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The corrosion behaviour of AZ31 magnesium alloy with different grain sizes immersed in simulated body
fluids was compared in chloride solution (8 g l�1) and in phosphate-buffer solution (PBS). The influence of
immersion time was also analyzed. Electrochemical techniques such as open circuit potential, polariza-
tion curves, transient currents and electrochemical impedance spectroscopy, complemented with scan-
ning electron microscopy and energy dispersive spectroscopy, were used. Immediately after the
immersion in the corrosive media the corrosion resistance was similar for both grain sizes of the AZ31
alloy and higher in NaCl solutions than in PBS. However, this corrosion behaviour was reversed after
longer periods of immersion due to the stabilizing of the corrosion products of MgO by P-containing com-
pounds. These P-compounds contribute to a higher level of protection by hindering the aggressive action
of chloride ions. The best corrosion behaviour of the AZ31 alloy was obtained for the finest grain alloy
associated with the highest transfer resistance value, after long periods of immersion in PBS.

� 2009 Acta Materialia Inc. All rights reserved.
1. Introduction

Magnesium is present in high concentrations in sea water and is
the eighth most abundant element on Earth. It has also excellent
specific strength and low density, only two-thirds that of Al, so
Mg and its alloys can be used in many applications including com-
puter parts, mobile phones, aerospace components, handheld tools,
etc. [1,2]. Mg alloys are also potentially useful for bone implants
and stent applications due to their low density, inherent biocom-
patibility and adequate mechanical properties, including a fracture
toughness higher than that of ceramics [3–6]. Additionally, the
elastic modulus of Mg alloys (40–45 GPa) is closer to that of human
bones (10–40 GPa) than other commonly used implant materials.
As a result, the stress-shielding phenomena caused by current
metallic implants made of stainless steel or Ti alloy can be mini-
mized [7].

Another advantage of Mg in relation to other metallic implants
is the degradability of Mg alloys which offers the possibility of bet-
ter physiological repair and better reconstruction of vascular com-
ia Inc. All rights reserved.
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pliance with minimum inflammatory response [8]. It has been
shown that magnesium apatite precipitates on the surface of the
modified pure Mg [9,10] and osteoblasts respond by degrading
Mg alloys in guinea pig femur [11]. Mg alloys have also shown
osteoconductive and osteoinductive properties, thus offering a less
invasive repair and temporary support during tissue recovery [7].
The alloys are gradually dissolved or absorbed by the body. In this
regard, they are superior to permanent implants, which may cause
mismatches in behaviour between the implant and the body as
well as physical irritation and chronic inflammatory reactions. As
degradable materials, they will not remain as permanent implants
in the body and will not require a second surgical operation after
the tissue is repaired. Evaluation of the cytotoxicity of Mg and its
alloys is reported in Ref. [12].

The major drawback of Mg alloys is that they tend to corrode
very quickly in the physiological pH (7.4–7.6) environment, there-
by losing their mechanical integrity before the end of the period
necessary for bone tissue healing. Therefore, the promising future
of Mg and its alloys is dependent on being able to control the rate
of corrosion in body fluids.

Several treatments to protect Mg against corrosion have been
proposed, such as Mg purification [13], fluoride conversion coat-
ings [14], alloying with other elements and anodizing [1,13,15].
Several studies [16–22] have shown that the corrosion behaviour
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of Mg alloys is significantly dependent on the microstructure and
particularly on the amount and distribution of the intermetallic
phases and the grain size. Attempts at improving the corrosion
resistance of Mg alloys by their reducing grain size have been pro-
posed by means of laser fusion technology. However, the results
obtained by various authors are contradictory [23,24]. Microcrys-
tallization has been also proposed as a way to improve resistance
in chloride media [25].

