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Abstract: In the present paper, the microstructure, mechanical and corrosion properties of
Al-Zn-Mg alloys containing different contents of tellurium have been investigated. Optical
microscopy, SEM/EDX, hardness and different electrochemical techniques have been
utilized. The outcomes showed that additions of Te to the alloy, refined the grains and
offered improvements in corrosion resistance and the mechanical properties of Al-Zn-Mg
alloys. The grain size decreased from 17.11 to 78.09um, while the hardness grew from 82,
to 107 (HB) with rising Te content to 0.5 wt. %. However, the findings proved that
increasing Te shifted the corrosion potentials to more negatives values.
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1. Introduction

Recently, Al-Zn-Mg alloys have been comprehensively utilized in structural components of
aerospace and automotive industries owing to their higher strength-weight ratio, good machinability,
cast-ability and weldability [1-3]. The high strength of Al-Zn-Mg alloys is due to the fine and
uniformly distributed precipitates ' (MgZny) in the matrix. However, satisfactory corrosion resistance
is required beside the excellent mechanical properties. Alloying is one of the main methods to
improve the comprehensive properties of Al-Zn-Mg alloys [4-9]. Incorporating various alloying
elements into Al-matrix can improve the necessary mechanical and corrosion properties [9,10].
The corrosion behavior of Al-Zn-Mg alloys is related to their multi-elements and their distribution in
the matrix. These elements may be either in solid solution form or segregated as second-phase
particles, intermetallic compounds or inclusions. Both the initiation of attack and the propagation of
dissolution depend on local zones where the enrichment of the alloying elements occur [11]. Shi et al
[12] investigated the role of Sc and Zr on stress corrosion cracking of Al-Zn—Mg-Cu alloys. It was
found that the susceptibility of stress corrosion cracking for Al-Zn—-Mg—Cu alloys declined when Sc
and Zr contents of increased. Further, the findings indicated that the area of GBPs decreased with
increasing of Sc and Zr contents in the matrix. Liu et al [13]concluded that addition of Sc can
suppress the recrystallization, refine the grains and narrow PFZs in the Al-Zn-Mg alloys. The removal
of Cu accelerated the coarsening of precipitates and broadened the PFZs in the Al-Zn-Mg-X alloys.
The addition of Sc, as well as the removal of Cu, can decrease the corrosion potential and the
corrosion current density of Al-Zn-Mg-X alloys. The corrosion current density of the Sc alloy is 36
times lower than that of the Cu alloy. Sadawy and Zohdy [3] investigated the influence of tin on the
corrosion properties of Al-Zn—-Mg in sea water. The outcomes illustrated that the corrosion rate
increased with the increase of tin contents. Xiong et al [14] examined the impact of tellurium on the
Al-Zn-In sacrificial anode. The outcomes have assured that addition of Te as the alloying element,
the Al-Zn-In anode exhibited lower harmful impurity content of Fe and Si, while an inhibition of
self-corrosion and higher current efficiency were obtained. The corrosion of the Al-Zn—In anode with
the addition of Te initiated at the Zn and Te enriched hemispherical segregation in grain boundaries
and interdendritic zones.
In the present investigation, the microstructure, mechanical and corrosion properties of as-cast Al-
5%Wt.Zn-2.5%Wt. Mg alloy with addition of different contents of Te in 3.5%wt. NaCl solution was
investigated. The effect of Te on the micro-galvanic effect and localized corrosion evolution of Al-Zn-
Mg alloys are discussed.

2. Materials and Methods
2.1. Materials

The present study was performed using Al-Zn-Mg-xTe alloys with (x =0, 0.625, 0.125, 0.25,
and 0.5). The alloys were prepared using high purity Al, Zn, Mg and Te. A measured weight of Al
was placed into a graphite crucible and melted at 850°C. The melt was thoroughly skimmed and then
the measured amount of Te was added and mechanically stirred for 3 min. The molten alloy was
poured into stainless steel mold of dimensions (200 x50 x 20 mm) and then cooled naturally to room
temperature. Schematic operational sequence during melt is shown in Fig. 1. The fabricated alloys
have been analyzed by XRF as shown in Table 1. The as-cast alloys were cut into 50 mm x10 mm x
10 mm for different tests.
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Table 1: Chemical compositions (wt. %) of Al -Zn-Mg-xTe alloys.

Elementals (wt. %)
Samples

Zn Mg Ni

s1 5.17 2.43 - <0.017 = <0.018  <0.012 Bal.
S2 5.44 2.43 00628  <0.032  <0.016  <0.018 Bal.
S3 5.52 2.32 01270  <0.018  <0.013  <0.028 Bal.
sS4 5.32 2.52 02450  <0.032  <0.024  <0.016 Bal.
S5 5.50 251 05060  <0.054 = <0.022  <0.025 Bal.

