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Abstract—Electroless Nickel  Boron (Ni-B) coatings has a 

wide range of usage area including aerocraft and automotive 

applications as well as 7075 aluminum alloys. Electroless 

Ni-W-B deposits made a shift in wear resistance when 

compared to Ni-B coatings. In this study, an alkaline bath 

including sodium borohydride is used to reduce Nickel ions on 

the surface of 7075 aluminum alloy. Zincate treatment is the 

significant step before electroless deposition of Ni-B on 

aluminum alloys. During the deposition, pH and temperature 

values are set to appropriate range on the purpose of obtaining 

20 µm deposit. With the aim of high wear resistance of the 

coated system both Ni-B or Ni-W-B coated substrates are heat 

treated with different temperatures. Effect of heat treatment on 

the hardness values of the specimens; bare 7075, Ni-B coated 

and Ni-W-B were obtained. Considering hardness values 

appropriate time and temperatures were selected. After heat 

treatments SEM micrographs and EDS anaylsis of the coated 

systems were investigated. 

 
Index Terms—7075 Aluminum alloy, electroless Ni-B, 

electroless Ni-W-B, heat treatment.  

 

I. INTRODUCTION 

Electroless nickel coatings are widely used to obtain 

superior corrosion and wear resistance. Owing to improved 

electro-chemical and mechanical properties, electroless 

nickel-boron (Ni-B) and electroless nickel-phosphorus 

(Ni-P) coatings have been used in many different 

applications; aerospace, automotive, chemical processing, oil 

and gas production, food, military and mining industry [1]. 

Aluminum has a great usage in aerospace industry because of 

its high strength to density ratio [2]. Electroless nickel 

coatings enhance aluminums constitutional characteristic by 

means of providing higher hardness, wear resistance and 

corrosion protection [3]. 

Deposition of nickel metal on a substrate in aqueous 

solution without electric source by means of catalytic 

reduction of nickel ions by adding reducing agent. While 

there have been a numerous studies on 

hypophosphite-reduced electroless plating, researches on 

boron, one of the most important amorphous elements, 

containing deposits  has shifted. Sodium borohydride or 

dimethylamine borane (DMAB) is widely used as reducing 

agents to attain electroless Ni-B deposits [4], [5]. Electroless 
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Ni-W-B deposition which provides higher wear resistance 

can be procured by adding sodium tungstate to the electroless 

Ni-B bath [6]. 

7xxx series aluminum alloys have been used as structural 

materials in aerospace and automotive industry. Heat 

treatments have been developed to provide high strength and 

corrosion resistance concurrently [7]. Moreover, heat 

treatments applied to Ni-B and Ni-W-B deposits improves 

the wear resistance of coating [8]. 

Unfortunately, limited number of studies has been 

conducted on the effect of heat treatments of Ni-B coatings 

on 7075 aluminum alloy. The present work aims to 

investigate the effect of mechanical properties of Ni-B and 

Ni-W-B coatings on 7075 aluminum alloy. 

 

II. EXPERIMENTAL PROCEDURE 

Commercial standard, chemical compostion can be seen in 

Table I, 7075 aluminum alloy has been used as a substrate in 

this study.  

 
TABLE I: CHEMICAL COMPOSITION OF 7075 AL ALLOY 

Element % Weight Percentage 

Zn 5,8 

Mg 2,4 

Cu 1,5 

Fe 0,26 

Cr 0,19 

Si 0,08 

Mn 0,03 

Ti 0,08 

 

Vickers hardness measurements were carried out on both 

the coating and substrate by applying loads between 50 – 200 

g with SHIMADZU HMV2. To achieve optimum electroless 

bath temperature and hardness measurements aluminum 

samples 205040 mm
3 

were used.  

 
Fig. 1. Steps for zincate treatment procedure applied on aluminum [10]. 

1 
• Grind samples up to 1200 SiC paper and polish 

with alumina slurry 

2 
• Rinse with distilled water and soak in 

trichloroethylene 

3 
• Degrease in an alcaline ultrasonic bath 

4 
• Activate the surface for 30 seconds in %25 HF 

+ %75 HNO3  

5 
• Rinse with distilled water 

6 
• Dip into commercial zincate solution for 2 

minutes and wash 

7 
• Pickle into 5% HNO3 for 20 seconds and wash 

8 
• Apply second zincate treatment for 2 minutes 

and rinse with distilled water 
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An alkaline bath composition in Table II containing 

sodium borohydride as a reducing agent for nickel ions were 

used to deposit Ni-B and Ni-W-B on aluminum substrates.  

