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ABSTRACT: The surface characteristics and corrosion behaviour of the AZ31
magnesium alloy exposed to a high relative humidity (RH) atmosphere were
investigated. During the first 15 days of humidity test at 98% RH and 50°C, a
significant increase of magnesium carbonate and a decrease of magnesium oxide were
detected on the surface film by X-Ray photoelectron spectroscopy (XPS); after this
stage, increased exposure times did not produce substantial changes on the relative
amounts of these compounds. The surface film of commercially pure magnesium, also
examined for comparison purposes, revealed more magnesium carbonate and less
magnesium oxide compared with the AZ31 alloy. Unlike the AZ31 alloy, the surface of
pure Mg disclosed almost complete substitution of MgO by magnesium carbonate after
30 days of exposure time. Mass gain values of tested specimens and scanning electron
microscope characterization of corroded surfaces indicated lower corrosion
susceptibility of the AZ31 alloy compared with the commercially pure Mg, suggesting
superior chemical stability of the oxide/hydroxide film formed over the magnesium-
aluminium alloy surface. XPS and EDX analysis did not revealed any substantial
enrichment of aluminium in the corrosion products film on the AZ31 alloy after 30 days

of testing.

KEYWORDS: Magnesium/aluminium alloys; XPS; Magnesium carbonate;

Magnesium oxide.



1. INTRODUCTION

Corrosion properties of magnesium alloys understandably become of great interest
because of their wide use in many engineering applications . The stability of the
magnesium depends mainly of the protective ability of the oxide film that
spontaneously cover its surface due to the great affinity of this metal to oxygen % 3.
However, the corrosion resistance is limited for exposure to the atmosphere or to
aqueous solutions because the oxide reacts with water and forms poorly protective
hydroxide layert: #3451 The aluminium, similar to magnesium, has an strong tendency
to react with oxygen. The positive effect of aluminium as alloying element on corrosion
resistance of magnesium has been investigated in many experimental conditions, e.g.
exposure to dry oxygen, * normal atmosphere,®® ! high humidity atmospheres,® ° 1
1L 22l immersion in distilled water,™ saline solutions,™** 5 161718 etc_ It is well known
that addition of Al to Mg based alloys causes the formation of aluminium oxide film or
mixtures of Mg and Al oxides, with increased stability of the exposed surface compared

with pure Mg.[t6 17 19. 201

. Thermodinamical estimations allows to predict which alloy
constituent (Mg or Al) will be preferentially oxidized upon oxidation of a Mg-Al
substrate. The result is function, between other factors of the Al concentration at the
bare alloy surface Y. In a dry atmosphere, the Mg and Al get incorporated during the
initial, very fast, oxidation regime, whereas Mg gets preferentially oxidized during the
succeeding stage of oxide film growth Y . On the other hand, contact with humidity
leads to an oxide layer containing relatively larger amounts of hydroxyl or hydroxide

species, in which composition the alloying Al may participate considerably * 5 %2, En

general, the mechanisms of improvement due to Al additions to Mg-based alloys es

todavia insuficientemente conocido y merece un mayor estudio.




A great deal of attention has been paid to the role of the B-phase on the corrosion
mechanism of magnesium/aluminium alloys. A generally accepted idea is that this
phase acts as an effective cathode and/or barrier against corrosion, depending on its size
and distribution.! ¥ 2 241 Therefore, as well as aluminium content, the alloy
microstructure plays a key role in determining the corrosion susceptibility of
magnesium-aluminium alloys, especially for high aluminium alloys such as the well-

known AZ91 alloy (~ 9 wt.% Al) 1411121524, 23]

The present study concerns the atmospheric corrosion behaviour of the AZ31 alloy.
Since it is a single-phase alloy with 3 wt%. aluminium in solid solution, the effect of
this element on the corrosion performance of the alloy can hardly be explained in terms
of microstructural changes when compared with commercially pure Mg. Previous study
of the AZ31 alloy under the same environmental conditions (98% RH; 50°C) revealed
an important reduction of corrosion susceptibility compared with pure Mg?® . The
properties of the oxide/hydroxide film formed on the surface often determine the
atmospheric corrosion behaviour of the magnesium alloy. Assuming the hypothesis that
the performance of the alloy relies upon the chemistry of its oxide film, its
characterization is of considerable importance. In the present study, XPS is used in
order to characterize the surface film of the AZ31 alloy exposed to a high humidity
environment. The findings revealed compositional changes in the oxide film during the
humidity test, which provided further knowledge about the different behaviour of the

AZ31 alloy with respect to pure Mg.



