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TCorresponding author :
ischoi@kangwon.ac.kr Abstract >> Pt/RuQ,-based bifunctional oxygen electrode catalysts with high activ-

_ ity and excellent durability is developed for proton exchange membrane-based
gz\ii‘zgzd 3122?52322822: unitized regenerative fuel cell (URFC). Pt/RuO- with relative composition of 5:5
Accepted 12 February, 2025 (Pt-3/Ru02) exhibits the highest active surface area and facile polarization in both

oxygen reduction and evolution reaction. Pt-3/Ru0;, effectively induces 4-electron
reaction in oxygen reduction and facile kinetics, as evidenced by Tafel slope of
66.65 mV and a half-wave potential of 0.723 V. Pt-3/Ru0O- also shows the lowest
overpotential in oxygen evolution with moderate kinetics behavior. The durability
and practical applicability of the catalyst were confirmed by accelerated durability
test. Pt-3/Ru0, showed the lowest decay rate in successive polarization. In URFC
accelerated degradation test, Pt-3/RuQ2 possessed a round-trip efficiency of
58.9% at 0.5 mA/cm2 that exceeds what has been reported in the previous
research.

Key words : Unitized regenerative fuel cell(¥ H & XA 918 M X|), Oxygen reduction
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2.1 Z0f M=

PURUO, 53 0] TS 915te] A8 RuO; Lhie
YA} 3EHO Pt Y=Y AE 34d5= polyol 7|5 che-
mical reduction Br¥S Al&stact?. 39 Zalag
o] &7l 45 mL ethylene glycol (C:HsO,; Daejung
Chemicals & Metals, Siheung, Korea)1} 5 mL S5
(deionized water, DI)2] &3}olo]| 0.16 M chloropla-
tinic acid hexahydrate (H,PtCls-6H,O; Sigma-Aldrich,
St. Louis, MA, USA)S F7}5t0] HALA &HS =
H3F3ITE 0] 0.1 M NaOH -&-95 F=7}sto] w3
|2 pHE 1025 A3, 9] G0 4§ RuO,
5-9 mg (Fuel Cell Store, Bryan, TX, USA)E 3713}
S IAIZE 5ok 284S o] §3te] BAAIRIT ¥hS:
golol] Z7}al A4 Ru0e] Hekg 2 ATHo A
B o) Vo] PuRu0;0) 0|24 20| 119, 3:7
5:571 © 4= 9 ke HEHom Hitd g
100°Coll A 3A17F St Thelstel Zu) TS 9w

3193 7+ 223k Ao A] overnight 7 of| A]
oz

7t wREE Z18etact 2 ofat |9} of| gk
o]-g-3te] 3O AH-S Hash F g oo Wil
100°Cof|A] AXAIA Fof 4L =L 19,
3.7, 5:59] At o] 2 Ao IAE HFF ZujES
Z+7F Pt-1/RuOy, Pt-2/RuO,, Pt-3/RuO, 2 HH3}3Ich

2t Sll2 ARE-E PYC EZE polyol 7]7H2] che-
mical reduction BJ'H-S- ARE-510] A28 0 A4
ol g4 2AL thaw} 2k 100 mL CGHO:9} 5 mL
DI¢] &3t g-9llof 78 mg Vulcan XC-72R (Fuel Cell
Store)S 7} & 1A]7F E<F 2&u} BASEAL 0.16 M
HPtCls 6H0 F=715ke] g A4 §HS &
H|gtt}. 1.0 M NaOH 945 0]-§-5+f pH 102 -4
Stk Ar &2917]100A AEA 8AE 100°ColA] 3417F
& 7HE wke gl v 2 A of it
G} o2 olgste] AlA S ARNCEN
neks AFAE AAsHL Ay L2325 0835}

100°Cof| 4] overnight =71of|A AxA|A Fuf 2+
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o] A A7|eh A B FAEE Sls]
A HAYAF FaAlE ] 7 (field emission trans-
mission electron microscope [FE-TEM], JEM-F200;
JEOL Ltd., Akishima, Japan)d} 115385 Eu}4A}14
1] Z(high resolution transmission electron microscope
[HR-TEM], JEM-3010; JEOL Ltd.) 2418 2=}k
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o] non-Faradaic % Yof|A A 7]0]=Z= 7)ufjA]E(elect-
ric double-layer capacitance, Ca)E S43FATE FAF
£ 5 20 mV/sollA] 100 mV/s2 Az} £71A]7|H
CVE S5l A%k A +171e] St A4l
A8 A70l5S AR FAF £29 PAX R
B Z} S| Ca 313l o] & F3ll ECSAE =
=33k