Zincate treatment is a crucial step for aluminum alloys 

before immersing the samples into electroless bath [9]. 

Zincate treatment discovered by HINO et al. was 

implemented respectively in Fig. 1 [10]. 

Sodium borohydride is one of the most powerful reducing 

agent in order to attain electroless nickel deposition. pH of 

the electroless nickel bath is demanded between 12 to 14 and 

the reduction reaction is expected as following [11]; 

           
                    

      
 

 
       (1) 

Furthermore, as a complexing agent ethylenediamine were 

used to prevent precipitation of nickel hydroxide. As a 

stabilizer lead tungstate were utilized to control the reactions 

on the substrate [12].  

Experimental setup of electroless Ni-B and Ni-W-B 

depositions as depicted in Fig. 2 with magnetic stirrer heater 

operated and temperature of the bath measured with 

thermometer.  

 

TABLE II: ELECTROLESS NI-B PLATING BATH CHEMICAL COMPOSITION 

Chemical Compound Percentage 

Nickel Chloride 24 g/L 

Sodium Borohyride 2 g/L 

Ethylenediamine 72 ml/L 

Potassium Hydroxide 29 g/L 

Lead Tungstate 0,01 g/L 

Ethylenediamine Tetra Acetate 0,65 g/L 

 

Measured pH values ranges 13.5±0.2 and temperature was 

set to 92±1°C controlled by a temperature controller. pH 

values were controlled by means of NaOH addition.   

In order to attain 20 µm deposition layer aluminum 

substrates were immersed 2 hours in the bath.  
 

 
Fig. 2. Experimental setup for electroless plating solutions. 

 

III. EXPERIMENTAL RESULTS 

7075 aluminum alloy substrate had a microhardness value 

of 60±1 HV0.1. High temperatures provide quick response in 

hardness however 7075 aluminum alloys hardness increase in 

time. Therefore, different heat treatment conditions were 

executed at temperatures 125°C, 150°C and 175°C. After 

heat treatments exerted on uncoated substrate, electroless 

Ni-B coated and electroless Ni-W-B specimens, 

microhardness measurements performed. As it can be seen in 

Fig. 3, maximum hardness value is obtained by 24 hours heat 

treatment at 125°C. Precipitation hardened 7075 Al alloys 

strength increase with regard to hardness [13]. 
 

 
Fig. 3. Effect of heat treatments on 7075 Al Alloys hardness. 

 

In Fig. 4, maximum hardness value of electroless Ni-B 

deposit on 7075 Al alloy is achieved at 150°C and 175°C 

after 10  12 hours of heat treatment. Electroless Ni-B 

coatings are mainly used to provide a shift on wear resistance 

of materials. Electroless Ni-B and Ni-W-B coatings are in 

amorphous in the as-plated condition. Heat treatment, the 

increase in the hardness of the coating enhances the plastic 

resistance of the deposit. Hence the friction coefficients and 

wear rates for heat-treated electroless Ni-B coatings are less 

when compared to as-plated specimens [14], [15]. Besides, 

heat treated Ni-B coatings exhibit spectacular adhesion on 

substrate [12]. 

 

 
Fig. 4. Effect of heat treatments of Ni-B coated 7075 Al alloys hardness. 

 

In Fig. 5, determined hardness values are shifted due to 

addition of ‘Tungsten’ but similar to Ni-B coatings that 
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maximum hardness achieved at 150°C and 175°C at 10  12 

hours of heat treatment. Exhibited in the previous study, 

Tungsten diffuses through the grain boundaries and form 

tungsten-oxide film on the surface which cause an increase 

not only on hardness and wear resistance but also corrosion 

resistance [8]. 

According to the Figs. 3, 4 and 5, increasing wear 

resistance could be possible by 10-11 hours heat treatment 

held at 150°C of the specimens. 7075 Al alloy specimens 

electroless coated with Ni-B and Ni-W-B were seized at the 

drying oven at 150°C for 10 hours. 

 
Fig. 5. Effect of heat treatments of Ni-W-B coated 7075 Al alloys hardness. 

