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Abstract. The effect of hydrothermal treatment time on sealing and corrosion resistance of the 

AA7475-T761 anodized aluminium alloy has been investigated in this study. The hydrothermal 

treatments tested are environmental compatible without chromium ions involved. Anodizing was 

carried out by a tartaric-sulphuric anodizing (TSA) process and this was followed by hydrothermal 

treatments for partial sealing, in various solutions. The effect of propyleneglycol (PRG) and/or 

cerium ions in the hydrothermal treatment solution was evaluated. Four treatment times were tested, 

specifically, 2.5, 5.0, 7.5 and 10 min. The corrosion resistance of the anodized and treated samples 

was evaluated by Electrochemical Impedance Spectroscopy (EIS) and the anodic layers formed were 

characterized by Scanning Electron Microscopy (SEM). The EIS results showed that the 

hydrothermal treatments in solutions with cerium ions resulted in similar impedances for periods of 

treatment from 5 to 10 min whereas in the solutions with PRG the impedance increased with time of 

treatment from 2.5 to 10 min showing a slower kinetics of anodic layer sealing. However, the fastest 

kinetics of sealing were associated to the treatments that combined two steps, one in PRG and other 

in cerium containing solutions with similar impedances obtained from 2.5 to 10 min of treatment. 

Surface evaluation by SEM showed that the porosities in the anodic layer were not sealed for the 

periods of hydrothermal treatments corresponding to 2.5 min. The presence of cerium in 

hydrothermal treatment had a beneficial effect on the stability of the anodic layer formed and 

provided a healing effect on the corroding sites. 

Introduction 

The 2XXX and 7XXX alluminium alloys are often used in the aircraft industry due to  their 

properties of high mechanical resistance, low density, formability and machinability [1]. The 

alloying elements of the 7XXX series of aluminium such as Zn, Cu, and Mg  improve their 

mechanical properties but also reduces their localized corrosion resistance [2]. Consequently, it is 

necessary to protect their surfaces against corrosion by coatings to ensure a long lasting protection. 

In the aircraft industry, many parts made of aluminium alloys are anodized to improve their 

corrosion resistance[1]. Anodizing promotes the growth of an anodic layer of aluminum oxide on 

aluminium alloys and its characteristics depend on the composition of the anodizing bath [3]. 

Sulfuric and chromic acids are often used as electrolytes for anodizing, and the chromic type that it 

contains Cr (VI) is the most used in acid baths for anodizing of aluminion alloys used in the aircraft 

industry due to its effectiveness  [4,5]. 

Due to the harmful properties of Cr (VI), specifically  its carcinogenic and toxic charateristics, 

the restrictions to its use use has largely increased in the last years. Thus, many alternatives of 
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chromium free processes have been tested, such as baths composed of inorganic acids or mixtures 

of organic and inorganic acids. One of the European aircraft industry is already using an 

organic/inorganic acid bath in a process called tartaric-sulfuric acid anodizing (TSA) [6]. The TSA 

anodizing process is environmentally friendly, once it does not generate toxic residues. It also 

promotes increased corrosion resistance and better paint adhesion of the anodic layer fomed  on 

aluminium alloys compared to those formed in chromic baths [7]. After anodizing,  the anodic layer 

formed on aluminum alloys is either sealed or painted. The sealing process is a post-treatment to 

decrease the porosity of the anodic layers carried out hydrothermally (in boiling water) or in cold 

solutions, particularly in solutions with potassium dichromate [1,8].  Chromium free sealing 

treatments are also of great interest and research has been carried out to find potential replacements 

for these type of treatments. Among the possibilities, some works have been carried out testing  

cerium compounds; hydrocarbon molecules and treatments with silane [1,9]. However, until now  

effective chromium free treatments for the surface of aluminium alloys with similar efficiency to 

those that use hexavalent chromium  has not yet been found. The aim of this work is to investigate 

the effect of chromium free hydrothermal treatments on the corrosion resistance of TSA anodized 

AA7475-T761 alloy. It is important to highglight that was not the intention of this work to fully seal 

the porosities of the anodic layer but evaluate the evolution of the sealing process and the effect of 

incorporation of species in the porosities of the anodic layer on the corrosion resistance of the 

anodized aluminium alloy surface. 

