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Abstract

The corrosion of a magnesium alloy containing rare earth elements (WE43 type alloy) was studied in 0.05 and 0.5 M

Na2SO4 or 0.1 and 1 M NaCl solutions using electrochemical techniques: linear polarization resistance, potentio-
dynamic polarization, impedance measurements. The electrolytes favoured anodic magnesium oxidation but the
presence of rare earth elements improved the tendency of magnesium to passivation. The dissolution rates in
chlorides were higher than in sulphates because chlorides, in contrast to sulphates, interfered with the formation and
maintenance of a protective layer of corrosion products which decreased the severity of the attack. The effects of
galvanic corrosion due to cathodic intermetallic precipitates at grain boundaries were particularly evident in
chloride media at long testing times.

1. Introduction

Magnesium alloys are widely used in the automotive,
aircraft and aerospace industries and interest in their
application is continuously increasing. The most com-
mon Mg alloys are those alloyed with Al and Mn (e.g.
AM50 and AM60) and with Al and Zn (e.g. AZ91),
whose mechanical properties and corrosion behaviour
are well established. Other magnesium alloys, which
have good castability, high strength at high temperature
and good creep resistance, are obtained with rare earth
(RE) elements (chiefly WE54 and WE43 alloys) [1, 2].
Data concerning corrosion and electrochemical

behaviour of Mg alloys are numerous [3–14], but those
concerning Mg-RE alloys are scarce [15–20]. However,
the latter data seem to indicate that, in addition to
favourable high temperature properties, certain Mg-RE
alloys present good corrosion resistance. Unsworth [15]
showed that WE54 alloy had a corrosion resistance
comparable to that of A356 and A347 Al alloys in
28 day tests in sea water. Geary [16] measured a
corrosion rate of 0.4 mm y)1 on WE43 in NaCl solution
and reported that this alloy had the lowest maximum pit
depth of all the Mg alloys tested. Nakatsugawa [17]
compared the polarization curves of AZ91D and differ-
ent Mg-RE alloys, WE54 included, recorded in 5%
NaCl solution saturated with Mg(OH)2. The corrosion
potentials of Mg-RE alloys were more negative than
that of AZ91D, and the anodic curves of Mg-RE were

characterized by a very high slope up to )1.65 V/SCE, in
contrast with AZ91D anodic curve. The authors
deduced from the electrochemical impedance spectra
that Mg-RE alloys have a corrosion resistance about
four times higher than that of AZ91D.
As magnesium alloys suffer from localized corrosion

in the presence of a multiphase structure, due to
galvanic effects, the formation of less cathodic interme-
tallic compounds can justify the higher corrosion
resistance exhibited by the Mg-RE alloys [18]. The
surface oxide enrichment in RE elements may also play
a role by producing a more corrosion resistant film [19].
Nakatsugawa [17] assumed that the presence of RE
accelerates the kinetics of MgH2 formation, which
works as a barrier against further magnesium dissolu-
tion.
In this work the corrosion behaviour of a WE43 type

alloy was studied in solutions of moderately or highly
aggressive anions (sulphates and chlorides, respectively)
by electrochemical techniques.

2. Experimental

All the tests were performed on specimens machined
from a cast WE43 type alloy (containing 3.92% Y,
2.09% Nd and 0.48% Zr). The specimens
(30�20�3 mm) for the weight loss tests and the elec-
trodes (10�10�3 mm) for electrochemical tests were
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treated with emery papers up to N. 1000 grade, washed
with distilled water, degreased with acetone and imme-
diately tested. The aggressive solutions were not deaer-
ated 0.05 and 0.5 M Na2SO4 or 0.1 and 1 M NaCl
solutions, at 25±0.1 �C.
The time dependence of the corrosion rate was

