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The aim of this research is to examine the corrosion characteristics of Al 6061/Al2O3/SiC composites when cerium oxide 

(CeO2) is incorporated, employing electrochemical analysis and scanning electron microscopy (SEM) techniques. This study 

investigated the impact of cerium oxide on the corrosion behavior and assessed the hydrophobic properties of the composite 

surface in corrosive environments using contact angle measurements. The experimental methodology comprised several key 

components, like the selection of specific materials, the production of hybrid composites by the stir casting technique,  

the analysis of corrosion using the potentiodynamic polarization method, and the characterization of surface wettability.  

The metallographic analysis of the composites provided insights into the impact of various reinforcements on the microstruc-

tural properties. The incorporation of cerium oxide served to mitigate agglomeration and augment grain refinement within 

the composites. The utilization of potentiodynamic polarization analysis revealed enhanced corrosion resistance in hybrid 

composites containing cerium oxide in comparison to the Al 6061 alloy. The corrosion current density exhibited a decrease as 

the content of CeO2 increased. The findings indicate that cerium oxide can effectively prevent corrosion in aluminum hybrid 

composites. These composites show potential for use in corrosion-prone applications. 

Keywords: corrosion characteristics, Al 6061/Al2O3/SiC composites, cerium oxide (CeO2), electrochemical analysis, scanning 

electron microscopy (SEM), surface wettability 

INTRODUCTION 

Over the last three decades, the production of engi-

neering materials that are simultaneously lightweight, 

durable, and strong has emerged as a captivating subject 

of interest in both academic and industrial realms [1, 2]. 

Aluminum matrix composites (AMCs) have shown 

great potential in achieving these tailored properties due 

to their cost-effective construction, high strength-to-

weight ratio, excellent castability, weldability, and wear 

properties [3, 4]. Nowadays, AMCs find applications in 

almost every field, from biomedical engineering to 

space exploration, as well as in defense applications and 

the automobile sector [5-7]. Hybrid AMCs have been 

fabricated using various types of reinforcing materials 

such as agricultural wastes, industrial by-products, and 

ceramic materials in powder form [8, 9]. Nevertheless, 

hybrid composites reinforced with ceramic materials 

have consistently been used in aerospace applications 

for performance optimization, with less emphasis on 

cost considerations. Among various ceramic synthetic 

particles, silicon carbide and alumina are primarily uti-

lized [10, 11]. 

Literature reports indicate that over the past few 

years, a new category of ceramic reinforcement materi-

als known as lanthanide series elements has gained 

significant traction in the realm of hybrid composites. 

These lanthanides, also referred to as rare earth ele-

ments (REE), are experiencing growing demand across 

various sectors owing to their exceptional properties 

[12, 13]. These properties include their hydrophobic 

nature, high strength, good thermal conductivity, mag-

netic attributes, excellent corrosion resistance, and 

thermal conductivity. Cerium, lanthanum, neodymium, 

and yttrium are prominent REEs that have been widely 

employed to enhance the mechanical properties of ad-

vanced matrix composites (AMCs). Zhang et al. [12] 

investigated the impact of an yttrium (Yb-70) addition 

on the microstructure and mechanical properties of 

2519A aluminum alloy plates. These alloys find exten-

sive use in the production of military aircraft, helicop-

ters, drones, and various other potential mechanical 

applications. In their experiments, the researchers pre-

pared three experimental alloys with weight percentages 
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(mass fractions) of Yb addition at 0.00%, 0.17%, and 

0.30%, respectively. To examine the structure of the 

specimen, X-ray diffraction was employed using  

a D/Max 2500 X-ray diffractometer. Additionally, 

scanning electron microscopy (SEM) and transmission 

electron microscopy (TEM) were utilized to observe the 

microstructure of the prepared aluminum plates. Liu et 

al. [13] explored the influence of cerium oxide (CeO2) 

on the microstructure and mechanical properties, in-

cluding the hardness, tensile strength, and tensile elon-

gation of the in situ titanium carbide/aluminum silicate 

(TiC/Al-Si) composite. In comparison to the TiC parti-

cle-reinforced composite, the Al-Si alloy exhibited 

greater weight loss. The incorporation of hard TiC  

particles into a relatively soft metallic matrix made of 

Al-Si contributed to a reduction in friction. Upon inves-

tigating the impact of the cerium oxide addition on the 

mechanical properties of the alloy, the researchers  

observed an increase in the hardness value (HB), tensile 

elongation, and tensile strength in comparison to the 

alloy without CeO2. 