It can therefore be concluded that the reduction of the corrosion
rate, by grain size refinement, and the changes in this rate as a
function of the physiological media is not well established in the
case of Mg alloys. The aim of this work is to evaluate these two ef-
fects in an attempt to develop a Mg alloy with improved corrosion
resistance.
2. Materials and methods

2.1. Materials

The AZ31 alloy was received from Magnesium Elektron in the
form of a rolled 3 mm thick sheet in the O-temper condition (an-
nealed at 345 �C) and also in the form of a cast ingot. The chemical
composition of both types of AZ31 alloy was determined by wave-
length dispersion X-ray fluorescence (WDXRF) to be:
3.41 ± 0.09 wt.% Al, 0.841 ± 0.039 wt.% Zn, 0.176 ± 0.013 wt.% Mn
(balance Mg). The alloy was solution heat-treated at 450 �C for
30 min and water quenched. Rolled sheet disks of 10 mm in diam-
eter were spark machined; these samples were termed type I.

Slabs, machined from the ingot, were processed by equal-chan-
nel angular pressing (ECAP). The first pass was made at 250 �C
using a square die 12 mm � 12 mm, with an intersection angle of
U = 90� and a plunger speed of 0.1 mm s�1 [26]. The die was heated
in situ during the ECAP process and the temperature of the die was
maintained stable. The samples were heated successively to 300 �C
and rolled by applying a reduction in thickness from 12 mm to a
final thickness of 3 mm in one rolling pass. Rapid cooling (quench-
ing) took place during rolling, since the rolling mill was at room
temperature. Disks 10 mm in diameter were machined from the
rolled slabs; these samples are termed type II.

2.2. Microstructural characterization

The microstructures of the alloy in the different stages of pro-
cessing were examined by optical microscopy (OM). The sample
preparation consisted of grinding on SiC paper, followed by
mechanical polishing with 6 and 1 lm diamond paste and short fi-
nal polishing using colloidal silica. The grain structure was re-
vealed by subsequent etching using a solution of ethanol
(100 ml), picric acid (5 g), acetic acid (5 ml) and water (10 ml).

Microstructural and compositional characterization of the alloy
surface was carried out by scanning electron microscopy (SEM)
and energy-dispersive X-ray spectroscopy (EDX) microanalysis,
after immersion tests in the corrosive media. Fourier transform
infrared (FTIR) spectroscopy from 4000 to 400 cm�1 was also per-
formed to identify the functional groups in the corrosion products.

2.3. Corrosive media and electrochemical techniques

The following solutions were used as electrolytes: (i) 8.00 g l�1

NaCl solution; and (ii) phosphate-buffer solution (PBS), comprising
0.20 g l�1 KCl, 0.20 g l�1 KH2PO4, 8.00 g l�1 NaCl and 1.15 g l�1

Na2HPO4 (anhydrous).
A conventional three-electrode electrochemical cell with a plat-

inum wire as a counter-electrode and Ag/AgCl as a reference elec-
trode was used. The working electrodes were the AZ31 disks. The
surface was ground with SiC abrasive paper of increasing grain size
from 600 to 1200 in water and finally polished with 1 lm diamond
suspension. Finally, AZ31 samples were rinsed ultrasonically in
ethanol. Single sweep potentiodynamic polarization curves were
performed at 37 �C at 10 mV s�1, between �1.88 Vvs.Ag/AgCl and dif-
ferent anodic limits. The passivation currents and breakdown
potentials (Ebd) were determined. At least five polarization curves
were generated for each condition (types I and II in PBS and NaCl
solutions). Transient currents were recorded at �1.54 V after a po-
tential step between �1.88 Vvs.Ag/AgCl and �1.54 Vvs.Ag/AgCl.

Electrochemical impedance spectroscopy (EIS) was carried out
after 2 h, 24 h and 2, 3, 4 and 6 days testing time. Before the EIS
measurements, the corrosion potential was registered over
10 min until the potential was stabilised. The EIS experiments
were performed at the corrosion potential by applying a sinusoidal
wave of 10 mV in amplitude over a frequency range from 2 � 104

to 10�2 Hz spaced logarithmically (five per decade). A 1280 Solar-
tron frequency response analyzer was used to perform the electro-
chemical tests.

