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SOPHIDA THIANGVIRIYA : ENHANCED HYDROGEN SORPTION PROPERTIES OF
MgH,-BASED SYSTEMS FOR HYDROGEN STORAGE APPLICATIONS.  THESIS
ADVISOR : ASSOC. PROF. RAPEE UTKE, Ph.D. 81 PP.
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Mg-based hydrogen storage materials have been investigated due to their
advantages of high gravimetric and volumetric storage capacities (7.6 wt. % H, and 110
kg H, m3, respectively), good cycling stability, abundance, low cost, and heat
resistance. However, the high thermal stability of Mg-H bonds leads to a high
dehydrogenation temperature and sluggish kinetics. Therefore, the improvement of
hydrogen sorption properties of MgH, by (i) compositing with LiBH; and doping with
activated carbon nanofibers (i) doping with Ni into MgH,/Fe were investigated in detail.
Moreover, upscaling of MgH, doped with TiF4 and multi-walled carbon nanotubes
(MWCNTs) to tank scale was proposed. The hydrogen storage performance of
compacted 2LiBH4- MgH, composite with and without activated carbon nanofiber
(ACNFs) was studied. The dehydrogenation temperature of compacted 2LiBH4- MgH,
with 30 wt.% ACNFs (onset temperature = 275 °C) was significantly lower than that of
2LiBH,4- MgH, (AT=85 °C) together with reduction of activation energy (E,) during
dehydrogenation of MgH, and LiBH, after doping with ACNFs. Moreover, the mechanical
stability, hydrogen permeability, and thermal conductivity, during cycling were
enhanced. The hydrogen storage performance and dehydrogenation pathways of
Mg,FeHg with (5 and 20 wt.% Ni) and without Ni were studied. As-prepared Mg,FeHg
showed single-step dehydrogenation at 250 °C with hydrogen capacity of 5.4 wt.% H,.
Mg,FeHg with Ni doping showed two-steps dehydrogenation at 170 and 220-250 °C of
Mg,NiH, and Mg,FeHq, respectively, with storage capacity of 2.83-3.70 wt.% H,.
Moreover, 20 wt.% Ni exhibited a new phase of MgyFe7sNigosHs during
dehydrogenation. Mg,Fe, 75Nig 25Hs had improved hydrogen sorption kinetics compared

to Mg,FeHyg, together with the improved kinetics and cycling stability. MgH,-TiF4-MWCNT
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based tank with heat exchanger system was studied. The dehydrogenation
temperature of MgH,-TiFi-MWCNT was reduced from 433 to 388 °C with hydrogen
capacity of 4.1 wt.%. De/rehydrogenation was done within 120-150 and 25 min,
respectively, which were a shorter time compared with the previous work. Upon the
20" cycling, the average capacity and material capacity were 5.60 and 5.40 wt.% H,,
respectively, with no particle agglomeration. Thus, the enhanced kinetics and
reversibility of the MH-TiFi-MWCNT-based tank was explained by not only catalytic
effects of TiF; and MWCNTSs but also effective heat exchanger system. For the study
of electrical performances, the MgH,TiF;-MWCNTSs tank was combined with the PEMFC
stack. It produced total electrical power of 19 Wh.
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