Hydrophobic rare earth oxides (REOs) may enhance 

corrosion resistance in common cast aluminum alloys 

[14, 15]. Advanced matrix composites (AMCs) inhibit 

corrosion by forming a passive oxide layer [16].  

The addition of a secondary phase in AMCs, however, 

leads to the splitting of oxide coatings, creating addi-

tional corrosion sites and accelerating composite deteri-

oration. Consequently, corrosion studies have focused 

on hybrid composites with varied reinforcements.  

The hydrophobic nature, metal ion electrical topologies, 

and absence of polar contacts in REOs may impede 

electrochemical operations [17]. REOs derived from 

hydropower and marine sources exhibit corrosion re-

sistance and hydrophobic properties, effectively resist-

ing scaling and biofouling [18, 19]. The incorporation 

of REOs has been shown to enhance the durability of 

AMCs [20].  

Researchers working on aluminum hybrid compo-

sites actively address corrosion issues, with hydropho-

bic secondary phases consistently demonstrated to re-

duce composite corrosion in numerous studies [21-23]. 

Rare earth coatings have proven effective in reducing  

the pitting corrosion of aluminum-based composites 

[24-26]. Corrosion-resistant properties were observed in 

Al 6092 composites with SiC when treated with cerium 

nitrate. Post-sulfuric acid anodization and cerium nitrate 

induced alterations in the composites led to improved 

composite corrosion resistance. 

The present work focuses on the fabrication of  

hybrid composites reinforced with silicon carbides and 

alumina with traces amount of REEs. The aim of study 

is to investigate the influence of AMCs reinforced with 

various combinations of particles on the corrosion and 

hydrophobic properties. SEM examined how cerium 

oxide as an REE impacts the corrosion properties of Al 

6061 AMCs. Finally, the hydrophobicity and corrosion 

resistance of the rare earth oxide composite surfaces in 

corrosive environments were tested. 

MATERIALS AND METHODS 

Materials  

This study examined several matrix alloys and rein-

forcement combinations. The matrix material must be 

selected based on the application. The aim of the re-

search is to develop an aluminum alloy-based compo-

site that is both stable and non-reactive at the average 

working temperature for aviation materials. Table 1 

shows the matrix, aluminum 6061 alloy. 

 
TABLE 1. Elemental composition in matrix alloy Al 6061 

Element Mg Si Cu Zn Ti Mn Cr Al 

Composition 

[wt.%] 
0.84 0.69 0.22 0.07 0.05 0.30 0.08 Balance 

 

The material mechanical characteristics of the com-

posite may be improved by selecting appropriate rein-

forcing materials. SiC, Al2O3, and CeO2 are popular 

synthetic particles. Table 2 shows the morphology of 

the reinforcement used in the composites. 

 
TABLE 2. Morphological characteristics of various reinforce-

ment particles 

Powder 

Average 

particle 

length [µm] 

Average 

particle 

width [µm] 

Aspect 

ratio 

Average 

particle size 

[µm] 

SiC 55.7 29.5 1.89 39 

Al2O3 50.5 28.3 1.78 42 

CeO2 29.7 9.9 2.99 16 

Preparation of hybrid composites with SiC, Al2O3  
and CeO2 

Bottom-pouring stir casting was utilized to produce 

Al 6061 alloy-SiC-Al2O3-CeO2 hybrid composites. 