ORR 42 3|2 0.1 M HClO40]| A0,
3087 E3eka S SIS 915 100 mVis FA)
252 33 £35F 5 0.0-1.2 Vage 1| mV/is A &S5
2 A% FAF A9 (linear sweep voltammetry, LSV)
& o|83sto] H7lskGith OER 274 B7He] Af =
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F@stel A5 4 oIS Shelalgict. Esk URFC
T-&= 7H4stol ORR¥ OERY|| tigh Wi++d< <l
3}7] §J5ke] URFC 71 &3} Al &(accelerated degra-
dation test, ADT) protocol Fig. 13} Zro] 4=:35}¢]
AABIAY. F)s FEE 7Hske] ARE e
Azol Alsl HEE 27 -5 mA/em’, 2 mA/em’ &
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Fig. 1. URFC-ADT protocol for confirming bifunctionality of
RuOz-supported Pt catalysts
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Fig. 2. XRD for as-prepared Pt/RuQO; catalysts
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Scherrer’s equation'?2 E3 Pt 2% xle] 27|12
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3.28 nmZ AR 2A Z7)E Zh= Aow -‘GO]E]
%Il o]22 Pt o] =2 Pt-3/Ru0,9] 24 YA+
A7)= Hat 632 nmE A F718F AL Rl
t}. Fig. 3-2 ¢4 &3 19 FE-TEM1} HR-TEM
olu]xjo|ck. HR-TEM o]u] |9 d-spacing ZA-< 5
3} Pt-1/RuQ,, Pt-2/RuO;, Pt-3/RuO,°]4] RuO, (101),
RuO; (110), Pt (111)2 Blsta9e}™"7. 3] Pt (111)9]
75 Pt gieFo] SRl whet w7k =7 0.241, 0.235,
0.223 nm= Fx} o] 2291 Pt (111)&] H7IAE]] 3f
%1-5].% 0.226 nmﬁ] {L/\].OHXI o o]— /\ ol_,__ Pt 73240]

Fig. 3. FE-TEM and HR-TEM images of (a, b) Pt-1/RuQx, (c, d)
Pt-2/RuO2, and (e, f) Pt-3/RuO.
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Fig. 4. Investigation of the electrochemical active surface areas of Pt/RuO, composite catalysts. The CV curves of (a) Pt-1/RuOy,
(b) Pt-2/RuO, (c) Pt-3/RuO,, and (d) Cq by plotting the current density variation against scan rate to fit a linear regression
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o] 419] ORR Tafel sloper= 60 mV/dec2 L&A 3L
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Fig. 5. (a) ORR polarization curves in Oz-saturated 0.1 M HCIO4
of PYRuO, composite, Pt/C, and RuO; catalysts. (b) Tafel curves
derived from ORR polarization
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Pt-3/RuO,0)| 4] Z+2} 402, 265, 261 mVE SHIESick
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Fig. 6. (a) OER polarization curves in Oz-saturated 0.1 M HCIO4
of Pt/RuO, composite, Pt/C, and RuO, catalysts. (b) Tafel curves
derived from OER polarization
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SR B FA gt S sjAIskaLAt Fick
A AFE FolA DIE  rutileA Ir AbslE S
O] Mo 270-310 mV FE=, & Aol HdH o
A Zulo] OER &4 Axl:= AAT uksl Zxlolct
819 "OER Tafel 25 E3) &2lgl Tafel slope=
Pt-1/RuO,, Pt-2/RuO,, Pt-3/RuO.7} Z+z} 133.26,
101.06, 89.24 mV/decZ 2H= Ao & BHelEQic). £
AS Fofl B 4 E9171014 9] ORRof| tigh
Ru0, 9] Tafel slope= t|=F 100-120 mV/dec®2 Rl
2 Q' B Ao A 3ol ARE RuO, )9
Tafel slope= °F 119 mV/dec2 1|9~ ZASE 32 2t
£t OER SFuj=A 7P 8ol Frhal 4l Ir
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AEa oh AR Ghe ZHeth AR A9 Tl
A19] Pt-2/Ru0;, Pt-3/Ru0, 2] Tafel slope”} IrA] Atsh
B Zujo} ARS 220 ol Ul IejE Hal &
ol U] Pre] giepo] 274 OFR ¥Hg 425
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Fig. 7. The CV durability test measures 1,000 cycles at a rate of
200 mV/s at a potential between 0 and 1.2 Vnne
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Fig. 8. (a) ORR before/after the URFC-ADT. (b) OER before/after
the URFC-ADT
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& 7R5AS A Rgit 9hx] ATl nls o] Fig
T protocol-S ©]-8-5}4] Pt-3/Ru0O;
of T3] Z=7]- o7 HAZ 79k ORRI} OFRS &

