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Abstract

Aluminium based alloys are appropriate materials for structural applications in the aircraft and automotive industries. Because they are ductile, highly conductive, high strength to weight ratio and they are heat treatable. The material selected for this research work is Al 2024 alloy which is commercially available. Present paper involves the study of Tafel polarisation and microstructural behaviour of Al 2024. The corrosion studies for Al 2024 were carried out by using electrochemical analyser in various concentration of corrosion medium such as HCl at laboratory temperature. From microstructural studies, intergranular corrosion with traces of pitting was observed in the samples when immersed in the HCl solutions. Results indicate that Al 2024 alloy shows more resistance to corrosion.
 Keywords

Al 2024, Electrochemical analyser, Microstructure, Hydrochloric acid

Introduction

Aluminium and its alloys have the wide range of applications in fabrication industry, aircraft manufacturing, automobile
industries and other structural applications, due to their high strength to weight ratio, higher ductility and good corrosive
resistance. Al 2024 is heat treatable alloy and main alloying element is copper. Mechanical strength of these alloys are
increased by addition of copper and magnesium and is added to accelerate the precipitation hardening as well as to
achieve benefits from natural aging effects. Al 2024 is extensively used in the aircraft industry for applications such as
fuselage skins and frames, and wings due to its high strength to weight ratio and ductility. A broad range of mechanical
properties can be achieved in these alloys using different heat treatment and aging combination.

The attractiveness of aluminium is that it is relatively low cost, light weight metal that can be heat treated to high
strength levels and it is one of the most easily fabricated of the high performance materials, which usually correlates
directly with low costs.

Corrosion, which is an inevitable problem faced by almost all industries can be considered as one of the worst
technical calamities of our time. Besides from its direct costs in dollars, corrosion is a serious problem because it
definitely contributes to the depletion of our natural resources. Corrosion studies have also become important due to
increasing awareness of the need to conserve the world’s metal resources [1]. Now-a-days more attention is paying to
control the metallic corrosion, due to increasing use of metals in many technological fields.

Corrosion studies of aluminium and aluminium alloys have received considerable attention by researchers because of
their wide industrial applications and economic considerations [2,3]. Aluminium and aluminium alloys have emerged as
alternate materials in aero-space and in some chemical processing industries. Due to their wide applications, they
frequently come in contact with acids or bases during pickling, de-scaling, electrochemical etching and extensively used
in many chemical process industries. Most of the studies were conducted on corrosion of various metals and alloys in
HCl and H2SO4 media [3-7].

Material and Method

Sample selected for the present research work is commercially available Al 2024 (Table 1).

Table 1. Compositions of Al 2024.


	Elements	Cu	Si	Mg	Mn	Cr	Zn	Ti	Fe	Al
	%	4.38	0.05	1.5	0.5	0.01	0.02	0.06	0.12	Balance




Sample Preparation

Al 2024 samples for electrochemical analysis were prepared with the dimension of 2 cm x 1 cm. The surface of the
samples are thoroughly polished by different grade of emery papers. After getting smooth surface, samples should wash
with distilled water and then with acetone and allowed to dry in air for further use [8,9].

Solution Preparation

Solutions of hydrochloric acid medium was prepared by using analytical grade hydrochloric acid and double distilled
water. It was standardized by potentiometric method. Hydrochloric acid of concentrations 1 N, 0.75 N, 0.5 N, 0.25 N were
prepared by appropriate dilution [10-13].

Experimental Procedure for Tafel Polarization

Electrochemical measurements were carried out by using an electrochemical work station, CH600D-series, U.S. Model
with CH instrument beta software. The electrochemical cell used was a conventional three-electrode compartment
having glass cell with a platinum counter electrode and a saturated calomel electrode (SCE) as reference. The working
electrode was made up of Al 2024. All the values of potential were measured with reference to the saturated calomel
electrode [14-18].

