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Abstract 

 The addition of magnesium to Aluminum alloys has become increasingly popular due to their 

lightweight, high strength, and corrosion resistance properties. Our research on high-content Mg doped 

90, Al-10 wt% Mg alloy has shown that coating it with electroless Ni-P and codepositing nano-Al2O3 (0, 

2.5, 5 and 7.5 wt%) can significantly improve its mechanical properties, resistance to wear & tear, and 

even corrosion resistance. The electroless Ni-P-5 wt% Al2O3 composite displayed a wear rate of 

0.65×10−3 g/m at 12 N, a microhardness value of 598 HV, and remarkable thermal shock resistance. A 

strong and uniform bond was formed between the coating and substrate, and no delamination or cracking 

was observed. Polarisation curves in 3.5 wt% NaCl solution showed that the corrosion potential of the 90, 

Al-10 wt% Mg alloy was higher than that of Ni-P and Ni-P-nano Al2O3 composites, indicating that the 

incorporation of nano-Al2O3 into the Ni-P electroless bath provides superior corrosion protection. This 

cost-effective and simple approach makes the Ni-P-5 wt% Al2O3 nanocomposite coating an ideal choice 

for shielding Al-Mg alloys from corrosion. 

Keywords: Al-Mg alloy, Electroless Ni-P composite coatings, Codeposition of nano Al2O3, 

Microstructure, Mechanical, Wear, Corrosion properties  

 

Introduction 

 Aluminum alloys have a wide range of uses due to their interesting mechanical and physical 

properties [1,2]. Their composition is relatively simple, but they can be processed to achieve a number of 

microstructures and associated properties [3]. Generally, Al alloys are characterized by their high 

strength-to-weight ratio, good ductility, and excellent mechanical properties [2,4-6], making them an 

attractive option for a variety of applications, such as aerospace and automotive components [4,7]. 

However, limited anti-corrosion and wear resistance properties have made them less desirable in certain 

applications [8-12]. To improve the properties of Al alloys, researchers have added Mg to the alloy 

mixture, creating a stronger and more stable microstructure [13-15] while reducing impurities’ solubility 

in the grain boundaries and improving mechanical properties [12]. Magnesium also has a lower melting 

point than aluminum, increasing overall strength and reducing corrosion [16]. Adding Mg to Al alloys is 

also cost-effective as it is less expensive than other metals [16]. Apart from alloy composition, there are 

different strategies to improve the performance of Al-Mg alloys, such as applying coatings and surface 

treatments such as thermal spraying, physical vapor deposition, chemical vapor deposition, plasma spray 

coatings, nitriding, and laser cladding [17-23]. These methods can help to reduce or prevent surface 

defects, improve wear resistance and reduce corrosion. One of the most cost-effective and effective 

coating processes for Al-Mg alloys is electroless nickel-phosphorus (Ni-P) coating [24-26]. This process 

provides a thin, uniform barrier against corrosion, reduces the coefficient of friction, and can be used to 

repair damaged surfaces. The composition of the deposit can be adjusted by varying the concentrations of 

the nickel salts and phosphoric in the solution, making it an ideal surface treatment for aluminum-

magnesium alloys. 

 Furthermore, to enhance the performance of Ni-P coatings, nanoparticles are often added to the 

electroless plating solution [26-29]. These nanoparticles can improve the adhesion of the coating to the 

substrate, as well as its hardness and wear resistance. Furthermore, nanoparticles such as TiO2, Al2O3, 

SiO2, SiC, Si3N4, TiC, WO3 etc., can also increase the corrosion resistance of Ni-P coatings [29-35]. 

Using nano-Al2O3 particles as an abrasion agent is an inexpensive and efficient way to improve a 
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material’s hardness and chemical stability. The small size of the nano-Al2O3 particles makes them able to 

penetrate the substrate, and their high hardness allows them to remove material from the surface 

effectively. Further research is needed to study the electroless Ni-P-Al2O3 coating on Al-Mg alloy 

substrate [36-38]. Although a few reports have been conducted in this area, more work is required to gain 

a complete understanding of the process and its potential applications. Further studies are also needed to 

improve our knowledge of this plating process. 