The EIS results were analyzed by fitting the experimental
impedance data with different equivalent circuit models. The
equivalent circuit parameters were calculated by fitting the imped-
ance function to the measured spectra by a non-linear least-
squares program for all the frequencies measured. The criteria used
in estimating the quality of the fitting were evaluated firstly with
the lower v2 value, and secondly with the lower estimative errors
(in per cent) for all the components.
3. Results

3.1. Microstructural characterization

The microstructures of type I and type II AZ31 alloy are shown
in Fig. 1a and b, respectively. True grain sizes were measured by
the linear intercept method using a correction factor of 1.74. The
mean grain sizes were d = 25.7 and 4.5 lm for type I and type II
samples, respectively. In both type I and type II samples, some par-
ticles of Mn-rich phase (Al6Mn) still remained in the microstruc-
ture after processing. Their volume fraction was estimated by
image analysis to be close to 3 � 10�3.
3.2. Initial stages of corrosion

Polarization curves recorded immediately after the immersion
of type I and type II AZ31 samples in NaCl and PBS are shown in
Fig. 2a and b, respectively. Higher cathodic current and slightly
higher breakdown potential is observed for the NaCl than for the
PBS solutions. The breakdown potential measured in both solu-
tions is similar for these samples. The influence of albumin protein
on the corrosion behaviour was also considered. Results are not
shown since slight shifts were observed in the polarization curves
for type I and type II samples in both 1 and 10 g l�1 albumin-con-
taining PBS with respect to the PBS control without albumin.

The transient current recorded at �1.54 Vvs.Ag/AgCl in NaCl and
PBS solutions for type I and type II AZ31 alloy is shown in Fig. 3a
and b, respectively. In the case of NaCl solution, the figures initially
reveal that the current decreases, remains stable for a few seconds
and then increases rapidly. Conversely, in the case of PBS, after the
initial decrease, the current increases immediately for both type I
and type II AZ31 alloy.

Fig. 4 shows the Nyquist impedance plots for type I (Fig. 4a and
b) and type II (Fig. 4c and d) samples after 2, 24 and 48 h of immer-
sion in NaCl and PBS, respectively. In these plots a depressed semi-
circle at high and medium frequencies is observed for all
immersion times, independent of the medium. The AZ31 samples



Fig. 1. Microstructure of AZ31 samples, type I (a) and type II (b), and some particles of Mn-rich phase (Al6Mn) present in both types of samples.
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Fig. 2. Representative potentiodynamic polarization curves of type I (a) and type II
(b) AZ31 alloy at 10 mV s�1 in NaCl and PBS. The number of experimental curves
obtained for each condition is n = 5.
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Fig. 3. Transient currents recorded at �1.54 V(Ag/Ag/Cl) in type I (a) and type II (b)
AZ31 alloy in NaCl and PBS.
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show an inductive loop at low frequencies in all cases (Fig. 4a–c),
except for type II samples immersed in PBS (Fig. 4d). Considering
that the kinetics of the corrosion behaviour is estimated from the
capacitive arc obtained in the high-frequency (HF) and medium-
frequency (MF) ranges, the analysis of the impedance data will fo-
cus on this part of the spectra. By comparing the diameter of the
capacitive arcs at initial immersion times (2 h), obtained in Fig. 4,
higher diameters for samples immersed in NaCl than those im-
mersed in PBS were found, thus showing a higher corrosion resis-
tance in NaCl medium. However, the evolution of immersion time
over the first 48 h does not produce significant changes of the
diameter in the first semicircle, except for type II samples im-
mersed in PBS, in which the diameter is higher.



