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Abstract 

The current study investigates the electrocatalytic activity of the nanostructured Ni-B seed layer deposited on carbon 

paper for the oxygen evolution reaction. Accordingly, the influence of several fabrication parameters and post-heat 

treatment on the electrocatalytic behavior of the samples is studied. Nanostructure seed Ni-B/CP electrodes were 

synthesized by an electroless deposition method, and a uniform layer of nanostructure seeds was obtained after 120 s 

of deposition time. Results have shown by the rising B content the catalytic properties of the Ni-B/CP electrodes are 

enhanced. The catalytic activity for OER diminished after heat treatment at 400 ºC for 1 h. 
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1. Introduction  

A primary concern of recent decades is the 

environmental damage caused by the huge 

consumption of fossil fuels. Harnessing the 

capacity of hydrogen as a green alternative to 

conventional fuels has been the center of many 

studies in recent years. Hydrogen fuel possesses 

high energy potential, high storage capability, and 

environmental friendliness. As a green path for 

hydrogen production, water-splitting reaction has 

captured the attention of scientists in recent 

years. Like the other electrochemical reactions, 

the water splitting is divided into two half-

reactions: oxygen evolution reaction (OER) at the 

anode and hydrogen evolution reaction (HER) at 

the cathode [1]. Since water splitting requires 

high activation energy to occur, the employment 

* Corresponding Author. 
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of electrocatalysts is inevitable. This is more 

highlighted in the anodic half-reaction or OER, 

where the formation of each oxygen gas molecule 

is dependent on the transfer of four electrons. The 

electrocatalysts can impact the reaction kinetics, 

boost the reaction rate, and reduce the production 

cost. Hence, developing new catalysts capable of 

speeding up the water-splitting process is of key 

importance. RuO2, IrO2, and Pt are known as 

effective electrocatalysts for water splitting; 

nevertheless, due to their rare existence and cost 

issues, considerable efforts have been made to 

discover alternatives [2]. Such a target can be 

achieved by employing transition metals like Ni, 

Fe, and Co and, in particular, their hydroxide and 

oxide compounds [3,4], or their compounds with 

nonmetallic components such as P, N, Se, S, and 

B. Among all the potential candidates, Ni-based 

compounds have attracted attention due to their 

high catalytic activity, high stability in different 
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Designation Substrate 
Deposition 

time (s) 

NaBH4 

concentration 

(mg/L) 

Heat 

treatment 
Constant parameters 

NBB PC 120 500 - NiCl2 (Nickel(II) chloride hexahydrate, purists. 

p.a., ≥98%): 25 g/L 

NaOH (BioXtra, ≥98% (acidimetric)); 40 g/L 

Etylendiamine (EDA>99%): 60  mg/L 

Pb (NO3)2 (Lead(II) nitrate, ACS reagent, 

≥99.0%): 20 mg/L 

T= 90-95 °C  

pH = 13.5 

NB30 CP 30 500 - 

NB60 CP 60 500 - 

NB120 CP 120 500 - 

NB240 CP 240 500 - 

NB120H CP 120 500 400 °C 1 h 

NHB120 CP 120 1000 - 

media, and cost-effectiveness. For an excellent 

instance, the electrocatalytic activity of the Ni2P, 

Ni5P4, NiSe, NiFe, and Ni3N has been reported to 

be good compared to RuO2, IrO2, and Pt [5,6].  

Different methods could be applied to obtain 

an electrocatalytic layer on the electrode for 

water-splitting systems. Electroless deposition is 

a facile and low-cost method for forming metallic 

layers like Ni-based films. Unlike 

electrodeposition, it requires no electricity, and a 

reducing agent added to the metallic salt reduces 

the metallic ions and forms the coating layer on 

the substrate. An important advantage of the 

electroless technique is the uniform covering of 

the pores and edges of the substrate. Depending 

on the composition of reducing agents (e.g., 

NaH2PO2 or NaBaH4), phosphorus and boron 

could be incorporated into the metallic layer [7,8]. 