 Moreover, further work is also needed to explore the potential applications of this technology [36-

38]. This study used Ni-P electroless codeposition to deposit nano Al2O3 onto an Aluminium-Magnesium 

(90, Al-10 wt% Mg) alloy substrate. This study aimed to investigate the effect of Ni-P electroless 

codeposition of nano Al2O3 incorporated Al-Mg alloy on the mechanical and corrosion properties. The as-

deposited coatings were characterized by X-ray diffraction (XRD), Scanning Electron Microscopy 

(SEM), Energy-Dispersive X-ray Spectroscopy (EDS), Vickers hardness test, and potentiodynamic 

polarization test. 

 

 Experimental method 

 In this work, a 90, Al-10 wt% Mg alloy substrate is prepared using the die-cast method. The alloy is 

composed of 90 wt% aluminum and 10 wt% magnesium. The mixture is heated until it reaches liquid and 

then poured into a mold to create the desired shape. The mold is then cooled, and the alloy solidifies. The 

resulting product is a substrate with a 90, Al-10 wt% Mg alloy composition. The alloy is composed of a 

high percentage of aluminum, which gives it good strength and corrosion resistance, and a small 

percentage of magnesium, which improves the mechanical properties of the alloy. Then it is cut into a 

20×10×5 mm3 shape and polished with no-500 and 1,000 SiC paper. The alloy was rinsed with deionized 

water and immersed in an alkaline solution. The solution was then removed, and the alloy was placed in 

an oven at 65 degrees Celsius for 5 min. After 5 min, the alloy was removed from the oven and cooled to 

room temperature, and then the alloy was immersed in a chromic acid (CrO3 20 g/100 mL) solution for 

acid pickling for 1 min. The final step was to immerse the alloy in a hydrofluoric acid solution (3.8 /100 

mL) for activation treatment for about 10 min; in each step, the substrate was cleaned with deionized 

water. An electroless Ni-P bath was prepared by adding 35 g/L NiSO4.6H2O, 35 g/L lactic acid, 30 g/L 

Na2H2PO2.H2O, 10 g/L NH4HF2, 3 mg/L stabilizing agent, pH 6.5, and temperature 85 °C to a hot plate 

stirrer at 350 rpm. The approximately 50 nm nano-Al2O3 particles introduced to the bath were placed 

under an ultrasonic sonicator for 5 min before being transferred to a hot plate stirrer to create a 

homogenous mixture.  

 

 

Figure 1 (a) Experimental setup (inset shows the specimen image of 90, Al-10 wt% Mg alloy coated with 

Electroless Ni-P bath and (b) experimental parameters of electroless Ni-P-Al2O3 coating on 90, Al-10 

wt% Mg alloy. 

 

 Figure 1(a) shows the schematic illustration electroless deposition process. The tests for deposition 

rate and stability of plating baths are important for ensuring the quality of the final product. These tests 

help to optimize the conditions under which the plating process is performed and to ensure that the 

process is stable and reproducible. The deposition rate is determined by measuring the thickness of the 
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deposited film, and the stability of the plating bath is determined by measuring the concentrations of the 

metals in the bath. The deposition rate is expressed by the following equation:  

 

𝐷 = ∆𝑤 ×
104

𝑝𝑆𝑡
                 

 

where D, ∆w, р, S, t are deposition rate (μm/h), coating weight (g), the density of the Ni-P coating (~ 7.9 

g/cm3), the surface area of the Mg substrate (cm2), deposition time (h), respectively. Figure 1(b) 

demonstrates the relationship between the concentration of nano Al2O3 and the deposition rate and Al2O3 

coating weight. As the concentration of nano Al2O3 increases, the deposition rate and Al2O3 coating 

weight also increase. This data is important because it helps to optimize the production of Ni-P-Al2O3 

coatings. At 10 g/L of nano Al2O3 shows the optimum deposition and coating. The results show that the 

addition of aluminum oxide nanoparticles can significantly improve the deposit properties. However, an 

increase in the concentration of Al2O3 particles above 10 g/L leads to a decrease in the coating. This is 

due to aggregation and weakening of the co-deposition behavior Ni-P with Al2O3. The particles aggregate 

and form larger clusters, leading to a decrease in the number of particles that can be deposited onto the 

substrate. In addition, particle aggregation decreases the particles’ mobility, making it more difficult to 

deposit them onto the substrate. Moreover, as shown in Figure 1(b), using 5 wt% nano Al2O3 (10 g/L) in 

