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Abstract

Magnesium presents indeed a low corrosion resist@hc2, 3, 4]. Moreover the behavior of this metall its
alloys is still poorly known in many corrosive eromments which limit its applications. Magnesium is
particularly sensitive to galvanic corrosion. Thegence of impurities (Fe, Ni, Cu, Cr ...) in itatnx with
potential higher than that of Magnesium promot&sréduction reactions, especially that of hydroged thus
generates the galvanic corrosion of magnesium]{1F®m its purity depends its resistance to caomsThe

use of alloying elements can improve the corrosgaistance of magnesium (and also the mechaniocpkpies).

A beneficial effect of aluminum and manganese om tlorrosion resistance of magnesium has been
demonstrated [4]. The objective of this work was e@ealuate the corrosion of Mg and its alloys by
electrochemical method (potentiodynamic) in an agsesolution of 0.5 M Na2S04.
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1. Introduction

At the dawn of XXI century, ultra-light materialsave greatly developed. Among these, magnesium ighvh
resources are considered inexhaustible is extremelgnoter for many applications, they are in theldfiof
automotive, aerospace, industrial electronics amdament. The desire to decrease by 30% the weifjht o
vehicles in the coming years have significantlyé@ased number of application of these alloys.dtg dlensity
(1.7) place it before aluminum (2.7), titanium (4oF steel (8). Magnesium alloys appear very irgting, even

if they are still little used, compared to aluminwatoys for industrial applications, mainly becausfetheir
sensitivity to corrosion.

2. Experimental Procedure

The materials used in this study are: pure Mg, Aa8idys (Al 9%, Zn1%), AM50 (5% Al, 0.13% Mn) and
AMG60 (6% Al, 0.13% Mn). Samples of useful surfac2 6m2, the active surface of samples is polishi&d w
sandpaper and cleaned with compressed and dry air.

The electrochemical tests were carried out in ameaqgs solution of sodium sulfate Na2S0O4 (monapur fo
analysis MW = 142.02) with concentration of 0.5 Mambient temperature and at atmospheric pressure.

The assembly used is a conventional electrocherags@mbly with three electrodes: The electrodefefence
with saturated mercurous sulfate (E = 640 mV / SHEjontact with the solution through an electreljtidge
(Hg2/Hg2S04), the platinum auxiliary electrode andiorking electrode. In order to stabilize the fpetential
of magnesium, an immersion of 25 minutes of worléfertrodes in the solution of Na2S04 is performed.

All curves log | = f (E) were drawn from the potiaht2.45 V to -1.50 V / E.N.H. The potential sweegype is 0.5
mV/s. This speed was taken by considering thatetr@ution of the potential is low (less than 20 mi)the
path of a curve | = f (E).

The apparatus used was a potentiostat-galvano&&2F3A controlled by a computer DELL using M352
corrosion software.
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3 Results and Discussion

The curves of cathodic and anodic polarizatiorpofe magnesium and its alloys AZ91, AM50 and
AMG60 (in aqueous 0.5 M Na2S04 not deaerated), drfiam the potential-2.5V to -1.950V are given o th
Figure I. We notice an increase in pH of the soluiNa2S04 when drawing curves from the value oft6.4.5
and the observation of a gassing probably of dibgen.
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Figure 1 : Anodic and cathodic polarization csreé pure Mg and its alloys. Environment: Na2SCgl M.
Na2S04, not deaerated.

The cathodic curve of pure magnesium (a) has twtigns. The first portion characterized by a Tedflelpe of
the order of 180 mV and a quasi-linear decreasthetathodic current. The second portion begind.188V
shows a sharp decrease of cathodic current arapfiearance of an anodic current.

The slope of the linear portion of the cathodicveus frequently found for the reaction of redantH
+ ions or molecules of H20 [6]. In fact, when drawithe cathodic curve, a release of gas is obseamddan
increase in pH that may correspond to the reductfamater and proton.

The film formation by interaction between the meagijnom and ions from the water during the
immersion period prior to measurement may be cenedl This film may change during the cathodic
polarization. Presumably during the cathodic paktion, hydrogen adsorbed on the surface, fronmetiaction
of water is evacuated to the solution.

