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Graphical Abstract

In this study, Ca added ZK60 Mg alloys were subjected to hot tensile testing for various Ca contents. Experimental
results were analyzed and microstructural characterization was performed.
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Figure. Experimental flow chart

Aim

The study aims to investigate the effect of various Ca (wt%) content on mechanical properties and microstructural
features of ZK60 alloys at high-temperature tensile testing without applying a secondary thermomechanical process
Design & Methodology

Hot tensile tests applied to five different %wt.Ca added ZK60 Mg alloys as-cast condition, their mechanical and
wear properties were investigated.

Originality

Unlike the literature, it is the first time hot tensile tests were applied to Ca-reinforced ZK60 Mg alloy as-cast
condition without secondary TMT to characterize grain size effect on microstructure and mechanical properties.
Findings

The yield and tensile strength have slightly changed but elongation increases to 1.26 at 345°C when wt.% Ca is 1.6
as the grain size gradually decreases.

Conclusion

Ca added to ZK60 Mg alloys affect the microstructure and mechanical properties in such a way to increase ductility
at high-temperature tensile tests contrary to decrease both yield and tensile strength in the absence of secondary
TMT for further retarded dynamically recrystallized small grains.

Declaration of Ethical Standards
The author(s) of this article declares that the materials and methods used in this study do not require ethical committee
permission and/or legal-special permission.
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ABSTRACT

The effect of various Ca content on microstructure and mechanical properties of as-cast Mg-6Zn-0.5Zr (wt.%) Mg alloys with hot
tensile testing at 345°C were investigated. The alloy was produced with the LPDC method [1]. Microstructural characterization
as-cast alloy demonstrated that wt.% Ca content increase, grain size decreases till wt.% 0.8Ca, the further increase affects gradual
change in grain size to ~60 pm at 345°C. Therefore, increase in Ca ratio from 0.4 wt% forming to strip-like Mg-Zn intermetallics
at grain boundaries, Ca-Mg-Zn ternary phase at grain boundary corners. Dramatical decrease in yield and tensile strength at wt%
1.6Ca addition is 37.6 MPa and 39.7 MPa respectively which is relatively low at 345°C due to the absence of retarded DRX’ed
small particles prohibited the grain growth after the TMT process. Conversely, elongation-to-fracture increases were observed as
1.26 at 345°C showing the temperature-dependent texture softening results in improvement of mechanical properties. Wear rate is
also affected from wt.% Ca addition so the gradual increase up to 1.2 wt% Ca is 3.70 x 10 mm3/m. Similarly, a gradual increase
in hardness values was obtained with Ca addition in ZK60 alloy. In this study, the effect of temperature-dependent Ca addition
(wt %) on gradual enhancement in mechanical properties was observed at as-cast magnesium alloys.

Keywords: ZK60 alloy, Ca addition, microstructure, hot tensile testing, mechanical properties.

Farkli Oranlarda Ca Katkisinin Dokiim ZK60 Mg
Alasimlarinin Mikroyap1 ve Mekanik Ozellikler
Uzerindeki Etkisinin Incelenmesi

(074

Agirlikca farkli Ca (%) oranlarinda katilarak elde edilen olarak bilinen dokiim Mg-6Zn-0.5Zr (ag. %) ZK60 Mg alasiminin
345°C’de sicak ¢ekme testleriyle mikroyapi ve mekanik 6zellikleri incelenmistir. Deneysel bu ¢alismada, alasim diigiik basingl
kokil doékiim (LPDC) yontemiyle {iretilmistir. Dokiim alagiminin mikroyapi karakterizasyonunda ag.% 0.8Ca oranina kadar tane
boyutu kiigiilmiis, Ca orani yavas yavas arttirtldik¢a tane boyutu da 345°C sicaklikta yaklasik ~60 um boyutuna ulastig
gozlemlenmistir. Sonug olarak, ag.% 0.4Ca oranma baglh olarak tane smirlarinda serit benzeri Mg-Zn intermetalik yapiy1 tane
koselerinde ise kabalagmis liglii Ca-Mg-Zn intermetalik yapisini olustururlar. ag.% 1.6Ca ilavesinde akma ve ¢gekme mukavemetleri
mukayese edilebilecek sekilde 345°C sicaklikta sirastyla 37.6 Mpa ve 39.7 MPa degerlerine diistiigli goriilmiistiir. Kopma uzamast
ise, bunlarin tam tersine sicakliga bagl tekstiir yumusamasi neticesi mekanik 6zelliklerdeki artigina bagh olarak, ag.% 1.6Ca
oraninda 1.26 % olarak 8lciilmiistiir. Asinma oran1 ag.% Ca oranindan etkilenmistir ag.% 1.2Ca oraninda asinma hiz1 3.70 x10-3
mm?®/m olarak Slciilmiistiir. Benzer sekilde ZK60 Magnezyum alasimu sertlik degerlerinde de Ca igerigine bagh artislar grafiklerde
gosterilmistir. Bu calismada dokiim ZK60 magnezyum alasimlarina % ag. Ca katkisiyla sicakliga bagl etkisinin mekanik 6zellikleri
gelistirdigi gozlemlenmistir.