Tafel Polarization Studies

Finely polished Al 2024 alloy specimens with 1.0 cm2 surface area were exposed to corrosion medium of different
concentrations of hydrochloric acid (1 N, 0.75 N, 0.5 N and 0.25 N) separately at a laboratory temperature [19,20]. The
potentiodynamic current-potential curves were recorded by polarizing the specimen to -250 mV cathodically and +250
mV anodically with respect to open circuit potential (OCP) at a scan rate of 0.01 V/s (Figures 1-5).
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Figure 1: Tafel polarization curve in 1 N HCl.
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Figure 2: Tafel polarization curve in 0.75 N HCl.
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Figure 3: Tafel polarization curve in 1 N HCl.
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Figure 4: Tafel polarization curve in 0.75 N HCl.
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Figure 5: Combined Tafel polarization curve in different concentration of HCl solution.







Microstructural Analyses of the Samples

The effects of heat treatment on the microstructures of the samples were studied using the SEM analysis (Figures 6
and 7). It was observed that the morphologies of the Al 2024 samples changed with the increase in concentration of HCl
solution. Some grains are noticed within structures of the samples as the austenitic concentration increased. This
significantly alters the orientation of the grains in these samples and it was expected that this change will affect the
corrosion behaviour of these samples when immersed in the acidic medium [21-24]. The SEM images of the control
sample Al 2024 before immersion was observed and presented in Figure 6. The grain boundaries are even hardly visible
due to homogeneity of the constituents in the material [25]. The SEM image of the Al 2024 sample when immersed in
different concentration of the HCl solution is shown in the Figure 7. This figure reveals visible phases present in the Al
2024 and cracks are clearly visible along the grain boundaries of the sample. This is an indication that the heat treat this
sample was subjected to, has created some internal stresses which have caused cracks within the phases of the
material [26-28].
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Figure 6: Al 2024 alloy before corrosion test.
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Figure 7: SEM images of corroded surface of Al 2024 in 1 N, 0.75 N, 0.5 N, 0.25 N, Hydrochloric acid solutions.







Result and Discussion

The effect of hydrochloric acid medium on the corrosion rate of Al 2024 alloy was studied using Tafel polarization
technique. Figures 1-5 represent the potentiodynamic polarization curves of 2024 aluminium alloy in different
concentration of HCl medium at lab temperature. Corrosion parameters such as corrosion potential (Ecorr), corrosion
current density (icorro) anodic slope and cathodic slope are obtained from Tafel polarisation curves. Results are
tabulated in tables. The corrosion rate directly obtained from CH software (Table 2). The result indicate the decrease in
the corrosion rate with an decrease in the concentration of HCl medium [29].

Table 2. Results of Tafel polarization studies of 2024 aluminium alloy in HCl medium.


	Concentration of HCl (N)	Ecorro(v)	icorro (A)	Corrosion rate (mpy)
	0.25 	-0.633 	2.358 × 10-5	9.6 
	0.5 	-0.665 	3.356 × 10-5	13.8 
	0.75 	-0.692 	4.155 × 10-4 	170.4 
	1 	-0.712 	5.762 × 10-3	2363 




The SEM images of freshly polished surface of Al 2024 alloy given in the Figure 6, which shows polished surface with
few scratches due to polishing. The surface morphology of Al 2024 alloy sample was examined by SEM, immediately after
corrosion test in 1 N, 0.75 N, 0.5 N, 0.25 N HCl medium. The SEM images of corroded sample given in Figure 7 shows
that the degradation of alloy with more or less uniform attack of HCl medium. Figure 8 represent X-Ray Diffraction
spectrum of polished sample of Al 2024 alloy. The spectrum shows peeks for aluminium and oxygen suggesting the
presence of aluminium oxide hydroxide [30-32].
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Figure 8: X-ray diffraction pattern Spectrum of Al 2024 alloy.







Aluminium and its alloy have air formed oxide film of aluminium hydroxide in acid solution. The mechanism of
dissolution of aluminium is as follows:

Al +H2O →AlOH- + H++ ee-

Conclusion

The corrosion behaviour of Aluminium 2024 alloy in different concentrations of HCl solutions was investigated by
potentiodynamic technique. Aluminium 2024 alloy undergoes corrosion in HCl medium which shows corrosion rate
decreases with decrease in the concentration of HCl solution. Corrosion current increases with increase in concentration
of hydrochloric acid. SEM images shows that as the concentration of HCl solution increases, formation of pits on the Al
2024 sample also increases.
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