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In this study, we aimed to develop a Pt-free redox flow polymer electrolyte
fuel cell by using redox mediator for the electrode reaction. Heteropolyacid solutions were selected
as positive electrode mediators, and the additive effects of acids and metal ions on the reduction
and reoxidation reactions of heteropolyanions were clarified. In the reductive regeneration reaction
of redox mediator at the negative electrode, carbon monoxide-containing hydrogen and oxalic acid

were employed as fuels, and a carbon-supported rhodium phthalocyanine complex suspended in a
solution could be used as a pseudo-homogeneous catalyst. Furthermore, we developed a cell system in
which a gas phase between both electrodes prevented the mixing of the anode and the cathode

solutions. The operation of this system was demonstrated in combination with the reactions of both
electrodes, and the voltage-current relationship in the steady state was obtained.

PEFC



PEFC

Pt
H-0>
Redox
PEFC HPA
HPA
Pt
PEFC
Redox
Redox
Redox
PEFC
PEFC
Pt
PEFC 1
Redox Redox
Redox
PEFC
regenerator
Redox
HPA Circulator
Redox
1
HPA
Keggin HPA
pH
PEFC
Redox
Redox
Redox
3
Redox

Redox

PEFC

PEFC

Fuel Cell

Carbon anode \
Carbon cathode

Redox

PEFC

Redox

Redox

regenerator

Circulator




Redox

(€Y) Redox
Pt Pt/C Nafion® 117
MEA HPA
HPA Na,SO4
Redox MEA
Redox H>
80 °C ocv
) Redox
c-C
Redox
)Pt PEFC
(€Y) Redox
HsPV 2M 010040 (PV2) HePV3M 0904 (PVS) H7PV 4M0gO4 (PV4)
Redox
\% )

) 2.3 ?

(24-2n)PVV MO012 104 =
(12-n)PVV1.1M013.10a0*"™" + (12-1)PVV1s1M 011 nOao™*™- (1)

(13-n)PVV M0z 1Os® + 27H* =
(12-n)PVVy 1MO13 10202 + 12V 05" + H3PO4 +12H,0 @)

(13-M)PV"VM 012 mOso®2M- + 51H* =
(127m)PV'Vm1M Olekm04o(1+2m)7 +12VO% + H3PO4 +24H,0 (3)

PV 2-Na,SO4 PV 3-NaxSO4 PV4-Na,SO4 Redox
O, Redox
OCV PV2<PV3<PV4 \
Mo V
HPA \ ocv
ocv PV2<PV3<PV4
HPA
PV3-Na,SO,4
HPA
(N E)
pH
H3PO4+PV3-NaxSO4 pH
PV3-HCI-N&,SO4 PV 3-H,SO4+NaxSO4
2 ocv

pH



ocv

INE)
HPA Ar
vEv A
Oz
ocv Redox
PV3
HPA
HPA
PVv3
pH
pH PV3
PVIV3M 09040& > PVIV4|\/| 08040117
2, 3
(PV |V3M 090405L PV'V4M 0304011’)
PV'V4M0gO40t
Cu Fe
3,4)
HePV3M0gOso  (PV3)-Fex(S04)s-CuSOs
NaxSO4 —
ocv ocv
PV3 \Y
\Y
HePV 3sM09gO49 V
PV3
ocv 3
ocv

1 —(a) absent j

S —(b) 0.0116 M HCI
Z —(c) 0.147 MH_SO
208 2
[@)]
8
E
= 0.6
£
E
& 0.4

0.2 ]

0 10 20 30 40 50 60 70

Current density / mA cm?

2 Redox HPA
PEFC : 80 °C;
Redox : PV3 PV3-HCI-Na;SO,4

PV3-H,SO4~Na&SO,s H3PO4+~PV3-NaxSO4
; : :100% ;
HPA :

PV'VM 0110405 PV IV2|\/| 0100407’

(PV VM 0110405 PV IV2|\/| 0100407’)

PV'V3|\/| 090409

o
Jod)
a

o
©

0.75 + ]
== without Fe_(SO )_, CuSO
27 43 4

—with 0.025 M Fe_(SO )_, 0.050 M CuSO
07Lk 2\ 4’3 4 ]

Open circuit voltage / V

0.65 L L L . -
0 20 40 60 80 100 120
Elapsed time / min
3 Redox HPA
PEFC
80 °C; Redox : PV3-N&S0O,
Fez(SO4)3~CUSO47NaQSO4
: 100%

PV3-

; HPA

O,
PV3

IV NMR



PV3 Fe Cu

Mo W H3PVVn|\/| 012,nO4o
Fez(SO4)3 CuSQOq4 H3P\N1204o
H3P\N11M 0040 H3P\N3M 09040 H3PM 012040
HPA
Mo HPA Mo-O W
HPA 24
Mo HPA Fex(SO4)3 CuSOq4 HPA
(2 Redox
Redox Pt
Redox
c-C
2
2
12 Pt
2
3
Redox
4
(@os6 (b) 0.255
o operation, cathodic
0.5

= open circuit, cathodic °

> operation, anodic <:>
e open circuit, anodic

<
~

cell voltage /N
o o
N w

cell voltage /V
o
N
(S]
I
N
+
O
@)

o
=

o
o
N
~
o

0 200 400 600 800 1000 0 30 60 90
qg/C tme /min
4 (a) Redox (b)
Redox Cco H,
(3)Pt PEFC
Pt

1) E. G. Zhizhina, V. F. Odyakov, M. V. Simonova, and K. |. Matveev, Kinet. Catal., 46 (2005) 354-363.
2) E. G. Weinstock, Chem. Rev., 98 (1998) 113-170.

3) M. Kim, I. A. Weinstock, Y. V. Geletii, C. L. Hill, Inorg. Chem., 57 (2018) 311-318.
4) Y. V.Geletii, C. L. Hill, r. H. Atalla, I. A. Weinstock, J. Am. Chem. Soc., 128 (2006) 17033-17042.



1 1 0 0

Siroma Zyun Maruyama Jun Yamazaki Shin-ichi Fujiwara Naoko Asahi Masafumi Nagai Tsukasa 44
loroi Tsutomu

Indirect fuel cell based on a redox-flow battery with a new structure to avoid cross- 2019
contamination toward the non-use of noble metals

International Journal of Hydrogen Energy 27046 27055

DOl

10.1016/j - ijhydene.2019.08.135

31P NMR

62

2021

N. Yamamoto, H. Muroyama, T. Matsui, K. Eguchi

Additive Effect of Iron and Copper Sulfates in Heteropolyacid Solution As a Cathode Reaction Mediator on the Performance of
Redox Flow PEFCs

Pacific Rim Meeting on Electrochemical and Solid-State Science

2020

S. Naruse, H. Muroyama, T. Matsui, K. Eguchi

Power Generation Characteristics of PEFCs Using Heteropolyacids As Anode Redox Mediators

Pacific Rim Meeting on Electrochemical and Solid-State Science

2020




PEFC

61

2020

PEFC

87

2020

PEFC

60

2019

PEFC

2018

2018




PEFC

59

2018

2021

(Siroma Zyun)

(00357245) (82626)
(Matsui Toshiaki)
(90378802) (14301)




