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Abstract: Corrosion behaviour of Sn (0.0, 0.5, 1.0, 2.0 and 3.0 wt.%)-doped Zn 1.6 wt.% Al 1.6 wt.%
Mg alloys exposed to salt spray testing was investigated. Intergranular corrosion was observed for
all alloys in both as-cast and annealed states. However, due to microstructure spheroidisation in
the annealed samples, potential intergranular corrosion paths are significantly reduced. Samples
with 0.5 wt.% of Sn showed the best corrosion properties. The main corrosion products identified by
XRD analysis for all samples were simonkolleite and hydrozincite. Occasionally, ZnO and AlO were
identified in limited amounts.

Keywords: Zn-based alloy; Sn-addition; corrosion products; salt spray test; intergranular corrosion;
corrosion penetration depth; weight loss

1. Introduction

A wide range of commercial Zn-based hot-dip coatings are used for corrosion protec-
tion. These also include Zn-Al-Mg-based coatings such as Magizinc (MZ) with Zn 1.6 wt.% Al
and 1.6 wt.% Mg. It is widely used in the coating industry including steel sheet production
for building, energetics, and the automotive industry [1–12].

Neutral salt spray testing (NSST) is used as an industry standard for corrosion resis-
tance testing. Zn-Al-Mg coatings perform notably better compared to conventional hot-dip
Zn coatings. The presence of Mg in the Zn-Al-Mg coatings enables the stabilisation of
protective corrosion products like simonkolleite and hydrozincite [13–16]. Regarding the
microstructure, Mg addition to binary Zn-Al alloys results in the formation of intermetallic
phases such as Zn2Mg and Zn11Mg2. These phases are more corrosion active even com-
pared to the η(Zn) phase, hence enabling the more effective cathodic protection of steel
substrates [17]. They are formed within eutectics in the interdendritic areas of primary
η(Zn) dendrites. Unfortunately, these phases are also enabling the cathodic protection
of this Zn-based matrix, hence overall corrosion attack starts as the intergranular (IG)
corrosion. Sources have reported this phenomenon, however only on the coatings with a
limited thickness of up to 50 µm. In all these corrosion test results, substantial parts of the
coatings were affected by IG corrosion locally, even across the entire coating [18–20].

The potentials of additional alloying of Zn-Al-Mg systems by Cr, Zr, Ti Mo, Mn, Si,
etc. have been already studied in the literature [10]. Sn is also an interesting candidate
due to its high affinity to Mg [21]. The preliminary research [12] into the development
of microstructure and corrosion resistance of the Zn-Al-Mg + Sn alloy system has shown
that Sn can affect the phase composition, and consequently the corrosion properties of
MZ. In the follow-up to these results, this system is being investigated with an extended
experimental scope in Parts I and II of the current articles. The main aim of these additional
experiments is to observe if long time exposure to rather high temperatures (1 h at 310 ◦C)
have a significant influence on the corrosion properties of these alloys. Based on these
inputs, bulk samples were chosen for our research. This enabled to investigate the IG
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corrosion phenomena for these alloys in both as-cast and annealed states without the limit
of a coating’s thickness.

2. Materials and Methods

As already described in Part I of this article [22], five different alloys with the designed
nominal composition of Zn-1.6Al-1.6Mg-xSn (wt.%), where x = 0.0, 0.5, 1.0, 2.0 and 3.0 wt.%,
respectively, were prepared by melting pure Zn at 470 ◦C and mixing in the appropriate
amount of a 50 wt.% Al + 50 wt.% Mg master alloy. These raw materials were preheated to
400 ◦C to facilitate their rapid melting. Due to the low melting point of Sn, it was added in
the last step. Table 1 indicates that the measured chemical compositions of the alloys by
glow discharge optical emission spectroscopy (GDOES, Spectruma GDA 750, Spectruma
Analytik GmbH, Hof, Germany) are in a good agreement with the nominal ones.

Table 1. Chemical composition of the studied alloys (wt.%).

Alloy Al Mg Sn Zn

MZ + 0.0Sn 1.56 ± 0.07 1.40 ± 0.01 0.07 ± 0.02 bal.
MZ + 0.5Sn 1.64 ± 0.02 1.41 ± 0.01 0.52 ± 0.01 bal.
MZ + 1.0Sn 1.62 ± 0.03 1.45 ± 0.02 1.06 ± 0.02 bal.
MZ + 2.0Sn 1.57 ± 0.01 1.44 ± 0.01 1.95 ± 0.01 bal.
MZ + 3.0Sn 1.57 ± 0.12 1.43 ± 0.05 2.69 ± 0.06 bal.

