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SUMMARY

I Title

Development of energy conversion system using freeze—capture property

II. Purpose and Necessity of R&D

This study was conducted to develop low-temperature energy and
environmental conversion technologies by utilizing freeze—capture characteristics,
based on the concept that ice grain boundaries and quasi-liquid layers formed
under frozen conditions can provide localized high—concentration reaction
environments distinct from conventional liquid-phase systems. Existing carbon
dioxide conversion and photoelectrochemical hydrogen production technologies have
been primarily developed under ambient-temperature liquid conditions, which limits
their applicability in polar and low-temperature environments. In this context, the
present research aimed to implement photo- and electrochemical conversion
reactions using freeze—captured carbon dioxide and to verify the feasibility of
energy conversion technologies operable under low-temperature conditions through
the development of photoelectrodes fabricated via the ice—-templating technique.

III. Contents and Extent of R&D

For the investigation of freeze—captured carbon dioxide conversion, porous Bi
electrodes, Au electrodes deposited by E-beam evaporation, and Cu electrodes
with nanowire structures were fabricated, and their electrochemical CO»
conversion characteristics were comparatively analyzed under liquid and frozen
conditions. To evaluate applicability in marine environments, freeze—captured CO-
conversion experiments were also conducted using simulated seawater electrolytes
containing chloride ions. In addition, porous BiVO, photoelectrodes were fabricated
using the ice—templating method and applied to photoelectrochemical hydrogen
production and pollutant degradation reactions. To elucidate reaction mechanisms
under freeze—captured conditions, Raman spectroscopy and mapping analyses were
employed to investigate surface reaction Intermediates and electron transfer



behaviors on the electrodes.

IV. R&D Results

Under freeze—captured conditions, product selectivity distinctly differed from that
observed in liquid-phase systems, and a significant increase in acetate formation
was confirmed for both Bi and Au electrode catalysts. Raman spectroscopy
revealed that reaction intermediates were localized on specific regions of the
electrode surface under frozen conditions, which is attributed to freeze-induced
high—concentration reaction environments and diffusion-limited electron transfer
pathways. Stable conversion of freeze-captured carbon dioxide was also achieved
in the presence of chloride ions under simulated seawater conditions, indicating
potential applicability in actual marine and polar environments. Furthermore,
photoelectrochemical  hydrogen  production performance was  successfully
demonstrated using ice-templated BiVO; photoelectrodes, while simultaneous
degradation of hazardous pollutants was also confirmed.

V. Application Plans of R&D Results

The results of this study experimentally demonstrate that energy conversion
and environmental remediation reactions can be realized even under frozen
conditions, challenging the conventional perception of frozen environments as
inhibitory to chemical and electrochemical processes. Freeze—captured carbon
dioxide conversion technologies are expected to be applicable to carbon mitigation
and resource utilization in polar and low-temperature marine environments.
Moreover, ice-templated BiVO, photoelectrode technologies are anticipated to be
extended to hydrogen production and pollutant treatment applications under
low-temperature conditions.
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M 6 & AFHdrntdolM &t st dE

A BN seh-Adrstet g dF wAAA YA 2 FAAZF(QLL)H 2 WA
) | EAlol HAsE 5= itk HollA, - =7
Ve FEEE S AT B AFolA e oleld 54 vASAEY £33 54

<] A AR AR, 54 Y =
o AAE Aede] Wsd # doke A JHE S AAst A AA 2 4
3} s Ao Wked 3} th(Bartels—Rausch, 2013; Dash et al, 2006; Bartels-Rausch et al., 2014;
Nagata et al., 2019).

2
o
(o3

7é =] ] ’
CO; x718kd RES-(CORR)C S iz AE= 2 w7 PHEs
KeN

CORRE] AAE ~#AEY 2 A Z<d, Au 7|¥ CO nAEY % 73 54, Bi 7|4 x5t
A8 E A3 5o #et dle] £ds dHFoEH, Bi/Au/Cu AF FulvS HuTOoRE
Tt w4 oA #EEH= HdYe RSyl Huf 1 5A4AA w2 wkE S o3
AR W3R E Helste] T F A= 7SS vdsEA Y (Nitopi et al, 2019; Kuhl et

al., 2012; Monteiro et al., 2021; Kim et al., 2017). o}&2] &l &7 A& 7S 183t
getol=, 53] ClI 7} CORR AW F2 9 dtg A2 v 4 A& G oigh s 2
S HEsSta, 94 ol X3 dlg BEAF Hed 27 A HAAE A H(Zhao et al.,
2023).

npxgo g2 AHe 3AL tyAl oyx AA fEy ##EEte], ice-templating(freeze
casting/ISISA) 719k 4374 T3t &9 34 A 7IsA F MAUSTS Fed 319

3 FHstd H(Deville, 2013; Gutiérrez et al, 2008). o] Ea] %72 FHo] A3l A4

S do Fx AA =72 &8E 7 dsS geta, BiVOs #d=9 PEC +£43] 4% &
HA g3 AFE A HES B AFo|x 33t ice-templating 7] ¥F BiVO, #7359 A2
T4 AN 2 ed=d B 489 7ls4 BEEds EASATHQIu et al, 2016). E8HE,
2 HAel A TR e #3H7)

EARE B ARG AW WeF A Y, wa Su
_]

o] W= APstel AHH o S8

i

WA, A5 b 2 4, O3 BAT A
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