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1. Introduction
To achieve carbon neutrality by 2050, it is necessary

to develop new energy systems that incorporate active 
carbon dioxide fixation processes in addition to “zero-
emission” technologies. Our research center focuses on 
such carbon-negative technologies, particularly the con-
version of carbon dioxide into useful materials using re-
newable energy and biomass. 

In this fiscal year, we have investigated the conver-
sion of CO2 into carbon material, especially graphite, by 
molten salt electrochemical process. We have also stud-
ied enzymatic conversion of woody biomass for the pro-
duction of chemical products from renewable carbon re-
sources. In addition, we focused on the CO2 conversion 
using hybrid nanoctalysts comprising of both organic and 
inorganic components. 

2. Effect of Temperature on Graphite Electrodeposi-
tion in Eutectic Molten NaCl–KCl–BaCl2

To achieve carbon neutrality by 2050, it is essential to 
promote Carbon Capture and Utilization (CCU) for the 
recovery and effective use of CO2. Reduction of CO2 via 
the molten salt electrolysis has garnered significant atten-
tion for its potential to produce high-value-added carbon 
materials, such as graphite and carbon nanotubes [1]. 
Among these, we have focused on graphite, for which de-
mand is expected to increase as an anode material for lith-
ium-ion batteries (LIBs). 

It has been previously reported that trace amounts of 
graphite powder can be electrodeposited at 1023 K by the 
electrolysis of carbonates [2]. However, there are no re-
ports regarding graphite electrodeposition at tempera-
tures exceeding this range. Given that graphite is indus-
trially manufactured at ultra-high temperatures—approx-
imately 3273 K—we hypothesized that molten salt elec-
trolysis at higher temperatures might be more advanta-
geous for graphite electrodeposition.  

Accordingly, we selected the NaCl–KCl–BaCl2 sys-
tem as a molten salt capable of carbon electrodeposition. 
In this study, we evaluated the temperature dependence 
of graphite electrodeposition by performing electrolysis 
at various temperatures. 

Potentiostatic electrolysis was performed at a poten-
tial of +0.8 V (vs. Na+/Na) for 30 minutes at varying tem-
peratures of 873 K, 973 K, and 1073 K in molten NaCl–
KCl–BaCl2–BaCO3 (2.0 mol%). Fig. 1 shows the Raman 
spectroscopy results. For the sample prepared at 873 K, a 
spectrum typical of amorphous carbon was observed. In 
contrast, at 973 K, the peak intensities in the G-band re-
gion (around 1580 cm−1) and the 2D-band region (around 
2700 cm−1) slightly increased. At 1073 K, the G-band 
peak became significantly more intense and sharper, and 
the 2D-band peak also increased. These features indicate 

Fig. 1. Raman spectra of the samples prepared by po-
tentiostatic electrolysis at 0.8 V for 30 min in molten 
NaCl–KCl–BaCl2–BaCO3 (2.0 mol%) at 873 K, 973 K, 
and 1073 K. 

Fig. 2. XRD patterns of the samples by potentiostatic 
electrolysis at 0.8 V for 30 min in molten NaCl–KCl–
BaCl2–BaCO3 (2.0 mol%) at 873 K, 973 K, and 1073 
K.

– 85 –



that the higher the temperature, the closer the electrode-
posited carbon is to a graphite. 

The XRD measurement results are shown in Fig. 2. In 
the 873 K sample, the 002-diffraction peak characteristic 
of graphite (around 2θ = 26°) was not observed. However, 
a small peak appeared at 973 K, and a stronger, sharper 
peak was observed at 1073 K. This indicates that higher 
temperatures promoted the growth of the crystalline 
graphite.  

From these results, it was confirmed that higher elec-
trodeposition temperatures are more advantageous for 
graphite deposition.  
 
3. Structural Analysis of Woody Biomass for Improv-
ing Biomass Conversion Techniques 

 Woody biomass is a promising renewable resource 
for energy production and the production of chemical 
products. However, practical techniques for converting 
woody biomass into useful products are still being 
explored. In this collaborative research project, we are 
conducting structural analysis of woody biomass to 
elucidate changes in molecular structure during chemical 
or enzymatic reactions. The solubilization of woody 
biomass using formic acid is an attractive technique for 
developing functional materials from this resource. 
However, the molecular mechanisms underlying 
solubilization are still unclear. NMR analysis in this study 
revealed that formylation occurs at the α- and γ-positions 
of the β-O-4 lignin substructure, as well as at position 6 
of glucose residues in cellulose and position 3 of xylose 
residues in hemicellulose [3]. These findings suggest that 
the introduction of formyl groups disrupts the interaction 
network among biomass components, thereby facilitating 
solubilization. In this fiscal year, we further analyzed the 
effect of formic acid concentration on the extent of 
formylation and the degradation of each woody biomass 
component. Insights into structural changes in woody 
biomass components would contribute to further 
improvement of biomass-solubilization techniques. 
 
4. Hybrid Nanocatalysts for CO2 Conversion 

The increasing concentration of atmospheric CO2 
has intensified the need for sustainable technologies 
capable of converting CO2 into valuable fuels and 
chemicals using renewable energy. Among various ap-
proaches, semiconductor-based photocatalytic and 
photoelectrochemical systems have emerged as prom-
ising solutions due to their ability to directly utilize so-
lar energy. However, conventional photocatalysts of-
ten suffer from limited visible-light absorption, rapid 
charge recombination, and insufficient catalytic effi-
ciency. To address these challenges, the development 
of advanced hybrid catalysts with synergistic proper-
ties has become essential. In this fiscal year, we aimed 
to design and develop a novel hybrid photocatalyst 
system comprising graphitic carbon nitride (g-C3N4), 

its nitrogen-rich analogue g-C3N5, borophene [4], and 
bismuth molybdate (Bi2MoO6) for efficient CO2 con-
version (Fig. 3). The combination of these materials is 
expected to enhance light absorption, promote effi-
cient charge separation, and provide abundant active 
sites for catalytic reactions. In particular, the incorpo-
ration of borophene is anticipated to improve electrical 
conductivity and facilitate rapid electron transport, 
while the Bi2MoO6-based heterostructure enables ef-
fective visible-light utilization through a Z-scheme 
charge transfer mechanism. The synthesis involves 
thermal polymerization of nitrogen-rich precursors to 
obtain g-C3N4 and g-C3N5, or nanosheet formation of 
borophene by ultrasonication method, followed by 
controlled growth of Bi2MoO6 hybrid nanostructures. 
The materials are characterized using techniques such 
as X-ray diffraction, Fourier transform infrared, Ra-
man, UV–Visible diffuse reflectance, and photolumi-
nescence spectroscopies, and scanning electron mi-
croscopy to evaluate their structural, optical, and elec-
tronic properties. Currently, the hybrid catalyst synthe-
sis is underway, and its photocatalytic performance for 
CO2 conversion will be investigated in subsequent 
stages. The outcomes of this work are expected to pro-
vide insights into the design of efficient, visible-light-
driven catalytic systems for sustainable solar-to-fuel 
applications. 

Fig. 3. Synthesis of heterostructures, and application in 
photocatalytic CO2 conversion. 
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