
	

	
Int. J. Electroactive Mater. 4 (2016) 44 – 49 

www.electroactmater.com  
 
Developing Empirical Relationship to Predict Corrosion Rate of High Strength AA 
7075-T651 Aluminium Alloy Under Salt Fog Environment 
 
P. Prabhuraj, S. Rajakumar*, V. Balasubramanian 
 
Centre for Materials Joining and Research, Department of Manufacturing Engineering, Annamalai University, Annamalai 
Nagar- 608002, Tamilnadu. 
*E-mail Address: srkcemajor@yahoo.com 
 
Received: 9 December 2016 / Accepted: 30 December 2016 / Published: 31 December 2016 

ABSTRACT: The aluminum-zinc alloy system is very attractive to the aerospace industry due to its lower density, 
increased elastic modulus, increased fatigue crack growth resistance, easy formability and strength to weight ratio. As a 
consequence, this light alloy has shows potential future. However, these alloys have great affinity for chloride 
environment and other chemical oxidizing agents. The limitation of low corrosion resistance restricts their practical 
applications. The rolled AA7075-T651 plates were evaluated by conducting salt fog test in NaCl solution at different 
chloride ion concentrations, pH value and spraying time. Also an attempt was made to develop an empirical relationship 
to predict the corrosion rate of AA7075-T651 high strength Al alloy. Three factors five level of central composite design 
were used to minimize the number of experimental conditions. Response surface method was used to develop their 
empirical relationship. The developed relationship can be effectively used to predict the corrosion rate of AA7075-T651 
at 95% confidence level. 
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1. Introduction  

High strength aluminium alloy are one of the 
lightweight metallic alloys currently being investigated, 
because of its low density (2.8 g/cm3), high strength to 
weight ratio and mechanical stiffness. The high strength 
aluminium alloys are widely used in aero space industries, 
as structural components in automobile industry, electronic 
products, vibrating plates of vibrating test machines, 
automotive wheels, etc. The use of aluminium alloy in 
automobile parts reduces the overall weight of the vehicle 
up to 20 % and also this will substantially reduce the fuel 
consumption and carbon emission. Even though aluminum 
is a very dynamic metal with a low equilibrium latent, it 
shows excellent corrosion resistance over a neutral range of 
pH, i.e., between 4 and 9, due to its superficial oxide film 
[1].  

 Alloying elements such as Si, Mg, Cu, Zn and Mn are 
usually added in aluminum to improve its mechanical and 
metallurgical properties and to enlarge its application [2]. 
However aluminum alloys show deteriorate corrosion 
resistance compared to pure aluminum due to the increasing 
electrochemical in homogeneity in metal matrix resulted 
from intermetallic  grain boundary precipitates [3–5]. For 
example, Al-Zn-Mg-Cu series alloys are widely used in 
aircraft   industry because of their low density and high 
strength to weight ratio [6], but they are very susceptible to 
localized corrosion, such as pitting, inter-granular corrosion 
(IGC) and exfoliation corrosion (EXCO) in chloride 
environment. Both the anodic precipitates (usually 
containing (MgZn2) and the cathodic particles (usually 
containing Al, Fe, Cu and Mn) can induce pitting corrosion, 
because they exhibit different electrochemical potential and 

passivation ability compared to the surrounding α matrix 
[7–8].  

Pitting corrosion is one of the most widespread and 
dangerous forms of localized corrosion in passive metals, 
since it is not easy to sense and predict. A small tapered pit 
with minimal overall metal loss can lead to the failure of an 
entire engineering structure system [9-10]. However, Epit 
fails to quantify the number and size of pits. Therefore, 
potentiostatic polarization (below the Epit) methods were 
developed to analyze current transients caused by pitting 
initiation, propagation and repassivation. The corrosion 
behavior of Mg-Al alloy under the salt fog test increased 
with increasing chloride ion concentration [11].  From the 
literature review, it is understood that most of the published 
information on corrosion behavior of aluminium alloy are 
focused on immersion, pitting corrosion and in general 
corrosion. Very limited investigation carried out on salt fog 
corrosion behavior of aluminium alloy in sea environment, 
hence the present investigation is carried out to develop 
mathematical model to predict the corrosion rate of 
AA7075-T651 under 3.5 wt.% NaCl salt fog environment. 