followed by measuring the polarization resistance (Rp)
by linear polarization resistance (LPR) technique. The
potential was raised from 10 mV below to 10 mV above
the corrosion potential (ECORR), with a scanning rate of
0.1 mV s)1. Anodic and cathodic polarization curves
were recorded starting from the corrosion potential,
usually after 1 and 24 h immersion in the aggressive
solutions, with a potential scanning rate of 0.2 mV s)1.
Electrochemical impedance spectra (EIS) were re-

corded at ECORR, in the frequency range from 100 kHz
to 1 mHz, with a sinusoidal signal perturbation of
10 mV.
All the electrochemical measurements were performed

with Advanced Electrochemical System Parstat 2263 by
Princeton Applied Research.
The dissolution rates were determined by weight loss

measurements in 168 h tests. At the end of the tests the
specimens were pickled in CrO3 + 1% Ag2CrO4 boiling
solution for 2 min and the dissolution rates (VDISS) were
expressed in mdd (mg dm)2 day)1).

For comparison purposes, some tests were performed
on 99.8 Mg alloy specimens, mainly in the dilute
sulphate solution.

3. Results

3.1. WE structure and attack morphology

Figure 1 shows the structure of WE43 alloy observed by
SEM. A eutectic lamellar structure was evident at the
grain boundaries. EDX analysis spectra showed that the
eutectic phases (points 2 and 3, spectra 2 and 3) were
richer in Y and Nd (e.g. peaks at 2 and 5.3 keV) than the
base material (point 4, spectrum 4). The composition of
the eutectic lamellae was not uniform: the grey zone
(point 3) contained more Nd and other RE than the
white zone (point 2). A grain disbonding phenomenon
can be induced by the occurrence of an internal galvanic
corrosion process, connected to the cathodic interme-
tallic phases precipitated at grain boundaries [9].
In the series of micrographs of Figure 2, the initial

stages of the corrosion attack are displayed: the
polished WE43 alloy surface was observed after 0.5; 2;
10 and 35 min immersions in 0.1 M NaCl solution. The
corrosion attack began around the eutectic phase and

Fig. 1. SEM image and punctual EDX analysis of Mg WE43 alloy.
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successively expanded on the grain surface; finally
(Figure 3), the a phase grains were preferentially
attacked, while the eutectic phase remained unaltered.
The heavy undermining of the eutectic phase was found
in the concentrated solutions, chiefly in the chloride one;
this type of attack was much less evident in the dilute
solutions, mainly in the sulphate one (Figure 3). There-
fore, the latter environment determined an almost

general corrosive attack, while the former a more severe
and localized attack.
At the end of the test the specimen surface was covered

with a thick layer of corrosion products. Usually the
corrosion product film of magnesium alloys presented a
multilayered structure [12, 21–25]. For instance, Nord-
lien et al. observed an inner MgO–Mg(OH)2 cellular
layer, a dense thin intermediateMgO region and an outer

Fig. 2. Micrographs of the first stages of the attack on WE43 alloy.

Fig. 3. Micrographs of the section of the specimens corroded for 168 h in the various environments: 0.05 (a) and 0.5 (b) M Na2SO4; 0.1 (c)

and 1 M (d) NaCl.
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thick platelet-like porous layer, rich in magnesium
hydroxide, occurring by a dissolution–precipitation
mechanism [22–24]; Baril et al. did not find the interme-
diate layer [25]. The inner layer is reputed to be
responsible of the passive behaviour of the alloy, while
the intermediate layer to control cation egress and water
diffusion.
However, some authors have also postulated the

presence of a layer of magnesium hydride, MgH2 [17].