2.2. Electrochemical techniques

Electrochemical measurements were performed using Potentiostat/Galvanostat (EG&G model
273) controlled by a PC and an electrochemical cell with a three-electrode arrangement. The potential
measurements are recorded with respect to Ag/AgCI reference electrode. A platinum sheet was used
as a counter electrode. The measurements were performed under the atmosphere and room
temperature in 3.5%wt. NaCl solution.

Furnace

Fig. 1. Schematic operational sequence during melt.

The open-circuit potential (OCP) was recorded for 21 days. The anodic and cathodic polarization
curves were recorded by sweeping the potential at a scan rate of 0.5 mV/s and exposed surface area of
1.0 cm?. Cyclic polarization measurements were carried out by scanning the potential in the forward
direction from -100mV vs. corrosion potential (E*") towards the anodic direction at a scan rate of 1.0
mV/s. The potential scan was reversed in the backward direction when the anodic current density
reached a value of 0.10A/cm?. All corrosion experiments were performed in 3.5 wt. % NaCl solution
as electrolyte. The solutions were prepared from analytical grade and chemically pure reagents using
deionized water.
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2.3. Surfaces characterization

For microstructure examinations, samples of dimensions (50x 10x10) were cut from each ingot
using disc cutter and mechanically polished using SiC emery paper of grades 400-1200. All samples
were etched using a Keller solution of 25mL HNO3, 15mL HCI, 10mL HF and 150 mL distilled H,O.
The metallographic study was carried out using Olympus optical microscope. Further, a scanning
electron microscope (SEM, JEOL JSM-5800LV) was used for microstructure and morphologies of the
samples after corrosion.

3. Results and Discussions

3.1 Microstructures evolution

The microstructures of the alloys with different Te content are shown in Fig. 2. Clearly, all alloys
show a grains microstructure. The grain size of the alloys as shown in Fig. 3 grows with increasing
Te content. It can be noted that the grain size grows by 30.58, 66.66, 76.86, and 78.09% with rising
Te content to 0.625, 0.125, 0.25, and 0.5 wt. %, respectively (Fig. 4). The SEM/EDX as shown in
Figs. 5&6 show that the precipitates locate between the grain boundaries and a net workshaped is
obtained. The arms of IMPs are declined with increasing Te content showing a reduction in grain size.
Similar results were reported elsewhere [15]. Further, the findings show that Te is found freely in the
matrix.

:ri | Griiuf( ‘ .
.} tstrnch’e '

300 pm - BREEE it 300 pm |

Fig. 2. Optical micrograph of Al-Zn-Mg alloy containing different Te content.
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Fig. 4. Average grain size of samples.
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Fig. 5. SEM images of Al-Zn-Mg alloy samples with and without Te.

Grain
structure

Grain

Grain
' structure

structure

Grain Te
structure

Grain
structure

Volume 24, Issue 2, February - 2022 Page-162



Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Fig. 6. Backscatter SEM/EDX images of Al-Zn-Mg alloy containing different Te content.

3.2 Hardness

The hardness values of Al-Zn-Mg alloy with different values of Te concentration is illustrated in
Fig.7. The findings show that all samples containing Te have higher hardness value comparing to the
bare Al-Zn-Mg alloy. It is interesting to note that the hardness values grow by 7.31, 14.63, 20.73, and
30.49 %; with rising Te concentration to 0.625, 0.125, 0.25, and 0.5 wt. %, respectively. This trend
according to Abd El Aal & Sadawy [16] is attributed to refining the grains of a-Al. Further
incorporating Te into the melt is characterized by a limited solubility in the liquid state and absolute
insolubility in the solid state. The structure after solidification, may contain a solid solution or may be
segregated as intermetallic compounds, inclusions and second-phase particles[3]. This causes a strain
field resulting in an increase in the density of dislocations. Increasing the dislocation reduces the
plastic deformation of the alloy[3,17], therefore the hardness increases.
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Fig. 7. Hardness values of Al-Zn-Mg alloy samples with and without Te

3.3 Corrosion behavior
3.3.1 Open circuit measurements (OCP)

The OCP of Al-Zn-Mg with different content of Te in 3.5 wt.% NaCl solution is shown in Fig 8.
Clearly, the OCP of all samples have a tendency towards more negative values owing to the
catastrophe of the pre-immersion air formed oxide film on alloys surfaces. Additionally, the outcomes
illustrate that increment of Te moves the OCP to a more negative value. This means that increasing Te
to 0. 5 wt % commendably destroys the Al lattice and impedes the development of the continuous
passive film on the surface of alloys. A similar trend was also obtained by [3] who found that
incorporating Sn into Al-Zn—Mg matrix declined the OCP due to increasing the free Sn particles that
grew the activated the surface.