Ni-P results in a better coating and deposition rate. This is due to the fact that the nanoparticles can better 

disperse in the liquid and thus provide a more uniform coating. In addition, the nanoparticles also increase 

the reactivity of the liquid, which leads to a faster deposition rate. The coatings were characterized by X-

ray diffraction (Bruker D8 Discovery with Cu Kα radiation (λ = 1.5406 Å), Scanning electron microscopy 

(ZEISS EVO MA 10 at 40 mA, 40 KV). A potentiodynamic polarization test was performed on an 

electrochemical analyzer (CH Instruments, CHI608E) using a 3-electrode configuration in 3.5 wt NaCl at 

room temperature. The sweeping rate was 5 m/s, and the potential was swept from −0.2 to 0.6 V vs. SCE. 

The micro-hardnesses of the Al-Mg alloy with various composite coatings were measured with an HXD-

1000 micro-hardness tester equipped with a Vicker indenter at a load of 100 g and a durable time of 15 s.  

 

Results and discussion 

 In order to investigate how nano-Al2O3 particles influence the structure of a Ni-P coating, the XRD 

patterns of a 90, Al-10 wt% Mg alloy, a Ni-P coating, and a Ni-P-5 wt% Al2O3 composite coating are 

examined in Figure 2. As shown in Figure 2, the 90, Al-10 wt% Mg alloy is well matched with the 

cubically structured aluminum corresponding ICSD PDF Reference code No: 98-002-1647 and the 

hexagonally structured magnesium corresponding ICSD PDF Reference code No: 98-005-1506. The 

diffraction angle of crystal planes in an alloy composed of 90, Al-10 wt% Mg alloy mainly concentrates 

in the range of twenty to 80 degrees. The XRD patterns exhibit strong peaks at 2θ = 38.47 ° (111), 44.7 ° 

(002), 65.1 ° (022), and 78.24 ° (113) for the cubic structured Al, while the peaks for the hexagonal Mg 

structured 2θ = 36.61 ° (011) are smaller but still present. The difference between these 2 structures could 

be due to their different electronic states or interaction between atoms in the 2 structures. 
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Figure 2 XRD profiles of 90, Al-10 wt% Mg alloy, electroless N-P, Ni-P-5 wt% Al2O3 coatings. 

 

 Further, the existence of a broad peak in the XRD profile indicates the formation of Ni-P coating 

with a mixed amorphous crystalline. The high-intensity diffraction that occurs at 44.7 ° can be attributed 

to the crystal plane (111) of a face-centered cubic (fcc) phase of nickel [39]. The peaks at around 2θ = 40 

- 50 ° indicate the presence of Ni and P, respectively. The result also shows that there is fairly good 

coverage of Ni-P coatings on 90, Al-10 wt% Mg alloy. In addition to this, the XRD profile of a Ni-P-5 

wt% nano-Al2O3 coating on top of a 90, Al-10 wt% Mg alloy reveals the presence of an amorphous phase 

in addition to the crystalline phases of nickel and aluminum. The presence of the Ni-P-5 wt% nano-Al2O3 

coating is most likely to be responsible for the amorphous phase, whereas the crystalline phases are most 

likely attributable to the aluminum and magnesium substrate that lies beneath the coating. The diffraction 

peaks at 37.8 and 43.38 ° evidenced by Hexagonal structured Al2O3 corresponding to ICSD Reference 

code No: 98-003-2923. It was found that the diffraction peak of the (111) crystal plane shifts to 44.7 ° in 

Ni-P-5 wt% Al2O3 composite coatings when nano-Al2O3 particles are present on 90, Al-10 wt% Mg alloy. 

The shift of the (111) crystal plane might be due to the presence of nano-Al2O3 particles on the Ni 

substrate. 