3.2. Dissolution rates

Table 1 collects the dissolution rates (VDISS) of WE43
alloy in dilute and concentrated sodium sulphate and
sodium chloride solutions, measured at short (6 h) or
long (168 h) immersion times. At short immersion time,
the data dispersion was limited (about 15% variation
coefficient), while at long immersion time the variation
coefficient was about 30%.
In both chlorides and sulphates, and at both immer-

sion times, VDISS increased by augmenting the amount
of dissolved salt. In the sulphate solutions, from 6 to
168 h, VDISS reduced to almost one half of the initial
value for the formation of a protective layer of magne-
sium corrosion products (which, at the end of the tests,
was eliminated by the pickling procedure). Such a
protective layer was unable to form or last in the
chloride solutions, particularly in the concentrated one:
at low chloride content, VDISS was not linked to the
immersion time, whereas at high chloride content, VDISS

shifted from 224 to 341 mdd by increasing the testing
time. Therefore, after 6 h, chlorides were slightly more
aggressive than sulphates, but after 168 h these differ-
ences in the dissolution rates were much more evident.
In the case of 99.8 Mg alloy, the dissolution rates

reached a value of 193 mdd after 120 h immersion in
0.05 M Na2SO4, i.e. 99.8 Mg alloy corroded about four-
fold faster than the alloy containing RE elements.
In every case, during these tests, the solution pH

shifted from an initial value close to 6 to an almost
constant value close to 10 after 60 min of immersion.

3.3. Linear polarization resistance

Figure 4 shows the Rp values of WE43 electrodes
determined in the different solutions. In diluted sulphate

and chloride solutions Rp rapidly increased during the
first 16–20 h of immersion (i.e. the corrosion rate
decreased), then it slowly increased or remained con-
stant till the end of the test. In the concentrated sulphate
solution, Rp increased up to 3.5 kX cm2, during the
initial 2 h of immersion, then it underwent a quick
decrease, down to 1.2 kX cm2 after 12 h. Finally, at the
end of the test, Rp attained a value of 0.4 kX cm2. In
concentrated chloride solution, Rp initially augmented
as in the diluted solution, but after about 10 h, when it
attained a value close to 2 kX cm2, a sudden decrease to
around 0.3 kX cm2 was observed; successively Rp swung
around this low value.
In dilute media, the continuous decrease in the

corrosion rate with time evidenced the formation of a
more or less protective layer of corrosion products,
which was more effective in the sulphate solution. In
contrast, in concentrated solutions, after some hours, a
degradation of this layer took place. The attained
constant Rp value indicated the achievement of an
equilibrium between passivating film formation and
dissolution. The lower Rp values in the concentrated
chloride media did agree with the higher tendency of
these anions to damage the passive layer.

3.4. Polarization curves

Figure 5 collects the polarization curves of WE43 type
alloy recorded in the sulphate solutions at different
testing times. The anodic polarization curves were
assumed to represent the oxidation of magnesium to
mono-valent Mg+ ion [10, 20], while the cathodic ones
represented the cathodic hydrogen evolution through
water reduction; both reactions developed more easily
on film-free areas. Furthermore, hydrogen evolution
could also take place through the direct reaction between
water and dissolved mono-valent Mg+ ions [10, 20].
At short immersion times, the anodic polarization

currents were favoured by a high sulphate concentration
and, after 1 h immersion, ECORR was )1.8 VSCE in the
dilute solution and )1.85 VSCE in the concentrated one.
In both environments, the anodic curve initially pre-
sented a high slope, characteristic of a passive film
behaviour. In the concentrated solution, this slope
markedly decreased at an anodic overvoltage of about
300 mV; in the dilute solution no abrupt slope change
was evident up to )1.3 VSCE. By prolonging the
immersion time, the build-up of a protective surface
film induced a decrease in the anodic polarization
currents and, consequently, an ennoblement of ECORR,
which, after 24 h, attained a value close to )1.7 VSCE in
both solutions. A high anodic slope was again mea-
sured, up to an anodic polarization of about 200 mV. At
this immersion time, the cathodic polarization currents
of hydrogen evolution were slightly stimulated com-
pared to those measured after 1 h immersion, most
likely as a result of the increase in the corroded area.
However, these curves were not affected by the sulphate
concentration. At even longer testing times (96 h), the