Ni-B coatings are famous for their high 

mechanical properties, corrosion resistance, and 

low electrical resistance; however, recent research 

has proven their extraordinary catalytic activity 

to produce hydrogen, which could be comparable 

with Pt performance [9-12]. Zeng et al. [9] 

researched the Ni-B electrocatalytic properties, 

and their results were suggestive of its great 

efficiency and stability for HER in a wide range of 

pH. Edison et al. [13] used the ultrasonic method 

to synthesize Ni-B nanorods. The outcome 

revealed the sophisticated catalytic functionality 

of the nanorods for OER in the KOH environment. 

In another investigation, Liang and coworkers 

[14] researched the application of Ni-B on the Ni 

foam through an electroless technique to probe 

into its potential catalytic activity. The results 

demonstrated that the provided 3D catalyst 

electrode exhibited great stability and activity for 

HER and OER.  

As a rule of thumb, among all the Ni-based 

compounds consisting of metalloids (e.g., B, Si, As, 

Te) as well as P, the best catalytic properties for 

the OER reaction are conferred on B [15]. A few 

researchers focused on Ni-based compounds with 

B, there have been limited studies concerned on 

method. Therefore, this research intends to 

investigate and maximize the OER 

electrocatalytic activity of the Ni-B layer -

fabricated via electroless technique, by using 

porous carbon paper (CP) substrate and 

controlling deposited seed layer morphology at the 

nanoscale. In the current study, the influence of 

various factors such as electroless plating time, B 

concentration, and post-heat treatment on the 

electrocatalytic properties of the prepared Ni-

B/CP electrodes was investigated.  

 

2. Materials and Method  

2.1 Fabrication of Ni-B/CP Electrocatalysts 

Carbon papers (CPs) were cut into a size of 

1×1 cm2 and then ultrasonicated in acetone and 

ethanol for 10 min. The Ni-B electroless layers 

were deposited on CP for several deposition times 

(30, 120, and 240 s), where the NaBH4 

concentration was 500 and 1000 mg/L. Also, a 

polished copper (PC) sample was coated with Ni-

B for the sake of comparison. One selected sample 

was heat-treated at 400 ºC for 1 h. The sample 

designation is listed in Table 1.  The deposition 

times (30, 60, 120, 240 s) and NaBH₄ 

concentrations (500–1000 mg/L) was based on a 

combination of literature precedent and 

preliminary bath optimization, our preliminary 

experiments confirmed that within this window, 

coatings exhibited measurable differences in 

thickness, morphology, and OER activity—

validating the utility of these conditions for 

systematic investigation [16,17]. 

 

2.2. Characterization of the Electrodes 

The morphology and chemical composition of 

the deposited layer were examined by scanning 

electron microscopy (SEM) and energy dispersive 

spectroscopy (EDS), respectively. The phase 

structure of the selected Ni-B layer before and 

after heat treatment was investigated by X-ray 

diffraction (XRD) using a diffractometer (Philips 

Expert, Germany) with a Cu-Kα radiation 

(wavelength of 0.154 nm by using a 1D detector 

with a rate of 1 s/step.  

Table 1. Samples designation and their deposition parameters. 
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2.3. Electrochemical Measurements 

Electrochemical experiments were performed 

by an IVIUM Compactstat potentiostat 

instrument in 1 M KOH solution. A three-

electrode system consisting of the fabricated 

electrodes, a saturated calomel electrode (SCE), 

and a platinum sheet as working, counter, and 

reference electrodes was employed (Figure 1). 

Linear sweep voltammetry (LSV) tests were 

conducted within the potential range of 100-1000 

mV to SCE at a scan rate of 10 mV/s. A cyclic 

voltammetry (CV) test in the 900–1000 mV (vs. 