0 2000 4000
0

2000

4000

 2 h
 24 h
 48 h

-Im
ag

in
ar

y 
pa

rt
 (

cm
2 )

Real part (cm2)

-1000 0 1000 2000 3000 4000

-1000

0

1000

2000

3000

4000

-Im
ag

in
ar

y 
pa

rt
 (

cm
2 )

Real part (cm2)

 2 h
  24 h
  48 h

a) b)

Type I NaCl 

Type I PBS 

0 10000 20000 30000 40000 50000 60000
0

10000

20000

30000

40000

50000

60000
-Im

ag
in

ar
y 

pa
rt

 (c
m

2 )

Real part (cm2)

 2 h
 24 h
 48 h

-5000 0 5000 10000

-5000

0

5000

10000

-Im
ag

in
ar

y 
pa

rt
 (c

m
2 )

Real part ( cm2)

2 h
 24 h
 48 h

c) d)

Type II PBS Type II NaCl 

Fig. 4. Nyquist plots of type I AZ31 alloy in NaCl (a) and PBS (b) and type II AZ31 alloy in NaCl (c) and PBS (d) after 2, 24 and 48 h of immersion.
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This fact is corroborated by the examination of the surface by
optical and electron microscopy. Fig. 5 shows micrographs of the
formation of a pit after 30 min immersion in PBS for type II sam-
ples. The optical micrograph (Fig. 5a) shows that the surface is cov-
ered by a dark protective layer with white circles inside. Fig. 5b
shows a pit, around which precipitation has taken place. The map-
ping of the elements detected in this area can be seen in Fig. 5c–j.
The small pit is formed close to the intermetallic AlMn deposit
(Fig. 5b, d and e). High P signals around the pits are observed in
Fig. 5g. However, after 1 h immersion, type II samples did not show
any pit formation in NaCl. This observation indicates that the phos-
phate included in the PBS initially accelerates the corrosion of the
AZ31 alloy.

3.3. Evolution over time of the corrosion kinetics

Fig. 6a and b shows the impedance plots for type I and type II in
NaCl and PBS solutions after immersion for 6 days. A higher diam-
eter for type II samples is obtained, irrespective of the medium. For
this type II, the semicircle diameter is higher when samples are im-
mersed in PBS. With respect to type I AZ31 samples, the magnitude
of the semicircle is practically the same, irrespective of the med-
ium used.

Analysis of experimental impedance data shows that more than
one time constant is necessary to describe the corrosion behaviour
since the impedance data do not produce a simple semicircle in the
capacitive half plane. Fig. 7 shows the equivalent circuits used to
simulate the impedance data of the AZ31 alloy of both types of
samples, I and II, immersed in NaCl or PBS solutions. The HF–MF
arc was simulated by using a simple Randles circuit (Fig. 7a) con-
sisting of the electrolyte resistance (Rs), in series with a constant
phase element (CPE) simulating a non-ideal behaviour of the
capacitor due to the sum of the oxide layer capacitance and the
double-layer capacitance, in parallel with the transfer charge resis-
tance (R1). In order to simulate the low-frequency (LF) range, a sec-
ond branch is added in the Randles circuit (Fig. 7b), in which an
inductive element L1 appears to describe the corrosion behaviour
at low frequencies. The fitting of the first arc (HF–MF range) gives



Fig. 5. Micrographs of the formation of a small pit after 30 min of immersion for type II AZ31 alloy in PBS: (a) optical microscopy, (b) SEM image, (c) mapping of Mg, (d)
mapping of Al, (e) mapping of Mn, (f) mapping of Fe, (g) mapping of P, (h) mapping of Cl, (i) mapping of Na and (j) mapping of O.
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Fig. 5 (continued)
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Fig. 6. Nyquist plots of type I and type II AZ31 alloys immersed in (a) NaCl or (b) PBS solutions for 6 days.
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Fig. 7. Equivalent circuits. Rs is the electrolyte resistance; CPE1 is the oxide film capacitance and the double-layer capacitance; R1 is the charge transfer resistance and the
oxide film resistance; L1 is the inductive element.
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valuable information about the corrosion kinetics of the AZ31 al-
loy. Table 1 shows fitting values obtained with the equivalent cir-
cuits and experimental values obtained from the impedance data.
Table 1 summarizes the values obtained for type I and type II, in
both corrosive media at 2 h and after 6 days immersion. The in-
crease in Rs over time is higher in PBS than in NaCl solutions, irre-
spective of the type of sample. In addition, an improvement in R1
over time for type I samples immersed in NaCl and PBS solutions is
seen. The same is observed in type II samples but the effect is more
pronounced in PBS. On the other hand, type II samples immersed in
Table 1
Results obtained from the impedance diagrams for the type I and type II AZ31 alloys in N