2. EXPERIMENTAL PROCEDURE

2.1. Test Materials

Table 1 shows the chemical composition of the AZ31 magnesium alloy. Unalloyed Mg
was used as a reference material. Pure Mg and AZ31 alloy were fabricated in wrought

condition by Magnesium Elektron Ltd.

2.2 Gravimetric tests

Specimens of working area of ~ 15 cm? were rinsed with deionized water, dried in
warm air and weighed prior to the gravimetric measurements. The accelerated
atmospheric tests consisted of 24 h cycles performed in a saturated water vapour at 98%
RH and 50°C during 28 days simulated by a humidity condensation cabinet CCK 300
(Dycometal). The samples were suspended vertically above the water-covered cabinet
floor. The temperature and the humidity were verified using a digital thermometer and
hygrometer. At the end of the tests, the specimens were rinsed with deionized water,
dried in warm air and weighed again. Corrosion rate was calculated from the mass gain
per unit of surface area, calculated from the expression (M¢— M;)/A, where M is the
final mass, M; is the initial mass and A is the exposed surface area. In all cases, the tests

were performed twice to ensure the reproducibility of the results. En estos ensayos, se

han encontrado desviaciones maximas del orden del 10%.

2.3 SEM Characterization



The surface of specimens exposed to a high relative humidity environment was
examined by scanning electron microscopy (SEM) using a JEOL JSM-6400 microscope

equipped with Oxford Link energy dispersive X-ray (EDX) microanalysis hardware.

2.4 Surface analysis

Photoelectron spectra were acquired with a Fisons MT500 spectrometer equipped with a
hemispherical electron analyser (CLAM 2) and a non-momochromatic magnesium Ko
X-ray source operated at 300 W. The samples were mechanically fixed on small flat
discs supported on an XYZ manipulator placed in the analysis chamber. The residual
pressure in this ion-pumped analysis chamber was maintained below 10® Torr during
data acquisition. The spectra were collected for 20-90 min, depending on the peak
intensities at a pass energy of 20 eV, which is typical of high-resolution conditions. The
intensities were estimated by calculating the area under each peak after smoothing and
substraction of the S-shaped background and fitting the experimental curve to a mix of
Lorentzian and Gaussian lines of variable proportion. Although sample charging was
observed, accurate binding energies (BE) could be determined by referencing to the
adventitious C1s peak at 285.0 eV. Atomic ratios were computed from peak intensity
ratios and reported atomic sensitivity factors.””). The sampled areas were 1 x 1 mm?.

The energy resolution is about 0.8 eV.

Bombardment was performed using an EXOS5 ion gun incorporated into the equipment,
provided with a scanning unit to track the beam, operating at a voltage of 5 kV, an
intensity of 10 mA and a pressure of 1x10™ Torr. The sample current was 1 JA during

ol28, 29]

bombardment. According to information in the literatur this specimen current is

equivalent to a sputtering rate of about 2 A/min. Previous author’s results on interstitial-



free (IF) steels disclosed a sputtering rate of 1.5 A/min, suggesting similar sputtering
rate for the bombardment conditions and the spectrometer used in this study.*® Prior to
recording of XPS spectra, the specimens were sputtered for 10 minutes in order to
remove surface contaminants (equivalent to about 2 nm of thinning).