As a reference material for the corrosion test, 4N5 purity Zn-samples were cast. Two
types of cylindrical samples were prepared for each alloy: (i) as-cast samples and (ii) cast
and subsequently solution annealed at 310 ◦C for 1 h.

Casting was done from 470 ◦C of melt temperature into a water-cooled copper mould
with a diameter of 30 mm and depth of 20 mm. During casting, the sample temperature
was continuously measured and an average cooling rate of 60 ◦C/s was established. The
annealing step was finished by quenching it in a water bath below 10 ◦C at an average
cooling rate of 75 ◦C/s.

The investigated surface of the as-cast and annealed samples was subjected to grinding
using up to 4000 grit abrasive papers. The surface topography was determined using a
ZEISS LSM700 laser scanning confocal microscope (LSCM, Carl Zeiss AG, Oberkochen,
Germany). The 405 nm light source was used, which in combination with a Epiplan-
Apochromat 50×/0.95 objective enabled to reach step sizes of 250 nm on the X and Y axes
as well as 200 nm on the Z axis. These surfaces were subjected to the corrosion in the
salt chamber.

The investigated samples were coated with Lacomit Varnish to prevent the corrosion
of the entire sample and limit the exposed area. The exposed surface was digitally scanned
to double check the exposed area. These data, together with the surface topography data,
made it possible to calculate the real surface area exposed to the corrosion on each sample.

The neutral salt spray corrosion test (NSST) was performed in a Co.Fo.Me.Gra 400E
(CO.FO.ME.GRA. Srl, Milano, Italy) corrosion chamber according to the ISO 9227:2017
Standard [23]. The NSST samples were immediately exposed in the cabinet to a 5 wt.%
NaCl solution. The air pressure of the atomized saline solution was maintained in the
range of 95–105 kPa, and the temperature inside the cabinet was 35 ± 2 ◦C, pH level was
6.6–7.1, and the salt solution deposition rate 125–200 mL/h/m2. Custom holders were
used to keep the prescribed sample orientation of 15◦ from the vertical position.

Exposure times for all types of samples were 250, 500, 750 and 1000 h. Three samples
were prepared for all as-cast and annealed conditions for all exposure times. All in all,
144 individual samples were exposed at the same time. After the salt spray testing, the
samples were dried at room temperature for 24 h at minimum before being further pro-
cessed. After drying, loose corrosion products were removed and collected separately. It
was of upmost importance to prevent any kind of a mechanical damage to the metallic
sample surface. The bulk samples were cleaned by acetone and dried on air. The initial
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weight of the specimen was measured (w0) by using the Mettler Toledo XPR205 weighing
balance (Mettler-Toledo International Inc., Columbus, OH, USA). According to the ASTM
G31 Standard [24], the specimens were immersed in the chromate acid (CrO3) to ensure
that the corrosion products were removed. Samples were cleaned in 60 s intervals. After
each cleaning interval, the samples were repeatedly weighed. This process was considered
finished when less than 5 mg of weight was lost after a cleaning cycle for all three repeats
of a condition [23–25]. The final weight for each sample was recorded (wn). The recorded
weight difference was normalized by the exposed area of each sample (An) corrected by
the sample topography coefficient (k). The topography coefficient is retrieved from LSCM
software as the ratio between real surface area, incorporating surface topography, and
the ideal surface. This value was 1.09 on average. These data enabled the calculation the
average weight change (w′) for each condition in mg/mm2 according to equation:

w′ =
w0 − wn

An k
(1)

The metallographic preparation on the longitudinal section (along the cylinder axis)
of corroded as-cast and annealed samples consisted of standard grinding using abrasive
papers, polishing on diamond pastes with various grain sizes down to 0.25 µm.

The microstructure evaluation was performed by the JEOL JSM 7600F scanning elec-
tron microscopy (SEM, Jeol Ltd., Tokyo, Japan) with a Schottky field emission electron
source operating at 20kV and 90 µA. The samples were placed at a working distance of
15 mm and documented using a backscattered electron detector.