 

 

Figure 3 SEM images of (a) as cast 90, Al-10 wt% Mg, (b) N-P, (c) Ni-P-5 wt% Al2O3 electroless 

coatings on 90, Al-10 wt% Mg alloy, and (d) EDS spectra. 
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 The change in surface morphology and SEM images of Al-Mg alloy were examined before and after 

the coating process in order to investigate the deposition process of Ni-P and Ni-P-5 wt% Al2O3 coatings 

on 90, Al-10 wt% Mg alloy. The SEM image of a 90, Al-10 wt% Mg alloy prepared by the die-cast 

method is shown in Figure 3(a). The microstructure shows the irregular shape of particles and sharp 

edges. It was found that the as-cast surface was smooth and rough surface with many voids. The presence 

of voids in such composites is common due to the entrapping of air during the preparation process and the 

presence of the nano ceramic phase, which reduces the diffusion of metals [40]. This is due to the lack of 

nucleation sites for the Mg atoms to form their own phase. The Mg atoms are instead forced into the Al 

matrix, creating a brittle material [41]. After the Ni-P electroless coating, the surface became smoother 

with fewer voids and pores (Figure 3(b)). The Ni-P coating is uniform and well-adhered to the substrate, 

with no evidence of delamination, cracking, or gaps. The surface roughness of the coating is similar to 

that of the substrate, indicating good conformal coverage [42]. Ni-P coating typically presents a dense and 

nodular surface structure. This is due to the fact that Ni-P coatings are typically applied using 

electrodeposition, which results in the deposition of relatively large particles onto the surface. These 

particles then coalesce to form the characteristic nodular structure. The surface may also exhibit a rough 

or granular appearance in some cases. This is usually due to the presence of smaller particles that cannot 

coalesce into larger ones. When looking at the SEM images (Figure 3(c)) of Ni-P-5 wt% Al2O3 coated on 

Al-Mg alloy, one can see that the coating is very uniform and smooth. There are no visible pores or 

defects in the coating, which indicates that it is of high quality. The bright spots in the image are the result 

of the aluminum oxide that is being emitted from the surface of the alloy. The dark spots are due to nickel 

and phosphorus in the coating [37]. The average nodular size of Ni-P-5 wt% Al2O3 composite coatings is 

apparently higher than that of Ni-P coatings. This may be due to the presence of Al2O3 in the composite 

coatings, which acts as a barrier to the growth of the Ni-P crystals [43]. 

 The smaller Al2O3 crystal size results in a more uniform and smoother surface finish. This effect is 

most likely due to the difference in solubility between Al2O3 and Ni-P in the coating. The smaller crystals 

have a larger surface area to volume ratio, increasing their reactivity with the surrounding environment 

and resulting in a more homogeneous coating. The EDS spectra of electroless Ni-P and Ni-P-5 wt% 

Al2O3 composites are shown in Figure 3(d). The Ni-P spectrum is dominated by the peaks for Ni and P. 

The Ni-P-5 wt% Al2O3 spectrum is similar, but with the addition of a peak for Al and O. This indicates 

that the Al2O3 is present in the composite. The Ni-P-5 wt% Al2O3 composite shows a higher 

concentration of aluminum than the Ni-P composite, indicating that the aluminum has been evenly 

distributed throughout the composite. 

 

 

Figure 4 (a) Vickers hardness and (b) wear rate of the coatings. 

 

 Further, the coatings were subjected to a Vickers hardness test in order to determine their micro-

hardness (Figure 4(a)). This test involved determining the average thickness of all the coatings, which 

was determined to be 18 μm and estimated based on the deposition rate and the deposition time. Figure 

4(a) displays the findings of micro-hardness tests conducted on an alloy substrate consisting of 90, Al-10 

wt% Mg alloy and coatings containing varying amounts of aluminum oxide. The micro-hardness of the 

bare 90, Al-10 wt% Mg alloy is only about 90 HV, as shown in Figure 4(a). On the other hand, the 

micro-hardness of a 90, Al-10 wt% Mg alloy substrate coated with a Ni-P coating can reach up to 480 

HV. Since it is approximately 390 HV higher than the substrate, this demonstrates that the Ni-P coating 

has the potential to improve the hardness of the substrate coating effectively. In addition, the 
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microhardness of coatings made of Ni-P-Al2O3 composites tends to increase significantly as the 

percentage of Al2O3 present in the coating rises from 0 to 5 wt% as the coating is applied. As a result, Ni-

P-5 wt% nano-Al2O3 composite coatings display the highest hardness value, measured at 598 HV. This is 

due to the synergistic combination of Ni, P, and Al2O3 components, which optimizes the Ni-P alloy’s 

phase structure and improves the mechanical properties of the coating (Figure 3) [44]. On the other hand, 

the micro-hardness of the coatings drops down to 570 HV even though the content of Al2O3 in the 

composite coatings increases to 7.5 wt% due to the increased porosity in the coating. This indicates that 

higher nanoparticle content can potentially affect the Ni-P crystal structures, which can result in the 

unfavourable performance of the composite coatings. The microhardness parameters obtained through 

experimentation are presented in Table 1. 