Material Medium Time Condition

Type I NaCl 2 h Experimental
Fitting

6 days Experimental
Fitting

PBS 2 h Experimental
Fitting

6 days Experimental
Fitting

Type II NaCl 2 h Experimental
Fitting

6 days Experimental
Fitting

PBS 2 h Experimental
Fitting

6 days Experimental
Fitting

4000 3500 3000 2500
70
72
74
76
78
80
82
84
86
88
90
92
94
96
98

100
102

%
 T

ra
ns

m
ita

nc
e

Wavenu

 ty

υ 
(Η

2Ο
)

Fig. 8. FTIR spectrum of corrosion products of type
NaCl show that the capacitance slightly increases, whereas in PBS
the capacitance is nearly constant.

The corrosion products of AZ31 samples immersed for 6 days in
PBS medium were analyzed by FTIR. As an example, Fig. 8 shows
the spectrum acquired from AZ31 samples. The broad absorption
band from 3700 to 2500 cm�1 is attributed to the vibration of
water molecules. The band at 1650 cm�1 is also attributed to water
vibration. The absorption bands at 992 and 422 cm�1 correspond
to phosphate (PO4)3�. Finally, the band at 823 cm�1 is assigned
to the Mg–O bonding vibration.
aCl and PBS over immersion time and fitted data of the equivalents circuits of Fig. 7.
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4. Discussion

The application of Mg and its alloys as biomaterial for tempo-
rary implants in the form of plates and screws would be effective
if the corrosion kinetics could be understood and controlled in
body fluids. A possible route to reduce the corrosion rate could
be the reduction of the grain size. With this goal in sight, the re-
search developed in this work consisted mainly of the evaluation
of the corrosion behaviour of type I and type II AZ31 Mg alloy of
different grain sizes in two electrolyte media. The Al present in
the AZ31 alloy, 3 wt.%, increases the corrosion resistance of Mg
by stabilizing the passive layer [16,27–28]. Larger amounts of Al
are not recommended since aluminium ions can easily combine
with inorganic phosphates, leading to a lack of phosphate in the
human body and inducing dementia [13,29]. Furthermore, the rel-
atively small amount of Al ensures the presence of only one phase
in the alloy, thus avoiding second phases that may be detrimental
to the corrosion behaviour. The Zn content in the alloy results in
satisfactory mechanical properties and can, at the same time, be
tolerated in the human body [30]. Hence this Zn content increases
the corrosion resistance and retards the biodegradation of Mg al-
loys [13,16].

Type I AZ31 samples are in the O-temper condition, i.e., they
have an annealed and recrystallized microstructure. The process-
ing route used to obtain type II samples leads to a fine grain size,
4.5 lm, which is similar to that obtained with severe plastic defor-
mation techniques. The processing temperature of the rolling pass,
300 �C, is above the solvus temperature for Al in this alloy. There-
fore, the Al is in solid solution during rolling. Due to the rapid cool-
ing that takes place after rolling and since the rolling mill is at
room temperature, no precipitation of the b-phase, Mg17Al12, takes
place. Compositional maps obtained by EDX show that Zn and Al
are homogeneously distributed in the Mg matrix in both type I
and type II samples. After the processing route [31], some particles
of Mn-rich phase (Al6Mn) still remain in the microstructure as can
be seen in Fig. 5.