The XPS results for the pure Mg and AZ31 alloy are the average of the data

obtained in duplicate after cleaning the specimens with distilled water

3. RESULTS AND DISCUSSION

3.1. Initial stage (1-15 days of exposure to the humidity test)

Table 2 shows the elemental composition of the sputter-cleaned surfaces of pure Mg
and AZ31 alloy obtained by XPS before and during the humidity test. The surface of as-
received specimens revealed high carbon content, indicating that the cleaning process
did not completely remove impurities from the surface, such as oils used during the
storage and transportation of these materials. After one day in the humidity chamber, an
important reduction in the carbon content and a relative increase of oxygen and
magnesium were detected. These changes may to be related with the replacement of the
initial metallic magnesium surface by magnesium corrosion products which are less
enriched in C-C/C-H groups. Extended exposure times did not produce significant

changes in the atomic contents.

For the unexposed surface of the AZ31 alloy, the Al/(Al+Mg) atomic ratio was ~ 0.14,
which is significantly higher than the 3 wt.% of aluminium present in the bulk alloy. Se

podria pensar que este enriquecimiento se haya producido por una segregacion de Al

durante the manufacturing stages when the material is exposed to high temperatures, or

during storage of specimen in normal room temperature prior to the experiments. Sin



embargo, el hecho de que no se revele la presencia de Al before surface cleaning with

Ar"ion (trabajo en preparacion) parece descartar esta posibilidad. Recientemente, it has

been shown that a strong Al enrichment develops in the subsurface region of sputter-
cleaned Mg alloys due to preferential sputtering of Mg in combination with the
simultaneous bombardment-enhanced Gibbsian segregation of Mg to the free surfacel?".

Por lo tanto, cabe la posibilidad de que el enriquecimiento observado en este trabajo se

deba simplemente a este ultimo fendmeno. Nevertheless, the Al/(Al+Mg) ratio

decreased with the exposure time and was slightly higher than the theoretical value after

15 days in the humidity chamber (Table 2), seguramente por una progresiva

acumulacién en la superficie de la probeta de productos de corrosion formados durante

el ensayo.

Due to strong overlap between the second bulk plasmon of the metallic Mg2p
peak and the AlI2p peak observed in our measurements. we have measured the Al2s
peak instead of the Al2p peak BY. The high resolution Al2s spectra for the unexposed
surface of the AZ31 alloy revealed a single component at 120.5 eV typical of
aluminium in the form of Al,Os (Figure 1)!*2. In order to interpret the XPS spectrum of
the magnesium and AZ31 alloy, tabulated datal*?*! (Table 3) were used for the XPS

spectroscopy peak position related to Mg and Mg compounds.

Mg2p XPS high resolution spectra of pure Mg and AZ31 alloy are compared in Figure
2. As-received pure Mg revealed the highest intensity peak at a binding energy of 49.8
eV, which is associated with the presence of magnesium in the elemental state (Figure
2a). At 51.8 eV a peak of lower intensity was also found, related to magnesium in the
form of Mg?".*®! After one day the absence of Mg° is noticeable, indicating a significant

growth of the oxide film on pure Mg exposed to the high humidity environment (Figure



2b). For increased exposure times, XPS spectra are broad and centered between 51.5
and 51.9 eV, indicating seguramente the co-existence of Mg oxide, Mg hydroxide or
Mg carbonate. Likewise, no significant differences were observed in the Mg2p spectra

of the AZ31 alloy for exposure times longer than one day.

Figure 3 compares the evolution of the C1s high resolution XPS spectra of pure Mg and
AZ31 alloy exposed to the humid environment. For the sputter-cleaned unexposed
surfaces, XPS spectra can be fitted with three components (Figures 3a and 3e). The first
and more intense peak, located at 285.0 eV, is associated with the presence of C-C/C-H
groups (adventitious hydrocarbon contamination).% At 286.5 and 288.0 eV, the second
and third components of lower intensity, related to C-O and C=0 groups, respectively,
have practically disappeared after one day in the humid environment (Figures 3b and
3f). As a consequence of the humid atmosphere, the component at higher binding
energies shifted 1.5-2 eV and gained intensity with increasing exposure time. According
to the literature,’> ! this component at 290.3-290.8 eV corresponds to carbonate,
suggesting a significant amount of magnesium carbonate over the surface of tested

specimens (Figures 3b-3h).

