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Abstract 
Electroless cobalt deposition and examination of how cobalt enrichment on the particle 
surface modifies the chemical composition and thermal behaviour of the commercial  
BNi-2 brazing alloy powder was investigated in this study. A multi-step surface 
preparation sequence involving oxide removal, Sn-based sensitization, and Pd activation 
was employed prior to cobalt deposition in an alkaline CoSO₄-NaH₂PO₂ bath. A design of 
experiments approach was used to evaluate the influence of plating temperature, cobalt 
sulphate concentration, hypophosphite concentration, and coating time on cobalt uptake. 
ICP-OES analyses showed that cobalt incorporation increased from 1.1 to 7.0 wt.% across 
the selected parameter range. Differential scanning calorimetry revealed that coating 
levels up to 7 wt.% Co elevate the solidus temperature, while decreasing the liquidus 
temperature, resulting in a narrower melting interval. Thermodynamic simulations 
confirmed these trends, showing suppression of borides and enhanced γ/γ′ stability where 
γ denotes the Ni-rich face-cantered cubic matrix phase and γ′ represents the ordered 
Ni₃(Al,Ti)-type strengthening phase with increasing cobalt content. EDS mapping of 
coated powder showed continuous cobalt distribution at the particle perimeter. Overall, 
the results provided a quantitative basis for linking coating parameters to cobalt 
incorporation and corresponding modifications in melting behaviour. 

Keywords 
Ni-based braze alloy; brazing powder modification; cobalt plating; plating experimental design; coated 
powder 

 

Introduction 

Ni-based brazing filler metals are widely used to join heat-resistant alloys in aero-engine and 

power-generation components, where joints must withstand high temperatures, mechanical loads 
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and corrosive environments over long service lives [1-3]. Among the commercial alloys, BNi-2  

(Ni-Cr-Fe-B-Si) is particularly attractive because of its relatively low melting range, governed by 

boron and silicon as melting-point depressants, which allows vacuum brazing of complex assemblies 

without excessive grain growth or distortion of the base materials [4-6]. This filler has been succes-

sfully employed for joining nickel-based superalloys such as Inconel 718 and related alloys, as well as 

in dissimilar configurations where high wetting ability and good capillary flow are required [4,7,8]. In 

parallel, titanium alloys like Ti-6Al-4V and Ni-based superalloys such as Inconel 718 remain key 

structural materials for hot-section components, and several recent studies have highlighted the 

narrow processing window for brazing and transient-liquid-phase (TLP) bonding of Ti-6Al-4V/Inconel 

718 and Ti-6Al-4V/steel joints when BNi-2 was used as the filler [7-9]. The beneficially low brazing 

temperature of BNi-2 is achieved by relatively high additions of B and Si, but these elements promote 

the formation of hard, brittle borides and silicides in the joint, and can limit high-temperature strength 

and fatigue performance if they solidify as continuous intermetallic networks [8-10].  

Numerous works on Ni-B-Si brazes and diffusion-brazed joints have shown that controlling boron 

and silicon activity, as well as their partitioning into phases such as Ni₃B, CrB or complex Ni-Si-B 

compounds, is critical for balancing fluidity, joint soundness and re-melt behaviour [10-12]. For  

Ti- and Ni-based superalloy joints, this issue is even more acute, because any reduction in joint 

solidus temperature or persistence of low-melting eutectics can compromise service at 

temperatures approaching 900 to 1000 °C [11,12]. Consequently, there has been sustained interest 

in strategies that either raise the effective solidus of Ni-based brazing alloys or limit the volume 

fraction and connectivity of brittle MPD (melting point depressant)-rich phases, without sacrificing 

wetting and processability. 