Different quantities of SiC, Al2O3, and CeO2 were used 

in the process. The composites consisted of 2.5, 5, and 

7.5 weight percent SiC and Al2O3. A small amount of 

CeO2 (0.5-2.5%) was added as well. To ensure even 

distribution, the SiC and Al2O3 particles were mixed 

together, and packets containing 5, 10, and 15 wt.% of 

the mixture were prepared [27, 28].  

 

 
Fig. 1. Fabrication of aluminum hybrid composite via stir casting 
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These packets were then heated in an oven for 1 to  

2 hours to oxidize their surfaces. The preparation pro-

cess for Al2O3+SiC+CeO2 followed a similar procedure. 

During manufacturing, a conical hopper was used to 

uniformly feed the warmed powder into the molten 

metal. A graphite stirrer was employed to mix the pow-

der and molten metal for 8-10 minutes at 350 rpm.  

The hybrid composites were prepared by stir-casting 

method as shown in Figure 1. 

Preparation of test specimens for corrosion testing  
via electrochemical technique 

Using a potentiodynamic polarization electrochemi-

cal technique and a 3.5% NaCl solution at 300°C, the 

corrosion resistance of the hybrid composite samples 

was evaluated. The test specimens measured 20 mm by 

30 mm. Each specimen featured a 1 mm2 epoxy resin 

coating. The specimens were ground using sheets  

of 220-600 mesh silicon carbide abrasive. They were 

cleansed with deionized water and dried after being 

polished. The specimens were electropolished in a 20% 

perchloric acid/80% ethanol solution after being ground 

and polished. This enhanced the metallographic charac-

terization of the specimen. SEM analysis was per-

formed on the corroded specimens. 

Evaluation of surface wettability using sessile drop 
analyzer 

A sessile drop analyzer was used to perform wetting 

experiments on specimens of hybrid composites that 

measured 2 cm by 2 cm. The major components of the 

sessile drop analysis apparatus consisted of a quartz 

tube furnace, two vacuum pumps, and an image obser-

vation system. The hybrid composite specimens were 

horizontally aligned after being horizontally aligned on 

the graphite substrate. The quartz tube furnace was ini-

tially evacuated in order to achieve a vacuum pressure 

of 2.5 Pa at room temperature. After that, the furnace 

was warmed up to 1573 K. At regular intervals of  

6 minutes, the contact angle was measured to assess the 

wetting qualities of the hybrid composites. Image pro-

cessing software was utilized to assess the recorded 

images. The contact angles were measured on both 

sides to obtain an average. 

RESULTS  

Metallographic characterization 

SEM was used to evaluate the interface effects be-

tween the reinforcing materials SiC, Al2O3, and CeO2  

of the produced composites. Figures 2a-f show hybrid 

composite microstructures with different reinforcement 

proportions at different magnifications. Figure 2a  

presents the dendritic silicon and alumina particles of 

the 2.5 wt.% SiC+Al2O3 hybrid composite. The compo-

site cooling rate enhances the dendritic characteristics. 

The composite material solidifies with fewer dendrites 

when cooled properly. Figure 2b shows that reduc- 

ing the size of the dendrites may improve the  

ductility of the composite material after casting.  

The spherical shape of SiC improves interparticle bond-

ing and tensile strength. Kim et al. [29] found that a fine 

structure of Al2O3 particles increases the composite 

strength and matrix adherence, making the particle 

more difficult to remove. Figure 2c shows that hybrid 

composites with 7.5 wt.% SiC and Al2O3 have much 

finer Al2O3 particles than SiC particles. The Al2O3 par-

ticles are flaky and more difficult to remove than the 

SiC particles, which are spherical. Problems pulling out 

the particles may improve the hybrid composite tensile 

characteristics. 