RHE) range was employed to obtain the 

electrochemically active surface area (ECSA) 

value, which determines the real active surface of 

the electrocatalysts. Moreover, the ECSA = Cdl/Cs 

equation is applied to achieve the ECSA value, 

where the Cdl double-layer capacitance of the 

electrodes and Cs serves as the double-layer 

capacitance for a completely flat electrode with 1 

cm2 area (which is usually considered 0.040 

mF.cm-2) [17]. To calculate the Cdl, the difference 

between the anodic and cathodic current (Δj=ja-jc) 

at the potential of 1 V (vs. RHE) was calculated at 

different scan rates; then the Cdl value was 

obtained by utilizing the Cdl = dΔj/2dV equation. 

Finally, the electrochemical impedance 

spectroscopy (EIS) was performed at 600 mV (vs. 

SCE), and the frequency range was from 0.01 to 

100000 Hz with the perturbation of 10 mV.   

 

3. Results and Discussion 

3.1. Surface Morphology and Composition of 

Electrodes 

Surface morfphology and EDS map analysis 

results of the Ni-B layer after 120 s of the 

electroless process are depicted in Figures 2 and 

3. The results indicate the existence of Ni, B, O, 

and Pb elements. The chemical composition of the 

layer is composed of around 64.7 at.% of Ni, 21.4 

at.% of B, and a small amount of C, Pb, and O. The 

carbon can originate from the CP substrate and 

surface contaminations. The presence of Pb is 

associated with the lead nitrate in the solution 

used as a stabilizer [18]. Also, oxygen presence can 

be relevant to the innate surface oxidation of the 

Ni-B layer. The B: Ni atomic ratio regarding the 

sample fabricated in a solution containing 500 

mg/L NaBH4, was 0.33, denoting the significant 

contribution of B in the layer. The uniform 

distribution of Ni and B elements is shown in the 

EDS map. Also, EDS results reveal that doubling 

the NaBH4 amount in the solution to 1000 mg.L-1 

causes the increment of B content in the deposited 

Figure 1. Schematic diagram of electrochemical 

measurement testing. 

Figure 2. SEM micrographs of the surface of the 

electrode after different plating times: a) NB30, b) 

NB60, c) NB120, and d) NB240. 

Figure 3. EDS map analysis of the Ni-B layer 

deposited on CP by the electroless process. 
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layer from 21.4 to 43.3 3 at.%, and the B: Ni 

atomic ratio was augmented to 1.17. Pb 

contamination can severely impact both the 

catalytic properties and stability of catalysts in 

the oxygen evolution reaction (OER). Pb²⁺ can 

adsorb onto the catalyst surface, blocking active 

sites and lowering OER activity and can alter the 

electronic structure of surface atoms (e.g., Ni, Co, 

Fe). The amount of the impurity is a key factor in 

this regard, and having a higher amount of Pb 

than >0.01 wt% (100 ppm) is likely to inhibit OER 

activity and degrade performance measurably. 

The amount of the impurity here is less than 100 

ppm, so we do not see any reduction in OER 

activity.  

Figure 4 represents the XRD patterns of the 

NB120 sample before and after the heat 

treatment for 1 h at 400 °C. The presence of a 

broad single peak around 2θ = 45° in the XRD 

pattern of untreated NB120 is due to an 

amorphous and nanostructured structure [19]. 

According to the Ni-B phase diagram, B is 

insoluble in the Ni structure in an equilibrium 

state [20]. Hence, a high B content in the nickel 

matrix leads to the formation of a supersaturated 

solid solution and gives rise to the amorphous 

structure. Also, the shift of the peak 

corresponding to the Ni (111) plane to higher 

diffraction angles demonstrates the formation of 

the Ni-B solid solution. The presence of B in the 

Ni matrix as a substantial element results in a 

decrease in lattice parameters and shifts the Ni 

peak to higher diffraction angles. After heat 

treatment at 400 °C for 1 h, the structure becomes 

crystalline, and sharp peaks of different 

crystallographic planes have appeared. Also, 

supersaturated B could be released from the Ni 

matrix through diffusion and precipitate in the 

form of the Ni3B phase [21]. The precipitation of 

the Ni3B phase causes a decrease of dissolved B in 

the layer, an increase in lattice parameters, and a 

shift of the XRD peak to the lower angles (The 

magnified graph). 

