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ABSTRACT

The motivations to study the corrosion behavioakiminum wire (AA1370) in NaCl 0.3%
solution are its good electric conductivity, ligags and excellent corrosion resistance which
make him an attractive candidate to replace comuyi@lectric wires used on aircrafts. This
study was made in presence and absence of a wegketiafield and under an imposed
potential of 1.5 Volt. Potensiostatic study and ¢dipen circuit potential (OCP) measurement
showed that the presence of a weak magnetic fl2chT) and imposed potential influence
the morphology and the corrosion kinetics. Micrgscambservations after twenty four hours
of corrosion showed that, under an imposed potentia corrosion of external surface and
internal surface are different. And under a wealkymesic field the corrosion of a half of the
wire surface is different from that of the othaifh
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INTRODUCTION

In spite of its very electronegative potential §d.V/ENH), aluminum has a high corrosion
resistance. The good aluminum corrosion behavipedés on the formation and maintenance
of an alumina film on its surface. However, thisiséance is limited to environments where
these oxides are slightly soluble in the intervalpdl from 4 to 9 [1-4].The problem
encountered in this interval of pH is the localizedrosion [1].Several theories of pitting are
connected to the rupture of passive film. In alwmm corrosion appears when aggressive
ions such as chlorides, break local protection Pifting starts in defects of the oxide film
which generally appears at the site of physicall@mical heterogeneities at the surface, such
as inclusions, second phase particles, flaws, rmechladamage, or dislocations.

Due to the low solubility of iron impurity elemeimt aluminum matrix, the excess iron will be
present as the intermetallic phasgl&. The phase diagram for Al-Fe shows a maximum
solubility around 0.04 wt% at 655°C decreasing®@001 wt% below 430°C if equilibrium

Is not reached, iron can also be present in suppeasad solid solution and/or in the form of
number of non- equilibrium intermetallic phasesN&gny studies have demonstrated that the
presence of iron-containing intermetallic particleas unfavorable effect on corrosion
resistance. Therefore, the phases rich in iron naafd&orable site for cathodic reactions and
represent an adequate site for the formation aingif5-6]. Moreover, iron is nobler than
aluminum; its presence in an aluminum solid sohutiaffects the kinetics of anodic
dissolution and make up a significant factor in twrosion of aluminum. N.Zazi et al.
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[7]noticed a ratchet effect of the thermomechanigslory after a homogenization annealing
(1.5 hours at 420°C) on corrosion behaviour of AB50H321alloy . G.
Svenningsen and al [8] studied effect of cooliatgrafter extrusion, solution heat treatment,
mechanical deformation and aging on intergranutarosion of two models AlMgSi alloys
with different Cu content. They found that slow g in air introduced intergranular
corrosion. The susceptibility to this type of caian was reduced by artificial aging, peak
aging (T6) however; the slight aging (under agimgfoduced a severe corrosion of this form.
Water quenching prevented intergranular corrosiaver aging further reduced intergranular
corrosion, usually at the expense of introducingrg.The tests of corrosion carried out by
A. Afseth [9] revealed that the hot rolled matkegmesented poor filiform corrosion of
aluminum alloy AA3005 resistance and that heatttneat of both the hot rolled and
subsequently cold rolled samples resulted in atidrdess of corrosion resistance [9].
Shuangping Lin et al [10] studied the annealingavatr of a modified 5083 aluminum
alloy,at the temperature range of 125-375°C wiffeint holding times, the results showed
that corrosion resistance properties depend onadingdreatment due to different dislocation
configuration in the matrix and the second phaterfiace.

Electrochemical behavior during deposition in agglmagnetic field sis mainly influenced
by magneto hydro dynamic convection [11-12]. Alummmwire having undergone a nickel
deposit have been proposed to replace the elemigper wire used on aircrafts however,
the electrolytic deposit of nickel can be done oafter the wiredrawing of the aluminum
wire. This is due to the cracking of the layer afkel during wiredrawing. This brought us to
investigate the corrosion behavior of aluminum wwthout nickel deposit.

