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The microstructure and corrosion behavior of an extruded magnesium alloy ZK60 bumper were inves-
tigated using optical microscopy, SEM and EDS as well as potentiodynamic polarization technique. The
results show that the microstructure of the component is characterized by two distinct layers: the skin
with coarse grains and the interior with fine grains. Preferential attack on the interior is attributed to the
macrogalvanic corrosion between the two layers with an initial potential difference. The size and distri-
bution of the intermetallic compounds play a crucial role in pitting corrosion and intergranular corrosion.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Mg alloys are applied in the automobile industry due to their
unique properties such as outstanding stiffness/weight ratio, excel-
lent castability, good damping capacity and easy recyclability [1,2].
However, Mg alloys readily undergo severe attack in a harsh envi-
ronment due to their low standard electrode potential and the
quasi-passivity of their oxide layers [3-6]. The poor corrosion resis-
tance of Mg alloys has thus limited their engineering applications
[7,8]. Particularly, the corrosion rate and corrosion morphology of
a structural material are major concerns for design engineers. The
corrosion resistance of Mg alloys depends considerably on chemi-
cal compositions [9], heat treatments [10] and the microstructure,
such as grain size, intermetallic compounds and twins [11-18]. The
grain refinement in the microstructure resulting from a rapid solid-
ification process can improve the corrosion properties of Mg-Al-Zn
alloys, and their corrosion mechanism is shifted from pitting corro-
sion to general corrosion [13]. The surface or skin layer of die-cast
AZ91D alloys with very fine grains exhibits a better corrosion resis-
tance than its core or interior [6]. This phenomenon is attributed
to a higher 3-fraction and more continuous [3-phase neighboring
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finer a-grains. Moreover, it is suggested that the ratio of the 8-
phase to the surrounding Al-rich o governs the localized corrosion
of the aged AZ91 [14]. Compared with the ingot, die-cast material
with smaller grain size and fine (3-phase offers a marginally lower
corrosion rate and better passivation [15]. It is noteworthy that the
research work so far has essentially been focused on cast Mg alloys.

Recently, there is growing interest in the automotive industry
to look at potential applications for wrought Mg alloys. These latter
have excellent mechanical properties which can be achieved by a
special thermo-mechanical treatment. It was reported that metal-
lurgical manipulation, in the case of hot extrusion, decreased the
corrosion resistance of AZ31B and AZ80 alloy dramatically [16,17].
But, this is not always the case. In comparison with conventional
extruded AZ31 alloy, a consolidated AZ31 Mg alloy with nano-scale
and sub-micron grains exhibited an accelerated corrosion due to
the difference in microstructure [18].

On the other hand, the microstructure of metals exerts a signifi-
cant impact on the corrosion morphology. Inter-granular corrosion
(IGC), related to the microstructure and prone to widely occur in
wrought Al alloys [19,20] and austenitic stainless steel [21], was
rarely observed in Mg alloys [7] in spite of recent observations in
AZ91 [2], AZ31B [18] and ageing AZ80 [22]. Therefore, the influ-
ence of the microstructure on the corrosion behavior of magnesium
alloys has not been fully understood yet.

ZK60 is a typical wrought Mg-Zn-Zr alloy [23,24]. Zr can lead to
grain refinement and is thus beneficial to the corrosion resistance
of Mg alloys [5,8]. So far, no investigations of the corrosion behav-
ior of extruded components with anisotropic microstructure have
been reported in the literature. It is thus necessary to elucidate the
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corrosion mechanism, particularly the influence of the microstruc-
ture on the corrosion of extrusions. This paper aims to investigate
the relationship between corrosion and anisotropic microstructure,
i.e., grain size and intermetallic compounds, and to provide fur-
ther insight into the corrosion mechanism of an extruded ZK60
component.