Results for the initial stages of immersion show that the corro-
sion behaviour of type I and type II samples depends on the testing
media, NaCl or PBS. The polarization curves obtained in 8 g l�1 NaCl
(Fig. 2) show a pseudo-passive region followed by a sharp current
increase at the breakdown potential due to the action of chloride.
Correspondingly, the current transients for type II (Fig. 3) and type
I recorded at �1.54 Vvs.Ag/AgCl in NaCl show that the current de-
creases initially, probably due to the formation of the pseudopas-
sive layer of Mg(OH)2. The current remains low during 20 s for
type I and type II in NaCl and then increases due to the localized
corrosion induced by chloride ions. Pitting subsequently spreads
laterally. The current ‘‘plateau” is not observed in PBS. In this case,
the current increases immediately because the high pH needed for
Mg(OH)2 formation is not reached. In the same way, after a short
immersion period (30 min) pits are only observed in PBS. These re-
sults agree with the transfer resistance, R1 values (Table 1 at 2 h.)
obtained from impedance diagrams (Fig. 4), which show a higher
value in NaCl than in PBS. This different behaviour is attributed
to the electrochemical dissolution of Mg in the surrounding areas
(anodic zones) of the intermetallic inclusions (cathodic areas).

The kinetics data of the corrosion behaviour of the samples are
shown in Table 1, and summarize the charge transfer resistance
(R1) values obtained from the HF–MF capacitive arc at 2 h testing.
The diameter of the first capacitive arc at high frequency (Fig. 4)
can be ascribed to the R1 value, which includes the resistance of
the passive film and/or the layer of corrosion products [32]. The
diameter of the semicircle closely corresponds to the R1 value only
if the resistance of the passive film is much lower than the charge
transfer resistance [32]. The capacitance values obtained for the
largest semicircles are 7.8 and 12.6 lF cm�2 in NaCl and PBS,
respectively, for the type I samples (similar values are also ob-
tained for type II samples). These values are lower than those ob-
tained for the electrochemical double layer which are about 20–
50 lF cm�2 [32].

The best electrochemical results at the initial stages, obtained in
samples immersed in NaCl solution with respect to the PBS med-
ium, can be attributed to the electrochemical dissolution of Mg,
thus favouring the production of OH� ions as a result of hydrogen
gas formation from the cathodic reaction. The presence of OH� ions
causes an increase of pH at the interface and facilitates the forma-
tion and precipitation of MgO and/or Mg(OH)2 as corrosion prod-
ucts. In the case of AZ31 samples immersed in PBS, the
phosphate ions ((HPO4)2�) may capture the OH� that is produced
by the cathodic reaction and consequently the highly alkaline pH
that favours the massive precipitation of Mg hydroxide cannot be
attained. On the other hand, the phosphate precipitation hinders
the action of chloride, and Mg dissolution is slower.

The change of corrosion potential, Ecorr, over time (Fig. 9) is
more important in type II and is probably related to its higher sur-
face reactivity being more evident during the first hours. The most
marked differences between type I and type II samples could be
observed in the EIS measurements. After the first capacitive arc
that appears in both samples (Fig. 4), the shape of the impedance
diagrams is different. The type I samples immersed in both media
and type II samples in NaCl solution show an inductive arc (Fig. 4a
and b). However, type II samples in PBS show a possible second arc
or a straight line associated with a diffusion process (Fig. 4c and d).

The inductive loop (type I) is assumed to be due to the forma-
tion of the Mg(OH)2 and/or MgO, already mentioned, and to the
coverage due to an adsorbed intermediate (probably Mg(OH)+

ads)
or Mg(OH)2 [14,29]. The presence of this loop has been attributed
to pitting processes [33] and also to the formation and precipita-
tion of a salt film [34]. In our case, a discrete thin film is formed
in the air and pitting corrosion may easily be initiated in the pres-
ence of chloride ions. It is the dissolution of this film that yields the
formation of corrosion products on the electrode surface. This
behaviour agrees with the observation of other authors on the
same alloy, AZ31, immersed in 3.0 wt.% NaCl [1,35].