EXPERIMENTALPROCEDURES

Pure aluminum samples with 99.70% purity of AA13i&¥e been taken from a wire of 2 mm
diameter. The main chemical compositions in theamarepresented iTable 1.

Table 1 Composition of aluminum material AA1370

Al Fe Si Cu Zn Ti V max Ga | Mg max Mn Cr B max
max max max max max max max max

99.70 0,25 0,10 0,020 0,04p 0,020 0,0p0 0,03 0,02@,010 | 0,010| 0,020

The samples were prepared by standard metallogrgpbcedures: mechanically polished on
emery paper (120-4000 mesh) and finished with atansuspensiongleaned with alcohol
then water and cool-dried before each experiment.

Hardness measurements were taken with the ZWICKRAPEALM model hardness tester;
the scale HV, under a load of 25g, was chosen lier testing of this specimen: five
measurements were taken at various distanceqgtéim the external surface.

The electrochemical measurements have been undertaith 3.14mrh samples immerged
in a sodium chloride solution (0.3% weight) at rodemperature. An assembly of four-
electrode method has been used. The referenceceleatas silver/silver chloride electrode;
the auxiliary electrodes were two graphite ele@sodPotential curves have been obtained by
means of a radiometer potentiostat (PGP 201) cibedrdy Voltamaster 4 software. The
studies of corrosion, were carried out by immersbthe cylindrical surface of the aluminum
AA1370 wire in 0.3% NaCl solution (pH=7), in presenand in absence of a weak magnetic
field (42 mT), and an imposed potential of 1.5¥t,a temperature 362°C.

To study the influence of a weak magnetic field wiieis directed according to a direction
perpendicular to the electrode surface, we postiothe ring shape magnet on the resin
surrounding the sample surface.
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The optical microstructures after twenty four hoofscorrosion were taken by using Carl
Zeiss ICM405 microscopy with different magnificat® up to 1000x.Scanning electronic
microscopy microphotographies have been performgdnmeans of a Philips ESEM-

XL30SEM apparatus.

The measurement of the magnetic field value createdg the ring magnet axis was made
with the Hall Effect probe which is always placedhe axis of the magnet.

RESULTS

The SEM micrograph of aluminum wire samples AA13u@aces, in the polished condition,
in the central longitudinal surface and in the wiac surface of the wire Fig.1, revealed the
presence of another phase.
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Fig. 1 SEM Microstructure of aluminum material AAARB (a) circular surface, (b) central longitudisalface.

The metal can thereby be considered as a two phaserial: thea-phase matrix and the
particles of a second phase. These particles résaft some impurities among (Al, Fe, Si,
Cu, Zn, Ti, V, Ga, Mn, Mg, B, and Cr) present i ttmaterial. The number of particles in the
central longitudinal surface differs from the numbgparticles in the circular surface (Fig. 1
a-b). The intermetallic phase is lengthened inwiedrawing direction (WD). This shows
that the distribution of the second phase partiddseterogeneous thus the electrochemical
properties of the two phases are different.

Hardness (HV) at different distances from the stefevas determined Table. 2 The hardness
was found to be the highest at the surface; itedeseas then gradually as we move towards the
center of the wire and finally becomes constants Bivolution is due to the variation of the
residual stresses on the section of the wire, chusg the deformation during the

wiredrawing.
Table 2 Hardness (HV) according to the distancmfsarface of wire
Distances from surface of wirgrf) 51,5 54 56 78 1000

Hardness (HV) 52 50 a7 45 45

Fig. 2 shows the variation of the magnetic fieldueaof a ring shaped permanent magnet
along the axis measured by a probe with Hall Effetihe value of the magnetic field on the
surface of the magnet is 42 mT and at 1.5 cm fioemagnet the value of the magnetic field
is 0 mT. Thus to see the effect of a weak magrfetid on the corrosion of the aluminum
wire (AA1370), we positioned the permanent magmeth@ resin surrounding of the sample.
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Fig 2 Intensity of permanent magnetic field accogdio the distance from the permanent magnet.