2. Methods
2.1. Microstructural observation

The material used was a wrought Mg alloy ZK60 (chemical compositions: 5.6 wt%
Zn, 0. 54 wt% Zr, <0.003 wt% Fe, <0.002 wt% Ni, Mg, Bal.) bumper in the as-received
condition, the type of which is intended to be utilized in automobiles (see Fig. 1)
and has been prepared by an extrusion process with a heating integrated mould
designed by Chongqing University in China. In order to obtain a distinct microstruc-
ture for the measurement of grain size, the specimens, designated as Samples 1#,
24#, 3# and 4#, were cut from the component along the extrusion direction (Fig. 2),
and ground with SiC paper up to 2500 grit from the skin into the interior to make
them with different thicknesses. After polarization tests, the specimens with a slight
attack were polished to a mirror finish by a machine, and then etched in a solu-
tion containing 1.5 g picric acid, 25 ml ethanol and 5 ml acetic acid together with
10 ml water, examined by means of a Leica optical microscope. The grain size was
measured using linear intercept method with the aid of Aqwinto analysis software
according to ASTM E122-88. The average grain size is estimated by counting the
number if grains intercepted by five straight lines sufficiently long enough to yield
atleast 50 intercepts. Also, microstructure and corrosion morphology were observed
using Oxford and JSM-5600LV scanning electron microscopes (SEM). The latter was
equipped with an energy-dispersive X-ray spectrum analyzer (EDS).

10 mm

Fig. 1. Birds’ view of the ZK60 bumper intended to be applied in a car, in which the
three sections at the top are the cut samples after a salt spray test. The orientation
of the component from bottom to top corresponds to the extrusion direction or the
longitudinal direction (indicated by surface scratches).

P300 P4

Fig. 2. Samples 1#, 2#, 3# and 4# cut from the ZK60 component along the extrusion
direction shown by the arrow.

2.2. Corrosion tests

2.2.1. Conventional polarization tests

In order to evaluate the effect of grain size on corrosion resistance, the afore-
mentioned Samples 1#, 2#, 3# and 4# were used for conventional polarization tests.
First, they were ground with SiC paper up to 2500 grit, using both distilled water
and acetone for the rinsing. And the surface was then dried with warm flowing air
prior to electrochemical testing. Conventional potentiodynamic polarization tests
were then carried out using a PS6 Meinsberg potentiostat. A three-electrode system
was employed: a saturated calomel electrode (SCE) and a platinum plate were used
as reference electrode together with an auxiliary electrode. The scanning voltage
was +300mV vs. SCE relative to the open circuit potential (OCP) with an exposure
area of 2.84 cm? and a scan speed of 0.2 mV/s. The tests were conducted after 5 min
immersion in 3.5 wt% NaCl solution at room-temperature. All potentials in the study
are quoted with respect to the SCE. In the Tafel extrapolation method for measuring
the Mg corrosion rate, the corrosion current density, icorr (MA/cm?) is estimated by
Tafel extrapolation of the cathodic branch of the polarization curve.

2.2.2. Polarization measurements using a mini cell system

In order to understand the effect of microstructure on cross-section on corrosion,
it is of necessity to probe the corrosion behavior of localized regions due to the
limitation of the shape and size of the component. The tested areas in this study are
designated as P1, P2 and P3, P4 corresponding to the bright weld areas with coarse
grains and the interiors with finer grains in cross-section direction, respectively.
Here, it is difficult or even impossible for naked eyes to detect an accurate tiny
location in micrometer scale. Moreover, the diameter (0.5 mm) of the plastic tip for
electrochemical tests is far greater than the micrometer-scale dimensions of the
welding area and the skin thickness (in P1 and P2). Thus, the locations P1 and P2
are rough or not concise and could not entirely be representative of the skin. Surely,
P3 and P4 could fully represent the interior. Potentiodynamic electrochemical tests
were performed in a mini cell system (MCS): A working electrode in contact with the
plastic tip and filled with 3.5 wt% NaCl solution; inside, a saturated calomel electrode
(SCE) and a platinum plate were used as reference electrode and auxiliary electrode,
respectively. Initially, the variation in OCP with immersion time was measured in the
solution for 5 min, and then the potentiodynamic polarization tests were conducted.
The scanning potential ranged 300 mV vs. SCE relative to the OCP. Compared to the
conventional cell, the mini cell system employed a higher scanning rate of 10mV
vs. SCE/s to thwart rapid corrosive attack of the tiny measurement surface.

2.2.3. Salt spray tests

It is discussed [25,26] that the limitations of the use of polarization tests to
estimate corrosion behavior is the anode polarization curve of magnesium alloys
cannot fit for Tafel law. Therefore, salt spray tests were employed to evaluate the
corrosion resistance. The samples were cut into pieces with a thickness of approx-
imately 5mm with a handsaw from the component in cross-sectional direction as
shown in Fig. 1. And the machined surfaces were polished firstly with a file and then
2500 grit silicon carbide paper to the same surface roughness for assessing their
corrosion susceptibility by employing a 5.0 wt% NaCl salt spray according to the DIN
50021 standard in a salt spray test chamber for 48 h.

