
C O N C LU S IO N S  A N D  R E C O M M E N D A T IO N S
C H A P T E R  V I I I

8.1 Conc lus ions

The main purpose o f this thesis was to develop the reversible hydrogen 
capacity of NaAlH4. Firstly, effects of transition metals (TiCl3 , ZrCl4, HfCLt, and 
VCI3) on the hydrogen desorption/re-absorption of NaAlH4 were studied. It was 
found that doping transition metals can improve the hydrogen desorption of NaAlH4 

by lowering the hydrogen desorption temperature. The reversible hydrogen 
capacities of doped NA1H4 are 1.5 -  3.85 wt% (H/M). The role of metal on the 
reversible reaction of the desorbed hydride involves catalyzing the hydrogen 
dissociation into A1 bulk. In addition, doping metals lead to the decrease in the 
activation energy of hydrogen desorption of NaAlH4 resulting in lower desorption 
temperature. TiCl3 shows the best performance among the tested metals. However, 
the formation of a by-product, NaCl, from metal chloride causes a depletion of NaH 
in the system and leads to lower hydrogen capacity of NaAlH4. Consequently, other 
forms of the metal, Ti and TiC>2 , were used as an additive in NaAlH4 in stead of 
TiCl3 - The hydrogen capacity of TiC>2 doped NaAlfU is about the same as that of 
TiCh doped NaAlH4. Unexpectedly, the rate o f hydrogen absorption of TiC>2 doped 
NaAlH4 is higher than that of TiCb doped NaAlH4. This may be because the porosity 
of TiC>2 , which was doped in the matrix of hydride facilitating hydrogen diffusion 
into the desorbed sample by increasing the surface area o f the hydride system. 
Moreover, it was found that there is a segregation of the desorbed sample after 
hydrogen desorption, especially Al. This also lowers the reversible hydrogen 
capacity. Carbon materials (graphite, activated carbon, and carbon nanotubes) were 
used as co-dopants in metal doped NaAlH4 to prevent the segregation and to increase 
the hydrogen diffusion in the desorbed hydride. It was found that the co-dopants 
significantly affect the hydrogen desorption/re-absorption of the hydride. The 
hydrogen re-absorption capacity of metal doped NaAlH4 added with the co-dopants 
increases 5-70% as compared with that without a co-dopant. Moreover, doping with 
a co-dopant also increases the rate of hydrogen re-absorption of NaAlH4. Among the
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three tested carbon materia ls, graphite seems to  be the best co-dopant fo r T iC b  
doped N a A lH 4 w ith  hydrogen re-absorption up to 4 w t%  (H /M ). The hydrogen  
capacity o f  a ll NaAlFL} samples is shown in  F igure 8.1.

In  the case o f  hydrogen capacity o f  carbon nanotubes (C N Ts) deposited by  
Pd o r V , although the CN Ts decorated w ith  meta l nanoparticles can uptake hydrogen  
higher than the pu rifie d  CNTs (<0.01 w t% ), th e ir hydrogen adsorption capacity is 
quite low , 0.125 w t%  and 0.1 w t%  fo r the Pd-CNTs and V -C N Ts , respectively.
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F ig u re  8.1 The hydrogen capacity o f  the NaAlHU samples.

A lthough  the N a A lH 4 system probab ly does no t have a su ffic ien tly  h igh  
hydrogen storage capacity fo r transportation ( 6  w t% ), the valuable in fo rm a tion  can 
be gained from  the deta iled investiga tion o f  th is system can be applied w ith  other 
systems such as M g (A lH 4 ) 2 9.27 w t%  and C a (A lH 4 ) 2 7.84 w t%  (O rim o  et al. 2007). 
The fo llow in g  lis t is a few  things learned along the jou rney through th is  work.

H  Metal-NaAIH4
เฐ] Metal+Graphite-NaAIH4
พ  Metal+Activated-NaAIH4 
ฒ Metal+CNTp-NaAl แ4

HfCI4 VCI3 ZrCI4 TiClj Ti0 2 Ti
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1) S tructure defect and destabilization
M echan ica l ba ll m ill in g  can decrease the pa rtic le  size o f  hydride and 

in troduce a crysta l la ttice  defect in  the materia l. The destab iliza tion o f  A l-H  bond 
leads to the low e r temperature o f  hydrogen desorption.

2) A c tio n  o f  catalyst
T rans ition  metal, pa rticu la rly  T i, catalyzes the decomposition o f  hydride  

and facilita tes the d issocia tion o f  hydrogen in to  the desorbed system. Recently, other 
types o f  trans ition  metal such as Sc and Ce have been in troduced as the effective  
catalysts (Streukens et a l ,  2006).

3) Increasing surface area
A dd ing  carbon materia ls in  a hydride system can increase the surface area 

o f  the system, w h ich  reduces the d iffus ion  path way o f  hydrogen. Th is can improve  
the rate o f  hydrogen absorption o f  the hydride.

8.2 R ecom m enda tions

Based on what have been discovered in  th is study, the fo llow ing  
recommendations are suggested:

1 ) Hydrogen mass transfer in to the hydride is a m ain fac to r on the rate o f  
hydrogen absorption. Therefore, the reduction o f  the pa rtic le  size o f  N a A lH 4 and 
increasing o f  the metal catalyst dispersion on the hydride system should be 
conducted,

2) The pu rifica tio n  o f  N a A lH 4 before using in  the experiment should be 
carried out,

3) A  number o f  cycle on the hydrogen desorption/absorption o f  N a A lH 4 

should be increased, at least 50 cycles to investigate the s tab ility  o f  the hydride  
sample,

4) Investigate the effect o f  other meta l types, such as Sc and Ce, and co
dopants on hydrogen desorption/absorption o f  N a A lH 4,

5) U p  sca ling the hydride system should be conducted.
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