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Alkali metal alanates (alkali metal aluminum hydrides), such as NaAlHy, LiAlHs and
KAIlHj,, have high capacities of hydrogen. Hence they have being investigated as candidates
for hydrogen storage materials. In 1997, it is reported that Ti-based catalysts could improve
the kinetics of alanates. Alanates attract considerable attentions because of its high amount
of hydrogen release and simultaneously rapid hydrogen desorption/absorption rate (with cat-
alysts). Nowadays, two alkali metal alanates, NaAlH, and LiAlH, have been the priority
research target as the application candidates for hydrogen storage materials which are ap-
plied in hydrogen vehicle. KAlH, is not considered as practical hydrogen storage materials.
Therefore in this dissertation, LiA1H4 and NaAlH, have been selected and investigated.

Two steps of de-hydrogenation have been demonstrated on alkali metal alanates (MA1Hj,
M-=Li, Na) as shown below.

MAIH, — 1/3M3AlHg + 2/3Al + H, (R1)

1/3M3A1Hg — MH + 1/3A1 + 1/2H, (R2)

Formation of Al, phase transition, state of Ti and de-hydrogenation mechanism during the

thermo-decomposition of both pure and catalyzed alkali metal alanates have been researched
and discussed. Brief introduction of hydrogen energy and hydrogen storage materials espe-
cially the promising candidate alanates has been given in the Chapter 1.
Details of experimental methods have been showed in Chapter 2. In this dissertation, the
de-hydrogenation processes of both pure and TiCl; catalyzed MA1H, have been investigated
by using TEM, EDS, XRD and TG-DTA. A new experimental method named Plastic Bag
Method was developed to observe air-sensitive samples (such as MAlH,) on microstructure
and phase distribution without exposure to air during the holder transfer process into the
TEM.

In Chapter 3, in order to reduce the electron beam damage to the samples, ex-situ TEM
observations have been performed and AR1 (after R1) and AR2 (after R2) samples of LiAlH,
have been prepared and then observed. The decomposition of pure LiAlH, has three steps.
1) A melting reaction will first occur at the melting point and then 2) liquid-to-solid reaction

of R1 and 3) solid-to-solid reaction of R2. Due to the melting process, the R1 is actually the
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liquid-to-solid reaction. The size of Al formed from R1 is as large as 1 to 5 g m. Relatively
small size of Al single crystals (300-600 nm) tend to be formed during R2. TiCls catalyzed
LiAlH, is made by ball milling LiAlH, with TiCl;3. By BM, the size of LiAlH, particles is
reduced and defects are introduced to bulk. During BM, TiC/; reacts with the matrix LiAlH,
and form amorphous Ti and crystal LiCl. The Al formed from both R1 and R2 have a very
small size of less than 100 nm. The different crystallization of Al in R1 and R2 indicates that
mass transfer plays a very important role in the de-hydrogenation of LiAlHj,.

In Chapter 4, in order to compare with the de-hydrogenation process of LiAlH,, de-
hydrogenation process of NaAlH, was investigated. Liquid-to-solid reaction was also found
in the de-hydrogenation of NaAlH;. And large polycrystalline Al was formed in R1 and small
single crystal Al was formed in R2. The size of Al from both R1 and R2 was reduced to less
than 100 nm when TiCl; was doped. These similar results indicate that the de-hydrogenation
of NaAlH, is quite similar with that of LiAlHj,.

In order to understand the reason for the different thermal kinetics on de-hydrogenation of
MAIH,, structure, chemical bonding of LiAlH, and NaAlH, are discussed in Chapter 5.
Finally the conclusion on de-hydrogenation of alkali metal alanates has been discussed in
Chapter 6. Models on de-hydrogenation mechanisms of both pure and catalyzed alkali metal

alanates have been given.
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