3. Results
3.1. Microstructural observations

The optical micrograph of the microstructure in a cross-
sectional view is shown in Fig. 3. It reveals an inhomogeneous
microstructure with two distinct zones: the top outer layer or skin
has merely one or two coarse grains with a size of about 100 p.m,
whereas the interior layer comprises fine equiaxed grains with
a size of approximately 20 wm. A distinct interface between the
coarse and fine grained domains is noticeable. However, the grain
size in the bottom layer or the inner wall shows no apparent dif-
ference from the interiors. It is to be noted that a welding seam in
bright color could be seen in natural light which was sited at the
locations (1) in Fig. 3b and (2) in Fig. 3c. The seams resulted from
the coalescence of the two extrusions passing the “bridge” or con-
nection of the heating moulds. As a consequence, a seam with one
coarse grain across the interior was formed.

The microstructures of the extrusion direction (Fig. 4a) are char-
acterized by the presence of fine equiaxial grains and intermetallic
compounds precipitated along the grain boundaries (GBs) and the
grain interiors; within the coarse grains also some twins are appar-
ent. The average grain size of Samples 1#, 2#, 3# and 4#, polished
to some depth from the surface to the interior to make them
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Fig. 3. SEM micrographs of the microstructure in cross-section: (a) the skin with coarse grains in contrast to the interior having fine equiaxed grains, (b and c) welding
seam, resulting from the extrusion process, revealing coarse grains across the interiors. The numbers 1, 2 designate the positions P1, P2 of the figure for electrochemical

measurements with MCS, respectively.

have various microstructure along the extrusion direction, corre-
sponds to 18 wm (as shown in Fig. 4b), 16 um, 15 pwm and 11 wm,
respectively.

The SEM micrograph in Fig. 5 is indicative of most intermetal-
lic compounds precipitating along the GBs and a few in the grain
interiors. These compounds, investigated by means of EDS, rep-
resent MgZn phases. The presence of Zr-Zn particles has been
observed in Mg-Zn-Zr alloys [27] and MgZn, or Mg>Zn3 phases
in Zn-containing Mg alloys [28,29]. In this study, there were two
types of precipitates: the finer one existing along the GBs and also
within the grain interiors, and the large one occurring at the GBs.

3.2. Corrosion morphology

Accordingly, the intermetallic compounds in magnesium alloys
have a relatively higher potential as the cathode, and their neigh-
boring a-matrix as the anode with a lower potential [7]. In the most
cases reported in literature [7,8], the big difference in potentials
between the matrix and intermetallic compounds results in pitting
corrosion.

Pitting corrosion is one of the dominant modes of the attack on
the component. Fig. 6 depicts a variety of corrosion pits observed
on the cross-sectional view after a 48 h salt spray test. The cor-
rosion pit in Fig. 6a has a round shape and is covered with oxide
debris remaining on the surface. A secondary particle seen on the
bottom of the pit (Fig. 6a) illustrates that pitting corrosion initi-
ated at the large MgZn intermetallic compounds. The scale debris
demonstrates that the grains firstly were undermined under the
oxide layer, and consequently the oxide film collapsed until a deep
pit formed. It can be found from Fig. 6b and c that severe local-
ized corrosion occurred at the areas adjacent to the outer wall or
skin. Pitting corrosion can be also found in Fig. 6b and d. The large
Mg-Zn particles give rise to pitting corrosion of the ZK60 alloy. If
no intermetallic compounds would have existed, the interior rather

than the skin would have been preferentially attacked, as shown in
Fig. 6e.

Interestingly, IGC occurred on either of the cross-sectional views
(Fig. 6f). As a result, the grains were undercut and fallen out in
the cross-sectional direction (Fig. 6g). IGC is also discerned in the
extrusion direction as is shown in Fig. 6h.

These scenarios imply that the corrosion morphologies are
predominantly influenced by the size and distribution of the inter-
metallic compounds.