3.2. Electrocatalytic Behavior of the Samples  

3.2.1 The effect of deposition time  

The electrocatalytic activity of the Ni-B/CP 

electrodes fabricated by different deposition times 

was investigated using polarization tests in the 

KOH (1 M) solution. Figure 5A-B represents the 

LSV curves and corresponding Tafel plot results. 

In the water-splitting process, the equilibrium 

potential of the OER was 1.23 V (vs. RHE); 

however, the reaction is unable to initiate at this 

potential due to the energy barrier, and it 

necessitates the activation energy. This energy 

can be supplied through overpotential (ƞ). A good 

electrocatalyst for the water-splitting process 

could significantly reduce the OER and/or HER 

overpotential. According to LSV results, the 

deposition of the Ni-B layer on the CP shifted the 

graphs to the left- versus the unloaded-CP. Also, 

the comparison of the graphs revealed that the Ni-

B layer applied on the CPs yielded a superior 

catalytic performance compared to the sample 

with a Cu substrate. This correlates to the higher 

specific surface area of the CPs. Moreover, the 

initial peak (1.4 V) for the oxidation of Ni2+ to Ni3+-

conversion of Ni(OH)2 to NiOOH- is significantly 

more intense for the Ni-B layer on CPs. The 

intensity of the peak was also increased with 

deposition time to 120 s, and further increasing to 

240 s, the intensity was reduced. It seems that the 

development of the Ni-B layers to 120 s promotes 

the pre-oxidation reaction.  

Also, the LSV graphs shift to the lower 

potentials with increasing deposition time up to 

120 s, which reflects the improvement of the 

electrocatalytic activity for the OER. For a more 

detailed comparison, some parameters consisting 

of the overpotential at current densities of 10 and 

Figure 4. XRD patterns of the Ni-B deposited layer 

(NB120) before and after heat treatment at 400 °C 

for 1 h. 

Figure 5. A) The LSV plots of the Ni-B/CP 

electrodes with different deposition times in 1 M 

KOH solution with a pH of 14 and B) corresponding 

Tafel plots of studied electrodes. 
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Designat

ion 

ƞ10 

(mV) 

ƞ100 

(mV) 

Tafel 

slope 

(mV.dec-1) 

Cdl 

(mF·c

m−2) 

ECSA 

CP 528 782 131 0.11 4.4 

NBB 383 558 92 0.17 2.8 

NB30 347 527 67 0.15 3.8 

NB60 347 508 76 0.36 9.4 

NB120 320 450 99 0.90 22.5 

NB240 383 613 108 0.25 6.3 

NB120H 330 470 133 1.94 48.5 

NHB120 - 430 89 1.13 28.3 

RuO2 360 640 57 - - 

100 mA/cm2 (ƞi=10 and ƞi=100, respectively) are 

extracted from the LSV curves and tabulated in 

Table 2. The drastic drop in the overpotentials 

after 30 s deposition time is correlated with the 

formation of Ni-B seeds on the carbon paper and 

the change of surface characteristics. The 

increment of deposition time to 120 s resulted in a 

decrement in the ƞ10 and ƞ100 values, leading to the 

enhancement of the electrocatalytic performance. 

