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ABSTRACT 

The anodizing process was conducted in an Al7xxx aluminum alloy with silicon carbide  which 

yielded a non-uniform thickness of anodic film with cavities, micro-pores and micro-cracks 

within it. This phenomenon occurred due to the presence of Silicon Carbide (SiC) particles 

within the Aluminum Matrix Composite (AMC), which impedes the initiation and growth of 

the protective anodic alumina oxide layer. Therefore, cerium sealing has been considered as the 

cheapest and simplest post treatment to remedy the poor anodic alumina oxide film in order to 

further enhance the corrosion resistance in aggressive circumstances. This paper examined the 

protection effect of an integrated layer which was composed of an anodized oxide layer and 

cerium deposits on an Al7075/SiC composite. Electrochemical Impedance Spectroscopy (EIS) 

was used to examine the corrosion protection effect and the corrosion behavior of an integrated 

layer in 3.5% sodium chloride (NaCl) solution at room temperature. In this study, anodizing of 

Al7075/SiC  was carried out in a sulfuric acid H2SO4 solution at current density values of 15, 

20, and 25 mA/cm
2
, respectively at room temperature, 0

o
C and -25

o
C for 30 minutes. 

Subsequently, cerium sealing was conducted in a cerium choloride plus hydrogen peroxide 

(CeCl3.6H2O + H2O2) solution at room temperature and pH 9 for 30 minutes. The best 

protection effect was found for Al7075/SiC, anodized at 0
o
C. Field Emission-Scanning Electron 

Microscope (FE-SEM) examination confirmed that the enhancement of corrosion resistance 

was due to the cerium deposit formed on the entire surface of the oxide anodized layer. 
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1. INTRODUCTION 

Aluminum Matrix Composite (AMC) becomes a promising material for the automotive and 

aerospace industries due to its superior combination of properties compared to an unreinforced 

aluminum alloy. AMC offers a high strength to weight ratio, a low thermal expansion 

coefficient and relatively good wear resistance (Yu & Lee, 2000). The current and AMC 

potential applications are piston rings, combustion piston bowls, cylinder liners, and connecting 

rods in the automotive sector, aircraft structural framework, and aircraft engines in the 

aerospace sector (Amirkhanlou & Niroumand, 2011; Bobic et al., 2010). However, these 

materials are generally susceptible to pitting and galvanic corrosion due to galvanic reaction 
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between the aluminum matrix and the reinforcement, as well as the microstructure formation at 

the  matrix/reinforcement  interface  (Bienia et al., 2003;  Amirkhanlou & Niroumand, 2011; 

Bobic et al., 2010. Therefore, a surface coating or an AMC modification process is a necessity 

in order to improve corrosion resistance.  

Anodizing has been considered as the most suitable and potential surface modification method 

for enhancing AMC corrosion resistance. This process produces a porous anodic alumina oxide 

layer, which has the characteristics of high corrosion resistance and high hardness value (Hou & 

Chung, 1997; Sun et al., 2009). Various studies of the anodizing process on aluminum matrix 

composite material (AMC) generate the anodic alumina oxide layer formed on the surface of an 

anodized AMC with much higher corrosion and wear resistance than that of an unanodized 

AMC (Derman & Ahmad, 2007; He et al., 2011a; He et al., 2008; Shahid, 1997).   

Unfortunately, the oxide layer obtained on the AMC surface has an uneven thickness and many 

cavities occur due to the disturbing effect of the reinforcement particles on the anodic oxide 

layer growth (He et al., 2011b; He et al., 2008; Rizkia et al., 2014). Therefore in aggressive 

circumstances, a single anodic film protection is not enough. Cerium sealing is considered as 

the cheapest and simplest post-treatment to seal the surface defects of the anodic film in order 

to further enhance corrosion resistance. Many researchers have found that the cerium sealing 

layer is composed of spherical cerium oxide/hydroxide deposits, which not only seal the porous 

structures of anodized AMC, but also cover most of the defects. Moreover, integrated 

protection processes performed on the AMC produced much higher corrosion resistance as well 

as that of pure aluminum (Sun et al., 2009; Sun et al., 2008; Yu et al., 2002). 

