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Research Theme in detail ：Structural analysis of metal-cation doped-amorphous silica 
<Goal> 
Hydrogen is attractive as a clean energy carrier and expected to use for fuel cells. 

However, the current hydrogen production process is composed of several steps, which 
leading to large energy loss. To overcome this problem, novel membrane reactors for 
hydrogen production have been proposed. Amorphous silica-based membrane is 
expected as one of key components for developing the membrane reactor. Recently at 
our laboratory, some kinds of metal cation doping have been found to be effective to 
enhance the high-temperature hydrogen permeance through the amorphous silica-based 
membrane. In this study, several spectroscopic analyses have been performed to clarify 
the dominant mechanism for the enhancement in the hydrogen permeance.  
<Result> 
DRIFTS ( diffuse reflectance infrared Fourier transform spectroscopy) was performed 

for the structural analysis. The spectrum exhibited the formation of a large amount of 
hydrogen bondings between the silanol groups and the doped metal cations within the 
amorphous silica matrix.  
<Achievement> 

The results of further DRIFTS analyses strongly suggested that the formation of the 
hydrogen bondings enhance the reactivity toward hydrogen, which resulted in the 
apparent increase of the OH/OD conversion rate observed under D2 atmosphere at and 
above 573 K. 
Based on these results, multicomponent amorphous oxide ceramic membranes have 
been designed and the synthetic study for the novel membranes is in progress at our 
laboratory.  



About the laboratory I was sent to ( number of faculty and students, methods used in 
research activity: 
・Director: Professor Julian R. Jones 
・Members: two PhDs, one researcher, seven doctors and eight master course students. 
Discussions between students were very active, and there was a unique competition for 

planning research work by the students. Prof. Jones gives them a certain prize for the 
efficient or unique plan to encourage their research work. 
Comments about the workshops and seminars I attended： 
・Presentation and discussion by members form ICL, QML and NIT were very frank and 
active. 
・For my presentation, there several questions including the experimental procedure, the 
assignment for the IR spectra. Especially discussion of the IR spectra was very fruitful 
for me to make future plan of my research work. 
My Ambitions： 
・I would like to think more about the details of the discussion with professors at ICL for 
my future research work at my laboratory of NIT. 
・I will tell my laboratory’s members how fruitful and “exiting” of my experiences 
during my visit to ICL, and try to improve their motivation to study abroad. 
Advice and suggestions for young researchers who will go to exchange universities： 
It may be difficult to communicate with foreign researches so frequently, but important 
thing is, anyway to show them what you would like to tell simply. Then, naturally, you 
can develop a good relationship with them. 
 

Fig.1 The picture of Summer school 

 

 

Fig.2 The one scene of laboratory in ICL during the tour. 
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