Table 1. Dissolution rates of WE43 and 99.8 Mg alloys from weight

losses

Alloy Electrolyte Conc./M VDISS/mdd

6 h 168 h

WE43 NaCl 0.1 115 95

1 224 341

Na2SO4 0.05 91 45

0.5 176 101

99.8 Mg Na2SO4 0.05 – 193*

*120 h testing.
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above-mentioned positive effects, due to the build-up of
a protective surface film, were only observed in the
dilute solution, while in the concentrated one the
marked increase in the cathodic polarization currents
suggested an enlargement in the corroded area or a
reduction in the protective characteristics of the passiv-
ating film.
Figure 6 compares the polarization curves of 99.8 Mg

with those of the alloy containing RE elements, after
24 h immersion in the sulphate solutions. Owing to its
high impurity content which particularly stimulates
HER [13], 99.8 Mg displayed higher cathodic polariza-
tion currents than those recorded on the latter alloy.
Consequently ECORR values of 99.8 Mg alloy were more
positive than those of WE43 alloy. The anodic polar-
ization curves clearly showed that the presence of RE
elements improved the magnesium capability to passiv-
ate, because lower polarization currents and a wider
potential range with high anodic overvoltage were found
on WE43 alloy, compared to 99.8 Mg. The figure also
shows that such a tendency to the formation of a
protective surface film was also evident in the more
concentrated solution.

In 0.1 M NaCl the anodic curve of WE43 alloy
showed two slopes, but the potential range with the
high slope was narrower than in the previous solution
(Figure 7). Also in this case, at longer immersion times,
lower anodic polarization currents were recorded, which
induced a marked ECORR ennoblement, that was,
however, more limited than that detected in the
sulphate solution. In 1 M NaCl a very narrow high-
slope region was still present in the anodic polarization
curve after 1 h immersion, but it almost disappeared
after 24 h. In this case the diminution in the anodic
polarization currents at longer immersion times were
much lower than those found in the sulphate solution.
The stimulation of the anodic polarization currents

for WE43 alloy, due to the electrolyte concentration,
was more evident in chloride media than in sulphate
solutions, even at long immersion times, but again the
cathodic reaction was not affected by the anion con-
centration.
A comparison between the polarization curves of

WE43 recorded in chloride and sulphate solutions after
24 h immersion (Figure 8) clearly showed that the
cathodic polarization curves were independent of the

Fig. 4. Rp vs time recorded on WE43 electrodes in diluted and concentrated Na2SO4 or NaCl solutions.

Fig. 5. Polarization curves recorded on WE43 electrodes at different immersion times in dilute (thin lines) or concentrated (thick lines)

Na2SO4 solutions.
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anion type, but chlorides, which interfered with the
formation or preservation of a protective surface film
[4], particularly at elevated concentrations, markedly
increased magnesium anodic oxidation.

3.5. EIS measurements

As in the case of pure Mg and Mg alloys [5–8, 17], EIS
spectra of WE43 alloy were characterized by two,
scarcely depressed, capacitive semicircles, followed by
the beginning of an inductive loop at frequencies lower
than 0.1 Hz. Their dimensions depended on the type
and concentration of the electrolyte and on the testing
time (Figure 9). For instance, in dilute sulphates, the
high frequency (hf) semicircle enlarged continuously in
the first 24 h immersion, then it remained constant; a

rather similar trend was found in dilute chlorides. In the
former environment, the medium frequency (mf) semi-
circle, scarcely defined on immersion, increased similarly
to the hf one. In the latter solution, it enlarged only
during the first 8 h immersion, and then some fluctua-
tions were recorded. In general, in the concentrated
solutions, after some time from the immersion, the hf
and mf loops tended to decrease.
The hf semicircle has been assigned to charge transfer

and film effects, the mf semicircle to relaxation of mass
transport through the corrosion product layer and,
finally, the low frequency (lf) inductive loop has been
connected to relaxation of adsorbed species, such as
Mg(OH)ads