Anahtar Kelimeler: ZK60 alasimi, Ca ilavesi, mikroyapi, sicak ¢ekme testi, mekanik o6zellikler.

1. INTRODUCTION their anisotropic hexagonal close-packed crystal (HCP)

Magnesium and magnesium alloys being known as the ~ Structure do not form at room temperature because of_an
lightest materials are attracting much interest by inadequate number of independent slip systems resulting
automotive, aerospace, aviation, and defense industries 1N low ductility [7]. Research showed that these eligible
because of their unigque mechanical properties like being ~ features of Mg alloys can not be maintained further at
the lightest material with high specific strength and ~Nigher temperatures so the material —undergoes
thermal conductivity together with their high ~Mechanically creep deformation [8,9]. The addition of
dimensional stability and vibration damping, good alloying elements like alkaline earth (Ca and Sr), rare
machinability, and castability, high corrosion resistance ~ €arth (RE), and semi-metal (Si and Sb) aims to enhance

at ambient temperature [2-6]. Besides, Mg alloys with the mechanical features [9-11]. Contradictory to the
effect of alloying elements in developing mechanical

*Sorumlu Yazar (Corresponding Author) properties, a decrease in ductility was observed. To
e-posta : avkan.akbas@kocaeli.edu.tr
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overcome this dramatic drop in ductility while
developing the mechanical features of the material in as-
cast, it is necessary to refine grain size simultaneously
[10,12-14]. By refining the grain size, it homogenizes the
microstructure leading to prevention of segregation and
constitution of porous structure resisting corrosion
[9,10,15].

In Al-free Ca added Mg alloys, due to its grain refining
effect of Zr attributes to constitute fine and densely
dispersed MgZn; grains [15-17]. On the other hand, by
addition of Ca into the Mg alloy with its refining effect
[16] together with high heat resistance [17] and reduced
flammability [18] and suitably applied
thermomechanical processes the strength can be
increased [19-29]. So the Ca addition to the Mg alloy
results in the dynamic recrystallization and the
occurrence of related grain growth to be inhibited.
Therefore, the formation of finely dispersed precipitates
observed at extruded material due to their pinning effect
results in highly dense dislocations together with
strengthening the basal texture [30]. For this reason,
metallic Ca was used at Mg-Zn [26] and AM60 [32],
AZ31 [37], Mg-Mn [29,38], Mg-Al [24], Mg-Sn [27] Mg
alloys systems. Potentially Mg-Zn dual Mg alloy
systems, with their gained high wrought strength
magnesium due to solution [39] and precipitation [31]
hardening mechanisms activated. Although numerous
studies have worked on the effect of Ca addition on these
alloy systems for investigating the properties of
magnesium alloys with secondary thermomechanical
treatments (TMT) so far, limited studies have focused on
the effect of properties of magnesium alloy as-cast
condition. To the best of the authors’ knowledge, the
temperature effects on grain size related to
microstructures and on mechanical properties by hot
tensile testing of Ca added as-cast ZK60 Mg alloys
without  applying  secondary  thermomechanical
treatments have been studied for the first time in the
literature. In this study, we focused on the contribution of
various Ca (wt.%) content to the mechanical properties
and microstructural features of ZK60 alloys at high-
temperature tensile testing.

2. MATERIAL AND METHOD
2.1. Material Preparation

In this experimental study commercially supplied ZK60
Mg alloy has a composition of in weight as Mg%93.5-
%62Zn-%0.45Zr. (Mg-Ca) a master alloy containing 20
wt.% metallic Ca was added proportionally with varying
weight ratios, except for one as pure ZK60 for
comparison donated to letters from A to E prepared for
six specimens. The constituent compositions of efficient
metallic wt.% Ca are given in Table 1.