The quantitative analysis of IG corrosion depth was performed by ImageJ 1.53c
software [26] along the longitudinal section for each condition. At least 150 individual
values were recorded for each data point.

The weight measurements are displayed with +/− standard deviation error bars and
the depth of IG corrosion measurements are given with +/− standard error.

The X-ray diffraction (XRD) analysis was carried out by the PANalytical Empyrean
X-ray diffractometer (Malvern Panalytical Ltd., Malvern, UK) with configurations as de-
tailed in Table 2. The measurements were performed on the samples after 1000 h of NSST
with Ni filtered Cu-radiation. X-ray diffraction data were further analysed qualitatively
using the PANalytical Xpert High Score program (HighScore Plus 3.0.5 version) with ICSD
FIZ Karlsruhe database. These findings were confirmed and enhanced using the Rietveld
refinement-based program, MAUD version 2.84 [27]. The program uses an asymmetric
pseudo-Voight function to describe the experimental peaks. The instrument broadening
was determined by measuring the NIST660c LaB6 (The National Institute of Standards and
Technology, Gaithersburg, MD, USA) line position and line broadening standard and intro-
duced to the Rietveld refinement program (MAUD version 2.84) via the Caglioti equation.
An anisotropic size-strain model was applied to the majority of corrosion products, while
the other phases were treated by isotropic models. A minor discrepancy between nominal
and measured peak intensities was corrected using the spherical harmonic functions with
fibre symmetry. The quality of the fit was in all analysed patterns achieved below 10% Rwp.

Table 2. List of XRD measurements settings.

Sample XRD Device
Geometry

Angle
Range Incident Beam Diffracted Beam Detector

Powder of loose corrosion
products scraped from the surface

of the bulk samples

Theta-2Theta,
Bragg-Brentano

geometry

5◦–90◦

2Theta

Divergence slit: 1/4◦

Soller slit: 0.04 rad
Anti-scatter slit: 1/2◦

Anti-scatter slit: 1/2◦

Soller slit: 0.04 rad

PIXcel3D detector
in 1D scanning

mode
Corroded surface of bulk samples

after loosely attached corrosion
products were removed

Grazing incident (GI)
with 0.5◦ incident angle

5◦–80◦

2Theta

Parallel beam optics with:
Divergence slit: 1/16◦

Soller slit: 0.04 rad

Parallel plate
collimator: 0.27◦

Soller slit: 0.04 rad

Scintillation
detector
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3. Results

As mentioned before, the weight changes for each sample were calculated according
to Equation (1) and the obtained data are plotted in Figures 1 and 2. Reference Zn samples
showed a gradual weight loss for both as-cast and annealed conditions as expected. It can
be observed that for several as-cast samples, a weight gain rather than a weight loss was
recorded. The annealed samples showed the weight loss for all conditions as expected.
MZ + 3.0Sn showed the best results at even 40% lower values compared to MZ + 0.0Sn.
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Since the weight gain instead of the weight loss was recorded for several as-cast
conditions, it was decided to prepare longitudinal cuts of the samples and investigate
potential reasons of this phenomena. The intergranular corrosion was present in most
samples to a significant extent. Most phases present in the interdendritic spaces were
corroded. Such corrosion products could not be cleaned by CrO3 acid solution [24]. These
corrosion products, anchored among the still mainly intact η(Zn) dendrites, were increasing
the total weight of the samples even after the cleaning process (Figure 3a). Their presence
is visualised by chemical element distribution maps in Figure 3b.

Backscattered-electron scanning electron microscopy (BSEM) images of the longitudi-
nal sections for representative as-cast samples with 0.0, 0.5 and 3.0 wt.% of Sn after 1000 h of
NSST are given in Figure 4. Corresponding quantitative analysis results of the intergranular
corrosion penetration depth are summarized in Figure 5. The same is available for the
annealed samples in Figures 6 and 7.
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SEM investigation of as-cast MZ + 0.0Sn samples after 250 h of NSST revealed a
significant portion of the microstructure being affected by the intergranular corrosion
reaching as deep as ~50 µm (Figure 5). This effect is even more pronounced on the as-cast
samples with 1–3 wt.% of Sn. IG corrosion can be formed as deep as ~150 µm for the as-cast
MZ + 3.0Sn samples (Figure 5). This effect is further emphasised during longer exposures
in the salt spray chamber. The IG corrosion can reach depths of over 370 µm on average
for the as-cast MZ + 2.0Sn and MZ + 3.0Sn samples exposed for 1000 h (Figures 4c and 5).
Complex ZnAlMg interdendritic areas were affected preferentially by the IG corrosion
(Figure 8).
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The depth of IG corrosion is significantly lower for the annealed samples with maxi-
mums reaching only about 70 µm even after 1000 h of NSST. For 250 and 500 h, all alloys
behaved rather similar with IG corrosion depths of 10 and 22 µm, respectively. MZ + 1.0Sn
and MZ + 2.0Sn seem to be more susceptible to the IG corrosion when comparing the
samples after the full 1000 h test. On the contrary, annealed MZ + 3.0Sn samples showed
values comparable even to MZ + 0.0Sn, or MZ + 0.5Sn reaching a maximum depth of about
45 µm.