+ or Mg(OH)2 [5, 7, 8].
As previously proposed for pure magnesium [5, 7, 8],

the hf response of WE43 alloy can be fitted by an
equivalent circuit (EC) made up of a series of two R–C
parallel combinations: one, a charge transfer resistance
(RCT) in parallel with a double layer capacitance (CDL),
the other, a resistance related to the film of corrosion
products (RF) in parallel to its capacitance (CF). It has
been ascertained that the resistance associated with hf
loop can be used to determine magnesium alloy corro-
sion rate [5, 6].
Although a different analysis of magnesium alloy

impedance spectra can be proposed [12, 10], the present
analysis was preferred because it takes into consider-
ation the limitations that the presence of a corrosion
product layer exerts on the corrosion process [5, 7, 8].
The trend of the charge transfer resistance of WE43 in

sulphates was similar to that in chlorides, both in dilute
and concentrated solutions (Figure 10). In dilute media,
RCT values were almost equal in both environments:
RCT almost doubled in the first day of immersion, from
about 25–30 to 60 X cm2, then it remained more or less
constant. In concentrated media, RCT values, lower than
those recorded in the dilute ones, increased for a much

Fig. 6. Polarization curves recorded on WE43 and 99.8 Mg elec-

trodes after 24 h of immersion in dilute (thin lines) or concentrated

(thick lines) Na2SO4 solutions.

Fig. 7. Polarization curves recorded on WE43 electrodes after 1 and

24 h of immersion in dilute (thin lines) or concentrated (thick lines)

NaCl solutions.

Fig. 8. Anodic and cathodic polarization curves recorded in dilute

(thin lines) or concentrated (thick lines) Na2SO4 or NaCl solutions

after 24 h immersion.
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shorter time interval from 10 to 30 X cm2 and succes-
sively they decreased, attaining, after 24 h, a value close
to 5–10 X cm2. By continuing the test, RCT augmented
again, slightly in chlorides and more markedly in
sulphates. At the end of the test, the value in sulphates
was markedly higher than that in chlorides (30 and
10 X cm2, respectively).
The evolution of RF showed that the surface film

formed at the same velocity in both dilute environments:
RF increased during the first day and was almost
constant, but the film formed in sulphates was a little
more protective (RF around 2.2 kX cm2) than that in
chlorides (RF around 1.6 kX cm2) (Figure 10). In the
concentrated media the trends markedly differentiated
from each other. Initially, in chlorides, the evolution of
RF was equal to that in diluted solution, but, after
8–12 h, it attained its maximum values (950 X cm2).
Subsequently, a slow drift to lower values was experi-
enced (RF = 450 X cm2, at 96 h). In sulphates, the
protective layer tended to form more rapidly: RF

reached a value over 2 kX cm2 after only 2 h of

immersion. In the following 6 h, it decreased rapidly
down to about 1 kX cm2 and successively it presented
the same drift found in chlorides.
In the dilute solutions, CF values of WE43 diminished

at the beginning of the immersion, and then remained
almost constant. In sulphates CF was initially higher
than that in chlorides (23 and 15 lF cm)2, respectively),
but, at the end of the test, the film capacitances were
equal (Table 2). In concentrated chloride solutions, CF

displayed some fluctuations around an average value,
very close to the initial value measured in the diluted
solution. In concentrated sulphate solution, on immer-
sion, the value of CF was much lower than that in the
diluted solution. It presented a small decrease in the
first hour of immersion, but, successively, tended to
increase.
The second capacitive loop, associated with diffusion

phenomena through the corrosion product layer, was
observed just after the immersion, although it was very
small. This means that the formation of the multilayered
film is nearly instantaneous.