 

After implementing the heat treatments to define the 

chemical composition of coatings EDS analysis were 

executed. However, determining of ‘Boron’ content is not 

possible. Electroless Ni-B coated specimens result pointed 

that coating consists of Ni, Pb and oxide compounds of them 

as depicted in Fig. 6. The reason for determining leads in the 

EDS analysis explained by using Lead Tungstate (PbWO4) as 

a stabilizer. Introducing Lead (Pb) onto coating provides 

uniformity and shifted adhesion strength [12], [16], [17]. 

 
Fig. 6. EDS analysis of Ni-B coated 7075 Al alloy. 

 

Moreover, the ‘cauliflower’ like microstructure which can 

be seen in Fig. 7 of the Ni-B were analyzed by means of EDS.  

 
Fig. 7. SEM micrograph of Ni-B coating on 7075 Al alloy. 

 

Nevertheless there have not been much difference for 

compounds between the point on “cauliflower” and “blanks” 

as given in Table III. 

 
TABLE III: EDS ANALYSIS FOR ELECTROLESS NI-B DEPOSITED 7075 AL 

ALLOY 

Element Intensity (c/s) Error (2θ) 
Result 

(% Weight) 

 1 2 1 2 1 2 

Ni 286.1 277.7 10.6 9.43 93.18 92.8 

O 10.5 9.01 2.04 1.89 4.02 4.28 

Pb 3.88 3.74 0.59 0.67 1.78 1.81 

 

After heat treated at 150°C for 10 hours electroless 

Ni-W-B deposited 7075 Aluminum alloys EDS analysis have 

shown that coating contains Tungsten depicted in Fig. 8. 

 

 
Fig. 8. EDS analysis of Ni-W-B coated 7075 Al alloy. 

 

In addition, SEM micrographs for Ni-W-B coatings have 

resemblance to Ni-B coatings denoted in Fig. 9. Provided 

Ni-W-B coatings hardness values are above than Ni-B 

coatings due to formation of hard particles. 

 
TABLE IV: EDS ANALYSIS FOR ELECTROLESS NI-W-B DEPOSITION ON 

7075 ALUMINUM ALLOY 

Element Intensity (c/s) Error (2θ) Result (% Weight) 

 1 2 1 2 1 2 

Ni 284.3 286.7 10.6 10.7 88.8 90.0 

W 1.49 1.24 0.77 0.61 4.52 3.71 

O 13.0 11.5 2.28 1.57 4.21 3.69 

Pb 1.11 1.82 0.66 0.85 1.21 1.74 
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Two points selected as well as on the Ni-W-B coating. 

Serious difference has not been detected in the EDS analysis 

results represented in Table IV. 

 

 
Fig. 9. SEM micrograph of Ni-W-B deposition on 7075 Al alloy. 

 

IV. CONCLUSION 

Ni-B and Ni-W-B coatings were applied on 7075 

aluminum alloy by electroless deposition technique using 

solutions including Lead Tungstate as a stabilizer and 

Sodium Tungstate as Tungstate former. Zincate treatment is a 

substantial process of Aluminum alloys before the electroless 

deposition of Ni-B and Ni-W-B coatings. In order to increase 

wear resistance and fatigue life of coated specimens, heat 

treatments should be executed. Three different temperatures 

(125, 150 and 175°C) were picked considering aging time of 

7075 Aluminum alloy. The graphs (Figs. 3, 4 and 5) gathered 

after microhardness tests upon implemented heat treatments. 

Maximum hardness values for both substrate and coatings are 

determined when coated system is heat treated at 150°C for 

10 hours. SEM micrographs have shown that Ni-B coated 

specimen has a ‘cauliflower’ like microstructure after heat 

treatments which enable the coated system to perform lower 

wear rates. On the other hand, Ni-W-B coated systems which 

ensure higher hardness. SEM micrographs are similar to 

Ni-B. EDS analysis have proved that coating contains “W” as 

ternary coating.   

Many studies have proven that Ni-B and Ni-W-B coatings 

are amorphous at as-plated condition. By virtue of heat 

treatments applied on Ni-B and Ni-W-B coated 7075 

aluminum alloy, microhardness values are increased which 

procures lower wear rates and give rise to be at 

crystallographic condition as referred in related works.   
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