 

Table 1 Experimental parameters of 90, Al-10 wt% Mg alloy substrate, the Ni-P coating, and the Ni-P-

nano-Al2O composite coatings. 

Composites Micro-hardness (HV) icorr (A/cm2) Ecorr (V) 

90, Al-10 wt% Mg 90 1.5×10−4 −1.36 

90, Al-10 wt% Mg with Ni-P coating 480 1.8×10−6 −0.44 

90, Al-10 wt% Mg with Ni-P-2.5 wt% nano-Al2O3 coating 545 7.2×10−7 −0.39 

90, Al-10 wt% Mg with Ni-P-5 wt% nano-Al2O3 coating 598 1.2×10−7 −0.28 

90, Al-10 wt% Mg with Ni-P-7.5 wt% nano-Al2O3 coating 570 5.2×10−7 −0.33 

 

 The wear rate of 90, Al-10 wt% Mg, electroless Ni-P, Ni-P-2.5, Ni-P-5, and Ni-P-7.5 wt% Al2O3 

nanocomposite coatings were measured under varying loads, as shown in Figure 4(b). According to 

Archard’s law, the wear rate increased linearly with increasing load, indicating abrasive wear. The 

penetration of wear debris and fracture of the top layer also accompanied the rise in wear rate [45]. The 

load applied resulted in more contact between the particles and the substrate and increased the normal 

force on the particles. With higher loads, the indentation of the material is analogous to the wear 

behavior, with an increase in the wear rate proportionally linked to the pin penetration depth and material 

removed. The Ni-P-5 wt% Al2O3 electroless composite demonstrated the lowest wear rate of all the 

composites. At a load of 12 Newtons, the Ni-P-5 wt% Al2O3 electroless coating had a wear rate of 

0.65×10−3 g/m, compared to 3.31×10−3, 2.48×10−3, 1.27×10−3 and 2.1×10−3 g4/m4 for the Al-Mg, Ni-P, 

Ni-P-2.5 and Ni-P-7.5 wt% Al2O3 respectively. The superior wear resistance of the electroless Ni-P nano-

5 wt% Al2O3 nanocomposite coating is attributed to its finer-grained structure [45,46], along with the 

added strength and hardness, which increases the resistance to sliding and reduces the plastic deformation 

of subsequent layers, thus reducing the amount of material removed and the wear rate [35,47,48]. 

 

Table 2 Comparison of microhardness and wear rate of 90, Al-10 wt% Mg alloy substrate coated with 

other composites. 

Composites Micro-hardness (HV) Specific wear rate (g/m) Ref 

90, Al-10 wt% Mg with Ni-P-5 wt% nano-Al2O3 598 0.65×10−3 This work 

Al-10 % Mg - 5 % nano Al2O3 87 1.61×10−3 [49] 

Q235 steel with Ni-P-Al2O3 569  1.768×10−3 [50] 

Ni-P/SiC on AZ31 795 4.2×10−5 [26] 

Ni-P-W on AZ91 647 3.1×10−3 [51] 

 

 Table 2 provides a comparison of the microhardness and wear rate of a 90, Al-10 wt% Mg alloy 

substrate when coated with Ni-P-5 wt% nano-Al2O3, which exhibits favourable performance. The 

increased surface energy associated with the presence of such composites likely contributes to improved 

tribological properties. In addition, the Mg particles and intermetallic phases between Al and Mg and the 

formation of a super saturated solid solution create a denser material and fill in the gaps between grains. 

The Al-Mg matrix formed over the grain boundaries strengthens the bonding between Ni-P-Al2O3 

particles and the Al-Mg grain interface, resulting in better penetration impedance of the composite 

surface. Furthermore, the hardness and compressive strength are increased while maintaining the ductility 
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of the composite. This combination of properties may lead to extended life and improved performance for 

various components. 

 

 

Figure 5 SEM of worn surface of (a) 90, Al-10 wt% Mg alloy, (b) Ni-P, and (c) the Ni-P-5 wt% Al2O3 

composite coatings. 