Experimental 

In this study, the AA7475-T761 alloy was investigated as substrate for anodizing and post-

treaments. Samples of this alloy were degreased in acetone and subsequently anodized in TSA bath. 

After TSA anodizing, post-treatments were carried out by immersion in solutions at their boiling 

temperature (hydrothermal treatments). Three solutions were used in the hydrothermal post-

treatments: a solution with 50 mM of CeNO3, a solution with 7 wt. % of propylene glycol (PRG) 

and a two step treatment, where the samples were firstly immersed in the 50 mM of CeNO3 and then 

immersed in the solution with PRG. The effect of hydrothermal treatment time on the corrosion 

resistance of the anodic layer obtained by TSA anodizing was investigated by using the following 

periods of treatment: 2.5, 5.0, 7.5 and 10 minutes. The corrosion resistance of the samples was 

evaluated by electrochemical impedance spectroscopy measurements  performed using an amplitude 

signal of 20 mV in the frequency range from 10
5
 to 10

−1
 Hz. The area exposed to the electrolyte (0.5 

mol L
-1

 NaCl) was 3.73 cm
2
. The electrolyte was naturally aerated and at (22 ± 2) 

o
C. TSA anodized 

samples without hydrothermal treatments were also tested for comparison reasons.  Scanning 

electron microscopy (SEM) images were obtained using a Auanta FEG 200 microscope by FEI. 

Results and discussion 

Electrochemical impedance spectroscopy (EIS) 

Fig. 1 shows the effect of hydrothermal treatment time in solution with PRG for the TSA anodized 

AA7475 samples exposed for 6 h to 0.5 mol L
-1

 NaCl solution. The results show that the impedance  

tends to increase with time of treatment despite of the small decrease observed from 2.5 to 5 min of 

treatment. For the samples treated for 2.5 and 5 min, a second time constant is suggested at low 

frequencies as a shoulder in the Bode diagrams. Two time constants are clearly indicated for periods 

of treament corresponding to 7.5 and 10 min. These results indicates that sealing or growth of the 

AlOOH gel on the pores wall of the Al2O3 anodic layer occurs gradually with time of immersion in 

the PRG solution and periods longer than 5 min are necessary to reveal the two time constants. 
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Fig. 1: EIS diagrams for AA7475-T761 anodized and then exposed for various periods to 

hydrothermal treatments in PRG containing solution after immersion for 6 h in 0.5 mol L-1 NaCl 

solution. 

Fig. 2 compares the EIS results as Bode diagrams for the AA7475 anodized and then exposed to 

hydrothermal treatments for different times in solution with cerium after 6 h of immersion in  

0.5 mol L
-1

 NaCl solution. The effect of the hydrothermal treatment is clearly noticed even for the 

shortest period of treatment (2.5 min). At least two time constants are indicated for all samples with 

hydrothermal treatments showing that the sealing of the anodic layer occurs very rapidly in the 

cerium nitrate containing solution under the conditions of hydrothermal treatments adopted in this 

study. These results suggest that cerium nitrate interacts with the exposed surface at the anodic layer 

during the hydrothermal treatment resulting in a surface of increased corrosion resistance. It is 

proposed that the presence of cerium during the hydrothermal treatment acts during the sealing 

process mainly at the base of the pores resulting in precipitation of cerium hydroxide that helps 

sealing, evenly, the porosities at the defective sites in the anodic layer [10]. It is well known that 

cerium  ions  precipitates as insoluble hydroxides on the cathodic sites surrounding the anodic ones 

corresponding to exposed metallic substrate at sites of defects in the film [11]. These precipitates 

promote an obstruction effect, limiting the transport of electrons to the surface and consequently 

decreasing the rate of oxygen reduction reactions [12,13]. The oxides/hydroxides of cerium are 

formed preferably where are located the intermetallic particles containing copper, eliminating the 

local cathodes. In addition to increased corrosion resistance, the cerium also provides excellent 

adhesion to the paint [13,14]. 

