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Systematization of direct-biogas fuel cell technology for creating a new trend
of material and energy circulations
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For the reduction of environmental load in a rural area of developing
countries, materials development was addressed to contribute to the systematization of direct-biogas
fuel cell technology for creating a new trend of material and energy circulations using regional
biomass resources. A novel process to obtain a desulfurizer made from a local biomass waste and a
novel structured-catalyst, which can be applied on the anode of solid oxide fuel cell (SOFC), were
tied to be developed. For the former task, it was found that a practical desulfurizer can be
obtained by the treatment of a biochar delivered from rice husk with NH3 evaporated from an aqueous
solution simulating a digested liquid. For the latter task, a paper-structured catalyst with a
dispersion of Ni-loaded flowerlike Ce0.5Zr0.502, which can reduce the risk of coking during the SOFC
operation directly fueled by biogas, could be developed.



2 1,800 GDP 2
(1]
CHs; 60% CO: 40% 1kwW SOFC
50% [1] SOFC
SOFC
H.S SOFC
SOFC
2.
SOFC
VNUHCM INT
3.
RH BC
RHBC-N
RHBC-N SOFC
RHBC-N
SOFC
PSC PSC
SOFC
4.
RHBC H2S 900°C
NHs 4 DFT
RHBC pyridinic-N
o* o* H2S
NHz RHBC NH3 RHBC-N
NH3 RHBC-N 2 q=23.0mgH.Sg-BC*
H2S [2,3] RHBC-N H.S
H2S
RHBC-N q
96.1 mgH.Sg-BC? [2]
DFT Vienna Ab initio Simulation Package VASP

pyridinic-N



oxidized-N H.S

Eads Eads
H.S H.,S  pyridinic-N
oxidized-N H2>S
H.S
pyridinic-N oxidized-
N pyridinic-N oxidized-N H2S
(4]
SOFC PSC
Ce]_-xzrxoz X OSC
/ CeO, OSC 284 umol-O, gt CepsZrosO; 517
umol-O, gt x 03
Zr# x=0.5 Cev
«Z1Oz OSC =536 umol-O, gt [5]
pPSC 750°C DRM
CepsZrosO. CZ(F)0.5 PSC [5]
Ni/CZ(F)0.5-PSC
CH4/CO,=1 750°C 0.1Acm? 100
Ni/CZ(F)0.5-PSC 100 mV
Ni/CZ(F)0.5-PSC SOFC DIR-SOFC
(6]
CeosZros0; Ni PSC DRM
SOFC PSC
DIR-SOFC
2023 4 VNUHCM-INT 2023 10
2023 10
SOFC

[1] Y. Shiratori, M. Sakamoto, T. G.H. Nguyen, T. Yamakawa, T. Kitaoka, H. Orishima, H. Matsubara, Y.
Watanabe, S. Nakatsuka, T.C.D. Doan, C.M. Dang, “Biogas power generation with SOFC to
demonstrate energy circulation suitable for Mekong Delta, Vietnam”, Fuel Cells 19 (4) (2019) 346-
353.

[2] H. Setiawan, M. Sakamoto, T. Fujisaki, SM. Lyth, Y. Shiratori, “Development of a sustainable
nitrogen-doped biochar desulfurizer for solid oxide fuel cell systems”, Biomass and Bioenergy 167
(2022) 106631.

[3] H. Setiawan, M Sakamoto, Y Shiratori, T Fujisaki, “N-doped biochar as H,S adsorbent for the biogas-
fueled SOFC”, ECS Transactions 103 (1) (2022) 1165.

[4] T. Fujisaki, K. Ikeda, A.T. Staykov, H. Setiawan, Y. Shiratori, “Density functional theory analysis for
H>S adsorption on pyridinic N- and oxidized N-doped graphenes”, RSC advances 12 (31) (2022)
19955-19964.

[5] P.H. Tu, M. Sakamoto, K. Sasaki, Y. Shiratori, “Synthesis of flowerlike ceria-zirconia solid solution
for promoting dry reforming of methane”, International Journal of Hydrogen Energy 47 (2022) 42171-
42184.

[6] P.H.Tu, M. Sakamoto, D.M.T. Dinh, T.C.D. Doan, M.C. Dang, Y. Shiratori, ‘“Paper-structured catalyst
with a dispersion of ceria-based oxide support for improving the performance of an SOFC fed with
simulated biogas”, Fuel Cells 24 (1) (2024) 56-66.