The examples of areas affected by the intergranular corrosion are given in Figures 8 and 9
for the as-cast and annealed samples, respectively. The EDS chemical analysis of the
microstructure in Table 3 confirms the intergranular corrosion attack. Figure 8a shows
the η(Zn) dendritic microstructure affected by the corrosion along the interdendritic areas.
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η(Zn) primary dendrites also showed the signs of corrosion in the form of fine cracks. These
can be attributed to the presence of fine, sub-micron Al-rich particles observed within
the η(Zn) primary dendrites. In a more detailed image (Figure 8b) it can be seen that
α(Al) and MgxZny particles were corroded. Mg2Sn particles were subject to the process of
dealloying [28–31], leaving thus pure metallic Sn particles behind.
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Table 3. EDS chemical composition of selected sites (at.%).

Site No. (as Labeled in Figures 8 and 9)

Chemical Element (at.%) 1 2 3 4 5 6 7

Zn 97.31 55.32 29.66 46.12 96.08 77.88 21.29
Al 2.69 2.69 5.31 2.83 2.53 2.54 30.42
Mg 0.00 5.11 13.23 2.88 0.00 17.38 1.00
Sn 0.00 0.38 0.25 14.05 0.00 0.00 0.98
O 0.00 33.15 59.95 33.97 1.39 2.20 46.13
Cl 0.00 3.34 0.60 0.14 0.00 0.00 0.19

Phase/Region η(Zn) Corrosion
product

Corrosion
product

Residue Sn from
Mg2Sn particle η(Zn) Mg2Zn11

Corrosion
product

As reported in the first part of this research [22], the basic dendritic character of
the microstructure was still rather well maintained for the MZ + 0.0Sn and MZ + 0.5Sn
alloys even after annealing. Hence, the IG corrosion is observed to propagate preferably
along the interdendritic areas. For the annealed samples with 1 and more wt.% of Sn the
microstructure is more spheroidized. The individual intermetallic phases were coalesced
into coarse, discrete particles, while η(Zn) dendrites were reshaped and new grains are
formed within the microstructure. The boundaries of these grains contained a significant
portion of intermetallic phase particles. As such, they were more susceptible to the IG
corrosion. The propagation of the IG corrosion is documented in Figure 9a and the grain
boundaries decorated by intermetallic particles are shown in closer detail in Figure 9b.

The XRD analysis was performed on all samples after NSST. As described, loose
corrosion products were gathered and investigated. The XRD was used to determine
the phase composition of the corrosion products formed on the samples during NSST.
The XRD patterns for all corrosion products retrieved from the as-cast and annealed
samples are summarized in Figures 10 and 11, respectively. The presence of the identified
phases was also confirmed using the Rietveld method (Table 4). Despite the differences
between the microstructure of the as-cast and annealed samples, their corrosion products
showed an identical qualitative phase composition. The semi-quantitative results from
these calculations indicate that the majority of the corrosion products were formed by a
hydrozincite for all samples. About 20 vol.% of simonkolleite was measured for all pure
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Zn samples (Figures 10a and 11a). The corrosion products of MZ-based samples contained
only about 10 vol.% of simonkolleite on average (Figures 10b–d and 11b–d).

ZnO was identified solely in the corrosion products of the pure as-cast Zn sample
(Figure 10a), representing only about 2 vol.%.

NaCl was identified in randomly varying amounts in the corrosion products as a
remainder of the corrosion environment.