 

 
Fig. 2. SEM micrographs of hybrid composites with different reinforce-

ment: a) 2.5 wt.% (SiC+Al2O3), b) 5 wt.% (SiC+Al2O3),  

c) 7.5 wt.% (SiC+Al2O3), d) 2.5 wt.% (SiC+Al2O3)+0.5 wt.% 

CeO2, e) 5 wt.% (SiC+Al2O3)+1.5 wt.% CeO2, f) 7.5 wt.% 

(SiC+Al2O3)+2.5 wt.% CeO2 

Rare earth oxides at 0.5-2.5 wt.% improve the  

mechanical characteristics. Figure 2d shows SEM mi-

crographs with a visible decrease in CeO2 particle  

aggregation. Reducing aggregation creates smoother 

composites. Xu and Ai [30] examined grain refinement 

in aluminum alloy A356 using europium (Eu) as a rare 

earth element. In 1999, Chong-hai et al. [31] demon-

strated that europium improved the refining efficiency 

of aluminum alloys. Zheng and Yongmei [32] found 

that 0.5 wt.% yttrium gave aluminum alloy A356 

a smooth and polished surface. Rare earth oxide reduces 

micro cuts and porosity, as seen in Figures 3e-f.  

The CeO2 and aluminum oxide particles react to gener-

ate a homogenous phase. The cerium oxide particles 

refine the matrix grains as observed in the microstructur-

al investigation of the composite, as seen in Figure 2f. 
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Chong-hai et al. [31] observed matrix grain refinement 

in aluminum alloys with europium additions.  

Three phases dominate the hybrid composites with 

cerium oxide at weight percentages of 0.5, 1.5, and 2.5. 

EDS conducted at three points revealed three phases in 

the composite materials. The α-phase was found at 

Point 1, whereas at Point 2 it was the β-phase interme-

tallic complex and the ϒ-phase was present at Point 3. 

Matrix eutectic β-particles exhibit disclosed particle 

morphology. Rare earth oxides, particularly cerium diox-

ide (CeO2), affect the composite properties. The cerium 

dioxide particles may be very small and acicular. EDS 

shows that the Al and Ce components of the ϒ-phase 

increase at Point 3.  

Corrosion testing may be performed in three steps. 

Phase potential and micro-galvanic couples cause alu-

minum alloy corrosion. The β-phase of Al 6061 was 

cathodized. The β-phase of the Al 6061 alloy acts as 

a protective barrier and galvanic cathode, affecting cor-

rosion. The β-phase protects the minute α-matrix parti-

cles when evenly dispersed. Rare earth compounds also 

reduce micro-galvanic corrosion from the α-phase an-

odic coupling of magnesium-based materials.   

Potentiodynamic polarization measurement 

The potentiodynamic polarization curves for the 

aluminum alloy and hybrid composites were examined 

to study the corrosion resistance of cerium oxide.  

The 2.5-3.5 weight percent sodium chloride solution 

had a potential of –1.5 V to 0.3 V.  

The polarization curve of the Al 6061 alloy without 

rare earth oxides is not symmetrical and the anodic 

branch is steeper than the cathodic branch, indicating 

that the cathodic process has a greater impact on corro-

sion (Fig. 3a). Figure 3b-c shows the polarization 

curves of the hybrid composites with 0.5, 1.5, and  

2.5 wt.% CeO2. The corrosion potential shifts toward 

more noble values. The composites with CeO2 had  

lower cathodic and anodic current densities than the  

Al 6061 alloy, indicating a controlled reaction. The po-

larization curve of aluminum alloy Al 6061 showed that 

the current density grows fast in the anodic zone with 

increasing potential, whereas the hybrid composites 

containing the rare earth oxide display a brief passive 

behavior.  
Figure 3 presents the anodic and cathodic polariza-

tion of the Al 6061 alloy and hybrid composites with 

REO. Extrapolating the Tafel lines of each anodic and 

cathodic curve yielded the corrosion kinetics parameters 
(Ecorr, β_A, β_C, Icorr).  

Table 3 shows that the initial current density of Al 
6061 was 9.490. The corrosion current density decreas-

es from 0.5 to 2.5 wt.% CeO2. The corrosion current 
densities were 4.980, 2.510, and 0.799 for 0.5, 1.5, and 

2.5 wt.% CeO2, respectively. 
 