3.3. Electrochemical corrosion measurements

In order to understand the corrosion mechanism, it was use-
ful to apply the MCS to probe the corrosion behavior of the tiny
and localized areas P1, P2, P3 and P4. The microstructure of the
component at the locations P1, P2 (Fig. 3c and d) is predominantly
characterized by coarse grains, whereas that of P3 and P4 (Fig. 6d)
is composed of fine grains in the interior. The open circuit or free
corrosion potential, Ecorr, as a function of immersion time for these
positions (plotted in Fig. 7) demonstrates that the initial Ecorr at
P1 and P2 was equal to approximately —1.64V vs. SCE, which is
remarkably higher than the potential at P3 and P4 (about —1.75V
vs. SCE). The initial potential difference, AEcorr, thus reached up
to approximately 110 mV vs. SCE. At the initial stage, Ecorr at P1
decreased slightly and fluctuated around its original level, then fell
downto —1.66 Vvs. SCE. After this, it slowly increased continuously.
On the other hand, Ecorr at P2 increased rapidly, then suddenly fell
down to a lower value, and consequently floated around a potential
of —1.63 V vs. SCE. This means that the film which had formed was
severely broken and dissolved after incubation [30]. In contrast, the
Ecorr at P3 and P4 rose with increasing immersion time, and even-
tually the AEcorr between P1, P2 and P3, P4 was minimized so that
the galvanic corrosion was not so pronounced as would otherwise
be expected. As shown in Figs. 8 and 9, the corrosion current den-
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Fig.4. (a)Optical microstructure of the longitudinal or extrusion direction, showing
a much more homogenous microstructure with fine equiaxed grains than that on
the cross-section and (b) metallography for grain size with linear intercept method
according to ASTM standard E112-88.

Fig. 5. SEM micrograph showing MgZn phases in white color, probed via EDS, pre-
cipitating along the grain boundaries and EDS spectra of the intermetallic compound
(insert).

Table 1
Electrochemical parameters of Samples 1#, 2#, 3# and 4#.

Samples Be Ecorr (V vs. SCE) Icorr (A/cm?)
1# 96 —1.56 1.28 x 1072
24# 113 —1.58 1.08 x 10>
3# 107 -1.67 1.07 x 10
4# 130 —-1.57 9.50 x 10~

sity at P1, P2, P3 and P4 are 9.38 x 10~> A/cm?, 6.04 x 10> A/cm?,
7.43 x 1076 Ajcm? and 2.57 x 107> A/cm?, respectively. The corro-
sion current density at P1and P2 was much higher than that at P3
and P4.

The current densities at P1, P2, P3 and P4 are higher than
that of Samples 1#, 2#, 3# and 4# as depicted in Fig. 10, which
are 1.28 x 107> A/cm?, 1.08 x 10~° Ajcm?, 1.07 x 10> A/cm? and
9.5 x 1076 AJcm?, respectively. Thus, the attack on the cross-section
is much more serious than the extrusion direction.

4. Discussion
4.1. Influence of grain size on corrosion rate

It is well recognized that the smaller the grain size the better
is the corrosion resistance of Mg-Al alloys [16]. The question was
whether would be the same for the Mg-Zn-Zr alloy. The corrosion
rate, which was evaluated by conventional polarization test, as a
function of grain size for the extruded ZK60 alloy in the extrusion or
longitudinal directionisindicated in Fig. 11. The anodic polarization
curve of magnesium does not satisfy Tafel law, because hydrogen
evolution and dissolution of magnesium occurred simultaneously
during the corrosion of magnesium. Therefore, in the Tafel extrap-
olation method for measuring the Mg corrosion rate, the corrosion
current density, icorr (MA/cm?) is estimated by Tafel extrapola-
tion of the cathodic branch of the polarization curve [24,25]. In
each case the cathodic branch provided an extensive linear Tafel
region, the evaluated icor value is included in Table 1 as is the cor-
responding corrosion rate. It is evident that the finer the grains
the lower the corrosion current density or the corrosion resistance.
It should be noted that the above result is in pronounced agree-
ment with the findings from polarization curves obtained in MCS
in Fig. 9 and a report in the literature dealing with diecast Mg alloy
AZ91 [6].