One straightforward route is bulk compositional redesign of the filler. Approaches include reducing 

B or Si, introducing elements such as Nb, Mo or refractory additions to stabilize higher-melting solid 

solutions, or moving towards multi-principal-element Ni-based braze alloys with narrower melting 

intervals [13, 14]. Such fillers can indeed provide higher joint solidus and improved creep resistance, 

but they typically require new alloy development, atomization and full process re-qualification, which 

is costly and time-consuming. In parallel, process-based concepts such as TLP bonding or diffusion 

brazing seek to raise the joint re-melt temperature by driving isothermal solidification and 

homogenization, so that the final microstructure approaches that of the base alloy [15,16]. While 

highly effective, TLP routes often demand long holds at elevated temperatures and precise control 

of interlayer thickness and chemistry, which may not be compatible with all component geometries 

or production environments. 

Surface-engineering of existing commercial fillers offers an alternative path to tune melting 

behaviour and interfacial reactions without altering the bulk powder chemistry. Electroless plating 

is a mature technology capable of depositing conformal metallic coatings, such as Ni, Co or Ni-P, on 

complex three-dimensional substrates, including ceramic and metallic powders, with high thickness 

uniformity. Studies on electroless Ni or Ni-P coatings on B₄C, CaCO₃ and Fe-Co powders have 

demonstrated that such coatings can substantially modify the thermal stability, densification 

behaviour and mechanical response of the resulting composites or sintered bodies, while 

maintaining good adhesion and coverage around individual particles [17-20]. In parallel, alloy design 

studies on mechanically alloyed Ni-based brazing powders have shown that direct Co and Cr 

additions increase the solidus temperature and refine powder morphology, indicating that cobalt is 

a promising element for tailoring the melting characteristics of Ni-based fillers [21]. However, the 

use of electroless cobalt deposition specifically on commercial BNi-2 powders, and the implications 
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of such a surface modification on powder chemistry and phase equilibria, have only recently begun 

to attract attention. 

In previous studies, Göynük et al. applied electroless cobalt coatings to BNi-2 filler powder and 

investigated their effect on the vacuum brazing performance of Inconel 718 joints, reporting changes 

in melting behaviour, interfacial phase formation and joint mechanical properties compared with 

uncoated filler [22]. The electroless cobalt modification concept underlying this approach was also 

disclosed in a national patent application, establishing the basis of the surface engineering strategy 

employed in the present work [23]. The present study focuses specifically on the development and 

characterization of electroless cobalt-coated BNi-2 powders, decoupled from any brazing 

configuration. The work describes the surface conditioning and electroless Co deposition procedures 

applied to commercial BNi-2 powder, the use of a design-of-experiments approach to optimize bath 

chemistry and process parameters, and the subsequent microstructural and thermodynamic asses-

sment of the coated powders by ICP-OES, DSC/JMatPro, SEM/EDS and XPS analyses. By concentrating 

on the powder-level metallurgy, this study aims to clarify how a cobalt-rich surface shell on BNi-2 

particles influences global alloy chemistry, phase stability and melting characteristics, thereby 

providing a platform for future brazing studies in Ti- and Ni-based high-temperature alloy systems. 

Experimental  

Commercial BNi-2 nickel-based brazing alloy powder, with a d₉₀ value of approximately 106 μm 

(meaning that 90 % of the particles are smaller than this size), supplied by Sentes-Bir A.Ş., was 

employed as the substrate material for the coating experiments. The powder was firstly cleaned 

through sequential acid and alkali immersion, i.e. it was immersed for 10 minutes in a 0.1 M nitric 

acid (HNO₃) bath to dissolve oxides and passive films, what is followed by a 10-minute treatment in 

0.1 M sodium hydroxide (NaOH) solution to remove remaining organics. Powder was thoroughly 

rinsed with deionized water to remove residual species after each step and chemically activated 

through a sensitization-activation procedure after cleaning. Sensitization was carried out in a tin 

chloride (SnCl₂·2H₂O)-hydrochloric acid (HCl) solution, allowing Sn²⁺ ions to adsorb onto the surfaces 

of the particles. The sensitized powder was then transferred into an activation bath containing 

palladium chloride (PdCl₂) and HCl, where catalytic Pd nuclei were formed via redox exchange 

between Pd²⁺ and Sn²⁺ ions. These nuclei acted as catalytic sites for subsequent cobalt reduction 

during electroless plating. To avoid particle clustering and ensure homogeneous treatment, each 

