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Introduction 

 

Depending on the property of high energy content, hydrogen 

exhibits a great potential to be used as energy sources and 

energy carrier in different applications, such as portable 

electronics and hydrogen fuel cell vehicles. Various types of 

materials can be considered as potential hydrogen storage 

materials, including interstitial metal hydrides and complex 

hydrides. Lithium alanate, LiAlH4, is considered as one of the 

most attractive hydrogen-storage materials due to its high 

gravimetric density (7.9wt%). However, its poor kinetics still 

limit practical application of the LiAlH4 system. Thereby, the 

addition of MgTiO3 or LiV2O5 as catalyst into LiAlH4 has 

been investigated in this study. 

 

Experiment 
 

MgTiO3 was synthesized by a solid-state reaction, then it 

(1/5/10 mol%) was doped into the LiAlH4 by ball milling. 

The phase structure was characterized by X-ray diffraction 

(XRD). Dehydrogenation properties were characterized by 

thermogravimetry differential thermal analysis (TG-DTA) 

combined with thermal gas desorption mass spectrometry 

(TDMS) under a heating rate of 5 oC/min. Moreover, AC-

impedance (HIOKI IM3536) was chosen to measure electrical 

conductivity in a range of frequency from 4Hz to 1.3MHz. 

Technique of AC-impedance connecting with sandwiched 

structured sample constitutes a complete circuit and sample 

cell was placed in a thermostatic silicon oil bath with the 

purpose of control temperature easily and stabilize 

temperature at determinate value. Temperature was set to 

change from RT to 75oC under the desorption temperature of 

LiAlH4. Besides MgTiO3 another type of complex hydrides 

LiV2O5 has been also investigated in this study. 

 

Results 
 
MgTiO3 is proved to be a dramatic catalyst for complex 

hydrides in this study. DTA experimental results showed that 

onset desorption temperature decrease remarkably under 

100oC which is within the temperature limits for applied fuel 

cell. Consequently, reacting temperatures of each step also 

decrease from 196 oC to 124 oC (R1) and 248 oC to 156 oC 

(R2) in 10mol% MgTiO3 doped sample. 

Moreover, activation energy reduction of each reactions was 

up to 16 and 32 kJ/mol respectively, which is in accordance 

with peak temperatures decreasing. Combined with XRD 

profiles, MgTiO3 can be considered as a potential catalyst 

based on its high efficiency and strong stability even after 

high-energetic ball milling and dehydrogenation. At the same 

time, LiV2O5 also performs an effective catalyst in this 

research. Decomposition reaction happens at lower when 

doping certain amount of LiV2O5. For instance, reacting 

temperature reduce to 147 oC and 183 oC for dehydrogenation 

reaction 1 and 2 in terms of sample with 5mol% LiV2O5. 

Even though these two catalysts successfully improve the 

kinetics of hydrogen storage material, LiAlH4 in this research, 

various aspects such as weight/volumetric capacity and 

reversibility should be considered comprehensively as well. 

Hence, research on much more effective and practical 

catalysts should be continuing in the future. 
 

Results of AC impedance demonstrate the relationship 

between catalytic effect and ionic conductivity. Electrical 

property of sample is promoted by adding certain amount of 

catalyst, such as MgTiO3 or LiV2O5. Moreover, decrease of 

temperature-dependent activation energy for conductivity also 

indicates significant increasing mobility of lithium ion. 

Therefore, catalytic mechanism can be explained that 

introducing catalyst can enhance Li ion migration by proving 

defects or vacancies which is closely dependent on special 

crystal structure of catalyst such as MgTiO3 owning layered 

structure with rhombohedral void space. Correspondingly 

kinetics of dehydrogenation reaction is probably enhanced by 

ionic mobility increasing. Last but not least, our research on 

catalyst and catalytic mechanism will be fruitful for the future 

application of LiAlH4 based hydrogen storage materials.  

   

 
Table. Decomposition temperatures of LiAlH4 without/with catalyst. 

 

 Temp.1 (oC) Temp.2 (oC) 

LiAlH4 180 215 

LiAlH4 with 5mol% 

MgTiO3 
144 177 

LiAlH4 with 5mol% 

LiV2O5 
147 183 
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