High resolution O1s spectra of pure Mg and AZ31 materials can be fitted with three
components (Figures 4a and 4e). The first one is situated at approximately 531.0 eV,
and normally is interpreted as oxygen in the form of magnesium oxide, MgO.? * 33 The
quantitative ratio between Mg2p and the Ol1s component at 531.0 eV is between 0.8-1.2
which is fairly consistent with the theoretical ratio 1.00 for MgO (Table 2)P. The
second binding energy peak at 533.0 eV, can possibly be associated with OH™ and C=0

groups. And, at higher binding energies (534.0 eV), a C-O component (demonstrated by
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the Cls peak). It is interesting to note that prior to recording of XPS spectra, the
specimens were sputtered for 10 minutes in order to remove surface contaminants. Due
to this treatment the surface of the specimen have been altered from Mg(OH), to
MgOP®! . Also the ten minutes of AIB (equivalent to about 2 nm of thinning) have been
probably sufficient to eliminate the signal of water and OH™ adsorbed groups in the
outermost surface. After one day of exposure, the component at 534.0 eV disappeared,
the MgO component in pure Mg diminished compared with the AZ31 alloy and the
peak at 533.2-533.4 eV, attributed to the presence of MgCO; and/or Mg(OH),B4

became more prominent with the exposure time.

Figure 5 compares the evolution of carbonate and/or hydroxide atomic percent on the
surface of pure Mg and the AZ31 alloy exposed to humid air. The values presented in
Figure 5a were obtained from the fitting of the CO3~ component of the C1s peak (Fig.3),
while Figure 5b data was determined from the area of the second component in the O1s
spectra. Similar trends are observed in Figures 5a and 5b and an approximately linear
relation is obtained from comparison of the atomic percents in Figure 5c. This supports
the assignment of the high energy component of the O1s peak mainly to the magnesium
carbonate and suggests the formation of magnesium carbonates over the surfaces
exposed to the humid atmosphere. In addition, O/Mg, O/C and Mg/C atomic ratios
rapidly evolved to 3, 3 and 1, respectively, which are expected values for stoichiometric

magnesium carbonates (Table 2).

Evolution of MgO content with the exposure time, obtained from the fitting of the O1s
peak, is presented in Figure 6. A reduction on the atomic percents of MgO for both

tested materials was revealed during the first 15 days in the humid environment.
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3.2. Second stage (15-30 days of exposure to the humidity test)

Following the previous trend observed during the first 15 days of humidity test, the
MgO atomic percent on the surface of pure Mg decreased and almost disappeared after
30 days of exposure to the humid environment. The surface of the AZ31 alloy revealed
different behaviour; the amount of MgO remained practically constant between 15 and
30 days (Figure 6). The carbonate content slightly increased for pure Mg and remained

constant for the AZ31 alloy (Figure 5a).

The presented XPS results are consistent with the atmospheric corrosion behaviour of
the AZ31 alloy and pure Mg. Considering the mass gain values of studied materials
exposed to 98% RH at 50°C, which are associated with the oxidation, hydration and
carbonation reactions taking place at the exposed surfaces, 3 wt.% of aluminium in the

AZ31 alloy has reduced the corrosion degradation up to about 35% (Table 4).

Scanning electron micrographs of pure AZ31lalloy (Fig.8a) and pure magnesium (Fig.
8b) after 30 days of exposure in the humidity test confirmed the above results. Thus, for
pure Mg, a greater area of the surface was covered by corrosion products (Fig. 8b)
compared with the AZ31 alloy (Fig 8a), where corrosion products where less abundant

and slightly whiter.