step was assisted by ultrasonic agitation. A schematic representation of the surface preparation and 

electroless cobalt deposition sequence for the BNi-2 powder is shown in Figure 1. The diagram 

outlines the sequential removal of surface oxides, sensitization with Sn²⁺ species, activation via Pd 

nucleation, and the subsequent autocatalytic reduction of Co²⁺ ions by hypophosphite during the 

electroless plating step. Each stage plays a specific role in establishing a clean and catalytically active 

surface that enables uniform cobalt nucleation and growth. Collectively, these steps ensure the 

formation of a continuous and conformal Co layer around BNi-2 particles. 

The bath compositions and operational conditions [24] used for sensitization and activation are 

summarized in Table 1. 

Table 1. Summary of the sensitization and activation baths used for surface preparation of BNi-2 powder prior 
to electroless cobalt deposition, including chemical components, concentrations and operating conditions 

Step Chemical components Composition Operating conditions 

Sensitization SnCl₂·2H₂O + HCl 20 g L-1 SnCl₂·2H₂O + 40 mL L-1 HCl 25 °C, 15 min, ultrasonicated 

Activation PdCl₂ + HCl 0.5 g L-1 PdCl₂ + 120 mL L-1 HCl 25 °C, 15 min, ultrasonicated 
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Figure 1. Schematic illustration of the sequential surface preparation and electroless cobalt deposition steps 
applied to BNi-2 powder. The process includes oxide removal, Sn²⁺-based sensitization, Pd activation through 
ionic exchange, and the autocatalytic reduction of Co²⁺ by hypophosphite during cobalt plating, resulting in 

the formation of a continuous cobalt-rich layer around the powder surface 

Following activation, the powder was subjected to electroless cobalt deposition in an alkaline 

plating bath. The main source of cobalt ions was cobalt sulphate heptahydrate (CoSO₄·7H₂O). 

Sodium hypophosphite monohydrate (NaH₂PO₂·H₂O) acted as the reducing agent, while trisodium 

citrate dihydrate (C₆H₅Na₃O₇·2H₂O) served as a complexing agent to stabilize the Co²⁺ ions in 

solution. Boric acid (H₃BO₃) was added as a buffer to maintain pH stability and minimize hydrogen 

evolution. The pH of the bath was adjusted and maintained between 9 and 11 using sodium 

hydroxide (NaOH). A stable alkaline environment is essential for controlling cobalt ion reduction 

kinetics and ensuring uniform deposition. The baseline bath composition and operating window 

were selected in reference to previous electroless cobalt studies [24], where an 8 min deposition 

time was employed. In the present work, this duration was taken as a central reference value, and 

plating time was systematically varied within the experimental design to evaluate its influence on 

cobalt incorporation. Upon completion, the powders were repeatedly rinsed with deionized water 

and oven-dried at 110 °C for 8 hours to remove residual moisture. The bath composition and 

operating parameters are presented in Table 2. 
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Table 2. Composition and operating ranges of the electroless cobalt plating bath used for Co deposition on 
BNi-2 powder, listing the principal chemical species, their concentration intervals, and functional roles 

within the bath 

Component Concentration range, g L-1 Remarks / conditions 

CoSO₄·7H₂O 15 to 30 Metal ion source, pH 9-11 

NaH₂PO₂·H₂O 20 to 50 Reducing agent 

C₆H₅Na₃O₇·2H₂O 15 to 30 Complexing agent 

H₃BO₃ 25 Buffer 

C₄H₄O₄ (optional) 1.5 Additive for bath stability 
 

To evaluate the effects of key process parameters on coating efficiency and cobalt deposition 

rate, a full factorial Design of Experiments (DoE) approach was implemented using Minitab [25]. 

Four variables were considered: plating temperature (three levels), cobalt sulphate concentration 

(three levels), sodium hypophosphite concentration (two levels), and plating time (two levels). This 

resulted in a 3×3×2×2 full-factorial matrix with 36 experimental runs. All coated powder batches 

obtained from these experiments were subjected to ICP-OES analysis to quantify cobalt 

incorporation. The selected parameter matrix is given in Table 3. 