Next to hydrozincite and simonkolleite, the sources indicated that other phases might
also be formed [17–20,32–39]. Therefore, the corroded surfaces of the bulk metallic samples
were investigated after the loose corrosion products were removed. The measurement in
grazing incident diffraction mode with 0.5◦ incident angle was chosen to limit the signal
from the substrate (mainly Zn) as much as possible. Additionally, to previously identified
phases, zincite (ZnO) and aluminium (II) oxide (AlO) were identified as present directly
attached to the sample surface. An example of such a pattern is given in Figure 12 for the
MZ + 3.0Sn annealed sample surface after 1000 h of NSST. However, only about 2 and
5 vol.% of ZnO and AlO, respectively, were identified using the Rietveld method.

Table 4. Phases identified during XRD analysis.

Phase Name Phase Chemical
Formula

Reference
Code—ICSD FIZ

Karlsruhe Database

Crystallography
Open Database

COD ID
Crystal System Space Group Space Group

Number

Hydrozincite Zn5(OH)6(CO3)2 01-072-1100 9007481 Monoclinic C2/m 12
Simonkolleite Zn5(OH)8Cl2·H2O 98-003-4904 9004683 Hexagonal R3m 166

Zincite ZnO 98-015-4487 9004178 Hexagonal P63/mc 186
Aluminium (II) Oxide AlO 98-002-8920 - Cubic Fm3m 225

Sodium Chloride NaCl 01-075-0306 1000041 Cubic Fm3m 225
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4. Discussion
4.1. SEM vs. Mass Balance after NSST

Both weight loss and weight gain were observed for a significant portion of the
as-cast samples due to several related properties of the ZnAlMg alloy system. During
directional cooling of these alloys, the η(Zn) phase forms the primary dendrites, while
the interdendritic spaces are formed by a fine mixture of various phases including α(Al)
solid solution, MgZn2, Mg2Zn11, and Mg2Sn intermetallic phases. There is an inherent
difference in the open circuit potential (OCP) of these phases mainly compared to the
η(Zn) phase (Figure 13). Consequently, the interdedritic phases seem to offer the galvanic
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protection to the η(Zn) phase dendrites. Due to this phenomenon, the interdendritic spaces
corrode prior to the η(Zn) phase. The still intact η(Zn) phase dendrites act as anchors
holding these corrosion products in place. These corrosion products cannot be removed by
the environment during the NSST, nor by chemical cleaning done in the preparation for
the sample weighing after the test. Naturally, the total weight of such corrosion products
is greater as the weight of the original metallic phases. This phenomenon will cause
weight gain for several samples even after the corrosion products were removed as much
as possible before weighing. This increase in weight is also followed by an increase in
volume. Following the BSEM images, it is clear that the η(Zn) phase dendrites are cracking
as seen in Figure 8. This could be attributed to volume expansion-induced cracking
(Figures 3a and 8a).
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4.2. Corrosion of Individual Phases

Based on the SEM investigation, it can be concluded that individual phases are
corroding in the following order: α(Al)→MgxZny →Mg2Sn (if present)→ η(Zn).

For α(Al), MgxZny and η(Zn) this order corresponds with their respective corrosion
potentials reported in the literature as seen in Figure 13. On the contrary, Mg2Sn behaves
as a more noble phase compared to α(Al) and MgxZny phases despite having a lower OCP
compared to these phases. A clear example is given in Figure 14a, where already in an
early stage of the corrosion attack, an Mg2Zn11 particle is affected by the corrosion when in
contact with an Mg2Sn particle. Such a phenomenon can be caused by several factors, such
as for example a local change in pH, or local change in chemical composition of these Mg2Sn
particles. The second phenomenon was regularly observed in all Sn-containing alloys.
During the corrosion, the local dealloying of Mg2Sn particles occurs. Mg2Sn particles are
separated into Mg and Sn atoms. Mg is most probably immediately forming new corrosion
products, while Sn resides in the form of metallic particles. These can be observed on
most BSEM images of the areas affected by the IG corrosion. As shown in Figure 14b,
even the formation of an Sn-rich shell can be observed on larger particles found in the
annealed samples. The Mg content of former Mg2Sn particles is being gradually reduced,
hence, the remaining metallic particle will have locally a higher potential compared to
neighbouring microstructure components. As a final stage, pure Sn particles are formed in
the place of Mg2Sn particles. This process is even described by several authors [28–31] as a
potential energy storage system for batteries. The final stage of this process is documented
in Figure 15a. The corresponding EDS maps in Figure 15b confirm the presence of Sn-
based metallic particles. Mg and O maps are overlapping, indicating that Mg is forming
corrosion products.
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4.3. Phase Composition of Corrosion Products

Hydrozincite and simonkolleite are the most common corrosion products reported by
several authors for similar alloy systems [18–20,32,33,36–38]. This is in good agreement
with the current results.