 
2. Experimental 
2.1 Fabricating the specimen 

The material used in this study was an AA7075-T651 Al 
alloy in the form of rolled plates of 10 mm thickness. The 
chemical composition and mechanical properties of the 
high strength alloy are presented in Table 1 and Table 2. 
The corrosion specimens were sliced in to the required size 
(15×15×10 mm) by power hacksaw followed by milling. 

The macro graph of test specimen is shown in Figure 1. 
All  the  test  specimens  were  polished  with SiC grinding 



	

 

 
emery papers in water until a finish of 2500 grit was 
reached. This finish was chosen to ensure that the secondary 
phase particles could be easily seen. Specimens were rinse 
in ethanol after each grinding step to assist in keeping the 
surface free of contaminates between each grinding step. 
After all grinding steps were completed, specimens were 
cleaned ultrasonically in ethanol to ensure the removal of 
all contaminates to the surface before specimen exposure. 

 
 

     
 

Figure 1: (a) Camera Photograph of specimen, (b) its 
dimension in mm 

 
The optical micrograph of aluminium alloy is shown in 

Figure 2. It is clearly revealed elongated grain structure 
along the rolling direction. Specimens were then attached 
via superglue or double sided tape to plastic cards to allow 
for exposure in an ASTM B117 salt spray chamber. Figure 
3 shows AA7075-T651 test specimens of before and after 
corroded condition. All the test specimens are tested in 
different condition by changing the pH, Cl- ion and spraying 
time. 

 

 
 

Figure 2: Optical micrograph AA7075T-651 
 
 

 

 
2.2 Finding the limits of Salt fog corrosion parameters 

From the literature, the major factors that have a greater 
influence on the corrosion rate of A7075-T651 aluminium 
alloy had been identified. They were: (i) pH value of the 
solution, (ii) Spraying time and (iii) chloride ion 
concentration. More numbers of trial experiments were 
conducted to identify the feasible testing conditions using 
A7075-T651aluminium alloy under salt fog conditions. The 
following inferences were obtained:  If the pH value of the 
solution was less than 3, the change in chloride ion 
concentration did not significantly affect the corrosion 
process. The pH value was in between 3 and 11, there was 
inhibition of the corrosion process and stabilization of the 
protective layer [12]. The pH value was greater than 11 
overcrowding of further corrosion by the active centers of 
protective layer. The chloride ion concentration was less 
than 0.2 M, the visible corrosion did not occur in the 
experimental period. The chloride ion concentration was in 
between 0.2 M and 1 M, there was a reasonable fluctuation 
in the corrosion rate. The chloride ion concentration was 
greater than 1 M the rise in corrosion rate may be uncertain 
and decrease a little. If the spraying time was in between 24 
and 120 hrs the tracks of the corrosion can be predicted. 

 

 
 

 
 
Figure 3: (a) specimens of before corrosion, (b) specimens 
of after corrosion 
 
 

 
Table 1: Chemical composition (wt. %)  of AA7075 T651 

 

Material Mg Mn Si Cu Zn Fe Al 

AA7075-T651 2.1 0.1 0.5 1.2 5.2 0.3 Bal 

Table 2: Mechanical properties of AA7075T-651 
 

Material 0.2% Yield Strength  
(MPa) 

Tensile Strength  
(MPa) Elongation  % Notch tensile strength 

(MPa) 
AA7075- T651 485 589 11 600 
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2.3 Developing the design matrix 
Due to a wide range of factors, the use of three factors 

and a central composite design matrix were chosen to 
minimize the number of experiments. A design matrix 
consisting of 20 sets of coded conditions (comprising a full 
replication three factorial of 8 points, six corner points and 
six center points) was chosen in this investigation. Table 3 
represents the range of factors considered, and Table 4 
shows the 20 sets of coded and actual values used to carry 
out the experiments 
 