Table 3. Experimental parameter levels used in the full factorial DoE study, showing the combinations of 
plating temperature, cobalt sulphate concentration, sodium hypophosphite concentration and coating time 

selected to evaluate their influence on cobalt deposition on BNi-2 powders 

Temperature, °C CoSO₄ content, g L-1 NaH₂PO₂ content, g L-1 Plating time, min 

60 20 20 5 

80 25 35 10 

- 30 50 - 

Results and discussion 

A total of 36 experimental conditions were evaluated within the full factorial design. To determine 

the actual cobalt content deposited on the powder surface after electroless coating, inductively 

coupled plasma-optical emission spectrometry (ICP-OES) analysis was carried out to these 36 coated 

powder samples. The analysis enabled the verification of cobalt incorporation efficiency as a function 

of the process parameters, including temperature, cobalt sulphate and sodium hypophosphite 

concentrations, and plating duration. Based on the ICP-OES results, cobalt incorporation ranged up to 

approximately 7 wt.%. For comparative microstructural and thermodynamic assessment, four repre-

sentative cobalt coating levels (approximately 1, 3, 5, and 7 wt.% Co) were selected for detailed DSC 

and JMatPro analyses. Table 4 summarizes the experimental conditions and the elemental com-

position of the uncoated BNi-2 powders and the selected four coated samples. Nickel remains the 

base matrix element, while the progressive increase in cobalt content indicates the degree of surface 

modification achieved under different processing conditions. 

The data reveal a clear dependence of cobalt deposition on the processing conditions. The cobalt 

content on the powder surface increased systematically with higher plating temperature, longer 

plating duration, and greater cobalt sulphate concentration in the bath. This trend indicates that 

elevated temperature and higher cobalt ion availability in the solution enhanced the reduction 

kinetics of Co²⁺ ions, leading to more complete coverage of the powder surface with metallic cobalt. 

Similarly, extended coating time yielded more deposition and greater surface enrichment. In 

contrast, increasing the concentration of sodium hypophosphite resulted in a decrease in the 

measured cobalt content. This behaviour can be attributed to the accelerated side reactions 
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associated with excessive hypophosphite, such as enhanced hydrogen gas evolution, which 

competes with the cobalt reduction reaction. Consequently, the effective deposition efficiency of 

Co decreased at higher NaH₂PO₂ levels. 

Table 4. ICP-OES results showing the elemental compositions of uncoated and electroless cobalt-coated BNi-
2 powder. From the total 36 experimental runs of the full factorial design, powder corresponding to 

approximately 1, 3, 5 and 7 wt.% Co was selected as representative condition for detailed comparative 
analysis. The listed plating parameters (temperature, cobalt sulphate concentration, hypophosphite 

concentration, and coating time) correspond to these selected samples 

Experimental conditions 
Content, wt.% 

Temp, °C 
Concentration, g L-1 

Time, min 
CoSO₄ NaH₂PO₂  Ni Cr B Si Fe Ti Al Zr Co Pd 

Uncoated BNi-2 Bal. 7.6 3.2 4.6 3.2 0.03 0.05 0.03 0.4 0.4 

60 20 50 5 Bal. 7.6 3.1 4.5 3.2 0.04 0.04 0.03 1.1 0.5 

60 20 35 5 Bal. 7.8 3.2 4.5 3.4 0.05 0.03 0.05 3.0 0.6 

60 20 20 5 Bal. 7.6 3.3 4.6 3.5 0.03 0.04 0.04 5.0 0.2 

80 30 20 10 Bal. 7.9 3.3 4.9 3.1 0.04 0.02 0.04 7.0 0.7 
 

Based on the experimental design and regression analysis, the relationship between the coating 

parameters and the measured cobalt content was expressed using the empirical Equation (1): 
WCo = 3.25 + 0.05T + 0.17MCoSO₄ - 0.14MNaH₂PO₂ + 0.04t  (1) 

where T / °C is plating temperature, MCoSO₄ / g L-1 is concentration of cobalt sulphate in the plating 

bath, MNaH₂PO₂ / g L-1 is concentration of sodium hypophosphite in the plating bath, t / min is plating 

time and WCo / wt.% is cobalt amount in the powder. 