Tablo 1. X-ray Dispersive Spectral analysis of mixed materials
in the as-cast condition. Letters A to F denotes
chemical compositions of ZK60 — xCa (wt%)
respectively.

Mg (Wt.%) Zn (Wt.%) Zr (wt.%) Ca (wt.%)
As-cast

A 93.00-93.50 5.50-6.50 0.40-0.50 0.00-0.00
B 91.50-93.50 6.00-7.00 0.30-0.40 0.30-0.40
C  9150-9250 6.50-7.50 0.40-0.50 0.60-0.80
D 91.00-92.00 6.50-7.00 0.50-0.60 1.00-1.20
E 90.00-91.50 6.50-7.50 1.30-1.40 1.40-1.60
F 90.00-91.50 6.00-7.00 1.50-1.60 1.60-1.80

Ingot casting was held under the controlled gas
atmosphere of SFg+CO, and Argon gas mixtures after the
heating to 750°C then waited for 30 minutes before
pouring into a steel mold. The tensile test specimens
machined with wire erosion method into rectangular bars
with 50 mm gauge length and 4 mm thickness were then
subjected to high-temperature tensile testing according to
EN 1SO 6892-1 [32] standards. The specimens were
subjected to 345°C at a strain rate of 10 s and 2 MPa
pre-loaded for the high-temperature tensile test
performed at Zwick Roell Z600 Hot Tensile Test
Machine respectively. The stoichiometry of the prepared
samples after casting is given in Table 2.

Table 2. The grain size of wt.% Ca added ZK60 Mg alloy
samples before and after high-temperature tensile

tests (345°C)
Grain Size ((Lm)
Before After
25°C 345°C
As-cast

A 98 136
B 88 79
C 78 61
D 95 81
E 67 64
F 74 60

The casted parts before applying high-temperature tensile
tests, the metallographic studies were held with acidic
picral for etching before mechanical polishing. After the
completion of the process, the OM examination was
carried out using Olympus BX41M-LED for grain size
determination. The XRD pattern for intermetallics was
obtained using Rigaku with 40 kV, 20 mA, between
20°- 90° 20 with 2° step size. After the tests, surfaces
and fractured sections of the samples were characterized
with Jeol JSM 6060 Scanning Electron Microscope
(SEM) and the energy dispersive X-ray spectrum for
detailed at.% concentration in microstructures was
obtained by using EDS analysis equipped. Their
hardnesses were measured on Futura Tech Vickers
Hardness (HV) test machine. The wear tests were
performed for as-cast hot tensile tested samples at a
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reciprocating wear test machine. The sliding distance
proposed was 250 m in dry sliding conditions under the
5N applied load for 150 rpm sliding speed. DIN 100Cr6
steel ball was used as counterface grinding material. To
compare the grain size of the Ca added samples, as-cast
conditions to the machined counterparts exposed to high-
temperature tensile tests were then tabulated in Table 2.
The grain sizes were determined by the linear intercept
method under the optical microscope. The strain rate was
kept constant for all selected temperatures to observe the
effect of grain size on mechanical properties. In this
experiment, Yield strength (Rpo2), Tensile Elongation
(Ag) in Mpa, Elongation (%), Wear Rate (mm?3/m),
Vickers Hardnesses (HV), Grain Sizes (um) were
comparably examined.
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Figure 2 illustrates the XRD profiles of the as-cast
ZK-xCa alloys. ZK60 alloy profiles show a-Mg and Mg-
Zn binary phase systems. Whereas the maximum solid
solubility of Zn in Mg solid solution to form an Mg-Zn
binary compound is 6.2 wt.%, according to the Mg-Zn
phase diagrams, 50 wt.% of solid constituent occurs at
615°C for 6 wt.% Zn [34] due to inconsistency in
solidification during casting.

XRD pattern of the produced from ZK-xCa alloys reveals
at all the solidified Mg-Zn alloys have changed their
XRD pattern gradually decrease in Zn percentage with
their corresponding intensities changed in depending on
reversibly increase in Ca content.

Figure 1 Letters A-F represent grain sizes of the wt.% Ca added ZK60 magnesium as-cast shown in Table 1 respectively.