 

2. EXPERIMENTAL  

The specimens were Al7xxx alloys containing 15 vol% of SiC particles with the dimension of 

1010 mm
2
. Prior to anodizing, the specimens were prepared according to standard 

metallographic preparation procedures, which were sanded successively with #100 to #1000 

abrasive papers, rinsed with acetone then immersed in a HNO3 solution at room temperature for 

30 seconds. In order to produce an integrated layer, specimens were anodized at constant 

current densities of 15, 20, and 25 mA/cm
2 

respectively applied by DC Power Supply in 16% 

sulfuric acid H2SO4 solution at room, 0±0.5
o
C, and -25 ±0.5

o
C for 30 minutes. A carbon bar 

was used as the cathode. Subsequently, an anodized composite was immersed in CeCl3+H2O2 

solution at room temperature with pH 9 for 30 minutes. The corrosion protection effect and 

corrosion behavior of the integrated layer in 3.5% NaCl solution were examined by 

Electrochemical Impedance Spectroscopy (EIS). A Field EmissionScanning Electron 

Microscope (FE-SEM FEI Inspect F50) was used for examination of the SEM integrated 

coating morphology. 
 

3.  RESULTS AND DISCUSSION 

In this research, EIS studies were conducted to evaluate the corrosion protection effect of an 

integrated layer of aluminum anodic oxide and cerium layer on Al7075/SiC composite with 

different anodizing temperatures and current densities. The different shapes of nyquist plots as 

seen in Figure 1 indicates that different corrosion mechanisms occurred in different anodizing 

temperatures and current densities in this research.  
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(a) T =25

o
C, I =15,20,25mA/cm

2
 (b) T =-25

o
C, I =15,20,25mA/cm

2
 

 

  
(c) T =0

o
C, I =25mA/cm

2
 (d) T =0

o
C, I =15mA/cm

2
 

Figure 1 Nyquist plot of anodized Al7075/SiC after cerium sealing process 

 

As we have seen in Figure 1, by analyzing the nyquist plots, it can be deduced that the 

anodizing process at room temperature for all of the studied potential conditions exhibited one 

capacitive semicircle in the high frequency region and one inductive loop in the low frequency 

region. A capacitive semicircle in the high-frequency region, related to the characteristics of 

Electrical Double Layer (EDL), was formed at the interface between the adsorption layer on the 

metal surface and the electrolyte (Katkar et al., 2011). Furthermore, some researchers reported 

that the appearance of the inductive loop at a low frequency range indicated that the alloy 

surface is partly or totally active (Hasannejad et al., 2011; Katkar et al., 2011; Zhang et al., 

2009). In this research, inductive phenomenon could be associated with a loose or damaged 

anodic alumina oxide layer on the Al7075/SiC surface in a chloride solution. This phenomenon 

leads to the adsorption of chloride ions into the composite substrate, since no cerium layer was 

formed in this condition as reported in the FE-SEM analysis by Munir et al. (2014). Moreover, 

a single capacitive curve as seen in Figure 1a indicated that only one anodic alumina oxide 

layer formed on Al7075/SiC surface in the aforementioned condition. The similar curve can 

also be noted from the anodizing process at a temperature of -25
o
C and with a current density of 

15mA/cm
2
.  
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In the anodizing process at temperature of 0
o
C, the nyquist plot is characterized with one 

capacitive semicircle in the high frequency region and additional capacitive semicircle at low 

frequency region. It may be correlated to the formation of integrated layer composed of anodic 

alumina oxide layer and cerium deposits as reported in previous work (Munir et al., 2014). The 

high frequency of nyquist plot depicts the resistance Rce and capacitance Cce of the cerium 

sealing layer, while the low frequency depicts the resistance Ro and capacitance Co of an 

anodic alumina oxide layer (Sun et al., 2011). Yet, capacitance Cce and Co have some 

distinctions from a pure capacitance element C. Those capacitances are substituted by constant 

phase elements of Qce and Qo, respectively (Hui et al., 2004). Therefore the electrochemical 

equivalent circuit for EIS of an anodized Al7075/SiC composite at 0
o
C anodizing condition is 

shown in Figure 2, where, Rsol is the electrolyte solution resistance. 