The regression model was derived from the complete 36-run dataset. This model was derived 

within the selected parameter ranges and represents the quantitative effect of each variable on 

cobalt incorporation. The positive coefficients of temperature, cobalt sulphate concentration, and 

plating time indicate that an increase in these parameters promotes higher cobalt deposition on the 

powder surface. Conversely, the negative coefficient of sodium hypophosphite concentration 

confirms its inhibitory influence on cobalt reduction, consistent with the experimental observations. 

The individual influence of each process parameter on cobalt incorporation is summarized in 

Figure 2. The first panel shows that higher bath temperature promotes cobalt deposition on the 

powder surface. The second panel indicates a gradual increase in cobalt content with increasing 

CoSO₄ concentration. In contrast, the third panel shows that a higher NaH₂PO₂ concentration 

reduces the deposited cobalt level. The fourth panel shows a moderate increase in cobalt 

incorporation with plating time within the investigated range. These trends provide a visual 

representation of the parameter effects that are later quantified by the regression model. 

The thermal behaviour of the uncoated and cobalt-coated BNi-2 powder was investigated using 

differential scanning calorimetry (DSC), and the corresponding curves are presented in Figure 3. The 

DSC results revealed that the addition of cobalt gradually increased the solidus temperature of the 

BNi-2 alloy from 970 °C (uncoated) to 990 °C (7 wt.% Co). This shift indicates that cobalt addition 

promotes greater thermal stability of the alloy matrix, possibly through the formation of Co-Ni solid 

solutions that strengthen atomic bonding and retard the onset of melting. In contrast, the liquidus 

temperature decreased from 1050 to 1010 °C with increasing cobalt content. This behaviour 

suggests that cobalt incorporation promotes partial modification of the eutectic phase composition, 

facilitating earlier completion of melting. 
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T / °C CCoSO4 / g L-1 CH2PO2 / g L-1 Plating time, min 

Figure 2. Main effect plots obtained from the design-of-experiments analysis, illustrating the influence of 
plating temperature, CoSO₄ concentration, NaH₂PO₂ concentration, and coating time on the cobalt content 

incorporated into BNi-2 powder during electroless deposition. The y-axis represents the measured cobalt 
content determined by ICP-OES 

 

The resulting narrower melting range at higher Co levels (especially above 5 wt.%) is beneficial 

for brazing applications, as it can improve filler flow and wetting uniformity while reducing the 

likelihood of incomplete melting. Additionally, the endothermic peaks near 950 to 1000 °C in 

Figure 3 correspond to the primary melting event of the Ni-B-Si eutectic phase, while minor 

exothermic features around 500 to 700 °C are associated with crystallization or structural relaxation 

of the amorphous fraction.  

 
Figure 3. Differential scanning calorimetry curves of uncoated and cobalt-coated BNi-2 powder, showing the 
influence of cobalt content on crystallization behavior and melting characteristics. Inset highlight the shifts 

in solidus and liquidus regions as cobalt incorporation increases from 1 to 7 wt.% 
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These transformations appear slightly shifted with cobalt addition, further confirming that cobalt 

modifies the thermal response of the alloy. The DSC analysis indicates that cobalt addition to BNi-2 

powder refines the melting characteristics, slightly raises the onset of melting, and reduces the total 

melting interval, which is an effect that is favourable for achieving controlled wetting and stable 

brazing behaviour in dissimilar alloy joining. 