2.4 Recording the response 

For the convenience of recording and processing 
experimental data, the upper and lower levels of the factors 
were coded here as +1.682 and -1.682 respectively. The 
coded values of any intermediate value could be calculated 
using the following relationship. 
Xi = $.&'( ()* )+,-.)+/0

()+,-*)+/0)
   (1) 

where, Xi is the required coded value of a variable X and X 
is any value of the variable from Xmin to Xmax, Xmin is 
the lower level of the variable, Xmax is the upper level of 
the variable. Solution of NaCl with concentrations of 0.2, 
0.4, 0.6, 0.8 and 1 M were prepared. The pH value of the 
solution was maintained as pH 3, 5, 7, 9 and 11 with 
concentrated HCl  and  NaOH, respectively. The  pH  value  
 

 

was measured using a digital pH meter. The test method 
consists of sensational the material to be tested in a salt 
spray chamber as per ASTM B 117 standard and evaluating 
the corrosion tested specimen with the method as per 
ASTM G1-03[13-14]. 

Basically, the salt spray test procedure involves the 
spraying of a salt solution onto the samples being tested. 
This was done inside a temperature-controlled chamber. 
The glass racks were contained in the salt fog chamber .The 
samples under test were inserted into the chamber. The 
corrosion rate of the AA7075-T651 alloy specimen was 
estimated by weight loss measurement. The original weight 
(W0) of the specimen was recorded and then the specimen 
was sprayed with the solution of NaCl for different spraying 
times of 24, 48, 72, 96 and120 h, respectively. 

The corrosion products were removed by immersing the 
specimens for one minute in a solution prepared by sing 20 
g chromium trioxide (CrO3), 50ml of phosphoric acid. 
Finally, the specimens were washed with distilled water, 
dried and weighed again to obtain the final weight (W1). 
The weight loss (W) can be measured using the following 
relation, 
W=(W0-W1)                                                   (2) 
where W is the weight loss in grams, W0 the original weight 
before  test   in   grams  and  W1  is  the  final  weight  after 
  

Table 3: Important factors and their levels 

S.No. Factor Unit Notation Level 
-1.682 -1 0 +1 +1.682 

1 pH value -- P 3 5 7 9 11 
2 Spraying time Hours T 24 48 72 96 120 
3 Cl- concentration M/L C 0.2 0.4 0.6 0.8 1.0 

 

Table 4: Design matrix and experiment results 

S.No. 
Coded value Actual value Weight Loss 

(grams) 

Corrosion 
Rate 

(mm/year) pH Time  
(Hrs) 

Cl- Ion 
(mol) pH T 

(hrs) 
Cl- ion 

(Mol/L) 
1 -1 -1 -1 5 48 0.4 0.0016 0.4634 
2 +1 -1 -1 9 48 0.4 0.0007 0.2027 
3 -1 +1 -1 5 96 0.4 0.0021 0.3041 
4 +1 +1 -1 9 96 0.4 0.0016 0.2317 
5 -1 -1 +1 5 48 0.8 0.0030 0.8690 
6 +1 -1 +1 9 48 0.8 0.0006 0.1738 
7 -1 +1 +1 5 96 0.8 0.0081 1.1732 
8 +1 +1 +1 9 96 0.8 0.0012 0.1728 
9 -1.682 0 0 3 72 0.6 0.0069 1.3325 

10 +1.628 0 0 11 72 0.6 0.0005 0.0965 
11 0 -1.682 0 7 24 0.6 0.0014 0.8111 
12 0 +1.682 0 7 120 0.6 0.0051 0.5909 
13 0 0 -1.682 7 72 0.2 0.0006 0.1158 
14 0 0 +1.682 7 72 1.0 0.0061 1.1780 
15 0 0 0 7 72 0.6 0.0010 0.1931 
16 0 0 0 7 72 0.6 0.0011 0.2124 
17 0 0 0 7 72 0.6 0.0007 0.1351 
18 0 0 0 7 72 0.6 0.0010 0.1952 
19 0 0 0 7 72 0.6 0.0010 0.1931 
20 0 0 0 7 72 0.6 0.0014 0.2703 
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test in grams. The corrosion rate of AA7075-T651 alloy was 
calculated by using the following equation: 
Corrosion	rate	 ++

<=,>
= ('.?&×$AB×C)

D×E×F
		                    (3) 

where W is the weight loss in grams, A is the surface area 
of the specimen in cm2,  D  is the density of the material (2.8 
g/cm3), T is the spraying time in hours. Micro structural 
examination of the corroded specimens was carried out 
using a light optical microscope (MEJI-Japan MIL7100) 
incorporated with an image analyzing software 
(MVLX1.0). 
 
