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Forced adsorption by stress application to flexible nanoporous materials
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In this study, we have successfully accumulated fundamental data on vapor
adsorption in flexible nanoporous materials such as carbon mesosponge (CMS). The investigation on
the stress-induced steam adsorption indicated that materials with smaller pore sizes are more
suitable. Thus, we examined the miniaturization of pore size through hot-pressing treatment of CMS
and achieved the pore-size control over a wide range. Additionally, in order to expand the range of
material exploration, we synthesized and investigated materials with varying numbers of
graphene-stacking layers, as well as explored a different type of nanoporous material with
single-graphene walls. Through this research, a deeper understanding of the relationship between the

flexibility and adsorption behavior of nanoporous materials was obtained. This led to the emergence
of new ideas for liquefying gas molecules using flexible nanoporous materials, and further
investigations were conducted regarding this technology.



Defay , Adv. Mater. 2013; Tusek , Nat. Energy 2016
Chem. Eur. J. 2013, Adv. Funct. Mater. 2016

Nat. Commun. 2019

5 8nmém
CMS 1800°C GMS
Adv. Funct. Mater. 2016 CMS GMS
CMS GMS
CMS GMS
2nm
2nm
CMS GMS
CMS
CMS, GMS CMS, GMS
1 1-2 CMS GMS
ZTC 2
n_
ZTC
1.2nm
CMS GMS
CMS GMS
2 67 nm
H.O
CMS 425476 cm*g?
29 cmi gt
CMS ZTC n-

278K 298K



(1]

(b) H—RTS5vsH

4 »fn\i»

(¥#967 nm)

(e) GMS

=07 (1.2nm)

Tyt ARDVEL
TSR
1.
CMS GMS 5 8nm
CMS
CMS 0.084 GPa
7.36 nm 10 MPa
<20 MPa
CMS CMS
CMS 2.14 nm
CMS 2.14nm 7.36 nm
(2]
CMS, GMS [3] CMS,
GMS (4]
2022-087565 2022-118199
2022-137188 2022-173217

(1]

(2]

(3]

(4]

Hirotomo Nishihara, Hong-Wei Zhao, Kazuya Kanamaru, Keita Nomura, Mao Ohwada, Masashi [to,
Li-Xiang Li, Bai-Gang An, Toshihide Horikawa, Takashi Kyotani, "Adsorption properties of
templated nanoporous carbons comprising 1-2 graphene layers"’, Carbon Reports, 1, 123-135 (2022).
Kazuya Kanamaru, Masashi 1to, Masanobu Uchimura, Yasushi Ichikawa, Kazuki Sone, Ami Ikura,
Hirotomo Nishihara, "Pore-size control of soft mesoporous carbon by hot pressing”, Carbon Reports,
1, 214-222 (2022).

Rui Tang, Keita Nomura, Kazutoshi Inoue, Motoko Kotani, Takashi Kyotani, Hirotomo Nishihara,
"Capacitance of edge-free three-dimensional graphene: New perspectives on the design of carbon
structures for supercapacitor applications’, Electrochimica Acta, 429, 141009 (2022).

Koki Chida, Takeharu Yoshii, Mao Ohwada, Yuichiro Hayasaka, Joe Komeda, Ryota Sakamoto, Jun
Maruyama, Kazuhide Kamiya, Masataka Inoue, Fumito Tani, Hirotomo Nishihara, "Synthesis and
electrocatalysis of ordered carbonaceous frameworks from Ni porphyrin with four ethynyl groups”,
Catalysis Today, 411-412, 113830 (2023).