P.H. Tu, M. Sakamoto, D.M.T. Dinh, T.C.D. Doan, M.C. Dang, Y. Shiratori 24 (1)

Paper-structured catalyst with a dispersion of ceria-based oxide support for improving the 2024

performance of an SOFC fed with simulated biogas

Fuel Cells 56-66
DOl

10.1002/fuce.202300133

T. Fujisaki, K. Ikeda, A.T. Staykov, H. Setiawan, Y. Shiratori 12 (31)

Density functional theory analysis for H2S adsorption on pyridinic N-and oxidized N-doped 2022

graphenes

RSC Advances

19955-19964

DOl
10.1039/D2RA00898J

H. Setiawan, M. Sakamoto, T. Fujisaki, S.M. Lyth, Y. Shiratori 167

Development of a sustainable nitrogen-doped biochar desulfurizer for solid oxide fuel cell 2022

systems

Biomass and Bioenergy 106631
DOl

10.1016/j .biombioe.2022.106631

H. Setiawan, M. Sakamoto, Y. Shiratori 21 (5)

Study on biochar as desulfurizer for SOFC application 2021

Fuel Cells 430-439
DOl

10.1002/fuce.202100025




P.H. Tu, M. Sakamoto, K. Sasaki, Y. Shiratori 47 (100)

Synthesis of flowerlike ceria-zirconia solid solution for promoting dry reforming of methane 2022
International Journal of Hydrogen Energy 42171-42184
DOl

10.1016/j - ijhydene.2021.09.025

H. Setiawan, M. Sakamoto, T. Fujisaki, Y. Shiratori 103 (1)

N-Doped biochar as H2S adsorbent for the biogas-fueled SOFC 2021

ECS Transactions 1165-1176
DOI

10.1149/10301.1165ecst

P.H. Tu, M. Sakamoto, K. Sasaki, Y. Shiratori 103 (O

Development of flowerlike Cel-xZrx02-& -dispersed paper-structured catalyst for direct-biogas 2021

SOFC

ECS Transactions 1963-1970
DOI

10.1149/10301.1963ecst

8 3 7

Y. Shiratori, T.H. Phuc, T.C.D. Doan, A. Kurihara, T. Yamakawa, L.Q. Viet, T.S. Nam, K. Shibagaki, M. Sakurai, R. Nakayama,
T. Sugawara

Activities for realizing next-generation shrimp farming with biogas-fueled SOFC and 10T

8th International Workshop on Nanotechnology and Application (1WNA2023)

2023




T. Fujisaki, K. lkeda, A.T. Staykov, H. Setiawan, Y. Shiratori

Density functional theory analysis of H2S adsorption on nitrogen-doped graphene

8th International Workshop on Nanotechnology and Application (1WNA2023)

2023

D.M.T. Dinh, P_H. Tu, Y. Shiratori

Development of novel anode with Ni-loaded flowerlike ceria for solid oxide fuel cell operated with liquor

8th International Workshop on Nanotechnology and Application (1WNA2023)

2023

P.H. Tu, Y. Horii, Y. Honda, Y. Hamasaki, Y. Shiratori

Nitrogen-doped biochar for efficient removal of H2S from biogas

8th International Workshop on Nanotechnology and Application (1WNA2023)

2023

T. Fujisaki, K. lkeda, A.T. Staykov, H. Setiawan, Y. Shiratori

Density functional theory analysis for hydrogen sulfide removers with graphene structure for solid oxide fuel cells

10th International Congress on Industrial and Applied Mathematics

2023




H2S

2022

2022

H. Setiawan, Sakamoto, T. Fujisaki, Y. Shiratori

N-Doped biochar as H2S adsorbent for the biogas-fueled SOFC

17th International Symposium on Solid Oxide Fuel Cells (SOFC-XVII)

2021

P.H. Tu, M. Sakamoto, K. Sasaki, Y. Shiratori

Development of flowerlike Cel-xZrx02-& -dispersed paper-structured catalyst for direct-biogas SOFC

17th International Symposium on Solid Oxide Fuel Cells (SOFC-XVII)

2021

(Fujisaki Takaya)

(30846564) (15201)




(Tachikawa Yuya)

(70587857)

(17102)