Knowing that the electronic apparatuses used oamitibeaft induce a weak magnetic field and
the electric wire is used to lead an electricalreni; to understand the behavior of aluminum
wire used as electric wire on aircrafts we carmed corrosion tests in an NaCl solution of
small concentration (0.3%), in presence and in ratsef a weak magnetic field (42mT),

under an imposed potential (1.5V), and in presesica weak magnetic field under an

imposed potential.

Fig.3 represents the microstructure of aluminumewvafter 24 hours of corrosion in 0.3%

NaCl solution, in absence of the magnetic field #mel imposed potential Figure 3.a, in the
presence of an imposed potential Fig.3.b and ipptesence of weak magnetic field Fig.3c.

(©)
Fig.3 Microstructure after 24 hours corrosion iB@NaCl solution: (a) absence of magnetic field andosed
potential, (b) presence of weak magnetic field (42nfc) presence of imposed potential (1.5V).

The corrosion form of the aluminum wire in absemdéemagnetic field and an imposed
potential is a located corrosion by pitting onth# surface sample Fig. 3.a On the other hand
after imposing of a potential of 1.5 V we observgemeralized corrosion on the external
surface of the wire. A test of corrosion in thegenece of a magnetic field of intensity of
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(42mT) revealed that the corrosion of a half of wiee surface is marked than the other half
surface Fig.3.c.

Fig.4 shows that the open circuit potential of alwm (AA1370) is the same one for the

samples corroding in absence of magnetic field sndosed potential and the samples
corroding in the presence of a weak magnetic figlde open circuit corrosion, increases
during the first hours and decreases thereaftethi®rsamples which corrode in absence of
magnetic field and imposed potential. But for tlanples which corrode in presence of a
weak magnetic field, the open circuit potential @Qlecreases relatively slowly from the

immersion time and continues to decrease untiketiek of the test. At the end of the test, for
both cases, The OCP converges towards the same aftur 24 hours of immersion. We can

therefore; say that a magnetic field of low intep$#2mT) induced a change in the kinetics
of corrosion of the aluminum wire (AA1370).
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Fig. 4 Corrosion potential vs. exposure time in®®.8aCl solution of aluminum wire (AA1370)A() Samples
corrode in absence of magnetic field and imposeadmial, () Samples corrode in presence of weak magnetic
field.

The potensiostatic study carried out in the soiutad 0,3% NaCl Fig.5 shows that the

presence of the magnetic field increases the domasurrent recorded when a potential of
1.5V is imposed. We noticed that the two curvedhat beginning of the immersion are

different. The metal which corrodes in the preseate& magnetic field shows a peak of

anodic current during the first minutes, followegddecrease in time and then stabilization.
On the other hand, for the metal which corrodeshisence of the magnetic field, we observe
relatively, an opposite effect in the presenceheffteld.
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Fig. 5 Corrosion current vs. exposure time in 0.3% NaQutgmn of aluminum wire (AA1370): ) under an
imposed potential of 1.5V in absence of the fi¢i#) under an imposed potential of 1.5V in presenc¢hef
field.

CONCLUSION

1-The impurities (Al, Fe, Si, Cu, Zn, Ti, V, Ga, MNIg, B, and Cr) present in the material
give birth to a second phase lengthened in thectitire of wiredrawing. These particles are
partly responsible of the corrosion occurring withhe metal. The second reason, of the
appearance of corrosion, is the difference betwidenmechanical state of wire external
surface and the mechanical state of wire interaidése.

2- The corrosion form of the circular surface afiminum wire (AA1370) in 0.3%NacCl is
corrosion by pitting on the entire surface of tlaenples, but the application of an imposed
potential of 1.5 V shows that external surface doascorrode such as the internal surface
and the application of a magnetic field of 42mTeidity causes a change in the corrosion
form of the surface.

3- The application of magnetic field of 42mT anan imposed potential changes the kinetics
of corrosion of the aluminum wire (AA1370).
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