E3}9)a o]gj3k 7k4 AlE A& ' 7FzZF ORR, OER
LSV B2 Aaiste] Zujo] A3} Ar2 ulolslyd
CHFig. 8). URFC-ADT protocol 2= =A% ORR
LSV Ao wiodg) Walg v|zoe wee
%31 OFR LSV HAlof| A= 0 B 31SITh Fig. 8(a)
oA Pt-3/Ru0,2] URFC-ADT protocol A3 ORR-2
koA 9171 67.3 mV negative shifts}32-2 4215}
931 Fig. 8(b)2] OER E-AoJ A= 100] 11.9 mVit
7¥oh= 2 Slsklt) tilat A8 PYC S 9]
73%- URFC-ADT protocol ©]% ORR, OER-2 Z}Z}
negative, positive polarization®] LojUpA] kol &4
40| E7Fssisith A= PYCol tigt ADT 5
Alst A7 A7to|A A& o7 Heto] Zrlek= A

)
iy
flo
R
%

olX

& Folslga o]F Z2giE 3 AT L7t AE
Ago] 7kt AL 15k OIL OER 4§
< 5ol Pt Zufj EHo] AFS}SIAL o] % ORR REZ-ofA]

ORRE FTHA 0.2 5] Hafe] o Tyl uie
SR S} il slo et lefE ol
# ORR. OERSI| 5o

231 Sl ORR W5l chet o2 oo
T8-S HoJ= o]f hygroscopicdt 4 dE 24
= RuOwo] Sjele] AiH oz & 23] 3ol o

65
6 [Pt-3/Ru0,]
- *
E
E 55 |
[PtgsIry5/Ti0,]
i
S 4 [Ptaslris] [
= 50
9 [ ] [Pixx] [Ptoelr] [ ]
5 €1 o mis [Pt/IrO, (9:1)]
« OS]
- -
40
-
[PtRuO, and PtRu]
35 T T T T T T T T
[5 (23] 4 [25]  [26] [271  [28]  [Thisstudy]

Fig. 9. Comparison of round-trip efficiency at 0.5 mA/cm?

Vol. 36, No. 1, February 2025

OIKIS - R0 - FaRI - 253 - £[01

SkaL Pt Safjof] Alsta]ato] A
°]% ORR Yhg-oflA o]H3] =2 =5
#olck $HH OER SHAE W2 d383 &
o=y o] Pto] E¢lo] OERo] Yol Eot T;Li
Ru?] oFHAL SRAIAA Y| wjEolm, 1
& do] Rukitt P/} & §&57] wjRolcf™?
Pt-3/RuO, 1 €] URFC -8 7}/ ﬁ%*é%
F7t& s@dsly] $Jste]l URFC RTES
(Fig. 9). $HA] A3t Hiel ZHo] URFC RTE:= 2
A B ] ARdR] ol s HEofA
i

l
J[Nv
o,
QL
N 3:_9‘
o

e Mo T 4 gy B ATeAE £
o) et 24 9 s A 3718 9t
o 0.5 mA/m’E Z4 7|E0R Fo] g9 48
ol-g-sH3Ark

e=—x 100 )

Pt-3/Ru0,9] RTEE= 58.9%2 &9
O] RTE= A|AH] LA, &5 9
A Kb mgol ®F g
40-60% S 2=tk Aol 4 A
PYRUO, £} Slle] RTE= 7|2 A3 Aol
ANA ZHE A2k Aslehs ghOR URFC
}7154 R F28 B4 7Hs40] 9
QTP

oot =3

QA

?3
e
¥
¥

4. &

rhu

proton exchange membrane (PEM) 7|%¥t URFC t
HHAS A2"A o] 31 Yol Hold <
Zuj] 7|ukS stk Al 2AJo] A
2 t}Z PYRuO, &3+ Z1E A5} ﬁx%xg AERS)
3} AR BAS *@s} 2 7)o 1 22 AR
o] 77|25 ¥ =&% ECSA ¥4 4 OFR, O
ddE Asto] 5:59) A i*é% ZH= Pt-3/Ru0;
7t Wl et SR 1 HYE Belst
k. $49€ Pt-3/RuOy= ORRYY| Thate] 714 =2 ut