4 4 2 2

Nishihara Hirotomo Zhao Hong-Wei Kanamaru Kazuya Nomura Keita Ohwada Mao Ito Masashi Li
Li-Xiang An Bai-Gang Horikawa Toshihide Kyotani Takashi

Adsorption properties of templated nanoporous carbons comprising 1-2 graphene layers 2022

Carbon Reports 123 135
DOI

10.7209/carbon.010301

Tang Rui Nomura Keita Inoue Kazutoshi Kotani Motoko Kyotani Takashi Nishihara Hirotomo 429

Capacitance of edge-free three-dimensional graphene: New perspectives on the design of carbon 2022

structures for supercapacitor applications

Electrochimica Acta

141009 141009

DOl
10.1016/j .electacta.2022.141009

Chida Koki Yoshii Takeharu Ohwada Mao Hayasaka Yuichiro Komeda Joe Sakamoto Ryota 411-412
Maruyama Jun Kamiya Kazuhide Inoue Masataka Tani Fumito Nishihara Hirotomo
Synthesis and electrocatalysis of ordered carbonaceous frameworks from Ni porphyrin with four 2023

ethynyl groups

Catalysis Today

113830 113830

DOl
10.1016/j .cattod.2022.06.045

Kanamaru Kazuya Ito Masashi Uchimura Masanobu Ichikawa Yasushi Sone Kazuki Ikura Ami
Nishihara Hirotomo

Pore-size control of soft mesoporous carbon by hot pressing

2022

Carbon Reports

214 222

Dol
10.7209/carbon.010402




32 27 15

Hirotomo Nishihara

Force-responsive nanoporous carbons consisting of single-layer graphene walls

Pacifichem 2021

2021

Hirotomo Nishihara

Atomically designed carbon materials for electrochemical applications

The 72nd Annual Meeting of the International Society of Electrochemistry

2021

Hirotomo Nishihara

Atomically designed functional carbon materials

International Forum on Graphene in Shenzhen

2021

2021




2021

34

2021

10 MaSC

“ Real Exchange”

2021

2021




SuMi TRUST Innovation Pitch

2021

2021

2021

Pirabul Kritin, , , , Hongyu Liu,

Structural Variation of 3D Graphene Materials Templating Diverse

Metal Oxides

48

2021

34

2021




48

2021

48

2021

Hirotomo Nishihara

Graphenemesosponge: A New Carbon Material with High Porosity and High Durability for Battery Applications

241st ECS Meeting

2022

Hirotomo Nishihara

Multi-functional nanoporous carbon based on single-walled graphene walls

2022 Spring Meeting of the European Materials Research Society

2022




Hirotomo Nishihara

Functional carbon materials: new synthesis approaches and analysis method

Special seminar at VISTEC

2022

Hirotomo Nishihara

Functional carbon materials: new synthesis approaches and analysis method

Special seminar at Chulalongkorn University

2022

Hirotomo Nishihara

Functional carbon materials: new synthesis approaches and analysis method

Special seminar at Kasetsart University

2022

Hirotomo Nishihara

Functional carbon materials: new synthesis approaches and analysis method

Special seminar at Thammasat University

2022




Hirotomo Nishihara

Functional carbon materials: new synthesis approaches and analysis method

Invited lecture at Slovak Academy of Sciences

2022

Hirotomo Nishihara

Advanced porous materials synthesized by template method

PACCON 2023

2023

Hirotomo Nishihara

Advanced carbon-based porous materials and analysis technique

Special seminar at Silpakorn University

2023

Hirotomo Nishihara

Advanced carbon-based porous materials and analysis technique

Special seminar at Chulalongkorn University

2023




Hirotomo Nishihara

Graphene mesosponge: Graphitized and highly mesoporous graphene with high durability and sponge-like flexibility

2023 1st International Symposium on Carbon Materials (2023 ISCM-1) for Energy, Environment, Sustainability, and
Bioapplications with the 6th Taiwan Carbon Conference

2023

Hirotomo Nishihara

Challenge of building three-dimensional frameworks using graphene

Emerging platforms for quantum computing

2023

2021

2022

102

2022




2022

2022

2022

2022

35

2022




2022

2021-190194 2021
2022-039402 2022
2022-087565 2022

3DC
2022-118199 2022

3DC
2022-137188 2022
2022-173217 2022







