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Bimetallic and Trimetallic Electrocatalysts for Efficient Hydrogen and Oxygen Evolution
in Alkaline Media

Huma Amber*, Karina Vjunova, Juraté VaicCianiene, Loreta Tamasauskaitée-Tamasiunaité, Eugenijus Norkus
Department of Catalysis, Center for Physical Sciences and Technology (FTMC), Sauletekio Ave. 3, Vilnius, Lithuania
E-mail: huma.amber@ftmec.lt

FABRICATION of CATALYSTS
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Substrate Electroless Deposition of Co-based Coatings Co-based Coating
(Nickel Foam) (1 x1cm?

(1 x1cm?

INTRODUCTION & AIM

1. WHY HYDROGEN? - (2) WATER SPLITTING (ELECTROLYSIS) - 2 3. NEED BIFUNCTIONAL CATALYST 4. AM OF THIS WORK & METAL USED
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4 AIM OF THIS WORK
ZHZO(I) 2H2(g) Oz(g) CatalySt r equlred to drlve To develop eff1c1ent stable, and cost-effective

bifunctional electrocatalysts using Co-based
Z’;ﬁ:"cgazloilz()_) ( 5 I : ) (:xtig‘::(?)(ﬂ both reactions coatings deposited on nickel foam via 0 ¥

HER OER electroless dep?sition fo; overa;l water splitting
HER and OER). 3
; ; . Electroless D
(H, Evolution) (O, Evolution) METALS USED : ec(Pl;ﬁisgst&[)msmon

Co-based alloys used:
CoFe, CoFeMn, and CoFeMo
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EFFICIENT | STABLE | LOW-COST

HER

(H, Evolution)

OER

(O, Evolution)

At the anode (+): 0.5 g/L PdCl,

2H,0 — O, + 4H* + 4e”
Oxygen Evolution
Reaction (OER)

Overall Reaction:
2H,0() = 2H,) + Oy

At the cathode (-):
2H,0 + 2e~ — H, + 20H"-

Hydrogen Evolution
Reaction (HER)

[ HCI : H,0 (1:1) J [ e
20 °C, 2 min e

Thermostated Water Bath

Y CoFeMn b

About 15 min, 50 °C, pH = 7

EFFICIENT | STABLE | LOW-COST
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RESULTS & DISCUSSION

HIGH ENERGY ZERO CARBON INDUSTRIAL
DENSITY EMISSIONS IMPORTANCE
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CoFe
30 min, 60 °C, pH =5

CoFeMo
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Fig. 2. HER LSVs (a) and Tafel Slopes (a’) of the investigated catalysts recorded Fig. 3. HER overpotential column bar to
in a IM KOH solution at SmV/s. reach a current density of 20 mA cm™.
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Table 1. Composition of CoFe, CoFeMn and CoFeMo coatings.

Fig. 4. OER LSVs (b) and Tafel Slopes (b’) of the investigated catalysts recorded Fig. S. OER overpotential column bar to

in a 1M KOH solution at SmV/s. reach a current density of 40 mA cm™. Composition mass %

Loadings,
Catalyst ,
250 mg cm-
i 150 Co Fe
z 200 S :
: : CoFe/Nig,, ., 31.92 - - 68.08 0.489
Eﬁ 150 EﬁlOO CoFeMn/Nig,, 95.45 | 0.49 - 4.06 1.134
=3 =3
= 100 = CoFeMo/Ni;,, 82.04 | - | 621 |11.74| 2.003
E E 50
S50 = CONCLUSIONS
0 0 » Successfully synthesized CoFe, CoFeMn, and CoFeMo

electrocatalysts using a simple and cost-effective fabrication method.
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» CoFeMn and CoFeMo exhibited superior HER activity, requiring
overpotentials of 135.8 mV and 149.6 mV at 20 mA cm?,
respectively, compared to 243.9 mV for CoFe.The improved HER
performance 1s attributed to the higher surface areca and greater
exposure of active catalytic sites.

Fig. 7. Comparison of the Tafel slopes of the
investigated catalysts for OER.

Fig. 6. Comparison of the Tafel slopes of the
investigated catalysts for HER.

Table 3. Electrochemical parameters of investigated catalysts
for OER.

Table 2. Electrochemical parameters of investigated

catalysts for HER. » CoFe showed the best OER performance, achieving 40 mA cm™ at

an overpotential of 331.7 mV, outperforming CoFeMo and CoFeMn.
The superior OER activity of CoFe 1s associated with its favorable
surface morphology and optimized composition.

Overpotential at j =40 Tafel Slope, mV

Overpotential at j =20  Tafel Slope,

Catalyst Catalyst

mA cm? , mV mYV dec ! mA cm?, mV dec ! - o .
. . 1 » The results demonstrate that composition engineering effectively
CoFe/Nigy,p, 243.9 130.7 CoFe/Nijy,p, 331.7 154.0 tailors catalytic activity for HER and OER. This work provides a
CoFeMn/Ni . _ 135.9 239.7 CoFeMn/Ni,, 385.1 112.4 promising, low-cost, and scalable strategy for developing efficient
. . 1 bifunctional electrocatalysts for sustainable hydrogen production
CoFeMo/ leoam 149.6 250.1 CoFeMo/ leoam 368.4 151.8 thI'OU.gh water Splitting.
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