715 AATE &=

Journal of Hydrogen and New Energy <<



0 A MY AZFXIE Pt/RuOe 7|8t A= =8t Z0f 74

T A94(0.723 V)& ztal pseudo 2-electron WH2
ke &1 AR oA &2 3lo] 4-electron ORRS &}
Aog {rdhe 2Isllth OERO| thsiA= 71
2 o (261 mV)Z} Tafel slope (89.24 mV/dec)E
Zr3 Ql8-& 3HIEkITE CV-ADT} URFC-ADT &

=

o

AA
&3 Z1li7F URFC Hhg-& 3= wl 271

2 oPgAel BAYS AT 98-S st

£
A
ol
¥

-3/Ru0,2] URFC-RTE= 58.9% & 3}l =
=l o= 71E EdolA EilE RTEHT 2
Hll=g
H A5 E3 URFCE PYRuO, £33t Znjjo] A
A 9 AR QoA 7 HAshE Zuf o] A =
A5 FRIT 4= UG o2 E E Full= A
Al URFC 5 2745 7H4e 24 B7tollA BF
EFdS & 4= otk E3 A
| A+t Axkel Hlaske)
3}

27

2 QL A EARGARMOTIE)S} ghato 1] 7]
71 7HAKETEP) ol H 2] 918 /g AFd(No. 20224
000000080) B Fr=1k7]=2E-AKIAT) 2] AnHE
EAS} 7]9FEEAR](No. P0021217)9] ]S o}
3T At AP

References

1. H. Y. Jung, “Understanding of polymer electrolyte mem-
brane for a unitized regenerative fuel cell (URFC)”, Applied
Chemistry for Engineering, Vol. 22, No. 2, 2011, pp. 125-132,
doi: https://doi.org/10.14478/ace.2011.22.2.125.

2. Y.Wang, D. Y. C. Leung, J. Xuan, and H. Wang, “A review on
unitized regenerative fuel cell technologies, part-A: unit-
ized regenerative proton exchange membrane fuel cells”,
Renewable and Sustainable Energy Reviews, Vol. 65, 2016, pp.
961-977, dot: https://doi.org/10.1016/j.rser.2016.07.046.

3. S.Kim, “Unitized regenerative fuel cell (URFC) for hydro-
gen manufacture and power generation”, Korean Industrial
Chemistry News, Vol. 20, No. 3, 2017, pp. 36-42. Retrieved
from https://kiss.kstudy.com/Detail/Ar¢key=3524866.

\A
v
ror

F2AYNOIL{RIHE =2 T

13.

. G. C. da Silva, M. R. Fernandes, and E. A. Ticianelli,
“Activity and stability of Pt/IrO, bifunctional materials as
catalysts for the oxygen evolution/reduction reactions”,
ACS Catalysis, Vol. 8, No 3, 2018, pp. 2081-2092, doi:
https://doi.org/10.1021/acscatal.7b03429.

. H.Y.Jung, S. Park, and B. N. Popov, “Electrochemical studies
of an unsupported Ptlr electrocatalyst as a bifunctional oxy-
gen electrode in a unitized regenerative fuel cell”, Journal of
Power Sources, Vol. 191, No. 2, 2009, pp. 357-361, doi:
https://doi.org/10.1016/j.jpowsour.2009.02.060.

. E D.Kong, S. Zhang, G. P. Yin, Z. B. Wang, C. Y. Du, G. Y.
Chen, and N. Zhang, “Electrochemical studies of Pt/Ir—
IrO; electrocatalyst as a bifunctional oxygen electrode”,
International Journal of Hydrogen Energy, Vol. 37, No. 1,2012,
pp- 59-67, doi: https://doi.org/10.1016/j.ijhydene.2011.09.087.

. S. Rivas, L. G. Arriaga, L. Morales, and A. M. Fernandez,
“Evaluation of Pt-Ru-Ir as bifunctional electrocatalysts for the
oxygen electrode in a unitized regenerative fuel cell”, International
Journal of Electrochemical Science, Vol. 7, No. 4, 2012, pp. 3601-
3609, doi: https://doi.org/10.1016/S1452-3981(23)13981-2.