3.3.2. Potentiodynamic polarization

The potentiodynamic polarization curves of Al-Zn-Mg alloy containing different Te content in 3.5
wt. % NaCl solution are shown in Fig 9. The cathodic and anodic curves display a traditional shape of
Al alloys in sea water. The cathodic curves represent the reduction of oxygen on the surface of the
investigated system according to Egs.(1) and (2) [14,18]:
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The anodic curves characterize the dissolution of Al, Zn and Mg according to Egs.(3) - (5) [19]:
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Fig 8. OCP of the investigated alloys in 3.5 wt. % NacCl solution.
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Fig. 9. Tafel plots of Al-Zn-Mg-xTe alloys in 3.5 wt. % NacCl solution.

The findings show that the cathodic current density decreases with growing Te concentration. The
behavior means that Te constrain the hydrogen reaction kinetics. Further Fig 10 depicts that the
anodic current density continuously decreases with the growth of Te content, while the corrosion
potential (E“") moves to a more negative value and the corrosion current density (i°") declines. The
electrochemical parameters (corrosion potential (E®"), corrosion current density (i®"), anodic and
cathodic slopes (Pa and Bc) were calculated from Tafel plots, and are presented in Table 2.

Table 2: Electrochemical parameters obtained from potentiodynamic polarization

Corrosion rate Be
(mmly) (mV/dec)
S1 -853 + 35.61 (27.54+ 1.186) x10° 0.300 £ 0.016 120.06 £5.211 233.13+£9.32
S2 -937 £ 37.71 (8.51+ 0.372) x10 ° 0.093 + 0.0045 120.73 +4.853  237.75+10.33
S3 -970 + 28.81 (5.50 + 0.163) x10® 0.059+ 0.0034 121.08 £5.421  242.65+10.41
S4 -1000 + 40.92 (2.57 +£0.077) x10°® 0.028 + 0.0045 121.87 +5.398 248.78 +11.47
S5 -1045 + 42.91 (1.70 £ 0.051) x10°® 0.018 + 0.0001 122.05+5.287 250.07 £ 11.39

measurements for Al-Zn-Mg-xTe alloys in 3.5 wt. % NaCl solution.
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polarization plots of Al-Zn-Mg-xTe alloys in 3.5 wt. % NaCl solution.

The passive stability was examined by cyclic polarization tests (Fig. 10). Commonly, the curves show
active, passive and trans-passive regions. However, the range of the passive zone reduces with the
increment of Te content. This proposes that Te forms imperfections in the passive layer. Further, Te
deteriorate the passive film by breaking its continuity [14]. Table 3 displays the values of the
parameters associated to cyclic polarization curves for all samples in 3.5 wt. % NaCl solution
solution. It is clear that the passivation zone of S1 is about -788 mV, which is higher than all samples.
This may be due to denser protective physical barrier. On the other hand, the passivation zone is
declined to 790, 814, 714, and 815 mV with increasing Te content to 0.625, 0.125, 0.25, and 0.5 wt.
%, respectively and are presented in Table 3. Fig.11 shows the corrosion products formed on the
surface of the alloys after cyclic polarization tests. It is obvious that a heavily corrosion products are
obtained on the surfaces and covered all surfaces. However, S1 exhibits more dense corrosion
products comparing to other samples.

Passive zone

(mV)
S1 220 +9.12 (21.22 +0.924)x10° -658+ 28.48 57.54 + 2.62 x107 820+ 41.69
S2 152 +6.23 = (252.93+9.325)x10°  -638+31.51  29.51+1.85x10° 790 + 39.56
S3 84 +4.32 (408.32 + 15.42)x10°  -730+ 35.66 25.70 + 1.94 x10°® 745 + 38.81
S4 50 + 2.28 (213.80 £ 10.35)x10°  -774+38.31 3.16 +0.18 x10° 714 + 37.52
S5 -23+0.99  (275.42+11.46)x10°  -838+41.62 1.32 £ 0.01 x10°® 655 + 31.64

Table 3: Electrochemical parameters obtained from cyclic polarization measurements for Al-
Zn-Mg-xTe alloys in 3.5 wt. % NacCl solution
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Fig 11. Surface morphologies of samples after cyclic polarization in the 3.5 wt. % NaCl solution.

4. Conclusions

The microstructure, mechanical and corrosion properties of Al-Zn-Mg alloys with different Te
contents have been examined. Depending on the obtained results, the following conclusions can be
drawn as follows:
1-The grain size of Al-Zn-Mg alloy is declined with the addition of Te, The size decreased from 30.58
to 78.09%, while the hardness increased from 82, to 107 (HB) with growing Te content to 0.5 wit.
2- Increasing Te value, shifted the corrosion potentials to more negatives values.
3-Incorporating Te, reduces the amount of intermetallic precipitates in a-Al matrix, causing a
reduction in the cathodic current density.
4-Increasing Te content to 0.5wt % destroyed the continuity of the passive film on the surfaces of Al-
Zn-Mg alloys.
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