During this period, the seeds grow, join together, 

and subsequently cover the whole of the CP 

surface. The best results were obtained for the 

NB120 sample, in which ƞi=100= and ƞi=100 are 320 

and 450 mV, respectively. The overpotential 

values increased with the prolonging of deposition 

time from 120 to 240 s, indicating a decrease in 

electrocatalytic activity. Further rise of deposition 

time encouraged the deposition of the nickel 

atoms on initial seeds and reduced the specific 

surface area. As mentioned before, Ni-B layer 

formation follows an initial lateral growth and 

layer-by-layer process in which the increase of 

deposition time prompts the formation of new 

seeds above the previously grown ones, resulting 

in the active surface decrement. As the 

electrochemical reactions occur on the surface of 

electrodes; hence, decreasing the surface area can 

decrease the reaction rate and thus the catalyst 

efficiency [22]. 

In addition, the Tafel slope provides beneficial 

information about the rate-limiting step of the 

OER process. Generally, in alkaline solutions, the 

reaction proceeds through a multi-step process to 

convert OH to O2 [23]. The reaction is given by: 

 

OH− →  O2 + 2H2O + 4𝑒−    (1) 

∗ + OH− → ∗ OH− + 𝑒−    (2) 

∗ OH− + OH− → ∗ O + H2O + 𝑒−   (3) 

 ∗ O + OH− → ∗ OOH + 𝑒−   (4) 

∗ OOH + OH− → ∗ +O2 + H2O + 𝑒−  (5) 

  

The first step is an electron transfer process, 

if it is a rate-determining step, the Tafel slope is 

about 120 mV.dec-1. The second stage is slightly 

more complicated, and if this stage is the rate-

determining step, the corresponding Tafel slope is 

reduced to 60 mV, while if an electron-proton 

reaction is rate-determining, the Tafel slope is 

reduced to 40 mV. As shown in the figure, by 

coating Ni-B on CP, different Tafel slopes are 

observed, all of which are less than 120, which 

indicates that the second step reaction determines 

the rate [24,25]. 

Electrochemical active surface area (ECSA) is 

a term used to define the surface area involved in 

such electrochemical reactions. A technique used 

for defining the ECSA is the CV in different scan 

rates at the non-faradic potential region in which 

the faradic current is negligible [26-28]. The Cdl 

and ECSA values for different samples obtained 

from the CV test were collected in Table 2. Results 

revealed that the maximum ECSA value of 22.5 

was obtained for the NB120 sample, which is more 

than 8 times that of the flat Ni-B layer deposited 

on the polished copper disk. Also, the value for the 

samples with 30, 60, and 240 s of deposition times 

is lower (3.8, 9.4, and 6.3, respectively), which is 

consistent with microstructural observations and 

the catalytic activity of the electrodes. Variations 

in ECSA directly influence catalytic performance 

because ECSA reflects the active sites available 

for reaction. A higher ECSA generally means 

more catalytic sites, leading to increased activity, 

better reaction rates, and improved efficiency. 

Conversely, a lower ECSA reduces the number of 

accessible active sites, limiting performance. 

However, it’s crucial to consider that not only the 

quantity but also the quality and accessibility of 

these active sites affect catalysis. Thus, while 

ECSA is a strong indicator, catalytic performance 

also depends on catalyst structure, morphology, 

and stability. In this regard, as shown in Table 2, 

the catalyst structure and morphology by 

increasing the time to 120 s, which can increase 

the active size and improve the quality and 

accessibility of these active sites. However, by 

increasing the deposition time to 240 s, on the one 

hand, the quantity was increased; on the other 

hand, the catalytic activity was decreased, which 

can be attributed to the reduction in the quality 

and accessibility of these active sites. 