Fig. 9. Impedance spectra recorded in dilute or concentrated Na2SO4 or NaCl solutions at various immersion times.
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The mf semicircle was simply modelled by a Constant
Phase Element (CPE)-Resistance parallel network. The
trends of the CPEmf, n exponent and Rmf parameters are
reported in Figure 11.
In 0.05 M sulphate solution Rmf increased in few hours

from around 30 to 1600 X cm2, then it attained an almost
constant value; at the same time CPEmf value reduced
from 5 to 1.5 lF cm)2; n exponent value remained close
to 0.9. In 0.5 M solution, initially Rmf increased very
rapidly during the early stages of immersion from about
100 to 1500 X cm2 and CPEmf diminished from around
6 to 0.5 lF cm)2. Then a decay inRmf and fluctuations in
CPEmf were observed. Only in this case, did n exponent
remain close to the value of 0.5, indicating a purely
diffusive nature of this capacitive loop.
The evolution of Rmf, CPEmf and n exponent in

diluted chloride solution was similar to that in the
corresponding sulphate solution. In concentrated chlo-
ride media Rmf initially increased as in the diluted one,
and CPEmf diminished, while n exponent was close to
0.8. However, the sudden disappearance, after about
8 h, of the mf loop could be related to heavy damage in
the protective surface film induced by chlorides.

Figure 9 also presents some impedance spectra of
99.8 Mg alloy in the dilute sulphate solution. At the
beginning of the immersion, these spectra presented
either the hf and mf responses of RE containing alloy,
but, successively, the mf loop tended to be heavily
reduced or to disappear.
For 99.8 Mg alloy, RCT and RF values sharply

increased in the first hours of immersion (Figure 11),
then they, more or less slowly, decreased. This trend was
particularly evident for the film resistance. RCT and RF

values of 99.8 Mg specimen, after a short time, were
lower than those of WE43 specimen. While the differ-
ences in RCT between the two alloys were negligible, the
differences in RF were noticeable: RF of WE43 was over
2 kX cm2 and of 99.8 Mg was less than 0.5 kX cm2, in
agreement with the four-fold higher corrosion rate
values measured on this alloy than that measured on
WE43 alloy.
During the whole test, CF values of 99.8 Mg were

always lower than those of the RE containing alloy.

4. Discussion and conclusions

It is well known that, during magnesium alloy corrosion,
a protective layer of oxide and hydroxide is formed on
the metal surface [9], whose performances depend on the
electrolyte type [3]: an extremely protective behaviour is
induced by strongly passivating anions, such as chro-
mates or fluorides, while negative effects are produced
by pitting agents, such as chlorides. In this context,
sulphates are reputed to moderately stimulate corrosion.
Weight loss data and polarization curves of WE43 alloy
show the usual high tendency of chlorides to damage or
destroy the protective passive film. At the same time, the
wider potential interval of high slope and the current
decrease as a function of time in the anodic polarization
curves evidence the higher propensity of sulphates, as
compared to chlorides, to the formation or maintenance
of this protective film. The comparison between VDISS of
WE43 alloy and 99.8 Mg and the anodic polarization
curves sustain the improvement in magnesium capability
to passivate, afforded by RE elements.
EIS measurements can give further information about

the influence of these elements on the corrosion behav-
iour of magnesium alloys. The similar values and time
evolution of RCT between WE43 and 99.8 Mg alloys (or

Fig. 10. Trend of charge transfer resistance (RCT) and passive film

resistance (RF) in Na2SO4 or NaCl solutions.

