
Gold Nanoparticle-Modified Nickel-Iron Coatings for Efficient Sodium Borohydride 
Electrooxidation 

Huma Amber* �����$�X�ã�U�L�Q�¡���=�D�E�L�H�O�D�L�W�¡, Irena �6�W�D�O�Q�L�R�Q�L�H�Q�¡, Birute �â�L�P�N�Ì�Q�D�L�W�¡-�6�W�D�Q�\�Q�L�H�Q�¡���� �$�O�G�R�Q�D���%�D�O�þ�L�Ì�Q�D�L�W�¡���� �-�Ì�U�D�W�¡���9�D�L�þ�L�Ì�Q�L�H�Q�¡���� �/�R�U�H�W�D���7�D�P�D�ã�D�X�V�N�D�L�W�¡-
�7�D�P�D�ã�L�Ì�Q�D�L�W�¡, Eugenijus Norkus

Center for Physical Sciences and Technology (FTMC), �6�D�X�O�¡�W�H�N�L�RAve. 3, Vilnius, Lithuania

INTRODUCTION & AIM 

SEM & EDX ANALYSIS

CONCLUSION

FABRICATION OF CATALYSTS

• Sodiumborohydride(NaBH�y��is anattractivehydrogenstoragematerialdueto its high hydrogencontentandstability.
• Direct borohydridefuel cells (DBFCs)offer greatpotential,but their performanceis limited by theslow kineticsof NaBH�yelectrooxidation.
• Nickel-iron (NiFe) alloys arecost-effectiveandelectrochemicallyactivein alkaline media.
• Gold nanoparticles(AuNPs),whenintegratedwith NiFe, introducesynergisticeffectsthatcanimprovereactionkinetics, stability, andsurfacereactivity.
• ResearchObjective: To design,synthesize,and evaluateAuNP-decoratedNiFe coatingson a flexible copper-coatedpolyimide (Cu/PI) surfaceas

efficient, durableelectrocatalystsfor NaBH�yelectrooxidation.

Coatings
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Ni80Fe20/Cu/PI 0.14 0.001 0.05 0.1 0.2 0.2 60 5 7

AuNi 80Fe20/Cu/PI
1mM Au (1 min)

0.14 0.001 0.05 0.1 0.2 0.2 60 5 7

Electroless DepositionCopper-
coated 

polyimide 
(Cu/PI) 

Pd-Activation, 30s
1 g/L PdCl2 

NiFe/Cu/PI

Pd+2

Pd+2

Decapitation, 1 min
HCl:H 2O (1:1)

Table 1. Composition of plating baths and deposition parameters.

RESULTS & DISCUSSION

Fig. 3.CVs of Ni80Fe20/Cu/PI(a) and AuNi80Fe20/Cu/PI(b) catalysts recorded in 1 M NaOH and 
0.05 M NaBH4 + 1 M NaOH at 10 mV s–1, T = 25°C. 

Fig. 4. LSVs of AuNi80Fe20/Cu/PI
catalysts recorded in 0.05 M NaBH4 + 1 
M NaOH at different potential scan rates, 

T = 25°C.

Table 3.Fuel cell parameters of NaBH4-H2O2 employing 
Ni80Fe20/Cu/PIand AuNi80Fe20/Cu/PIanode catalysts.

Fig. 2. Cell polarization and power density curves for the direct NaBH4-H2O2 fuel cell using 
Ni80Fe20/Cu/PI(a) and AuNi80Fe20/Cu/PI(b) catalysts as the anodes/cathodes with anolyte consisting of 

1 M NaBH4 and 4 M NaOH and 5 M H2O2 and 1.5 M HCl catholyte at different temperatures.

Fig. 1. SEM images of the Ni80Fe20 (a) and AuNi80Fe20 (b) coatings on Cu/PI surface.

RESULTS & DISCUSSION

Catalysts T (ºC) Peak Power Density 
(mW cm-2)

Current Density at 
Peak Power Density 

(mA cm-2)

Cell Voltage at 
Peak Power 
Density (V)

Ni80Fe20/Cu/PI

25 73.1 112.3 0.65

35 80.0 122.9 0.65

45 85.9 132.0 0.65

55 93.6 143.9 0.65

AuNi80Fe20/Cu/PI

25 89.7 137.9 0.65

35 100.0 153.7 0.65

45 114.1 175.4 0.65

55 126.3 194.2 0.65

In this study,NiFecoatingsweresuccessfullysynthesizedvia electrolessdepositionon
Cu/PIsurfaceandsubsequentlymodified with AuNPsthroughgalvanicdisplacement
to enhance their electrocatalytic performance in NaBH�y electrooxidation. The
structural and morphological characteristicsof the coatings were examinedusing
scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy
(EDX), confirmingthesuccessfulformationof aNiFealloy matrixandthepresenceof
dispersedAuNPs. Electrochemicalcharacterization,including cyclic voltammetry
(CV) andlinearsweepvoltammetry(LSV), demonstratedthattheAuNi80Fe20 coatings
exhibited significantly improved catalytic performancecompared to unmodified
Ni80Fe20 coatings. Theelectrooxidationof NaBH�yhasbeenobservedto occurat more
negativepotential valuesand to yield higher current densities(Fig. 3 and .4). The
electrocatalystsweresubjectedto further evaluationin a DBFCsconfiguration,where
the AuNi80Fe20 anodeshoweda superiorpower densityof 89.7 mW cm�í2 at room
temperatureunderalkaline conditions,while the Ni80Fe20 anodeexhibited73.1 mW
cm�í2 (Table3. andFig.2). The enhancedperformanceis attributedto the synergistic
interactionbetweenthe highly active AuNPsand the conductiveNiFe matrix, which
collectively promoteefficient borohydrideoxidationandelectrontransfer. This work
presentsa novel, cost-effective, and highly active anodeengineeringstrategyfor
DBFC, with a focus on NiFe-based materials in the field of catalytic NaBH4

electrooxidationandotherhydrogen-basedenergysystems.

Catalyst
Element, wt%

Au Ni Fe

Ni80Fe20/Cu/PI - 96.16 3.84

AuNi 80Fe20/Cu/PI 16.29 82.10 1.60

a) Ni80Fe20 b) AuNi80Fe20

Table 2. Composition of Ni80Fe20 and AuNi80Fe20 coatings deposited on Cu/PI surface via EDX analysis.

AuNiFe/Cu/PI
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