According to the JMatPro thermodynamic simulations [26], cobalt addition noticeably altered the 

phase stability of the BNi-2 alloy, as shown in Figure 4. In this context, γ refers to the Ni-rich face-

cantered cubic (FCC) solid solution matrix, while γ′ corresponds to the ordered intermetallic 

Ni₃(Al,Ti)-type phase that contributes to strengthening in Ni-based systems. In the pure BNi-2 

condition, γ (Ni-rich matrix), MB₂, and M₃B₂ borides dominated the microstructure, while minor 

carbides such as M₇C₃ appeared at low fractions. As the temperature increased, these borides 

gradually dissolved, forming a liquid phase near 970 °C and completing melting at approximately 

1050 °C. With cobalt addition, the fraction of γ phase increased while the boride phases were 

progressively suppressed, and secondary γ′ and M₂₃C₆ phases began to form between 400 and 

800 °C. The 3 wt.% Co alloy showed a higher γ′ stability window and reduced MB₂ content, resulting 

in an upward shift of the solidus temperature and a slight decrease in the liquidus point. Increasing 

Co content to 5 wt.% further promoted the γ and γ′ fractions while minimizing brittle borides, 

leading to improved solid-phase strength retention at intermediate temperatures. At 7 wt.% Co, γ 

became the dominant phase across almost the entire solid range, and the γ′ fraction expanded 

significantly, indicating strong solute stabilization and solid-solution strengthening.  

 
Figure 4. JMatPro-based thermodynamic phase prediction curves for uncoated and cobalt-modified BNi-2 powder: 
(a) phase evolution of uncoated BNi-2; (b) phase evolution of 3 wt.% Co-coated BNi-2; (c) phase evolution of 5 wt.% 

Co-coated BNi-2; (d) phase evolution of 7 wt.% Co-coated BNi-2  

The simulated melting behaviour revealed that the solidus temperature continuously increased 

while the liquidus temperature decreased with higher Co levels, indicating a narrowing of the 

melting interval. These simulated values are consistent with DSC results, where the solidus shifted 

from 970 to 990 °C and the liquidus decreased from 1050 to 1010 °C, confirming the JMatPro 
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predictions. Overall, cobalt addition refines the phase constitution and adjusts the melting 

characteristics of BNi-2 in a manner fully coherent with the experimental thermal analysis. 

Prior to cross-sectional analysis, the surface morphology of the cobalt-coated BNi-2 powder was 

examined by SEM, as shown in Figure 5. The outer surface exhibits a nodular morphology charac-

terized by hemispherical growth features and coalesced clusters, which is consistent with typical 

electroless cobalt deposits. Similar nodular morphologies have been widely reported for electroless 

cobalt and electroless Ni-based deposits, where autocatalytic surface growth leads to hemispherical 

cluster formation rather than true dendritic branching [27]. The cobalt layer is clearly distinguishable 

from the underlying powder surface, confirming complete surface coverage and strong adhesion of 

the coating in the as-deposited condition. To further evaluate coating uniformity and elemental 

distribution across the particle cross-section, the powder was embedded in bakelite and subjected to 

grinding and polishing. 

 
Figure 5. SEM images of electroless cobalt-coated BNi-2 powder showing the surface morphology of the as-
deposited coating. The low-magnification image (left) illustrates complete coverage of the powder surface, 

while the higher-magnification inset (right) highlights the nodular surface morphology with coalesced 
hemispherical growth features associated with autocatalytic cobalt growth 

After mounting in bakelite and completing the grinding and polishing steps, the coated powders 

were examined in cross-section to assess the distribution of elements across the particle interior 

and the deposited layer. EDS elemental mapping results are shown in Figure 6. Nickel exhibited a 

strong and uniform signal throughout the entire particle cross-section, consistent with the Ni-rich 

composition of the BNi-2 alloy. Signals corresponding to Cr, Fe, and Si were likewise detected within 

the interior of the particles; these elements originate from the base BNi-2 composition, and their 

mappings reflect their presence within the alloyed powder rather than an effect of the coating 

process. The cobalt map, in contrast, showed a continuous and well-defined ring along the particle 

periphery, demonstrating that the electroless deposition process formed a coherent cobalt-

containing shell around each powder grain. The coating appeared uniform in thickness across all 

examined regions. It should be noted that localized discontinuities observed in certain regions of 

the EDS cobalt maps are attributed to mechanical damage introduced during the metallographic 

preparation steps, particularly grinding and polishing, rather than to intrinsic coating defects or poor 

interfacial bonding. Quantitative EDS analysis yielded an average composition of 82.73 wt.% Ni, 