3. RESULTS AND DISCUSSION

3.1. Microstructure of Cast Alloys

The measured as-cast Ca free ZK60 alloy (Figure 1-a) the
grains with equiaxed shape relatively coarse about
~98 pum in size. And the grain size decreases parallel to
increases in Ca wt.% till the maximum solute solubility
of Ca at (Figure 1-d) and coarsens further depending on
the Caratio. Figure 2. illustrates the XRD profiles of the
as-cast ZK60 - xCa alloys. ZK60 alloy profiles show a-
Mg and Mg-Zn binary phase systems. Whereas the
maximum solid solubility of Zn in Mg solid solution to
form an Mg-Zn binary compound is at 6.2 wt.% [33],
according to the Mg-Zn phase diagrams, 50 wt.% of solid
constituents occurs at 615°C for 6 wt% Zn.
Corresponding XRD profiles of the Ca added magnesium
alloys are demonstrated in Figure 3. The graphs verify
that all the solidified Mg-Zn alloys have drawn the same
XRD profiles, even though, their corresponding peaks
vary with the Zn content.

o
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Figure 2 XRD patterns of the ZK60 —xCa alloys: (a) ZK60, (b)
ZK60-0.4Ca, (c) ZK60-0.8Ca, (d) ZK60-1.0Ca,
(e) ZK60-1.2Ca and (f) ZK60 -1.6Ca.
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Figure 3 OM microstructures of as-cast ZK60-xCa alloy at 345°C where A denotes binary Mg-Zn and B for Mg-Zn-Ca

ternary intermetallic phases at TD.

The emerging peaks measured in between 25° and 48°
after Ca addition assigning to Mg-Zn-Ca ternary alloys
given in (Figure 2. b-f). The growing peaks show that the
increasing amount of Ca addition has developed to a
considerable amount of Mg-Zn-Ca ternary phases. To
understand the microstructural characteristics of the
ZK60-xCa alloy, OM and SEM studies were performed
for this alloy.

Figure 3 demonstrates light microscope pictures of the
ZK60-xCa alloys at the tensile direction (TD) at 345°C.
It is proved that a-Mg grain size gradually decreases
concerning an increase in wt.% Ca addition due to the
effect of Ca atom enrichment at the solid-liquid interface
during solidification. Depending on the rise up in Ca
content of the alloy deteriorates the binary Mg-Zn
intermetallics at grain boundaries denoted as A Figure 3
(a-f) reversibly concentrate the ternary Mg-Zn-Ca phase
at grain corners denoted as B. As it can be understood the
effect of Ca addition given in Figure 4 demonstrates that
the grain sizes decrease as the wt.% Ca content increases
as-cast ZK60-xCa, Mg weight in the alloy contrary to the
increase in volume ratio in ternary intermetallic phases in
the microstructure. Binary Mg-Zn strip-like interphases
diminish and eventually interrupt between grain
boundaries meanwhile increasing in concentrate at grain
corners, that is, irregular globular-like in shape in
Figure 3. The EDS analyses Figure 5 (a-b) for wt.%
1.6 Ca clearly show that the as-cast ZK60 alloy
composition  for intermetallic phases at 2kX
magnification is mainly from a high concentration of Zn
and Ca and irreversibly dropping concentration of Mg
due to preferential formation of ternary intermetallic
phases which is also given in Table 3 the values in at. %.

BEA  Grain Size
|

=
n

SN\

Volumetric Phase Ration (%)

140 Phase Ratio (%)

120

Grain Size (jim)
8 8

g

5

20

0.4 Ca 0.8 Ca G1.0Ca

ZK60-xCa Alloys

1.2 Ca 9%1.6 Ca

Figure 4 Grain Size (um) and Volumetric Phase Ratio (%) of
as-cast ZK60-xCa alloy at 345°C

On the other hand, in absence of the homogenization
process, Zr in Mg-Zr rich region during the solidification
process affects thermal stability enhanced by the
presence of Zr even after solidification.
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Figure 5 SEM-EDS analysis of TD surface of ZK-1.6Ca alloy at 345°C

Table 3 at.% values of respective elements forming intermetallic phases at SEM-EDS analysis

) Mg Ca Zn
Point at.% at.% at.%

1 71,60 11,50 16,90

2 54,40 16,35 29,25

This showed that the grain size as-cast condition
decreased till to wt.% 0.8Ca which is measured as ~61
um then further decreased prior to a slight increase from
wt.% 1.0Ca till to wt.% 1.6Ca the grain size is ~60 pm
irreversibly continuous increase in the second phase
volume ratio to ~14.5. Therefore, without applying any
secondary high-temperature  Thermo  Mechanical
Treatments (TMT) processes like extrusion instead,
increase in addition of wt.% Ca in ZK60 alloy by itself
can not be adequate to drop the grain size although an
increase in their volume ratios respectively.