4.2. Influence of grain size on corrosion morphology

Since the aforementioned electrochemical polarization tests
demonstrated that the smaller the grains the higher the corrosion
resistance, the coarse grained skin (Fig. 6b-e) should have a corro-
sion resistance inferior to the fine grained interior. Surprisingly, the
skin was hardly attacked but the interior neighboring the skin, par-
ticularly on the bend and the weld zones, was severely corroded.
The scenario cannot be explained in terms of corrosion current den-
sity! Also, this case is inconsistent with the reports for die-cast
Mg-Al alloys, i.e., in these alloys the interior with a coarse grained
microstructure had a corrosion resistance which was inferior to the
skin with a fine grained one [5,6]. Yet, it does apparently sound con-
tradictory between findings based on corrosion morphologies after
the salt fog test and our data from polarization curves in Fig. 9 and
the literature somewhere [6] as well.

To better understand the mechanism of corrosion, a schematic
diagram of the mechanism for the macrogalvanic corrosion
between the skin and the interior of the ZK60 component is
proposed as demonstrated in Fig. 12. The model can clarify the
corrosion mechanism of the component on cross-section with an
anisotropic microstructure. That is, it is the large variation in initial
potentials between the skin and the interior that result in a macro-
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Fig. 6. SEM micrographs of the ZK60 bumper in a cross-sectional view: (a) corrosion pit, (b) serious localized corrosion evolved in the interiors, adjacent the skin with coarse
grained microstructure retained on a bend, (c) severe localized attack neighboring the inner wall in a bend, (d) corrosion attack in the interior neighboring the skin and
the weld seam, the numbers 3 and 4 designate the measurement positions P3 and P4 for MCS, (e) magnification of the corrosion morphology between the skin and the
neighboring interior, (f) IGC; and (g) location of a grain which was undercut and fell out, and (h) grooves showing IGC also occurring in extrusion view.

galvanic corrosion and an insignificant attack at the interior (Fig. 6d transport and are exposed to a conductive environment corrosive
and e). electrolyte [31]. The material with a lower Eco,r in a galvanic cou-

Usually, galvanic corrosion can occur when two dissimilar ple becomes more active and corrodes preferentially. Corrosion
metallic alloys are in electrical contact with each other for electron severity of a galvanic couple depends upon various factors such as
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Fig. 13. An interpretation of the coupling mechanism between the interior at P3
and the skin at P2; the anodic polarization curve of P3 and cathodic polarization
curve of P2 intersect at Point A.

Ecorr difference between the two metal alloys, polarization behavior
of individual alloys, anode to cathode area ratio, electrolyte con-
ductivity, polarization characteristics of the metals involved, and
distance between the coupled alloys, etc.[21]. According to the the-
ory of galvanic corrosion [32], dissolution current density of anode
(I31) or the galvanic current density (Ig) can be expressed as

E —E b
Inl, = Inl,, = —<orr2 — =corrl al Ini
g al ba1 + b ba + be corrl
bc2 bC2 A2
——=— In] + 2 n2 1
ba +ba " T by+by A (1)

where b, and b, are Tafel slopes of anodic reaction and cathodic
reaction of anodic material, respectively; Ecorr1 and Ecorrp are free
corrosion potential of anode and cathode, respectively; I.o;r1 and
Icorr2 are free corrosion current of anode and cathode, respectively;
A1 and A; are area of anode and cathode, respectively.

If AEcorr(=Ecorr2 — Ecorr1 ) 1S higher than 50 mV, there is arisk of an
increased corrosion rate of the less noble metal after galvanic cou-
pling [33]. As stated above, AEcor between the skin and the interior
attheinitial state hit 110 mV. The skin was more noble and the cath-
ode, the interior was more active and hence formed the anode. In
a corrosive environment both formed a galvanic couple. The gal-
vanic corrosion rate can roughly be predicated by superimposing
the polarization curves of the anodic and cathodic materials [34].
When the open-circuit potentials of the anode and cathode are rela-
tively far apart, more than about 120 mV, depending on the slopes of
the curves, this predication is fairly accurate. The intersection of the
anodic curve for the anodic material with the cathodic curve for the
cathodic material provides an indication of the galvanic corrosion
rate, Igajvanic, and the coupled potential, Ecqyple [34].

When a metallic contact is made between a more noble metal
and aless noble one, the corrosion rate of the latter will increase and
that of the former will decrease. Assuming that the interior, i.e., P3,
and the skin, i.e., P2, are coupled together (as shown in Fig. 13), the
anodic polarization curve of P3 and the cathodic polarization curve
of P2 would intersect at Point A. The corrosion current density of the
interior at P3 would then increase by one order of magnitude from
7.43 x 1076 A/cm? to 3.66 x 10~> A/cm?, whereas that of the skin
at P2 would decrease from 6.04 x 105 A/cm? t0 3.66 x 10> A/cm?.
The skin was efficiently protected and the deterioration of the inte-
rior was accelerated.