The semi-quantitative analysis showed that a slightly higher portion of simonkolleite
was found in the corrosion products of both as-cast and annealed pure Zn samples com-
pared to MZ + xSn alloys. This is in line with the observation of Prosek et al. [32], where
simonkolleite was more likely to be identified for pure Zn coatings. As the XRD analysis
could not give the data on the chemical composition of these phases, the presence of Mg
and Al in the corrosion products of MZ-based alloys was measured by the SEM EDS
analysis with up to 2 wt.% of Mg and up to 1 wt.% of Al. From the two main corrosion
products, the hydrozincite can accommodate Mg as a metallic ion in its structure [45,46].
This would support our observation, where the increased amount of the hydrozincite was
identified on the MZ + xSn samples compared to pure Zn.

Additionally, layered double hydroxide (LDH) phases were identified, where LDH
can represent a group of similar phases [18–20,32,36,39,47]. Azevedo et al. [20] identified
LDH within the corrosion products formed on a Zn3.7Al3.0Mg alloy coating after 100 h
of NSST (5% NaCl). Applying the Rietveld method refinement to their XRD pattern
revealed that about 2–3 vol.% of the corrosion products were formed by LDH (ICSD
FIZ Karlsruhe database 98-015-5051). Similarly, a low amount of LDH was indicated
by the semi-quantitative results of Prosek et al. [32] within the corrosion products of
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Zn1.5Al1.5Mg alloy coatings exposed to model atmospheric conditions. However, in the
studied system, LDH was not confirmed in any of our measurements, not even during GI
XRD measurements performed directly on the corroded surface with the loose corrosion
products removed. When comparing our experiments to the literature, there are two
probable causes: we had rather low Al and Mg content compared to NSST done by
Azevedo et al. [20]. Prosek et al. [32] used the same coating, however, in a very different
corrosion environment. We might have a specific combination of parameters, which are
not favourable for the creation of LDH.

5. Conclusions

Based on the experimental results discussed in part I and part II of this research, the
following conclusions can be drawn:

• Weight change cannot be correlated with alloy composition nor NSST exposure time
due to presence of IG corrosion.

• Increasing the exposure time in NSST from 250 h to 1000 h increases the intergranular
corrosion penetration depth, regardless of the chemical composition and heat treatment.

• As-cast samples were more susceptible to the IG corrosion as interdendritic areas are
forming a connected network of less noble phases. These include α(Al), MgxZny and
Mg2Sn, while dendrites are formed mainly by η(Zn).

• Adding 0.5 wt.% Sn has almost no effect on the weight change of the as-cast samples
after NSST compared to MZ + 0.0Sn, while being significantly less susceptible to the
IG corrosion. As a result, the as-cast MZ + 0.5Sn samples show the most favourable
corrosion behaviour.

• Adding 1 to 3 wt.% of Sn yields in the weight gain instead of the weight loss as well
as a significant increase in the IG corrosion depth.

• Annealed alloys are less susceptible to the IG corrosion as intermetallic phases are
coalesced, spheroidised, and more uniformly distributed within the η(Zn) matrix or at
newly formed grain boundaries of η(Zn).

• Changing the alloy composition of the annealed samples has only a slight effect on
the weight change. Nevertheless, the samples with 3 wt.% of Sn showed the most
favourable results. Meanwhile, the IG corrosion depth is comparable to MZ + 0.0Sn,
resulting in overall best performance of the annealed MZ + 3.0Sn samples.

• Hydrozincite and simonkolleite were identified as the main corrosion products on all
samples. A small portion of ZnO was identified only on pure Zn samples. GI XRD
measurements indicated a small amount of AlO formed on most MZ-based samples.

• Current results show that even the high temperature exposure of up to 310 ◦C does
not negatively affect the corrosion performance of these alloys. It could be noted that
such exposure even provides a beneficial effect and enhances the corrosion resistance
of the coating by suppressing the IG corrosion.
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