
C H A P T E R  I  

IN T R O D U C T IO N

Hydrogen is considered as a prom ising alternative energy carrier due to its 

effic iency, cleanness. In  addition, it  can be derived from  sustainable and renewable 

energy sources such as biomass, hydro, w ind, solar, and geothermal. Hydrogen can 

be used as fuel in  either internal combustion engines or fue l cell applications. Thus, it 

is aimed as fuel employed in  vehicular applications, being used instead o f  fossil fuel. 

However, a m ajor d iff ic u lty  in  such the hydrogen u tiliza tion  is hydrogen storage due 

to its low  m olecular w eight leading to low  energy density in  vo lum etric basis.

Hydrogen storage technology can be divided in to  three groups. Compressed 

hydrogen gas in  h igh pressure cylinder and cryogenic hydrogen storage systems are 

the conventional technology. A lthough these tw o technologies have been employed 

w ith  a prototype hydrogen power vehicle;-volum etric.constraint, safety concerns and 

economic po in t o f  v iew  are s till barriers to u tilize  them com m ercia lly. These reasons 

lead to further hydrogen storage technology development, w h ich  is solid state 

hydrogen storage. This method stores hydrogen by using solid media materials as a 

hydrogen carrier such as hydride materials and nanostructure materials (Satyapal et 
a l ,  2007): A lthough solid state hydrogen storage seems to be prom ising to use w ith  

automotive applications, the ir disadvantages include low  reversible hydrogen 

capacity, too h igh desorption temperature, and lo w  hydrogen desorption rate. Thus, 

none o f  solid state materials has met the target fo r a successful transition to 

hydrogen-fueled transportation specified by the US Department o f  Energy (DO E), 

w h ich  requires the hydrogen storage capacity more than 6 w t%  and energy density 

more than 5.4 M J L"1 (http://www.sc.doe.gov/bes/hydrogen.pdf).

Previously, many attempts have been made to improve and iden tify  

materials that can be applied fo r on-board hydrogen storage fo r fuel cell applications. 

M etal hydrides are considered to be attractive hydrogen storage media because they 

can be m odified and im proved fo r the ir revers ib ility , hydrogen desorption rate and 

temperature o f  hydrogen desorption. Am ong many studied hydrides, sodium 

aluminum hydride or sodium alanate (N a A lH 4) seems to be a prom inent racer. 

N a A lH 4 can reversib ly desorb/absorb hydrogen under re la tive ly m ild  conditions
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when N&A.IH4 is doped w ith  Ti-based catalyst (Bogdanovic and Schw ickardi, 1997). 

However, its reversible hydrogen capacity is s till low , not to the DO E target yet. In 

addition, more understanding on the hydrogen desorption/re-absorption mechanism 

o f  N a A lH 4 is needed fo r further development o f  hydrogen storage materials.

The main purpose o f  this thesis was to develop the reversible hydrogen 

capacity o f  N a A lH 4 . F irs tly , effects o f  transition metals (T iC l3, ZrCU, H fC U , and 

V C I3) on the hydrogen desorption/re-absorption o f  N a A lH 4 were studied. It was 

found that the form ation o f  a by-product, N aC l, from  metal chloride and the 

segregation o f  the desorbed hydride cause the low er reversible hydrogen capacity o f  

N a A lH 4 . Consequently, other forms o f  metal, T i and TiC>2 , were used as an additive 

in  N a A lH 4 in  stead o f  metal chloride. Carbon materials (graphite, activated carbon, 

and carbon nanotubes) were co-doped in N a A lH 4 to prevent the segregation and to 

increase the hydrogen d iffus ion  in  the desorbed hydride. In addition, poss ib ility  in 

using carbon nanotubes as hydrogen storage medium was also investigated.
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