 

 
 

Figure 2  Equivalent electrical circuit used to interpret the experimental EIS data of 

cerium treated on as anodized Al7075/SiC composite at 0
o
C 

 

At an anodizing temperature of -25
o
C at 25 mA/cm

2
, the nyquist plot shows a capacitive 

semicircle in the high-frequency region and linear curve in the low frequency region which 

exhibits the characteristics of diffuse control. In this condition, the corrosion medium has 

penetrated through the alumina anodic oxide layer and immigrated into the substrate which 

leads to the corrosion phenomenon on the Al7075/SiC composite. The electrochemical 

equivalent circuit shown in Figure 3 is suitable to simulate this condition, where Rsol is 

solution resistance; Ra and Qa are resistance and constant phase elements of broken anodic 

alumina oxide layer, respectively. Then, Rs and Qs are the electrochemical transaction 

resistance and constant phase elements of the aluminum matrix, respectively. Then, W is the 

transmission line parameter or the Warberg impedance, indicative of the diffusion rate reacting 

to the species (Sun et al., 2011). 

 

 

Figure 3 Equivalent electrical circuit used to fit the corrosion behavior of cerium 

treatment on an anodized Al7075/SiC composite at -25
o
C and 25 mA/cm

2
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For the anodizing temperature of -25
o
C at 20 mA/cm

2
, the nyquist plot shows two capacitive 

semicircles, which are related to the characteristics of the electrical double layer (EDL) which 

formed at the interface between the adsorption layer on composite surface and the electrolyte. 

Moreover, an additional inductive loop appeared after two of the aforementioned capacitive 

semicircles. This phenomenon may be correlated with the formation of two anodic alumina 

oxide layers composed of a barrier oxide layer at the inner region and worm-like shaped porous 

oxide at the outer region (Munir et al., 2014) , and it continued on with the damage of those 

oxide layers. The high frequency range of the nyquist plot represents the resistance Rp and the 

constant phase element Qp of the broken worm-like shaped porous oxide. While in the low 

frequency range of the nyquist plot, it represents the resistance Rb and the constant phase 

element Qb of the broken barrier anodic oxide. Moreover, an inductive semicircle in the low 

frequency range represents the breakdown of anodic alumina oxide layers on the Al7075/SiC 

surface in a chloride solution. It indicates that the corrosion medium has been penetrated with 

the worm-like shaped porous oxide layer and a barrier layer, which leads to the corrosion 

reaction of Al7075/SiC controlled by the charge-transfer. Therefore, the equivalent circuit in 

this case is shown in Figure 4, where Rt is the resistance of charge-transfer and Qdl is a 

constant phase element of the double layer. 

 

 

Figure 4 Equivalent electrical circuit used to fit the corrosion behavior of cerium treated as an 

anodized Al7075/SiC composite at -25
o
C and 20 mA/cm

2
 

 

Furthermore, according to Figure 1 the largest curve and highest impedance (Z) value is 

attained from the samples which were cerium treated after the anodizing process at the 

temperature of 0
o
C. In addition, the EIS plots of that condition exhibit no corrosion medium 

had penetrated into the composite substrate, which leads a non-corrosion reaction on the 

Al7075/SiC composite. This condition occurred due to the fact that the cerium layer disturbs 

the migration of corrosive media through the pores and cavities of the anodic alumina oxide 

layer. Moreover, cerium deposits completely cover the pores and cavities on the anodic oxide 

layer which induces the blocking effect of the corrosion process on Al7075/SiC composite as 

seen in Figure 5b. 
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(a) (b) (c) 
 

Figure 5 Typical FE-SEM images of anodized Al7075/SiC after the cerium sealing process at: (a) room 

temperature, produced only a single anodic alumina barrier layer; (b) 0
o
C, produced integrated layer of 

anodic alumina oxide layer and cerium sealing layer; (c) -25
o
C, produced two anodic alumina layers of 

barrier and worm like shaped layers 

 

4. CONCLUSION 

Corrosion protection of the Al7075/SiC composite was successfully performed on the 

Al7075/SiC composite by conducting cerium sealing, subsequently after anodizing process. The 

best protection effect was found for the Al7075/SiC, anodized at 0
o
C. The largest curve and 

highest impedance value is attained from the samples treated at an anodizing temperature of 

0
o
C. Furthermore, the EIS exhibits no corrosion medium permeate onto substrate which leads to 

a non-corrosion reaction on the Al7075/SiC composite, due to an integrated layer composed of 

an anodized and a cerium layer formed on the Al7075/SiC surface. 
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