3.3 Aluminium effect
In case of the AZ31 magnesium alloy, 3 wt.% aluminium in the composition of bulk

alloy is insufficient to facilitate the precipitation of the B-phase (Mg;7Al;,). Due to the
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presence of manganese (0.25 wt.%), some Al-Mn inclusions were observed in the
microstructure of this alloy (Figure 7). Although these inclusions are detrimental for the
corrosion susceptibility of magnesium-aluminium alloys immersed in aqueous
solutions, their effect on the atmospheric corrosion behaviour is almost insignificant,
since the electrolyte layer in atmospheric environments is thin and the driving force
between the Al-Mn inclusions and the surrounding material is not strong enough for the
initiation of a corrosion attack in the vicinity of these particles.*® Thus, aluminium
effect on the atmospheric corrosion behaviour of this alloy compared with pure Mg can
not be explained in terms of microstructural changes. On the other hand, aluminium
may significantly contribute to corrosion resistance by improving the properties of the

surface film.[6 9 12 19]

The morphology and structure of the oxide film formed on Mg-Al alloys have been
investigated in detail by Nordlien et al.” * ¥ 2% Similarly to pure Mg, the initially air-
formed film is amorphous and dense; the oxide formed in water exhibits a three-layered
structure consisting of a hydrated inner layer, a dense intermediate layer similar in
structure to the air formed film, and a top layer with platelet-like morphology.!*®! With
increase of Al content in magnesium alloy, all layers become dehydrated and enriched
in aluminium oxide. The beneficial effect of these changes are evident in the corrosion
behaviour of the AZ31 alloy.™®?% According to Lindstrom et al,™® the significant
improvement in corrosion resistance of Mg-Al alloys may be attributed mainly to the
alumina component of the inner layer becoming the dominant factor in determining the

passivity of the surface.



13

In a carbon dioxide (CO,) containing atmosphere, when a thin electrolyte layer is
present on the metal surface, CO; readily diffuses to the film surface and tends to form
magnesium carbonate. In addition, it is generally accepted that CO, lowers the pH in the
areas of the surface that are alkaline due to the cathodic reaction, resulting in a

decreased solubility of aluminium and stabilization of the Al-containing surface film.M"

22]

Analysis of the findings of the present study confirmed a higher amount of MgO on the
surface of unexposed AZ31 alloy compared with pure Mg (Figure 6). Also, a significant
increase in the intensity of the Mg(OH),/C=0 component observed in the unexposed
surface of pure Mg (Fig. 4a) compared with that of the AZ31 alloy (Fig. 4e). The fitting
of the C1s spectra (Fig. 3a and 3e) suggests that the atomic percents of C=0 groups are
quite similar for both materials (data not presented here), and therefore, the amount of
Mg(OH); on the surface of pure Mg (Fig. 4a) is higher than the one for the AZ31 alloy
(Fig. 4e). These results suggest that the presence of aluminium as alloying element in
single-phase magnesium alloys favours the formation of MgO rather than Mg(OH); on
the surface film. EDX analysis of the surface of the AZ31 alloy after 30 days at 98%
RH and 50°C (Fig. 8a points 5 and 6) corroborates the idea of a significant amount of
MgO on the surface film at the end of the experiment (Table 5). In addition, XPS
spectra did not revealed any significant variations in the amount of MgO in the surface
film of the AZ31 alloy, which is completely opposite to what is observed for pure Mg
(Fig. 6). The reduction of the amount of Mg(OH), and its substitution by MgCOj3 on the
surface of both materials (Fig. 5) could be interpreted as a result of the localized
corroded areas rich in Mg(OH), acting as favourable places for the formation and

accumulation of magnesium carbonates.
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After 30 days in the humidity chamber, the important role of aluminium on the
mechanism of atmospheric corrosion of the AZ31 alloy becomes clear. Thus, Figure 8b
shows the surface of pure Mg completely covered with a rather uniform corrosion film,
in which may predominate magnesium carbonates (Table 5). On the other hand,
corrosion layer on the surface of the AZ31 alloy is uneven (Fig. 8a) with some areas
chiefly covered by MgO and the remaining places covered with thicker corrosion
products containing MgCO;3; (Table 5). These results are in agreement with XPS
observations, where, after 30 days, O1s spectrum obtained for the pure Mg (Fig. 4d)
showed MgCOg3 as the main component accompanied by a small amount of MgO, and
the corresponding O1s spectrum obtained for the AZ31 alloy (Fig. 4h) revealed a

significant fraction of MgO along with MgCOs.