Figure 6 shows tensile characteristics of as-cast ZK60
alloy at various wt% Ca addition. Comparably,
measured yield and tensile strength from unalloyed
sample toward wt.% Ca alloyed samples demonstrated
the slight decrease in strength values for example yield
strength for an unalloyed sample is 45.7 MPa, it is only
37.6 MPa for wt% 1.6Ca. it is evident for cast
magnesium alloy, further increase in Ca weight ratio does
not bring any dramatic drop at both yield and ultimate
tensile strength besides elongation, which increases
parallel to increase in wt.% Ca content that is 0.43 for
unalloyed ZK60, 1.26 for wt.% 1.6Ca respectively.

Therefore, as it is seen only slight change in yield and
ultimate strength together with elongation only wt.%
0.4Ca addition to ZK60 alloy.

This phenomenon can be explained by Hall-Petch theory
[12,35,36] where grain size decreases yield strength
increase due to dislocation piles-up at grain boundaries.

In this study, the grains as-cast conditions after hot tensile
testing, are relatively coarse compared to the exposure
TMT process where the grain sizes are quite small. The
small grains refer to many grain boundaries which hinder

dislocation movement eventually causes yield strength
increase. So the lack of a secondary TMT process in this
regard prevents the occurrence of retarded DRX where
the fine and the dense Mg-Zn-Ca intermetallics act as
pins to the moving dislocations.
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Figure 6 Tensile characteristics of as-cast ZK60-xCa alloys at
345°C.

G01.2 Ca

Referring to Figure 6 after a wt.% 1.0Ca content the
elongation drastically increased to double although the
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slight change in yield and tensile strength values. Coarse
grains as-cast state affect the microstructure of the alloy
showing elongation-to-fracture where the increase in %

Ca addition, the grains slightly get smaller and grain
boundaries disappear which means secondary phases
stick on fractured grain surfaces given in Figure 7 SEM
micrographs at 345°C. Therefore, depending on
the increased Ca content among the stuck grains extends

measurements for each samples shows Ca addition does
not bring understandably effect on hardness values.
Because the Ca in microstructure refines the matrix and
increase the ductility, therefore, the hardnesses at all Ca
concentration are almost the same only, slight increases
are observed depending on the increase in Ca content.

Figure 7 SEM microstructure of fractured surface as-cast ZK60-xCa alloy from (a) to (e) at 345°C.

Figure 7(a-c) the fracture-to-elongation retards so the
cracked surface of the grains topographically more
sharpen and leaving residual second phase on these
cracked surfaces Figure 7(d-f). Coarsened grains with
second phases might have propagated around the
particles affecting to decrease not only in yield strength
but also in tensile strength while increasing the
elongation because of the positive effect of Ca on
ductility enhancement. It is also seen Cleavages and
sharp edges on the fractured surface as-cast magnesium
alloys refer to low ductility. It is evident that the higher
amount of broken second phase particles indicates the
premature fracture during hot tensile testing where the
plastic deformation is predominant thus, irregularly
shaped dimples together with localized but sharp edges
are proof at Figure 7 (a-d) ZK60-xCa alloy fractographs.
Figure 8 demonstrates the Vickers Hardness (HV) values
for respective unalloyed and alloyed ZK60 alloys as-cast
after hot tensile testing at 345°C for average figures of 9

70

63.20 62.80

%1.2Ca

3
°
=

3
°
=

"

2D,

%

%

a

3

°

&=

Vickers Hardness (HV)
5 ] 8 8 2

%0.8 Ca %1.0 Ca %1.6Ca

ZK60-xCa Alloys

Figure 8 Vicker Hardness Values of as-cast ZK60-xCa Alloy
at 345°C.

The wear rates applied as-cast samples after hot tensile
testing at 345°C are demonstrated in Figure 9 under 5 N
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load as per sliding distance of 250 m for ZK60-xCa alloy.
The graphs show that an increase in Ca concentration for
respective samples leads to a gradual increase in wear
rate. This is attributed to the presence of second phase
particles which leads to Ca-containing ZK60 alloys being
prohibited to dislocation movement. From the graph
further increase in Ca to %1.6 dropped to wear rate again.
From here, it can be deduced that Ca added to the
material primarily make it soft and ductile but the
presence of second phase particles increases wear rate to
some extent. Secondary TMT process, if applied, it is
expected to wear surfaces with grooves, stratch prints,
and sticking materials through sliding direction at SEM
microstructure characterization. Besides existing worn
surfaces due to adhesion of material caused by material
and applied load. It can also be seen adhesion and
oxidations due to the repeated cycle of frictional load on
the materials.