 
Fig 3. Polarization curves: a) Al 6061 alloys, b) hybrid composites with 0.5 wt.% CeO2, c) hybrid composites with 1.5 wt.% CeO2, d) hybrid compo-

sites with 2.5 wt.% CeO2 

TABLE 3. Polarization curve results of Al 6061 alloy and hybrid composites with CeO2  

 

Sample 

 

Composition 

Anodic  

Tafel constant 

�� [mV/dec] 

Cathodic Tafel 

constant 

�� [mV/dec] 

Corrosion  

current density 

Icorr [μA/cm2] 

Corrosion 

potential Ecorr 

[mV] 

Corrosion 

rate  

[MPY] 

1 Al6061 134.5 545.6 9.490 –945.0 3.512 

2 Al6061/2.5 wt.%(SiC+Al2O3)/0.5 wt.% CeO2 38.20 577.5 4.980 –699.0 0.98 

3 Al6061/5 wt.%(SiC+Al2O3)/1.5 wt.% CeO2 48.10 482.8 2.510 –712.0 0.27 

4 Al6061/7.5 wt.%(SiC+Al2O3)/2.5 wt.% CeO2 82.50 274.5 0.799 –794.5 0.16 
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Role of cerium oxide as corrosion inhibitor 

Morphology of alloy and composites using SEM 

Figure 4 displays the surface morphologies of the 

corroded Al 6061 alloy and hybrid composites with  

the REO after 24 hours in 3.5 and 2.5 wt.% NaCl solu-

tions. Figure 4a-b shows the Al 6061 corrosion, reveal-

ing thorough corrosion with a few cracks and pores. 

Pores and cracks allow chloride ions to enter the alumi-

num alloy and promote corrosion. The SEM micro-

graphs in Figure 4c-f show that localized corrosion 

dominates the corrosion in the Al 6061 alloy compo-

sites as the cerium oxide content is increased from  

0.5 wt.% to 2.5 wt.%. The micrographs show that just 

a portion of the surface is damaged and that the corro-

sion is greater on rough surfaces [33]. The other part of 

the surface shows a netlike structure and further corro-

sion phenomenon is inhibited. After adding white and 

acicular cerium oxide, the hybrid composite surface has 

plenty of Al and RE. The REO increased the Al 6061 

alloy corrosion resistance by depressing micro-galvanic 

couplings between the α and β phases. Compared to  

β phases, α and phases have less potential [34].  

The potentiodynamic polarization curves in Figure 4c-f 

reveal that homogenous REO dispersion in the Al 6061 

alloy matrix may also increase hybrid composite corro-

sion resistance. It can also be observed from Figure 4c-f 

that the uniform dispersion of REO in the matrix of the 

Al 6061 alloy may be another factor in the improve-

ment of the corrosion resistance of hybrid composites. 

Cerium oxide reduced localized corrosion. An Al-Mg 

matrix alloy reinforced with SiC exhibited comparable 

corrosion resistance trends [20]. Shimizu et al. [35] 

found that adding SiC to the Al-7075 matrix alloy in-

creased the corrosion resistance by resisting stress 

caused by the NaCl solution. 
 

 
Fig. 4. Surface morphologies of corroded samples after 24 hours in  

3.5 wt.% and 2.5 wt.% NaCl solution: a) Al 6061, b) Al 6061, c) 0.5 wt.% 

CeO2, d) 1.5 wt.% CeO2, e) 2.5 wt.% CeO2, f) 2.5 wt.% CeO2 

Wettability analysis using contact angle approach 

Relationship between wettability and corrosion resistance: 
Cassie-Baxter model 

Wettability may be defined as the ability of a liquid 

to spread over a solid surface and represents the interac-

tion between a liquid and a solid surface when in con-

tact. Generally, wettability is described by the angle of 

contact made by the solid surface with a liquid drop. 