The Al/(Mg+AIl)x100 ratio for the surface film of the AZ31 alloy is slightly higher than
the aluminium content in the bulk metal composition after 15-30 days (Table 2).
Therefore, according to XPS results there is no aluminium enrichment on the outer
surface of the corrosion products (~20 /f\). Likewise, EDX analysis with much higher
signal penetration (~ 1 um), did not detect higher aluminium content in the corrosion
film formed on the AZ31 alloy compared with the bulk metal composition (Fig. 8a). It
is feasible to suppose that aluminium enrichment responsible of the higher corrosion

resistance has occurred in a thin oxide layer, presumably near the metal/oxide interface.

In the literature, there are diverse results regarding the possibility of aluminium
enrichment in corrosion products film formed on magnesium-aluminium alloys. For
instance, XPS analysis of the composition of the film on the AZ91 alloy after

immersion in 1IN NaCl at pH 11 did not reveal any significant aluminium
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enrichment.!*®! Neither is clear the aluminium incorporation into the corrosion film layer
on the AZ91 alloy during exposure to humid air with NaCl, which was shown to be
mainly composed by magnesite (at 75% RH), hydromagnesite and brucite (at 95%
RH).™ However, significant aluminium enrichment in the oxide film covering the
AZ91 alloy at the initial stages of atmospheric corrosion has been observed at room
temperature.l'y An enrichment in aluminium and magnesium oxides was found after
immersion of the AZ91 alloy in distilled water and the formation of aluminium and
magnesium hydroxides after exposure to salt spray.[*® All the above results suggest that
the aluminium enrichment on the surface of magnesium-aluminium alloys is a

phenomenon greatly influenced by the testing conditions.

4. CONCLUSIONS

1. XPS analysis has been shown as a useful instrument for the examination of protection

mechanisms of the AZ31 magnesium alloy exposed to high relative humidity.

2. For commercially pure Mg, the detected CO3> atomic percent increases, whereas the
amount of MgO continuously decreases during the test. This result suggests that the
magnesium oxide readily reacts with the CO, from the air forming magnesium

carbonate.

3. Although the surface film of the AZ31 alloy containing aluminium oxides/hydroxides
slightly inhibits the magnesium carbonate formation, it does not prevent its formation in

significant amounts.
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4. After exposure for 15 days, XPS analysis of the AZ31 alloy surface disclosed
appreciable amounts of oxides and carbonate, which did not significantly change after
30 days of the humidity test, suggesting stabilization of the surface composition due to

the presence of aluminium.

5. The reduced corrosion rate of the AZ31 alloy compared with pure Mg during the
humidity test is likely to be due to a higher chemical stability of the oxide film formed
on the AZ31 alloy. However, XPS and EDX analysis did not reveal any significant
enrichment of aluminium oxide in the corrosion products film, which suggests that
aluminium enrichment only affects a very thin layer of the oxide film, presumably near

the metal/oxide interface.
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FIGURE CAPTIONS

Table 1. Chemical composition of the samples (weight percent).

Table 2. Chemical composition of the surface of pure Mg and AZ31 alloy unexposed
and during the humidity test.

Table 3. Table 3. Reference!*?3*¥ and measured binding energy(eV) values of Mg and
Mg compounds .

Table 4. Mass gain values for samples of pure Mg and AZ31 alloys exposed at 98% RH
and 50°C.

Table 5. EDX analyses of corroded surfaces of AZ31 alloy and pure Mg specimens.
Figure 1. High resolution Al2s spectra obtained on the unexposed AZ31 alloy.

Figure 2. High resolution Mg2p spectra obtained on the unexposed pure Mg and AZ31
alloy and their evolution with the time of exposure.

Figure 3. High resolution Cls spectra obtained on the unexposed pure Mg and AZ31
alloy and their evolution with the time of exposure.