3. Results and discussions  
3.1 Developing empirical relationship 

In the present investigation, to correlate the salt spray 
test parameters and the corrosion rate of welds, a second 
order quadratic model was developed. The response 
(corrosion rate) is a function of pH value (P), spraying time 
(T) and chloride ion concentration (C) and it could be 
expressed as [15-19]:   
Corrosion rate (CR) = f (P, T ,C)                                      (4)                                                          

The empirical relationship must include the main and 
interaction effects of all factors and hence the selected 
polynomial is expressed as follows: 
Corrosion rate (CR) = bo + b1(P) + b2(T) + b3(C) + b11(P2) 
+ b22(T2) + b33(C2) + b12(PT) + b13(PC) + b23(TC)     (5)                                                                                            
Where b0 is the average of responses (corrosion rate) and 
b1, b2, b3, b11, b12, b13, b22, b23, b33, are the coefficients that 
depend on their respective main and interaction factors. All 
the coefficients were obtained applying central composite 
face centered design using the Design Expert statistical 
software package. After determining the significant 
coefficients (at 95% confidence level), the final relationship 
was developed using only these coefficients. The final 
empirical relationship obtained by the above procedure to 
estimate the corrosion rate of AA7075-T651 alloy is given 
below: 
Corrosion rate (mm/year) = 1.4118 - 0.2553P - 0.0114T + 
09293C - 0.0016PS - 0.23675PC - 0.0128TC + 0.0284P2 + 
0.0001T2 + 2.4224C2                       (6) 

The Analysis of Variance (ANOVA) technique was 
used to find the significant main and interaction factors. The 
results of second order response surface model fitting in the 
form   of   Analysis   of   Variance   (ANOVA)   are   given  

 

in Table 5. The determination coefficient (r2) indicated the 
goodness of fit for the model. Each of the predicted 
corrosion rate values Compared with the experimental 
values shown in Figure 4. 

 

 
 

Figure 4: Predicted vs experimental corrosion rate in 
(mm/year) 

 
3.2 Effect of pH on corrosion rate 

The corrosion behavior of AA7075-T651 alloy 
specimens in NaCl solutions with different pH values and 
spraying time period were obtained and tabulated in the 
Table 4. In the salt fog tests, it was observed that the 
corrosion rate decreased   as the pH increased to alkaline 
medium. For every chloride ion concentration and spraying 
time, the aluminium alloy frequently exhibit a decrease in 
the corrosion rate with an increase in the pH value from 
acidic to neutral. At a neutral pH, the corrosion rate was 
fairly reduced, and a significantly high corrosion rate was 
observed in an acid solution. Figure 5 shows, the corrosion 
rate obtained from salt fog tests at different pH level, the 
AA7075-T651 alloy exhibited a decrease in corrosion rate 
with the increase in pH level. The highest corrosion rate was 
observed at pH 3 and at neutral pH, the corrosion rate was 
remained constant approximately and comparatively low 
corrosion rate was observed in alkaline solution. It was seen 
that the influence of pH was more at higher concentration 
as compared to lower concentration in neutral and alkaline 
solutions. 