The concept of wettability at solid-liquid interfaces has 

been explored by various researchers using their own 

mathematical models based on important characteristics 

such as surface energy and contact angle. Currently, the 

most accurate mathematical model for determining  

the interaction energy between a liquid and a solid is 

the Thomas Young model. 

In his model, Thomas Young employs the Laplace 

equation to establish the relationship between the con-

tact angle and surface energy, providing a framework 

for defining wettability. Young uses Laplace equations 

to determine the shape of the droplet and the role of the 

contact angle under various boundary conditions, as 

illustrated in Figure 5. Before deriving the expression 

for the interaction energy between a liquid and a solid, 

the solid surface is assumed to be smooth, rigid, and 

homogeneous. In equilibrium conditions, the contact 

angle (θ) is defined by the Young-Dupré equation, as 

indicated in equation (1):  

 ��� = ��� + ���cosθ (1) 

In equation (1), the terms  ��� , ��� and ���  are relat-

ed to the specific energy of the solid-vapor interface, 

specific energy of the solid-liquid interface, and specific 

energy of the liquid-vapor interface, respectively. Here, 

each specific energy or surface tension force can be 

understood as the tension force per unit area. As men-

tioned in Figure 5a, when a drop of liquid falls on  

a solid surface, such as a composite, it replaces a por-

tion of the interface formed between the solid-vapor 

with a liquid-solid and liquid-vapor interface. 

The phenomenon of liquid spreading will only  

occur if the above process results in a decrease in the 

free energy of the system under equilibrium conditions.  

The bonding force between the liquid and solid, i.e. the 

adhesion force (Fa), is defined as: 

 Fa = ��� + ��� –  ���       (2) 

After combining both equation (1) and (2), we get 

 Fa = ���(1 + cos
) (3) 

It is evident that the bonding force between the liq-

uid and solid phase can be expressed in terms of the 

contact angle (θ) and the surface tension of the liquid 

(���), as illustrated in Figure 5b-e. In Figure 5b, it  

is clear that for absolute wetting, 
 = 0° and ��� = 

= ��� +  ���. Similarly, for good wetting, contact angle  

θ should lie between 0 and 90°. As the contact  

angle increases, the surface tension relation becomes  

a) b) 

c) d) 

e) f) 
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��� >  ��� as indicated in Figure 5c. In Figure 5d, the 

contact angle falls between 90° and 180°, and due to the 

very large contact angle, ��� <  ���. A rise in the value 

of the surface energy at the solid-vapor interface com-

pared to the solid-liquid interface indicates bad wetting. 

For non-wetting conditions, the contact angle should be 

180°, and ��� = ��� −  ���, as seen in Figure 5e. Hence, 

the surface energy and contact angle measurements are 

the two factors defining the degree of wettability of  

a surface. 

Building on the above discussions, the sessile drop 

analyzer method was generally employed to ascertain 

the wettability of the hybrid composites with SiC, 

Al2O3, and CeO2. Six samples of the aluminum hybrid 

composites were prepared, with three samples rein-

forced with SiC and Al2O3 without the rare earth oxide, 

and three with the rare earth oxide, respectively.  

The probe liquid, usually water, was employed, consid-

ering the principle as stated by Thomas Young for  

determining the contact angle using the sessile drop  

method. After that, comparative analysis of the wetta-

bility of the hybrid composites was performed based on  

the contact angle. Our aim is generally to make the  

surface of hybrid composites hydrophobic, targeting 

aerospace body parts, including wings, structural com-

ponents, and other accessories that are in direct contact 

with water. 

The interaction between water and solids, in particu-

lar, can be classified as hydrophilic or hydrophobic, as 

shown in Figure 6. Materials that have an affinity for 

water are known as hydrophilic materials and cause 

water to spread across them, maximizing contact. Most 

materials tend to be hydrophilic, for example, metals 

usually spread water upon contact. Those that tend to 

repel water and cause water to bead up are known as 

hydrophobic materials. Generally, hydrophobic materi-

als possess low surface energy and have a wide range of 

applications. Hydrophobic surfaces, in particular, have 

attracted significant attention over the past decade  

because of their broad technological potential. Consid-

ering this fact, the wettability of hydrophobic materials 

has been studied in the current work.  