)

%0.4 Ca %0.8 Ca 1.0 Ca 1.2 Ca

ZK60-xCa Alloy

F1.6 Ca

Wear Rate x 102 (mm?/m)
(=} — (=] “4 - wn
g_
”
@
_ e
»
=]
_ g
“
<
_ :
i
=}

Figure 9 Wear rate values of as-cast ZK60-xCa alloys at 345°C.

4. CONCLUSION

In this study, ZK60 magnesium alloy with different wt.%
Ca addition was cast with the Low Pressure Die Casting
method under the controlled gas atmosphere condition.
Differing from the literature, alloys were subjected to hot
tensile testing without applying any further secondary
TMT process. The results of microstructure and texture,
tensile, hardness, and wear properties were tabulated for
as-cast Ca added ZK60 alloys. The following conclusions
can be deduced:

- Different ratios Ca addition resulted in the formation
of strip-like secondary Mg-Zn intermetallics between
grain boundaries, globular, ternary Mg-Zn-Ca phase
formation at grain corners.

» Asthe Ca content increased, secondary strip-like Mg-
Zn phase slightly disappeared and divorced to ternary
Mg-Zn-Ca phases at grain corners.

» Grain size drastically decreased after wt% 0.4Ca
addition and further Ca addition slightly changes the
grain size irreversibly increase in volume ratio to

14.5% because of the presence of second phase
ternary Mg-Zn-Ca intermetallics.

» Tensile properties ZK60 alloy were enhanced by
increasing the Ca ratio in as-cast state, %21 for yield
strength, %18 for ultimate tensile strength
respectively. On the contrary, elongation-to-fracture
was almost three times increased to wt.% 1.6Ca
added ZK60 alloy.

+ Coarsened grains with second phases might have
propagated around the particles affecting to decrease
not in yield strength but also in tensile strength while
increasing the elongation because of the positive
effect of Ca on ductility enhancement.

»  Wear rate results of as-cast ZK60-xCa alloys at 345°C
indicate that increasing addition of Ca up to 1.2 wt.%
affects positively so the wear rate increase but further
addition oppositely deteriorates the wear rate.

» Vickers Hardness (HV) values for all Ca added ZK60
Mg alloys after hot tensile testing at 345°C
demonstrates that depending on the increase in Ca
content up to 1.2 wt.% so the hardnesses increase,
over this point, exceeding to 1.6 wt.% Ca content,
then the alloy showed the adverse effect on hardness.

+ For the future direction, the weldability and corrosion
properties of Ca added ZK60 Magnesium alloys can
be investigated.

ACKNOWLEDGEMENT

The author would like to express his gratitude to Kocaeli
University Scientific Research Projects Coordination
Unit for their financial support with project number
2018/047. Special thanks to Prof. Dr. Ali GUNGOR,
Dean of Technology Faculty, Karabiik University, for
allowing accessing the lab facilities for the material
casting and to Dr. Alper Yigit INCESU for his valuable
assistance in achieving the Mg castings and also
performing the hot tensile tests results. Kind thanks to
Assoc. Prof. Ridvan YAMANOGLU and Dr. Fulya
KAHRIMAN for their valuable assistance in taking SEM
pictures of the samples. To Dr. Funda Giil KOC for her
valuable ideas and assistance during the experimental
period.

DECLARATION OF ETHICAL STANDARDS

The authors of this article declare that the materials and
methods used in this study do not require ethical
committee permission and/or legal-special permission

1067



Aykan AKBAS, Muzaffer ZEREN / POLITEKNIK DERGISI, Politeknik Dergisi,2023;26(3): 1061-1069

AUTHORS’ CONTRIBUTIONS

Aykan AKBAS: Performed the experiments and
analyzed the results. Conducted the analysis and
evaluated the results. Also, wrote the manuscript.
Muzaffer ZEREN: Performed the experiments and
analyzed the results. Conducted the analysis and
evaluated the results.

CONFLICT OF INTEREST
There is no conflict of interest in this study.

REFERENCE

[1] Ahlatci H., Kara I.H., Turen Y., Sun Y., Zengin H.,
Microstructure and corrosion properties of homogenized
AZ31 and AZ31+1%La magnesium alloys, Key Eng.
Mater. 750 KEM 107-112, (2017).

[2] Bondarev B.l., Rokhlin L.L.
Metallurg. 324, 41-42, (2002).