Nyquist plots obtained from EIS 

measurements, which are shown in Figure 6, 

confirmed the LSV results. The fitting parameters 

obtained based on the equivalent circuit model are 

collected in Table 3. The R3 represents the charge 

transfer resistance (Rct) and is related to the 

electron transfer kinetics at the surface of the 

electrode. The Rct values obtained for the NBB, 

CP, NB120, and NB240 are 2.84, 40.81, 1.81, and 

6.99 ohms/cm2, respectively. The inductive loop is 

shown in the Nyquist plots at intermediate 

frequencies, and it can be attributed to the 

adsorption of abundant amounts hydrogen 

Table 2. Electrocatalytic parameters obtained from 

electrochemical experiments for different 

electrodes. 
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R3 

(Ω.cm2) 

CPE1-

P 

CPE1-T 

(F) 

(mF.cm−2) 

R2 

(Ω.cm2) 
L1 C1 

R1 

(Ω.cm2) 
Equivalent circuit Sample 

40.81 0.93 0.00252 0.7 - 0.00007 1.60 

 

CP 

2.84 0.84 0.00796 0.09 - 0.00054 0.65 NBB 

1.81 0.90 0.08152 1.0 0.00030 0.00012 1.72 

 

NB120 

6.99 0.59 0.03544 1.26 0.00056 0.00008 1.87 NB240 

an increase in the NaBH4 concentration leads to 

an increase in the B: Ni atomic ratio in the 

deposited layer from 0.33 to 1.17. It seems that the 

increase in the B concentration in the structure 

improves the catalytic activity. Similar results 

were reported about the catalytic activity of Ni-B 

electroless films for HER [10]. Moreover, the 

intensity of the pre-oxidation peak significantly 

increases with B concentration, implying 

enhancement of the Ni2+ to Ni3+ reaction. 

 

3.2.3 The effect of post-heat treatment 

The effect of post-heat treatment on the 

catalytic activity of the Ni-B layer is depicted in 

the LSV curves of Figure 7b. It is obvious that 

heat treatment decreased the electrocatalytic 

properties and increased the ƞj=100 from 450 to 

490 mV. During heat treatment, the amorphous 

amount of hydrogen. For fitting by Zview 

software, an adsorbent inductance and an 

adsorbent resistance are added to the equivalent 

circuit [29,30]. The results indicate that the 

NB120 sample shows the lowest resistance 

against the electron transfer and the maximum 

charge transfer rate, implying the best 

electrocatalytic performance. 

 

3.2.2 The effect of NaBH4 concentration  

The LSV curves and corresponding Tafel plot 

of the deposited Ni-B layer fabricated in the 

electroless solutions containing 500 and 1000 mg 

of NaBH4 reducing agent are shown in Figure 7a. 

It can be seen that increasing NaBH4 in the bath 

(NHB120 sample) improves the OER catalytic 

activity, in which ƞi=100 of the electrodes were 

dropped from 450 to 430 mV. As mentioned before, 

Figure 6. Nyquist plots of the EIS measurement for the produced Ni-B/CP electrodes. 

Table 3. The fitting parameters for different electrodes were obtained based on equivalent circuit models 

using ZView software. 
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behavior of binary Ni-B-based electrocatalysts. As 

illustrated in the table, the formation of uniform 

nanostructured Ni-B seeds on carbon papers can 

yield superior catalytic performance in 

comparison to most Ni-B structures under other 

conditions [32-34]. The enhanced catalytic 

performance arises from the controlled synthesis 

method, which leads to uniform nanostructuring, 

optimized boron incorporation, and improved 

interaction with the carbon paper substrate. 

Compared to glassy carbon and nickel foam, 

carbon paper offers a unique combination of 

advantages. Unlike GC, which is flat and non-

porous, carbon paper provides a porous and 

flexible structure that enhances catalyst loading 

and mass transport. In contrast to Ni foam, which 

may introduce background catalytic activity and 

interfere with measurements, carbon paper is 

chemically inert and electrically conductive, 

allowing for a more accurate evaluation of catalyst 

performance. Additionally, its high surface area 

and compatibility with nanostructured materials 

make it an ideal support for efficient 

electrocatalysis. All contributing to increased 

active surface area and better charge transfer 

kinetics compared to previously reported Ni-B 

materials.  

structure transformed into a crystalline structure 

consisting of Ni matrix and Ni3B precipitates. 

