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Abstract. Influence of the chloride amount on it@rosion resistance of two aluminium based matsria

(AIMn and AISI/AIMn/AISi) was determined using #&lechemical methods (free corrosion potential

versus time, potentiodynamic curves and polarimatiesistance evolution versus time) at the room
temperature. It was found that corrosion resistammfethese materials decrease with the increasing
amount of chloride and that AISiI/AIMn/AISi presemtsetter behaviour in these media.
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Introduction

Aluminium alloys are well known to show a good eglowcorrosion resistance in various media, for
instance atmospheric, agueous and saline onelm [tHe present work, the studied materials areAldn

alloy and a sandwich material AISI/AIMn/AISi. Thémais to determine the influence of the chloride
amount on their corrosion resistance.

These materials are employed in the automotiveirmgpslystems [2], more especially for the radiatarg]

the used liquids contain often a mixture of sevesdtls, as ammonium or potassium chloride.

The chloride anion is often responsible of the brefathe passive layer spontaneously formed onAlhe
surface [3]; this passive layer protects efficigile material.

Three chloride concentrations have been chosen:30@and 500 ppm. The study was carried on at room
temperature with several electrochemical techniques

Experimental details

The used experimental techniques and proceduredamsical. The samples are prepared from the rough
materials elaborated by Vitmetco Arlo, Romanfeble 1 presents their chemical composition).eAft
cutting in small pieces (about 1.2 *1.2 9nan electrical connection is assured by a weldimgper wire,
then there are etched in NaOH (40 g/L) for 5 mindéstroy the natural oxide layer. Finally they are
degreased in alcohol ultrasonic bath for 2 min @med with hot air.

The so prepared samples constitute the workingtretie of the experimental device. This later is
composed too of a reference electrode (SCE, saturaalomel electrode) and of a carbon counter
electrode. The electrolytic solutions are commércaoling liquids, Glaceol RX D (available on the
Romanian market) with a 70 vol.% dilution with deiged water and different additions of NaCl amounts
(100, 300 and 500 ppm). In common use, this codiiqmdd must be diluted and often the dilution wate
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not exempt of salt. Moreover, the salt additiorgéase the medium conductibility. The solution wodu
is of 140 cm and the tests are carried on at room temperature.

Table 1. Nominal chemical composition (wt.%) ofa@stigated materials

Si Fe Cu Mn Mg Other Al
AlMn 0.2 0.4 0.15 1.05 0.003| 0.4 Remaining
Sandwich AlMn 0.24 0.55 0.066 | 1.15 0.03 04 Remaining
material AlSi 9.25 0.37 0.002 | 0.003 0.001 04 Remaining

An EGG PAR potentiostat (model 263) allows perfargnthe experiments. It is connected to a computer
device (software M352) in order to pilot the test&l record the results. Figure 1 presents the stlodm
electrochemical cell. Three types of measures aompned: free corrosion potential versus time,
potentiodynamic curves and polarization resistawution versus time.
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Figure 1. Schema of electrochemical cell
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Results and discussions

Figure 2 shows: (a) the evolution of open circutemtial versus time and (b) the potentiodynamic
polarization curves at the room temperature fortthe alloys. The electrolytic solution contains Gial

RX D (30%) and 100ppm NacCl. For both materialsait be observed a decreasing of the natural pdtentia
vs. time. For AIMn, this decline is relative congtaver time in comparison with the sandwich aluiomim
material where the potential decreased relativeigldy (~300mV in the first 30 minutes). This means
that the material becomes less and less nobleshrod time. But its natural potential stabilizesl aven
increases in the late testing time. This may be tduan ennoblement of the surface by a growth of a
protective layer. The electrochemical determinatjoobtained from these recordings, are presented in
table 2.

Table 2. Electrochemical determinations for alumnimialloys in Glaceol RX D 30 % and 100ppm NacCl

Aluminium alloys Ecor (MV/ISCE) icorr (uA/cmZ)
AlMn -830 30
AISi/AIMn/AISI -620 10
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Figure 2. Evolution of open circuit potential vessime (a) and potentiodynamic polarization cur{l®s
for the two materials in Glaceol RX D 30% +100pprat room temperature

Figure 3a represents the evolution of polarizatesistance versus time for AIMn alloy, in Glaced R

with different additions of Clions (100, 300 and 500 ppm NaCl). The corrosiopegrents were
conducted after stabilization of the free corrosjpotential. The resistance polarization plots were
obtained after immersion in the electrolyte solut{@h, 3h, 9h and 19h), and then the resistanagesal
were calculated by QuickCalc software M352, condideonly the linear zone of the curve. It may be
noted that in the case using 100 or 300 ppm N&Elpblarization resistance increases rapidly irfitee
half period of the immersion up to 130-165 kOhmg.and after this point (after 9 hours of immersian),
can be observed a fall of approximately four desadleis means that in this period the corrosioe rat
increases. In 500ppm NaCl medium, it was found that polarization resistance remains constant
throughout the experiment. Their values are aeligimaller compared with the values measured for
300ppm NacCl, at the end of the test (19h).
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Figure 3. Evolution of polarization resistance usrime in Glaceol RX D with different additions ©f
ions: a. AIMn and b. AISI/AIMn/AISi.

Figure 3b shows the evolution of polarization rgise versus time for AISi/AIMn/AISi alloy, in Gleol

RX D with the same concentrations of @Ins. It can be observed that the curve drawrtHermedia
containing 100 ppm has the same appearance widle ttexorded for AIMn in Glaceol RX D with 100
ppm NaCl. As for the other two additions of NaQd@3and 500ppm) it can be noticed the same shape of
the curve, that remains almost constant in timee Malues of the polarization resistance are
approximately 100kOhms.crafter the test period.



Figure 4 shows the evolution of the resistancerpaton versus immersion time for the two matexial
Glaceol RX D (with 100 and 500ppm NacCl). The effe€tAlISi can be observed in comparison with
AIMn uncovered. In the both solutions the corrosiate is littler in the case of the aluminium sarahw
material; the value of the resistance polarizaimmlmost 200kOhms.cinfor the solution containing
100ppm NaCl, respectively 140kOhms:dior that containing 500ppm NacCl.
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Figure 4. Evolution of polarization resistance wsrdime in Glaceol RX D - comparison of the two
aluminium alloys: a. with 100ppm NaCl and b. wit0ppm NaCl.

Conclusions

The two investigated materials, AIMn and AISi/AIMi&i alloys, have shown a good enough corrosion
behaviour in the cooling liquid, Glaceol RX D (3096) recommended by Dacia constructor, even with
addition of Clions (100 to 500ppm NaCl). These additions reprtetbe eventuality of Glaceol D dilution
in natural distributive water and lead to more osive media. It has been shown, in this work, the
importance of the Clamount, so the importance of using a no minerdlizater to dilute the antifreeze
liquid. It was also observed a better behaviohefAlSi/AIMn/AISi then AlMn in all these media.
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