 

 Worn surfaces were evaluated using SEM to determine the impact of electroless Ni-P addition and 

Al2O3 nano-particles on the wear response of a 90, Al-10 wt% Mg alloy (Figure 5). Groove width and 

depth are greater for the 90, Al-10 wt%Mg nanocomposites than the electroless coated Ni-P and NiP-5 

wt% Al2O3 nanocomposites, even though the test load is the same for all 3. For the 90, Al-10 wt% Mg 

sample, delaminations are the major wear mechanism because of the separation of coarse debris into 

layers. This results in the formation of bigger grooves. The reduced hardness of 90, Al-10 wt% Mg 

compared to other samples allows deep penetration of the indenter during the wear test, separating coarse 

debris. Thin deformed sheets are created when coarse debris creating scratches and galling on the sample 

surface is removed in a direction parallel to the sliding direction. The larger debris here serves as an 

additional source of material removal, and wear rates are higher. In addition, the contact surface 

undergoes deformation, generating a thin layer with increased strains and temperatures as a result of wear 

pressures caused by siding as sliding contact time rises. Sliding further accumulates strains at these thin 

layers, causing their separation and the wear delamination mechanism. The wear-worn surface of a Ni-P 

nanocomposite is distinct from that of a 90, Al-10 wt% Mg composite, exhibiting smooth grooves and 

micro-cracks with less intense delaminations. Electroless Ni-P’s coating hardness limits the indenter’s 

penetration depth on the surface, leading to fine debris during sliding. Also, its motion is slowed when an 

indenter slides across a surface containing Ni or P nanoparticles. The absence of delamination in the 

microstructure is reflected in the Ni-P-5 wt% Al2O3’s weathered surface. In composites, only microscopic 

cracks can be seen. Strength and scratch resistance are also enhanced by the smaller crystallite size of 

these composites compared to 90, Al-10 wt% Mg and Ni-P nanocomposites. Additionally, the bonding 

between Al2O3 particles and the Al-Mg grain interface is enhanced by creating a Ni-P-5 wt% Al2O3 

electroless coating across the grain boundaries, leading to improved penetrating resistance of the 

composite surface. Because of these 2 factors, the sub-layers beneath the indenter do not undergo 

deformation, and delaminations do not form during the wear test; instead, microcracks at the surfaces of 

the samples become the primary wear mechanism, resulting in less material removal and better wear 

properties. 

 

 

Figure 6 Thermogravimetric analysis of the 90, Al-10 wt% Mg alloy coated with electroless Ni-P and the 

Ni-P-nano-Al2O composite coatings. 
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 Thermogravimetric analysis (TGA) is a powerful analytical technique used to determine the weight 

loss of a material as a function of temperature or time. This technique can be used to investigate any 

chemical reaction or physical change that causes a change in the mass of the material. The developed 

composite coatings were analyzed using the TGA method, and the results were presented in Figure 6, 

showing the weight loss as a function of temperature. The data obtained from the TGA analysis showed 

that the mass of the composites increased with temperature, which indicates the formation of a reaction 

between the materials comprising the Al-Mg alloy and Ni-P-Al2O3 coating eutectic [28]. This suggests 

that, upon heating, Ni-P-Al2O3 and the Al, Mg atoms rearrange themselves to form a new, more 

thermodynamically stable compound. The weight loss in all coated samples is below 1 %, which suggests 

that the coating is thermally stable and uniformly distributed. This is an important property for a coating, 

as it will not degrade under normal use conditions. 
 

 

Figure 7 Cross-section SEM images of the (a) Ni-P coating and (b) Ni-P-5 wt% nano-Al2O3 composite 

coatings on 90, Al-10 wt% Mg alloy substrate during a thermal shock test. 

 

 Further, a thermal shock test was performed to evaluate the adhesion of coatings. This test 

determines how well a material can withstand sudden temperature changes. The test results will help 

determine whether or not the coating is suitable for use in applications where it will be exposed to 

extreme temperatures. The substrate composed of 90, Al-10 wt% Mg, along with Ni-P and Ni-P-nano-

Al2O3 composites, is loaded into a high-temperature furnace and heated to 250 °C. After that, it was put 

under ice water to stop the reaction, and this process was repeated 20 times. The results showed that the 

coatings had good adhesion and no sign of delamination or cracking. The SEM cross-section images of 

the thermal shock samples show no apparent defects between the coatings (Figure 7). The cross-section 

observations indicate that nano-Al2O3 is well distributed in the matrix, and no delamination is observed. 