The second arc observed for type II samples (Fig. 4c and d) in
PBS medium could be attributed to mass transport in the solid
phase due to the growth of the corrosion product layer [16], facil-
itated by the finer grain size. In our case, the corrosion products are
basically formed by MgO and (PO4)3� (Fig. 8). This diffusion process
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slows down the corrosion reaction, giving rise to an increase in the
corrosion resistance, i.e., to a decrease in the corrosion rate.

The corrosion behaviour at initial stages is reversed when
immersion time is increased, and after 6 days the corrosion resis-
tance is improved. R1 increases its value for samples immersed
in PBS with respect to those immersed in NaCl solution (Table 1).
This evolution of the corrosion behaviour with immersion time is
due to the accumulation of corrosion products, forming a layer that
promotes diffusive control of the corrosion process of the samples.
After 6 days testing in PBS, the released (PO4)3� has co-precipitated
together with the MgO as shown in our FTIR results (Fig. 8), which
agree with those of other authors [36]. The increase in R1 over time
could be related to the formation of a mixed layer that is increas-
ingly thick and more compact with time, hindering the diffusion of
ions, particularly in case of type II.

In summary, the best corrosion behaviour of the AZ31 is ob-
tained for the finest grain alloy, type II, with respect to the coarser
one. This good result is attributed to a more negative corrosion po-
tential giving rise to a fast electrochemical reaction and the forma-
tion of a layer of corrosion products, which offers more protection
from the diffusion of aggressive ions to the electrode surface than
found with type I. Immediately after immersion, the corrosion
resistance is higher in NaCl solution than in PBS, but this behaviour
is reversed after longer periods of immersion due to the stabiliza-
tion of the layer by P-containing compounds. These compounds
contribute to a higher protection than that of the magnesium
hydroxide formed in NaCl solution because they hinder the detri-
mental action of chloride ions.

5. Conclusions

1. At initial stages, pits are associated with the presence of AlMn
intermetallics. The monophasic AZ31 alloy shows pitting corro-
sion that spreads laterally for both types of samples.

2. For short periods, the initiation of localized corrosion occurs
earlier in PBS than in NaCl. However, the precipitation of P-con-
taining salts in PBS decreases the corrosion rate over time for
both types of samples.

3. The best corrosion behaviour corresponds to the AZ31 alloy
with the finest grain size in PBS. It reveals the lower initial cor-
rosion potential and higher charge transfer resistance values at
long immersion periods. This could be related to the presence of
a mixed compact layer of P-containing compounds, together
with magnesium hydroxide, that promote protection against
the action of chloride ions.
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study of aluminium and Al-alloys in acid solution: inhibitory action of
nitrogen containing compounds. J Appl Electrochem 1994;24:772–8.

[34] Breslin CB, Rudd AL. Activation of pure Al in an indium-containing
electrolyte—an electrochemical noise and impedance study. Corros Sci
2000;42:1023–39.

[35] Song G, Atrens A, John D, Wu X, Nairn J. The anodic dissolution of magnesium
in chloride and sulphate solutions. Corros Sci 1997;39:1981–2004.

[36] Xin Y, Huo K, Tao H, Tang G, Chu PK. Influence of aggressive ions on the
degradation behavior of biomedical magnesium alloy in physiological
environment. Acta Biomater 2008;4:2008–15.


	Corrosion behaviour of AZ31 magnesium alloy with different grain sizes in simulated biological fluids
	Introduction
	Materials and methods
	Materials
	Microstructural characterization
	Corrosive media and electrochemical techniques

	Results
	Microstructural characterization
	Initial stages of corrosion
	Evolution over time of the corrosion kinetics

	Discussion
	Conclusions
	Acknowledgements
	References


