constant & Activation EnergyRate Constant & Activation Energy
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ImideAmide Hydride

Reaction at phase boundariesReaction at phase boundaries

Mass transport 
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Reduce the size of reactants shall increase the 
contact surface and shorten the ion diffusion path.
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- J Phys Chem B 110 (2006) 14221.

Through energetic ball 
milling the particle size 
of material can be 
reduced to less than 500 
nm.

However, particles will 
aggregate upon repeated 
hydrogenation & 
dehydrogenation
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TPP StabilizationTPP Stabilization

Triphenyl

 

phosphate

- J Mater Chem 19 (2009) 2141

140 ºC

http://upload.wikimedia.org/wikipedia/commons/7/74/OP%28OPh%293.png
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3.2 3.2 NanosizedNanosized Catalysts Catalysts 

Dihydrogen

 

bonding

~ 1.8Å



Thermal Dehydrogenation of Thermal Dehydrogenation of 
Ammonia Borane (AB)Ammonia Borane (AB)
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19.5 wt.%

• Wolf G et al Thermochimica 2000, 343, 19.
• Gutawska A & Autrey T et al Angew Chem 2005, 44, 3578
• Stephens FH & Baker RT et al Dalton Trans 2007, 25, 2613 
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59ºC

Doping 2 mol% Co or Ni 
catalyst leads to considerably 
decreased temperature and 
shorted induction period



Ea
kJ mol-1

A
min-1

k(80 ºC)
min-1

Pristine AB 129.0 1.00*1017 8.14*10-3

AB+2%Co 117.3 3.83*1015 1.68*10-2

AB+2%Ni 123.5 3.35*1016 1.78*10-2

NGC2009 & CSTC2009

- Chem Mater 21 (2009) 2315

Kinetic ParametersKinetic Parameters
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d

By introducing Co or Ni, the rate constant of 
dehydrogenation is ca. doubled than AB without catalyst.



0 1000 2000 3000 4000 5000 6000

 

 

In
te

ns
ity

Magnetic Field (G)

AB+2% CoCl2

g=2.15b

Chemical State of CatalystChemical State of Catalyst

ESR measurement of the Co-AB sample after dehydrogenation shows 
that Co is in a partially reduced state rather than metallic state. There 
may be an alloy of Co and B

 

(CoB2

 

)

 

which is functional to the 
dehydrogenation.
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Pristine AB AB + 2 mol% Co AB + 2 mol% Ni

Sample FoamingSample Foaming
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