6.23 wt.% Cr, 4.42 wt.% Si, 2.85 wt.% Fe and 3.77 wt.% Co. The presence of cobalt restricted to the 

outer surface confirms that the coating process selectively modified the powder exterior while 

preserving the internal composition of the BNi-2 particles. Overall, the mapping results indicate that 

the cobalt layer is continuous and homogeneously distributed, verifying that the electroless plating 

procedure achieved uniform coverage on all analysed powder surfaces. 

https://doi.org/10.5599/jese.3245
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Figure 6. Cross-sectional SEM images and corresponding EDS elemental maps of cobalt-coated BNi-2 powder, 
showing the distribution of Ni, Fe, Cr, Si, and Co across the particles. The Co La₁ map highlights a continuous 
cobalt-rich layer at the particle surface, while the quantitative EDS table confirms the overall composition of 

the coated powder 

To further examine the chemical state of the deposited cobalt layer, X-ray photoelectron 

spectroscopy (XPS) depth profiling was performed on the powder containing approximately 7 wt.% 

cobalt. Figure 7 shows the variation of elemental concentrations as a function of sputtering time.  

 
Sputter time, min 

Figure 7. XPS depth profile of the 7 wt.% Co-coated BNi-2 powder showing the variation of elemental atomic 
concentrations as a function of sputtering time. The profile confirms the presence of a cobalt-rich surface 

layer and the gradual transition to the underlying BNi-2 alloy composition 
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The surface region is initially dominated by carbon contamination commonly observed in XPS 

measurements. With increasing sputtering time, the cobalt signal becomes dominant, confirming 

the presence of a cobalt-rich surface layer. The Co 2p signal remains stable throughout the 

sputtering depth, indicating that cobalt constitutes the main component of the coating. The 

presence of Ni, Cr, B and Si signals at longer sputtering times corresponds to the underlying BNi-2 

substrate. The XPS results therefore support that cobalt is predominantly metallic and is confined 

to the powder surface. 

Conclusions 

• The surface preparation sequence applied to the BNi-2 powder generated catalytically active 

surfaces through Sn²⁺ adsorption and Pd activation, which enabled consistent initiation of the 

electroless cobalt deposition reaction. 

• ICP-OES measurements showed that the amount of deposited cobalt varied from 1.1 to 7.0 wt.% 

across the selected parameter range. Higher plating temperature, higher CoSO₄ concentration 

and longer plating time each increased cobalt incorporation, while increasing NaH₂PO₂ concen-

tration, decreased the amount of cobalt deposited. 

• The regression equation obtained from the design-of-experiments analysis (Equation 1), 

represented the observed deposition behaviour within the investigated window and quantified 

the individual contributions of the coating parameters. 

• Differential scanning calorimetry revealed that the solidus temperature increased from 970° C 

for the uncoated powder to 990 °C at the highest coating level, while the liquidus temperature 

decreased from 1050 to 1010 °C, resulting in a progressively narrower melting interval with 

increasing cobalt content. 

• JMatPro simulations confirmed these thermal changes by predicting reduced MB₂ and M₃B₂ 

phase fractions and enhanced γ and γ′ stability as cobalt content increased.  

• Cross-sectional analyses demonstrated the formation of a continuous cobalt-rich layer around 

the BNi-2 particles, with coating thicknesses typically between 1.5 and 2 μm, and no observable 

discontinuities along the particle perimeter. 

• SEM-EDS mapping showed that cobalt was confined to the particle surface, forming a chemically 

continuous outer ring, while the internal composition remained consistent with uncoated BNi-2, 

indicating that the electroless process modified only the surface chemistry. This observation was 

further supported by XPS analysis, which confirmed the presence of a cobalt-rich surface layer 

on the powder particles. 

• Overall, the results demonstrate that electroless cobalt deposition enables controlled and 

quantifiable modification of BNi-2 powder surfaces, leading to measurable changes in melting 

characteristics and phase stability that are relevant for future brazing applications involving high-

temperature alloy systems. 
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