Generally, it was reported that the Ni-B 

amorphous structure possesses a superior 

catalytic performance in comparison with its 

crystalline counterpart. The presence of B as a 

dissolved species influences the electronic 

structure; this positively impacts the catalytic 

performance [31].  

Also, heat treatment can affect the surface 

morphology considerably, as shown in Figure 8. 

The obtained structure in this figure includes 

some crystals with a size of 50 nm, having a high 

surface area, which makes the structure highly 

reactive. Moreover, a maximum ECSA of 48.5 was 

obtained for the heat-treated sample. Based on 

the obtained data, the effect of amorphous solid 

solution structure on the catalytic activity of Ni-B 

is dominant over the nanostructures with a high 

surface area, in such a way that with the 

formation of crystals and precipitations of Ni3B, 

the catalytic performance will be suppressed.  

However, in the same studies, it has been 

reported that heat treatment could play a role in 

enhancing the catalytic performance of the Ni-B 

layer if it is carried out in the temperature ranges 

that maintain the crystal structure unchanged 

[31] The as-deposited amorphous NiB possesses a 

high density of disordered surface sites, 

contributing to enhanced initial catalytic activity. 

Upon heat treatment, partial crystallization 

occurs (confirmed by XRD), leading to more 

ordered structures with reduced defect density. 

This correlates with the observed decrease in 

catalytic activity after annealing, as seen in the 

increased overpotential and reduced current 

density. Thus, the structural transition is directly 

reflected in the catalytic data, confirming that 

amorphous NiB is more active for OER under our 

conditions due to its higher surface reactivity and 

defect-rich nature. Table 4 provides a comparative 

demonstration of the same studies on the catalytic 

Figure 7. The LSV plots for the samples prepared 

with a deposition time of 120 s: a) effect of NaBH4 

concentration and b) effect of heat treatment at 500 

°C. 

Figure 8. The effect of post-heat treatment on the 

surface morphology of the NB120 sample: a) before 

and b) after post-heat treatment. 
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Catalysts Electrolyte η10 (mV) 
Tafel Slope 

(mV.dec-1) 
Reference 

Ni-B nanorods on stainless 

steel 
0.1 M KOH 382 45 [9] 

Ni-B particles on graphene 1 M KOH 369 

(@30 mA.cm-2) 

85.2 [32] 

Ni-B nanoparticle film on Ni 

foam 
1 M KOH 360 

(@100 mA.cm-2) 

76 [13] 

Ni-B nanoparticle film on 

GC electrode 
1 M KOH 362 54 [33] 

Ni-B nanoparticle on GC 

electrode 
1 M KOH 338 48 [34] 

Nanostructured Ni-B seeds 

on CP 
1 M KOH 320 99 (This work) 

Nanostructured Ni-B seeds 

on CP 
1 M KOH 450 

(@100 mA.cm-2) 

99 (This work) 

4. Conclusions 

The nanostructured Ni-B seed layer deposited 

on carbon paper was successfully evaluated for 

use as an electrocatalyst for OER by the low-cost 

electroless deposition method. Results show that 

the OER overpotential decreased with the 

increment of deposition time. The rise of 

deposition time to 240 s resulted in the formation 

of new nuclei on the previously formed layer, 

which led to a decrease in active surface and thus 

catalytic performance. And by raising of B 

concentration dissolved into the Ni-based 

deposited layer matrix, the catalytic properties 

have enhanced. Despite promoting the 

crystallization and augmenting the surface area, 

heat treatment at 400 ºC for 1 h resulted in the 

catalytic performance diminishment due to the 

formation of the Ni3B phase. The best catalytic 

properties were obtained via the formation of a 

uniform layer of nanostructure seed layer after 

120 s of electroless deposition time. To enhance 

the practical relevance of these findings, future 

research should also address the long-term 

stability and durability of the catalysts under 

operational conditions. 
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