Table 5: ANOVA test result 
 

Source Sum of 
squares 

Degree of 
freedom 

Mean 
square F value P-Value Prob > F  

Model 3.562262 9 0.395807 19.5083 < 0.0001 Significant 
P-pH 1.095013 1 1.095013 53.97036 < 0.0001  
T-Spraying time 0.120031 1 0.120031 5.916022 0.0353  
C-Cl-ion 1.208411 1 1.208411 59.55947 < 0.0001  
PT 0.102378 1 0.102378 5.045954 0.0485  
PC 0.143487 1 0.143487 7.072116 0.0239  
TC 0.061285 1 0.061285 3.02058 0.1129  
P^2 0.373243 1 0.373243 18.39619 0.0016  
T^2 0.351432 1 0.351432 17.32117 0.0019  
C^2 0.270614 1 0.270614 13.33787 0.0044  
Residual 0.202892 10 0.020289    
Lack of Fit 0.160747 5 0.032149 3.814191 0.0840 Not Significant 
Pure Error 0.042144 5 0.008429    
Cor Total 3.765153 19     
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Figure 5: Effect of pH value on corrosion rate of AA7075-
T651 alloy sprayed in 0.6 mol/L NaCl solution for 72 hours  
 
3.2 Pit Morphology 

Figure 6 shows the typical two-dimensional macro and 
micro morphologies of the pits on AA7075-T651 alloy. The 
alloy exhibited a mixed corrosion of pitting and Inter 
Granular Corrosion (IGC). The black lines and speckles 
around  a  pit  mouth exhibited the corroded grain and sub- 

grain boundaries. The pit cavity was highly corrosive 
because of the hydroxylation of metal ions and the 
concentration of chloride ions [20-21]. 

It is well known that the unstable pits emerged around 
bigger intermetallic particles could turn in to stable pits 
more easily, since the bigger and deeper cavity generated 
by dissolution of big particles (or its surrounding matrix) 
provides a deeper diffusion barrier and a more severe 
acidification as a result of hydrolysis of metal ions [22-23]. 
Figure 6 shows the microstructure of AA7075-T651 alloy 
after salt fog  corrosion tests at different pH level, chloride 
ion concentration (0.6 mol/L) and spraying time (72 hrs) 
respectively, it was observed that the Al matrix shows the 
pitting marks and the pitting corrosion that has taken place 
at the alloy microstructure. 

Figure 7a-b shows the SEM and XRD analysis of 
AA7075-T651 alloy. The particles are Zn–Mg compound 
and fragmented MgZn2. The pits morphologies were 
marked in the microstructure with arrows. The numbers of 
pits were more in sprayed with the solution of low pH level. 
Hence the corrosion rate increases with the decrease in pH 
value. Since the grain boundary precipitates are influencing 
key role in corrosion rate. The grain boundary precipitate 
(MgZn2)  act  anodic  to  matrix  element  causing  galvanic 
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Figure 6: Influence of pH value on (a, c, e) macro pit morphologies and (b, d, f) micro pit morphologies of AA7075-
T651sprayed in 0.6 mol/L NaCl solution for 72 hours 
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effect.  The active corrosion potential tends to be strong in 
the area adjacent to the grain boundary until eventually the 
grain may be deflate and fall out [24]. It meant that the pH 
value was one of the major factors of corrosion rate. 

 
 

 

 
 

Figure 7: (a) SEM analysis, (b) XRD pattern of AA7075-
T651 with pH 3 and chloride ion concentration of 0.6Mol/L 
NaCl solution for 72 hours 

 
4. Conclusion  
1. An empirical relationship was developed to predict the 

corrosion rate of AA7075-T651 aluminium alloy with a 
95% confidence level. The relationship is developed by 
incorporating the effect of pH value. 

2. In AA 7075T-651aluminium alloy, the highest corrosion 
rate was observed at pH3. The corrosion rate was higher 
in the acidic media than the alkaline and neutral media 
with the same concentration and spraying time period. 

3.  On microstructural examination, it is proved that the 
corrosion morphology and pit morphology of the 
AA7075-T651 depend mainly on the pH value of the 
solution, the grain boundary MgZn2 phase is very active 
to Al matrix, which can be aggressively accelerate the 
corrosion process. 

4. The localized pit is associated with grain boundary 
precipitates. This degradation is initiated near the 
second phase intermetallic components which act as an 
anodic dissolution to the AA7075-T651 aluminium 
alloy matrix.  
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