The lack of defects suggests that the coatings could withstand thermal shock without damage. This is an 

important finding, showing that the coatings effectively protect the underlying material from thermal 

stress. 
 

 
Figure 8 Polarization curves of the 90, Al-10 wt% Mg alloy coated with electroless Ni-P and the Ni-P-

nano-Al2O composite coatings. 
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 Figure 8 and Table 1 show the corrosion potential and current density of 90, Al-10 wt% Mg alloy, 

Ni-P coating, and Ni-P-nano-Al2O3 composite coatings in a 3.5 % NaCl solution. The cathode reaction in 

the polarization curves corresponds to the hydrogen evolution, while the anodic polarization curves are 

the most important characteristic of corrosion resistance. The anodic polarization curves of metals can be 

used to predict their corrosion behavior in various environments. The shape of the anodic polarization 

curve is determined by the metal-oxygen reaction’s kinetics and the oxygen solubility in the metal. The 

polarization curves reveal that the corrosion potential of 90, Al-10 wt% Mg alloy is more negative than 

that of Ni-P and Ni-P-nanoAl2O3 composites, indicating that codeposition of nano-Al2O3 of Ni-P 

electroless coating in Al-Mg alloys are more resistant to corrosion in this solution. Figure 6 shows pure 

90, Al-10 wt% Mg alloy shows the lowest corrosion potential (Ecorr = −1.36 V) and highest corrosion 

current density (icorr = 1.5×10−4 A/cm2). In addition, the Ni-P coating that was applied to the 90, Al-10 

wt% Mg alloy substrate caused Ecorr to shift more toward the positive side, reaching −0.044 V, and icor 

reach 1.8×10−6 A/cm2. In addition, when we raised the concentration of nano-Al2O3 in the Ni-P bath from 

2.5 to 5 wt%, the alloy showed the highest Ecorr = −0.28V and the lowest icorr = 1.2×10−7 A/cm2, 

respectively (Table 1). This is due to the homogeneous distribution of nano-Al2O3 in Ni-P and the 

uniform coating on the surface of the substrate without any pores and cracks (Figure 3). 

 Furthermore, the concentration of nano-Al2O3 rose from 5 to 7.5 wt%, and the values of icorr and 

Ecorr changed to −0.33 V and 5.2×10−7 A/cm2 as a result of the increase in porosity of the coating. These 

findings show the Al2O3 content of composite coatings has an important effect on corrosion resistance. 

The Al2O3 forms a barrier layer on the surface of the coating, which protects the underlying substrate 

from corrosion. The 5 wt% Al2O3 content, the thicker and more protective the barrier layer will be on the 

Al-Mg substrate. 

 

Conclusions 

 This study aimed to analyze the impact of electroless Ni-P and codeposition of nano-Al2O3 (0, 2.5, 

5, and 7.5 wt%) on a high magnesium content alloy composed of 90, Al-10 wt% Mg. The effects on the 

Al-Mg alloy’s microstructure, mechanical, wear, and corrosion properties were analyzed. The 

incorporation of nano-Al2O3 particles in the Al-Mg alloy matrix resulted in improved mechanical and 

corrosion resistance. Scanning electron microscope (SEM) revealed a distributed coating in the Al-Mg 

matrix. The micro-hardness test showed that the hardness of the 90, Al-10 wt% Mg alloy enhanced with 

rising nano- Al2O3 content. Adding 5 wt% nano-Al2O3 to the Ni-P bath in the 90, Al-10 wt% Mg alloy 

resulted in a 664 % hardness enhancement and 0.65×10−3 g/m wear rate at 12 N. This combination of 

wear and hardness resistance is believed to be a consequence of Al2O3 particles in the Ni-P matrix, 

providing a hard phase and hindrance to avoid wear debris from cutting into the softer Ni-P matrix. 

Additionally, the thermal shock test confirmed good thermal stability for the 90, Al-10 wt% Mg alloy 

coated by including nano-Al2O3 particles in the Ni-P bath. The polarization curves indicated that by 

introducing nano-Al2O3 in the Al-Mg alloy, it had an increased resistance to corrosion in a 3.5 wt% NaCl 

solution. 
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