Locally, the OH-ions product generate an increageH, and probably the strengthening of the layfer
magnesium hydroxide. On the anodic curve, we olesea/first portion which is characterized by acr@ase in
the anodic current, a second portion starting augB.075V is manifested by a quasi-linear evohutia third
portion shows an increase in anodic current from gbtential about-1.975V, we note that there iack lof
passivation of magnesium.

The increase in anodic current in the first portreflects a destabilization of the surface lay@hw
weak protective properties that is present on tinease of magnesium. This destabilization can bébated to a
competition between different types of surface conmals such as hydroxides and oxides. The suddesase
in the anodic current in the third portion may lssaciated with an important anodic dissolution ilegdo the
formation of a non-protective discontinuous comodiayer.

Moreover, the polarization curves (b, ¢ and d)ddaon the magnesium alloys AZ91, AM50 and AM60 shiow
the movement of corrosion potential of them towardse positive values. This must be associatecherohe
hand to the inhibition of the anodic dissolution magnesium and on the other hand the movementeof th
reaction of cathodic reduction to more negativau®al Improved corrosion behavior of AZ91 alloysr¢eub)
compared to pure magnesium can be explained bfotheation of protective oxides on the surface of-Mg
alloys [4]. It has been shown that the aluminumoidticed into the magnesium alloy with 9% to 29%wad an
increase in corrosion resistance [4,7]. Figuresb ahows that AM50 alloys (curve c) and AM 60 (eudy have
better corrosion resistance than AZ91 alloy. Irt,féltere was a significant decrease in dissolutimrsamples
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AM50 and AMG60. This could be due to the formatidnaoprotective surface layer, some authors argee th
inhibition of anodic dissolution (pitting corrosiand galvanic corrosion) of magnesium; the paritgn of
aprotic ions such as MnOx to the anodic reactiomiog stable mixed oxides of magnesium and mangaons
the surface [1,4,7,8]. In addition, the manganaspairt of the transition metals, known as <<valvetai»>.
These metals are able to develop on their surfgretactive oxide layer vis-a-vis to corrosion.

On the other hand, it is known that iron tracesther transition metals such as copper, nickel and
cobalt generate an increase in the corrosion fgtere@ magnesium due to a low overvoltage of thdrdgen on
these metals [9]. These sites of impurities cabseattivation of the reduction cathodic reactiothwelease of
hydrogen and promote the anodic reaction of magnesiorrosion. Manganese is an improvement of the
corrosion resistance of Mg-Al alloys by loweringettifference of galvanic potential between the ansies
(the matrix) and cathodic sites (impurity) and mproving the passive state of the matrix [10].Ha presence
of aluminum and manganese, the iron is trappetiarfarm of intermetallic AIMnFe [4,7, 11]. Most slies on
the role of Mn on the impurity concentration hageused on the iron, the main impurity of Mg. A damieffect
was shown for copper and Ni, whose concentratiams adso strongly lowered in the presence of Mn.
Encompassing the iron particles, copper or nichkat ire found in trace amounts, the manganese esdheir
harmful character.

4 Conclusion

In this work, we studied the corrosion of pure megjum and its alloys in a solution of Na2S04 in an
area of slightly acidic pH to slightly alkaline kye potentiodynamic method.

The results show the temporal evolution of pH tkatie values and a high sensitivity to corrosidnpare
magnesium leading to the anodic dissolution anddhmation of a discontinuous corrosion and notigctve
layer.

On the other hand we have highlighted the role ahganese and aluminum in improving the resistaoce t
corrosion of magnesium. The results obtained asgmeement with numerous studies to clarify theuefce of
alloying elements on the corrosion of magnesiumweler, manganese appears to be far more effeative f
improving the corrosion resistance. This is mathlg to the formation of complex oxides and hydrezidf this
element with magnesium which are relatively instduin aggressive electrolytes and which modify the
electrochemical reactivity of the surface of magumeg9].

Moreover, in the presence of manganese and alumithe iron is trapped in the form of intermetallic
AlMnFe [4,11]. The alloy thus formed has a bet&sistance to corrosion.

Given the encouraging results obtained with AM5@ &AM60 alloys, these alloys can probably be
improved by an optimized composition.
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