Grain boundary

)
O phase (] o phase
J
» »
-
p & > MgZn
precipitates
o phase

Model for intergranular corrosion

Fig. 14. Schematic diagram of the intergranular corrosion predominately caused by
microgalvanic corrosion between the fine MgZn precipitates at or on GBs and the
adjacent matrix.

Fortunately, the area ratio of cathode and anode in this situation
is far less than one. That is,

Ay = Ay (2)

0< % <1 (3)
Ay

In i <0 (4)

Thus, the anode to cathode area ratio leads to a reduction in I,
and an insignificant deterioration of the interior (Fig. 6).

4.3. Influence of intermetallic compounds on corrosion
morphologies

The size and distribution of the intermetallic compounds exert
animportantimpact on the corrosion morphology of the ZK60 alloy.
It can be found from Fig. 6a-d that the coarse intermetallic com-
pounds led to severe pitting corrosion either on the skin or at the
interior. Unfortunately, when a large MgZn precipitate (Fig. 5) is
located in the interior adjacent to the skin, the corrosion is accel-
erated and gives rise to more serious deterioration in the interior
(Fig. 6b and d), because the potential of intermetallic compounds is
more negative in comparison to that of the a-matrix [8]. It is gen-
erally observed for other Mg alloys that corrosion pits initiate at
flaws adjacent to a fraction of secondary phases, such as Mg;7Al},,
AlMn(Fe) or Mg-,Si, as a result of the breakdown of the passivity
film [5,8,30]. This is followed by the formation of an electrochem-
ical cell in which the secondary phase particles of the type AlMn,
AlMnFe, Mg;7Alj,, Mg, Cu are more noble and form the cathode,
while the neighboring a-Mg matrix is more active and forms the
anode [7,8].

Now to the role of fine intermetallic compounds. Surprisingly,
IGC, thatis localized attack along the GBs, was observed in Fig. 6f-h.
Itis obvious that grains detached and left the pits (Fig. 6g) or grooves
(Fig. 6h). This is attributable to the fine MgZn precipitates formed at
the GBs (Fig. 5). Thereby, grooves occurred after 48 h salt spray test
in the extrusion direction and some grains peeled off in the cross-
sectional view. The schematic diagram in Fig. 14 illustrates the IGC
mechanism of the extruded ZK60 alloy. The IGC results from the
microgalvanic corrosion between the fine MgZn precipitates at the
GBs and the adjoining the grain interiors. The fine precipitates are
more noble than the bulk material; these precipitates will hence
stimulate GB attack by acting as efficient local cathodes. Moreover,
Zn-depleted zones probably formed surrounding the GBs, and addi-
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tional internal stress was also possibly evolved along the extrusion
direction. A further investigation of these issues will be required.

5. Conclusion

The microstructure and corrosion morphologies as well as their
relationship of an extruded ZK60 bumper were investigated. Pit-
ting corrosion, galvanic corrosion and IGC were simultaneously
discerned. Two models for the explanation on the mechanisms
of macrogalvanic corrosion and IGC resulting from microgalvanic
corrosion were proposed. Following conclusions are made:

(1) The typical microstructure in the cross-section of the extruded
ZK60 component exhibits two regions: an outer layer or skin
with one or two coarse grains with a size of approximately
100 pwm, and the interior with fine equiaxed grains having a
size of about 20 wm. While on the extrusion direction, the
microstructure is characterized by fine equiaxed grains with an
average size of 11-18 wm, related to the depth from the surface
to the interior.

(2) The corrosion rate of the ZK60 alloy increases with an increase
in grain size. The initial potentials exert a very significant influ-
ence over the attack in aggressive environment.

(3) The corrosion morphology of the alloy with an anisotropic
microstructure is correlated to the grain size and to the size and
distribution of the intermetallic compounds. The mild attack of
the skin and intergranular corrosion are attributed to macrogal-
vanic corrosion and microgalvanic corrosion in an aggressive
medium.

(4) This investigation discloses the limitation of corrosion current
density as the criterion for the evaluation on corrosion resis-
tance. Also, the potential is the other critical criterion for the
evaluation.
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