[3] Kulekci M.K., Magnesium and its alloys applications in
the automotive industry, Int. J. Adv. Manuf. Technol. 39,
851-865, (2008).

[4] Jayasathyakawin S., Ravichandran M., N Baskar.,
Chairman C.A., Balasundaram R., Mechanical properties
and applications of Magnesium alloy — Review, Mater.
Today Proc. 27, 909-913, (2020).

[5] Kainer K.U., Magnesium — Alloys and Technology,
(2003).

[6] RamsJ., Torres B., Pulido-Gonzalez N., Garcia-Rodriguez
S., Magnesium Alloys: Fundamentals and Recent
Advances, Encycl. Mater. Met. Alloys. 1, 2-10, (2022).

[7]1 YangZ., XuC., Nakata T., Kamado S., Effect of extrusion
ratio and temperature on microstructures and tensile
properties of extruded Mg-Gd-Y-Mn-Sc alloy, Mater. Sci.
Eng. A. 800, 140330, (2020).

[8] Pekguleryuz M.O., Kaya A.A., Creep resistant magnesium
alloys for powertrain applications, Adv. Eng. Mater. 5,
866-878, (2003).

[9]1 Zhu S., Gibson M., Easton M.A., Zhen C.Z., Abbott T.,
Limited M., Creep resistant magnesium alloys and their
properties, Met. Cast. Technol. 2, 20-25, (2012).

[10] Karakulak E., A review: Past, present, and future of grain
refining of magnesium castings, J. Magnes. Alloy. 7,
355-369, (2019).

[11] Pekguleryuz M.O., Kaya A.A., Creep resistant magnesium
alloys for powertrain applications, Adv. Eng. Mater. 5
866-878, (2003).

[12] Mostaed E., Fabrizi A., Dellasega D., Bonollo F., Vedani
M., Grain size and texture dependence on mechanical
properties, asymmetric behavior and low-temperature
superplasticity of ZK60 Mg alloy, Mater. Charact. 107
70-78, (2015).

[13] Kim B., Hong C.H., Kim J.C., Lee S.Y., Baek S.M., Jeong
H.Y., Park S.S., Factors affecting the grain refinement of
extruded Mg—6Zn-0.5Zr alloy by Ca addition, Scr. Mater.
187, 24-29, (2020).

[14] Vinogradov A., Orlov D., Danyuk A., Estrin Y., Effect of
grain size on the mechanisms of plastic deformation in
wrought Mg-Zn-Zr alloy revealed by acoustic emission
measurements, Acta Mater. 61, 2044-2056, (2013).

Magnesium alloys,

[15] Fabian R.K. T., Trojanova Z., Magnesium: Proceedings
of the 7th International Conference on Magnesium
Alloys and Their Applications, (2007).

[16] Cai S., Lei T., Li N., Feng F., Effects of Zn on
microstructure, mechanical properties and corrosion
behavior of Mg-Zn alloys, Mater. Sci. & Eng. C. 32,
2570-2577, (2012).

[17] Du Y.Z., Qiao X.G., Zheng M.Y., Wu K., Xu S.W., The
microstructure, texture and mechanical properties of
extruded Mg-5.3Zn-0.2Ca-0.5Ce (wt%) alloy, Mater. Sci.
& Eng. A. 620, 164-171, (2015).

[18] Kim Y.M., Yim C.D., Kim H.S., You B.S., Key factor
influencing the ignition resistance of magnesium alloys at
elevated temperatures, Scr. Mater. 65, 958-961, (2011).

[19] Jung Y.G., Yang W., Kim Y.J., Kim S.K,, Yoon Y.O., Lim
H., Kim D.H., Effect of Ca addition on the microstructure
and mechanical properties of heat-treated Mg-6.0Zn-
1.2Y-0.7Zr alloy, J. Magnes. Alloy. 9, 1619-1631, (2021).

[20] Kang Q., Jiang H., Zhang Y., Xu Z., Li H., Xia Z., Effect
of various Ca content on microstructure and fracture
toughness of extruded Mg-2Zn alloys, J. Alloys Compd.
742, 1019-1030, (2018).

[21] Kamrani S., Fleck C., Effects of calcium and rare-earth
elements on the microstructure and tension-compression
yield asymmetry of ZEK100 alloy, Mater. Sci. & Eng. A.
618, 238-243, (2014).

[22] Jun C., Qing Z., Quan-An L.1., Effect of y and Ca addition
on the creep behaviors of AZ61 magnesium alloys,
J. Alloys Compd. 686, 375-383, (2016).