     
Fig. 2: EIS diagrams for AA7475-T761 anodized and then exposed for various periods to 

hydrothermal treatments in cerium containing solution after immersion for 6 h in 0.5 mol.L
-1

 NaCl 

solution. 

 

The effect of combination of two sequential treatments, firstly in the cerium nitrate containing 

solution in the sequence in the PRG solution on the electrochemical behavior of the anodized 
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AA7475 alloy is shown in Fig. 3. The Bode diagrams show that for the combined treatment even 

low periods of treatment largely increased the impedances of the anodized alloy. The beneficial 

effect of the treatment in cerium nitrate solution has been already indicated in Fig. 1. These results 

show that an additional step in PRG solution favored the growth of the pseudo bohemite AlOOH 

inside the pores. The results show two clearly defined time constants for all periods of treatment but 

the Bode phase angle diagrams suggest more capacitive results at low frequencies associated to the 

samples treated for 7.5 min. The PRG is an organic compound with hydroxyl groups (OH). The two 

step treatments, Ce + PRG, was highly effective in the sealing process, providing high protection by 

combining the beneficial effects of cerium in the solution and the effects of PRG probably acting by 

forming a hybrid organic-inorganic layer that increasing the impedance of the porous layer of the 

anodic film. The presence of Ce in oxide layer is found either as Ce2O3 and/or Ce(OH)3. The 

formation of Ce(OH)2
2+ 

ions in the anodic film is possible. These ions might migrate to defects and 

when in contact with the substrate might be reduced to Ce
3+

 and precipitates as Ce(OH)3, allowing 

the sealing of the layer [15,16].  

 

       
Fig. 3: EIS diagrams for AA7475-T761 anodized and exposed to a two step hydrothermal  treatment 

with a first step in cerium nitrate solution and a second step in  PRG containing solution. Results 

obtained in 0.5 mol.L
-1

 NaCl solution after 6 h of exposure to the solution.  

Characterization of the anodized surface either with or without hydrothermal treatments 

Surface observation of the TSA anodized AA7475-T761 alloy was carried out by scanning 

electron microscopy (SEM), and the micrographs of the surfaces are shown in Fig.4. (a) without 

hydrothermal treatment or with the hydrothermal treaments in (b) PRG solution, (c) solution with 

cerium nitrate, and (d) composed of two steps treatments, firstly in solution with cerium nitrate and 

then in PRG solution. Cross section observation of the anodized alloy showed that the anodic  layer 

formed was homogenous and uniform, with an average thickness of (3.74 ± 0.05) m. 

The morphology of the surface after hydrothermal treatments carried out for 10 min that it is 

dependent of the type of treatment solution used. On all hydrothermally treated surfaces a structure 

typical of bohemite or pseudobohemite is indicated with a morphology of needles. For the treatment 

in PRG solution this structure does not cover the whole surface and part of it is coated by a smooth 

film showing the lower trend of this treatment to form bohemite responsible for sealing the anodic 

film, as it was indicated by the EIS results. For the treatment in cerium nitrate solution, the 

boehmite structure is evident, but also present some white areas as petals that are rich in cerium 

(results obtained of EDS), as can be seen in Fig. 4 (c). 

This result shows that the precipitation of cerium compounds occurs during the sealing treatment 

and helps in sealing the anodic film. Similar morphology but with larger concentration of cerium 

rich precipitates were associated to the treatment in two steps (Fig. 4 (d)). 
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(a)                    (b) 

   
(c)         (d)    

Fig. 4: Micrographs obtained by SEM of TSA anodized AA7475-T761 alloy (a) without 

hydrothermal treatment, or with  hydrothermal treatment (b) in PRG solution for 10 min (c) in 

cerium nitrate solution for 10 min and (d) hydrothermal treatment in two steps, firstly in cerium 

nitrate solution for 5 min and then in PRG solution for 5 min. 

Conclusions 

The results of this work showed the beneficial effect of a hydrothermal treatment in cerium nitrated 

solution on the corrosion resistance of the TSA anodized AA7475-T761. This treatment increased 

the stability of the anodic layer formed and provided a healing effect on the corroding sites. A faster 

kinetics of pores sealing seemingly occurred during hydrothermal treatments involving cerium 

compounds.  
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