Figure 7 exhibits the hybrid composite contact  

angles with varying SiC, Al2O3, and CeO2 fractions. 

The initial contact angle of the aluminum hybrid com-

posites was 87.94°±1.58° when 2.5 wt.% SiC+Al2O3 

was introduced. The composite surface will wet if the 

contact angle is less than 90 degrees. Surface dampness 

promotes corrosion [34]. In the hybrid composites with 

2.5 wt.% SiC and Al2O3, adding 0.5 wt.% CeO2  

increases the contact angle to 99.07°±2.20°, exceeding 

90° The surface is unfavorable for the wetting because 

of the increased contact angle. Thus, a condensed liquid 

droplet forms when the fluid reduces its surface contact. 

Compact droplets accumulate on the surface, reducing 

corrosion. A greater content of the rare earth oxide 

maintains compact droplet formation. A 5 wt.% combi-

nation of SiC and Al2O3 with 1.5 wt.% CeO2 raised the 

contact angle from 96.72°±0.50° to 99.39°±1.14°. In the 

hybrid composites with 7.5 weight percent SiC and 

Al2O3, 2.5 weight percent CeO2, the contact angle 

grows from 98.52 degrees with a standard deviation of 

0.70 degrees to 100.78 degrees with an SD of 0.75  

degrees. The higher REO content makes the aluminum 

hybrid composites hydrophobic, improving their corro-

sion resistance. 

 

 
Fig. 5.  Dependence of surface wettability on surface energy and contact angle (
) 
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Fig. 6.  Quantification of wetting properties in terms of contact angle (
) 

Fig. 7. Contact angle measurement for hybrid composites prepared via bottom pouring casting  

CONCLUSIONS 

This work investigated the corrosion characteristics 

of Al 6061/Al2O3/SiC composites with cerium oxide. 

Electrochemical analysis, SEM, and contact angle 

measurements assessed the corrosion and surface  

wettability. The empirical facts and analysis support  

the following conclusions: 

 Cerium oxide improved the corrosion resistance in 

the Al 6061/Al2O3/SiC composites. The ideal cerium 

oxide concentration to reduce corrosion was 2.5 

weight percent. As the cerium oxide concentration 

rose, the corrosion rates decreased, indicating that 

cerium oxide inhibits corrosion in the composites. 

 Cerium oxide the refined the grains of the composite 

and reduced particle clustering. SEM examination 

revealed that cerium oxide improved the reinforce-

ment particle dispersion and reduced particle agglo-

meration. The composites have an improved micro-

structure and corrosion resistance. 

 The potentiodynamic polarization tests found that 

the hybrid composites with cerium oxide had better 

corrosion resistance than the Al 6061 alloy. As the 

cerium oxide concentration increased, the corrosion 

current density decreased, indicating that cerium  

oxide inhibits corrosion. SEM examination of the 

damaged composites revealed localized corrosion. 

Cerium oxide reduced corrosion and localized pitting, 

creating a more homogenous, protected surface.  

 The contact angle measurements showed that cerium 

oxide increased the hydrophobicity of the composite 

surface. According to the Cassie-Baxter model, the 

composites with the greater cerium oxide concentra-

tion have larger contact angles, indicating better  

corrosion resistance. The hydrophobic surfaces pre-

vented corrosion and protected the composite mate-

rials from corrosive conditions. 

Thus, cerium oxide increased the corrosion re-

sistance in the Al 6061/Al2O3/SiC composites. Cerium 

oxide reduced agglomeration, refined the grains, and 

homogenized the composite microstructures. Cerium 

oxide inhibited localized corrosion and made the com-

posite surface hydrophobic. For corrosion-prone appli-

cations, cerium oxide may be added to composites. 
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