[23] Y Du.Z., X Qiao.G., Zheng M.Y., Wang D.B., Wu K.,
Golovin LS., Effect of microalloying with Ca on the
microstructure and mechanical properties of Mg-6
mass%Zn alloys, Mater. Des. 98, 285-293, (2016).

[24] Zhang Y., Yang L., Dai J., Ge J., Guo G., Liu Z., Effect of
Ca and Sr on the compressive creep behavior of Mg-4Al-
RE based magnesium alloys, Mater. Des. 63, 439-445,
(2014).

[25] zhang B., Wang Y., Geng L., Lu C., Effects of calcium on
texture and mechanical properties of hot-extruded Mg —
Zn — Ca alloys, Mater. Sci. Eng. A. 539, 56-60, (2012).

[26] Nayyeri G., Mahmudi R., Effects of Ca additions on the
microstructural stability and mechanical properties of Mg
— 5% Sn alloy, Mater. Des. 32, 1571-1576, (2011).

[27] Kim J.H., Kang N.E., Yim C.D., Kim B.K., Effect of
calcium content on the microstructural evolution and
mechanical properties of wrought Mg-3Al-1Zn alloy,
Mater. Sci. & Eng. A. 525, 18-29, (2009).

[28] Bae G.T., Bae J.H., Kang D.H., Lee H., Kim N.J., Effect
of Ca addition on microstructure of twin-roll cast AZ31
Mg alloy, Met. Mater. Int. 15, 1-5, (2009).

[29] Ding H.L., Zhang P., Cheng G.P., Kamado S., Effect of
calcium addition on microstructure and texture
modification of Mg rolled sheets, Trans. Nonferrous Met.
Soc. China (English Ed. 25, 2875-2883, (2015).

[30] Koike J., Kobayashi T., Mukai T., Watanabe H., Suzuki
M., The activity of non-basal slip systems and dynamic
recovery at room temperature in fine-grained AZ31B
magnesium alloys, Acta Materialia, 51, 2055-2065,
(2003).

1068



INVESTIGATION OF THE EFFECT OF VARIOUS CA CONTENT ON MICROSTRUCTURE ... Politeknik Dergisi, 2023; 26 (3) : 1061-1069

[31] Nie J.F., Precipitation and hardening in magnesium alloys,
Metall. Mater. Trans. A Phys. Metall. Mater. Sci. 43,
3891-3939, (2012).

[32] Turkish Standard TS EN I1SO 6892-1, Institution Turkish
Stand. 1, 77, (2010).

[33] Li H., Liu D., Zhao Y., Jin F., Chen M., The Influence of
Zn Content on the Corrosion and Wear Performance of
Mg-Zn-Ca Alloy in Simulated Body Fluid, J. Mater. Eng.
Perform. 25, 3890-3895, (2016).

[34] Silva E.P., Batista L.F., Callegari B., Feierabend 1.,
Buzolin R.H., Coelho R.S., Warchomicka F., Requena
G.C., Pinto H., Casting in the semi-solid state of ZK60
magnesium alloy modified with rare earth addition, Adv.
Mater. Res. 922, 694-699, (2014).

[35] Zheng R., Bhattacharjee T., Shibata A., Sasaki T., Hono
K., Joshi M., Tsuji N., Simultaneously enhanced strength
and ductility of Mg-Zn-Zr-Ca alloy with fully
recrystallized ultrafine-grained structures, Scr. Mater.
131, 1-5, (2017).

[36] Du Y.Z., Qiao X.G., Zheng M.Y., Wang D.B., Wu K.,
Golovin 1.S., Effect of microalloying with Ca on the
microstructure and mechanical properties of Mg-6 mass %
Zn alloys, Mater. & Design, 98, 285-293, (2016).

[37] Kim J.H., Kang N.E., Yim C.D., Kim B.K., Effect of
calcium content on the microstructural evolution and
mechanical properties of wrought Mg — 3Al — 1Zn alloy,
Mater. Sci. & Eng. A 525, 18-29, (2009).

[38] Stanford N., The effect of calcium on the texture,
microstructure and mechanical properties of extruded Mg
— Mn — Ca alloys, Mater. Sci. & Eng. A. 528, 314-322,
(2010).

[39] Caceres C.H., Blake A., The Strength of Concentrated Mg-
Zn Solid Solutions, Phys. Status Solidi. 194, 147-158,
(2002).

1069