. A.Lim, J. Kim, H.J. Lee, H. J. Kim, S.J. Yoo, J. H. Jang, H. Y.
Park, Y. E. Sung, and H. S. Park, “Low-loading IrO, supported
on Pt for catalysis of PEM water electrolysis and regenerative
fuel cells”, Applied Catalysis B: Environmental, Vol. 272, 2020,
pp- 118955, doi: https://doi.org/10.1016/j.apcatb.2020.118955.

. J.Du, J. Quinson, D. Zhang, E. Bizzotto, A. Zana, and M. Arenz,
“Bifunctional Pt-IrO; catalysts for the oxygen evolution and
oxygen reduction reactions: alloy nanoparticles versus nano-
composite catalysts”, ACS Catalysis, Vol. 11, No. 2, 2021, pp.
820-828, doi: https://doi.org/10.1021/acscatal.0c03867.

. S. Ravichandran, N. Bhuvanendran, Q. Xu, T. Maiyalagan,
L. Xing, and H. Su, “Ordered mesoporous Pt-Ru-Ir nano-
structures as superior bifunctional electrocatalyst for oxy-
gen reduction/oxygen evolution reactions”, Journal of
Colloid and Interface Science, Vol. 608, Pt. 1, 2022, pp.
207-218, doi: https://doi.org/10.1016/j.jcis.2021.09.171.

. T.Sadhasivam, G. Palanisamy, S. H. Roh, M. D. Kurkuri,
S. C. Kim, and H. Y. Jung, “Electro-analytical perform-
ance of bifunctional electrocatalyst materials in unitized re-
generative fuel cell system”, International Journal of Hy-
drogen Energy, Vol. 43, No. 39, 2018, pp. 18169-18184, doi:
https://doi.org/10.1016/j.ijhydene.2018.08.035.

. S. Song, H. Zhang, X. Ma, Z. Shao, R. T. Baker, and B. Yi,

“Electrochemical investigation of electrocatalysts for the oxygen

evolution reaction in PEM water electrolyzers”, International

Journal of Hydrogen Energy, Vol. 33, No. 19,2008, pp. 4955-

4961, doi: https://doi.org/10.1016/j.ijhydene.2008.06.039.

E. Lebégue, S. Baranton, and C. Coutanceau, “Polyol synthesis

of nanosized Pt/C electrocatalysts assisted by pulse microwave

activation”, Journal of Power Sources, Vol. 196, No. 3, 2011, pp.

H 36 H1S 2026 28


https://doi.org/10.1016/S1452-3981(23)13981-2

14.

17.

19.

20.

21.

920-927, doi: https://doi.org/10.1016/j.jpowsour.2010.08.107.
H. S. Kim, S. C. Ryu, Y. W. Lee, and T. H. Shin, “High
electrochemical activity of Pt-Cu alloy support on carbon
for oxygen reduction reaction”, Journal of Hydrogen
and New Energy, Vol. 30, No. 6, 2019, pp. 549-555, doi:
https://doi.org/10.7316/KHNES.2019.30.6.549.

. S.Kim, Y. K. Cho, J. Seok, N. S. Lee, B. Son, J. W. Lee, ]. M.

Baik, C. Lee, Y. Lee, and M. H. Kim, “Highly branched RuO,
nanoneedles on electrospun TiO, nanofibers as an efficient
electrocatalytic platform”, ACS Applied Materials &
Interfaces, Vol. 7, No. 28, 2015, pp. 15321-15330, doi:
https://doi.org/10.1021/acsami.5b03178.

. L. Zhu, H. Sun, H. Fu, J. Zheng, N. Zhang, Y. Li, and B. H.

Chen, “Effect of ruthenium nickel bimetallic composition on
the catalytic performance for benzene hydrogenation to cyclo-
hexane”, Applied Catalysis A: General, Vol. 499, 2015, pp.
124-132, doi: https://doi.org/10.1016/j.apcata.2015.04.016.
W. Wang, Z. Wang, M. Yang, C. J. Zhong, and C. J. Liu,
“Highly active and stable Pt (111) catalysts synthesized by
peptide assisted room temperature electron reduction for
oxygen reduction reaction”, Nano Energy, Vol. 25,2016, pp.
26-33, doi: https://doi.org/10.1016/j.nanoen.2016.04.022.