Table 2. Values of CF (lF cm)2) as a function of time

Specimen Electrolyte Conc./M Time/h

0 1 2 4 12 24 96

WE43 Sulphates 0.05 23 19 17 15 15 15 14

0.5 11 8 8 9 12 12 11

Chlorides 0.1 15 13 12 12 12 12 14

1 16 14 16 15 14 17 14

99.8 Mg Sulphates 0.05 18 10 10 11 12 13 18*

*After 72 h immersion.
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pure Mg [7]) show that the magnesium charge transfer
process is not strongly influenced by the alloyed RE
elements. At low concentrations, sulphates and chlo-
rides present about the same charge transfer resistance,
which increases by elapsing the immersion time. In
concentrated solutions, RCT is smaller than that in
diluted ones because both electrolytes favour the anodic
oxidation of magnesium. RCT initially increases, but
then diminishes with the testing time: it can be assumed
that this is due to a corroded area enlargement as a
result of flaw accumulation in the passivating layer.
However, RF parameter, inversely proportional to

corrosion rate, shows that RE elements improved the
protective performances of the film passive. In diluted
media such a film forms with the same rate both in
chlorides and in sulphates. In concentrated solutions,
the layer forms very quickly in the presence of sulphates;
then it is damaged by the action of the anions and after
very few hours its protective effects are markedly
reduced. In the case of chlorides these effects are almost
completely annulled.
RF values for WE43 are greater than those corre-

sponding to 99.8 Mg and pure Mg and similar to those
of AZ91 alloy [8], but they increase more rapidly than
those of the latter alloy, attaining a superior final value.
This accounts for the formation of a more protective
film in the RE containing specimen.
Furthermore, the higher Rmf values of WE43, as

compared to those of AZ91 [8] show that the diffusion
process through the film of corrosion products on WE43

is more strongly hindered. In the case of 99.8 Mg alloy,
the lack of an evident and large mf capacitive loop can
be a further indication that its corrosion product layer is
scarcely protective and does not exert a clear limitation
to the diffusion stage of the corrosion process.
It is likely that the RE elements increase the resistance

to the Mg2+ cation egress through MgO layer [23] and
retard its hydration process, thus improving the passiv-
ating characteristics of the corrosion product layer [24].
To this purpose, it was recently found that the presence
of Nd rendered the dissolution of Mg82–Ni18 amorphous
alloys less severe [26] by decreasing the tendency of
MgO to turn into Mg(OH)2.
The film capacitance values can give a qualitative

indication of the evolution of the layer thickness,
particularly in the less aggressive sulphate solutions: CF

should decrease as a result of a thickening of the layer
and increase due to an enlargement of the corroded
surface. In dilute media, the time trend of CF for WE43
alloy (CF = 23 lF cm)2, t=0; CF = 13 lF cm)2,
t=16 h) shows that this layer almost doubles its thick-
ness during the initial 16 h of immersion, while the
corresponding RF has a 20-fold increase; in concentrated
media, its thickness is higher than the previous ones, due
to a stronger corrosion attack. The thickness rapidly
augments but the successive CF increase points to a film
damage phenomenon and to a widening of the corroded
area. These high CF values, of the order of 10 lF cm)2,
i.e. close to the usual CDL values, are attributed to a non
perfect, porous layer [3].
CF of WE43 alloy is higher than that of 99.8 Mg (and

that of pure Mg too[7]) and this may be linked to a
thinner surface film, which, however, considering the
film resistance values, is more protective. At the begin-
ning of the test, for both alloys, film thickening takes
place. Successively, an enlargement in the corroded area
prevails for 99.8 Mg, whereas for RE containing alloys a
steady-state condition between film thickening and
corroded area increase occurs.
In the dilute solutions, where undermining effects are

less severe and the corrosive attack can be considered
mainly generalized, LPR and EIS measurements sustain
weight-loss data. In this case RF can give an indication
of the corrosion resistance of the alloy.
In the concentrated solutions, particularly in the

case of chlorides, where severe grain disbonding may
occur, some justified differences can be found between
gravimetric and electrochemical measurements at long
immersion times. However, EIS measurements evidence
the diminution of the protective performances of the
passive layer (i.e. diminution in RF and Rmf).
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ceedings 47th Annual World Magnesium Conference (The Interna-

tional Magnesium Association, Cannes, France, 1990), pp. 51–55.
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