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Recycling of precious metals using valence-controlled Prussian blue films: (1) Introductory
(‘Graduate School of Engineering, Nagoya University, *Graduate School of Engineering
Science, Osaka University) OJun Onoe,' Masato Nakaya,' Yasutaka Kitagawa®

We have demonstrated that Prussian blue (PB) exhibit a higher uptake performance for
platinum-group-metals (PGMs = Ru, Rh, and Pd) via substitution with Fe ion of those
framework in a nitric acid solution when compared to that of conventional sorbents such as
zeolite and activated carbon. However, it takes more than one week to achieve the sorption
equilibrium even for Pd ion exhibiting the highest substitution efficiency among PGMs. In
addition, the PB nanoparticles are essentially difficult to be handled for practical use. To solve
these issues, we examined to boost the uptake performance of spin-coated PB film
electrochemically in combination with theoretical analysis based on first-principles
calculations.

Keywords : Prussian blue; Recycling; Precious Metals; valence-controlled; electrochemically
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[1]J. Onoe et al., RSC Adv. 11, 20701 (2021).
[2] S. Wanatabe et al., Sci. Rep. 12, 5135 (2022).
[3] BES : #472024-128192 (2024).
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Recycling of precious metals using valence-controlled Prussian blue films: (2) Theoretical
analysis to increase Rh sorption ratio ('Graduate School of Engineering Science, Osaka
University, *Faculty of Engineering Science, Osaka University, *Graduate School of
Engineering, Nagoya University) O Yasutaka Kitagawa,' Kazuki Honjo,' Shogo Takashima,’
Kaho Shibata,” Mai Harada,”> Masato Nakatani,® Jun Onoe’

It has been known that Prussian blue (PB) nanoparticles sorb platinum group metals (PGMs)
ions by replacing Fe(Il) or Fe(Ill) in its framework. It has also been found that the uptake
performance of the PB thin film is enhanced by controlling the valence states of PB
electrochemically. In this study, a potential energy surface of the PGMs ion in the PB Iattice is
examined by density functional theory (DFT) calculations to discuss the diffusion in the lattice
under applied electric field. In this talk, we present the results of Rh*" ion in the finite PB cluster
model.

Keywords : Prussian Blue, adsorption ion, Density Functional Theory calculation, Potential
energy surface, ONIOM calculation
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Recycling of precious metals using valence-controlled Prussian blue films: (3) Highly selective
and efficient recovery of palladium ('Graduate School of Engineering, Nagoya University
2Graduate School of Engineering Science, Osaka University) OMasato Nakaya,' Yasutaka
Kitagawa,? Jun Onoe'

We have previously found that Prussian Blue (PB) nanoparticles sorb platinum group
elements (PGMs) such as Ru, Rh, and Pd by replacing the divalent or trivalent iron of the PB
framework. Recently, we discovered that the PGM uptake performance of PB film was
enhanced by controlling its valence states electrochemically, and more recently it is interesting
to note that Pd was selectively and efficiently recovered among them.

Keywords : Prussian blue, Recycling, Pd selective and efficient uptake, valence-controlled,
electrochemically
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[1] S. Wanatabe et al., Sci. Rep. 12,5135 (2022). [2] J& b, 4, i, 4F452024-128192 (2024).
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Chemical Storage of Ammonia by Dynamic Structural Transformation of Perovskite
Compounds (RIKEN Cluster for Pioneering Research) OMasuki Kawamoto, Yoshihiro Ito,
Genki Kobayashi

Ammonia (NHs) is a hydrogen energy carrier showing a large gravimetric hydrogen density
and has attracted attention as a carbon-free fuel for thermal power stations. However, NH3 is a
corrosive gas that is difficult to handle and store. Therefore, a new method for safe and
convenient storage of NHj is awaited.

We found that hybrid organic—inorganic perovskite compounds exhibit chemical storage of
NH; at ambient temperature and pressure through dynamic structural transformation. A
perovskite compound CH3;CH,NH3Pbl; (EAPbI3) with a one-dimensional (1D) columnar
structure became Pb(OH)I with a two-dimensional (2D) layered structure when exposed to NH3
(aq) vapor. NH3 was chemically transformed to less corrosive nitrogen compounds and stored
on the surface of Pb(OH)I. The adsorption isotherm indicated that the NH3 storage capacity is
10.2 mmol g ' at 25 °C and 1 bar. The reverse reaction occurred when Pb(OH)I containing the
nitrogen compounds was heated at 50 °C under vacuum, yielding structural transformation to
EAPDI; and NH; extraction reversibly.

Keywords : Ammonia; Hybrid Organic—Inorganic Perovskite; Hydrogen Carrier; Energy
Storage
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1) J. R. Muralidhar, K. Salikolimi, K. Adachi, D. Hashizume, K. Kodama, T. Hirose, Y. Ito, M.
Kawamoto, J. Am. Chem. Soc. 2023, 145, 16973.
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Hydrogen Storage and Regeneration via Formic Acid ~CO; hydrogenation and Formic Acid
Dehydrogenation~ ('Graduate School of Science and Technology, University of Tsukuba,
*National Institute of Advanced Industrial Science and Technology) OSeo Ono,'” Ryoichi
Kanega,” Hajime Kawanami '

Formic acid can store up to 590 L of hydrogen (H:) per liter, making it a promising hydrogen
carrier. However, its use is accompanied by the simultaneous emission of carbon dioxide (CO»)
with H», necessitating the utilization of CO,. The conversion of CO; to formic acid has been
widely studied under basic conditions, with homogeneous catalysts based on precious metals
such as Ir and Ru exhibiting high activity in converting CO, to “formate salts”.! However, to
recover H, the formate salts must be further converted into formic acid.

In this study, a developed a straightforward process for extracting formic acid from formate
derived from CO,. Under high-pressure and basic conditions, CO hydrogenation catalyzed by
Ir complex generated up to 0.8 M formate. Formic acid was subsequently extracted from the
formate using ion-exchange resins, and the regeneration of H, from the extracted formic acid
was demonstrated using the Ir complex. The overall reaction efficiency exceeded 90.0%,
successfully validating the concept of H, storage and regeneration via formic acid as a
hydrogen carrier.

Keywords : Hydrogen, Formic acid; Carbon dioxide, Iridium complex
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1) S. Chatterjee et al., Energy Environ. Sci., 2021, 14, 1194-1246.
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Acceleration of CO: desorption by microwave selective heating of amine absorbent ('
Graduate School of Bioresource and Bioenvironmental Sciences, Kyushu Univ. * Faculty of
Agriculture, Kyushu Univ. 3> I2CNER, Kyushu Univ., * Kanazawa Univ.) ORikako Hara,'
Maamoun Ibrahim,” Noriyuki Igura,”> Shuntaro Tsubaki** Muraleedharan Nair Mahesh,’
Hidetaka Yamada,*

The chemical absorption method by amines is an effective process for capturing CO, but it
requires a large amount of energy to desorb CO: by heating. Here, we demonstrate the
acceleration of CO: desorption from solid amine adsorbents by molecular-selective heating
using microwaves (MW). We found that CO, adsorption of amine forms carbamate, which
enhances microwave absorption properties. Then, we screened amine and polyethyleneimine
adsorbents that are effective in microwave absorption properties, and they were immobilized
on the SiO; and zeolite supports. These materials achieved about a 1/10 reduction and more
than 2 times enhancements in the CO; desorption time and rate, respectively.

Keywords : COz;Chemical absorption method; microwaves
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1) Tsubaki et al., ACS Sustain. Chem. Eng. 2020, 8, 36, 13593-13599.
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