. J.E.Won, D. H. Kwak, S. B. Han, H. S. Park, J. Y. Park, K. B. Ma,

D. H. Kim, and K. W. Park, “PtIr/Ti407 as a bifunctional elec-
trocatalyst for improved oxygen reduction and oxygen evo-
lution reactions”, Journal of Catalysis, Vol. 358, 2018, pp.
287-294, doi: https://doi.org/10.1016/j.jcat.2017.12.013.
L.J. Moriau, M. Bele, A. Vizintin, E Ruiz-Zepeda, U. Petek,
P. Jovanovi¢, M. Sala, M. Gabericek, and N. Hodnik,
“Synthesis and advanced electrochemical characterization of
multifunctional electrocatalytic composite for unitized re-
generative fuel cell”, ACS Catalysis, Vol. 9, No. 12,2019, pp. 11468-
11483, doi: https://doi.org/10.1021/acscatal.9b03385.

T. Reier, M. Oezaslan, and P. Strasser, “Electrocatalytic oxy-
gen evolution reaction (OER) on Ru, Ir, and Pt catalysts: a
comparative study of nanoparticles and bulk materials”,
ACS Catalysis, Vol. 2, No. 8, 2012, pp. 1765-1772, doi:
https://doi.org/10.1021/cs3003098.

J.Yi, W. H. Lee, C. H. Choi, Y. Lee, K. S. Park, B. K. Min, Y. J.

Vol. 36, No. 1, February 2025

22.

23.

24.

25.

26.

27.

-E0I4 51
I

OIRI - BRI - HalRl - 2%

rar

B

Hwang, and H. S. Oh, “Effect of Pt introduced on Ru-based
electrocatalyst for oxygen evolution activity and stability”,
Electrochemistry Communications, Vol. 104, 2019, pp. 106469,
doi: https://doi.org/10.1016/j.elecom.2019.05.018.

S. Cherevko, A. R. Zeradjanin, A. A. Topalov, N. Kulyk, I.
Katsounaros, and K. J. J. Mayrhofer, “Dissolution of noble
metals during oxygen evolution in acidic media”,
ChemCatChem, Vol. 6, No. 8, 2014, pp. 2219-2223, doi:
https://doi.org/10.1002/cctc.201402194.

T. Toroi, N. Kitazawa, K. Yasuda, Y. Yamamoto, and H.
Takenaka, “IrO,-deposited Pt electrocatalysts for unitized
regenerative polymer electrolyte fuel cells”, Journal of
Applied Electrochemistry, Vol. 31, 2001, pp. 1179-1183,
doi: https://doi.org/10.1023/A:1012755809488.

S.D.Yim, W.Y. Lee, Y. G. Yoon, Y. J. Sohn, G. G. Park, T. H.
Yang, and C. S. Kim, “Optimization of bifunctional electro-
catalyst for PEM unitized regenerative fuel cell”, Electro-
chimica Acta, Vol. 50, No. 2-3, 2004, pp. 713-718, doi:
https://doi.org/10.1016/j.clectacta.2004.02.068.

S.D.Yim, G. G. Park, Y. J. Sohn, T. H. Yang, Y. G. Yoon, W. Y.
Lee, and C. S. Kim, “Development of bifunctional electro-
catalyst for PEM URFC”, Journal of Hydrogen and New
Energy, Vol. 15, No. 1, 2004, pp. 23-31. Retrieved from
https://koreascience kr/article/JAKO200430360539713.page.
S.D.Yim, G. G. Park, Y. J. Sohn, W. Y. Lee, Y. G. Yoon, T. H.
Yang, S. Um, S. P. Yu, and C. S. Kim, “Optimization of PtIr
electrocatalyst for PEM URFC”, International Journal of
Hydrogen Energy, Vol. 30, No. 12,2005, pp. 1345-1350, doi:
https://doi.org/10.1016/j.ijhydene.2005.04.013.

S.Y. Huang, P. Ganesan, W. S. Jung, N. Cadirov, and B. N.
Popov, “Development of supported bifunctional oxygen
electrocatalysts with high performance for unitized regenerative
fuel cell applications”, ECS Transactions, Vol. 33, No. 1, 2010,
pp. 1979-1987, doi: https://doi.org/10.1149/1.3484689.

. W.H. Lee and H. Kim, “Optimization of electrode structure

to suppress electrochemical carbon corrosion of gas dif-
fusion layer for unitized regenerative fuel cell”, Journal of
The Electrochemical Society, Vol. 161, No. 6, 2014, pp.
F729-F733, doi: https://doi.org/10.1149/2.071406jes.

Journal of Hydrogen and New Energy <<



	일체형 재생 연료전지용 Pt/RuO₂ 기반 산소극 복합 촉매 개발
	Abstract
	1. 서론
	2. 실험
	3. 결과 및 고찰
	4. 결론
	References