Figure 4. High resolution O1s spectra obtained on the unexposed pure Mg and AZ31
alloy and their evolution with the time of exposure.

Figure 5. (a) Evolution of carbonate atomic percent obtained from the fitting of the C1s
Peak; (b) atomic percent of carbonate and/or hydroxide from the O1s; (c) Correlation
between atomic percents calculated from C1s and O1s peaks.

Figure 6. Evolution with exposure time of MgO atomic percent obtained from the fitting
of the O1s peak (Figure 4).

Figure 7. Scanning electron micrograph of the AZ31 alloy.

Figure 8. Plan views scanning electron micrographs of the (a) AZ31 alloy and (b) pure

Mg after 30 days of humidity test.



20

Table 1

Elements (wt.%)

Material — o —— —vnsi  cu  Fe NI Ca

Zr

Others

Mg 0.006 0.014 0.03 0.019 0.001 0.004 <0.001

AZ31 31 073 025 0.02 <0.001 0.005 <0.001 <0.01 <0.001 <0.30
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Table 2
LBE O1s
Material ~ t(days) %C %0  %Mg %Al  Al/(Mg+Al)x100  component/Mg atomic
ratio
0 53 (#5) 35(x3) 12(x2) 0(x0) 0 1.0
1 + + + + 0.9
Pure Mg 24 (£3) 56(x2) 20(x1) 0(x0) 0
15 18 (x4) 61(x2) 21(x2) 0(x0) 0 0.8
30 21 (¥5) 62(x2) 17(x3) 0(x0) 0 0.3
48 (x4) 37(x2) 12(x2) 2(x1) 14 2
AZ31 25(x4) 52(x2) 21(x1) 2(x1) 9 1.2
15 22(x3) 55(x1) 22(x1) 1(x1) 4 0.8
30 16(£5) 61(x2) 22(x2) 1(x1) 4 1.0
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Table 3. Reference™*3*1 and measured binding energy(eV) values of Mg and Mg
compounds

main peaks.

Peak Mg metal MgO Mg(OH), COsMg

Reference values

Mg 2p 50.21 51.51 51.5H 5221
49.81 50.81% 50.8 51.9
49.6 B 50.61% 51.45
495
C1s 290.6
290.5%
290.181
O 1s 531.714 532,54 533.2L4
531.01% 532.4 12 532.91%
530.4 [ 532.48 533.4 [
531.0 B 533.21% 534,71

Measured values

Mg2p 49.8 51.5-51.9 51.5-51.9 51.5-51.9
Cls 290.3-290.8
O1s 531.0 533.0 533.2-533.4

[1] V. Fourier, P. Marcus, 1. Olefjord, Surf. Interface Anal. 2002; 34, 494.

[3] H. B. Yao, Y. Li, A. T. S. Wee, Appl. Surf. Sci. 2000; 158, 112-119.

[5] C. Fotea, J. Callaway, M. R. Alexander, Surf. Interface Anal. 2006; 38, 1363.

[7] M. Santamaria, F. Di Quarto, S. Zanna and P. Marcus, Electrochim. Acta. 2007:53,
1314.
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Exposure time (days)

4
14
20
28

Mass gain (mg/cm?)

Pure Mg AZ31
0.102 0.006
0.354 0.219
0.396 0.279
0.499 0.332
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Table 5. EDX analyses of corroded surfaces of AZ31 alloy and pure Mg specimens.

AZ31 alloy (Fig. 8a, average values of points 1-4 and 5,6)

Points %0 %Mg %Al O/Mg ratio  Assumed

compound
1,2,3 4 81 18 0.3 4.5 MgCOs3
5,6 59 40 0.5 1.5 MgO

Pure Mg (Fig. 8b)

%0 %Mg %Al O/Mg ratio Assumed
compound

84 15 0 5.6 MgCO;
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Figure 7



32

1728
MAG: 325x HV:20.0 kV_WD: 12.5 mm

1735
MAG: 350 x HV:20.0kV WD: 12.5 mm

Figure 8



