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Abstract

In this study, in the range of 0.2% to 1.0% Ce elements were added to AZ31-1Ca alloys produced by low pressure die casting method. Hot rolling
process was applied to these produced alloys at 400 °C with 1,5 m/min rolling speed at 15% deformation rate per pass. The corrosion resistance of
samples extracted from sheets that have included different twins fraction after various Ce adding were investigated at 3.5% NaCl solution for 72 hours
according to ASTM G31 of Standard Practice for Laboratory Immersion Corrosion Testing of Metals. The effect of secondary phases, grain size and

twins on immersion corrosion resistance of investigated alloys was studied systemically on the base of microstructure analysis.
Keywords: AZ31, Ca, Ce, Hot rolling, immersion corrosion.

AZ31-1Ca Sa¢ Alasimlarin Korozyon Direncine Seryum ve Ikizlenme Fraksiyonun Etkisi
Oz
Bu caligmada, %0,2 ile %! arasinda Ce elementi AZ31-1Ca alasimina ilave edilmis ve algak basingh kokil kaliba dokiim yontemiyle alasimlar
iiretilmistir. Uretilen alagimlara 400 °C’de ve 1,5 m/dk hadde hizinda %15 olacak sekilde paso basina kesit daralmasi yapilarak sicak haddeleme
uygulanmistir. ASTM G31 standardina gore sa¢ malzemelerden ¢ikartilan malzemeler iizerinde 72 saat boyunca daldirma korozyon testi yapilmustir.

Ce ilaveli alasimlarin korozyon direncine ikincil fazlarin, ortalama tane boyutunun ve ikizlenme fraksiyonun etkisi mikroyapisal karakterizasyon

bulgulariyla desteklenerek incelenmistir.

Anahtar Kelimeler: AZ31, Ca, Ce,Sicak haddeleme, Daldirma korozyon.
Bu makale, 4. International Conference on Material Science and Technology in Kizilcahamam/ANKARA (IMSTEC 2019

sempozyumunda s6zIii sunum yapilmistir

1. Introduction

Mg alloys have many advantages such as low density, high specific strength and excellent damping capability
for structural applications of the automotive and space industry. However, the using of Mg alloys was limited by their
poor corrosion properties especially that is more correct sheet alloys including many deformation mechanisms such as
twinning, shear bands and particle stimulated crystallization (PSN) during the rolling process due to corrosion
resistance can be changed with based on microstructure properties [1-4]. Moreover, the corrosive environment behavior
of AZ31 Mg alloys is known as poorly due to their lower aluminum content [4]. However, Ca and Ce were utilized to
enhance the corrosive properties of Mg alloys containing new secondary phases in the matrix or on grain boundaries
[5]. Further, the microstructure of rolled Mg alloys forms during the rolling process according to rolling speed, strain
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rate and deformation rate per pass. Some studies about rolling speed on microstructure show that the twins more occupy
than dynamically recrystallized grains at low rolling speeds [6-7]. The twins that can make a role to provide higher
mechanical properties of Mg alloys providing grain boundary strength [1]. However, the double effect of Ca and Ce on
twins fraction and formation of secondary phases during rolling at low rolling speeds is still unclear. This study is
aimed to research microstructure and corrosion resistance of Ca and Ce added AZ31 that hot-rolled at 1,5 m/min speed

at 400°C.

2. Material and Method
The melting was accomplished in an electric resistance furnace which protected by argon during all process.
299,99 Mg, %99,9 Al and %99,9 Zn metals and Mg-Ca, Mg-Ce and Mg-Mn masters were dissolved at 775°C. The
liquids were inserted into the stainless steel cavity which was heated to 350°C in 2-3 atm protecting against the
atmosphere by CO2+1vol% SF6 gas. X-ray fluorescence (XRF- Machine: Rigaku ZSX Primus II) was used to
determine the content and the results were tabulated in Table 1. The homogenization was operated at 400°C for 24
hours. The billets (12x36x60 mm) were preheated at 450°C for 30 min before rolling and were heated for 5 min

between all passes. The rollers were neither heated nor lubricated. The rolling speed was used as 1,5m/min.

Table 1. Chemical Composition of Materials

Alloys Al Zn Mn Ca Ce Mg
AZ31-%]1Ca 2.69 0.92 0.14 0.80 Bal.
AZ31-%]1Ca- 3 1.08 0.16 1.18 0.18 Bal.
0,2%Ce
AZ31-%]1Ca- 2.99 0.90 0.24 0.96 0.43 Bal.
0,5%Ce
AZ31-%]1Ca- 2.82 1.11 0.35 1.02 1.05 Bal.
1,0%Ce

The metallography was accomplished as reported our previous study [8]. The average grain size was measured
by using the standard linear-intercept method for LOM images. 3.5% NaCl solution was used to immersion corrosion at
25°C. 180 g/ It-1 CrOs solution was utilized to cleaning after corrosion as following:1 minute in ultrasonic cleaning
machine and dried by ethanol before mass loss measure. Morphology of the alloys was examined by SEM after the

immersion corrosion test.

3. Results

The LOM images of investigated alloys were shown at Fig. 1. In addition, the average grain size of alloys was
illustrated in Fig.4. As seen in Fig.1, grains are almost similar when the amount of Ce in the range of 0.2% to 0.5%

although, the more Ce than %0.5 increased the size of grains (See Fig.4).
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Figure.1. LOM images of sample a) AZ31-1Ca, b) AZ31-1Ca-0.2Ce, c¢) AZ31-1Ca-0.5Ce and d) AZ31-1Ca-1.0Ce

The SEM images of investigated alloys were shown in Fig.2. The secondary phase distribution was similar for
all samples as seen in Fig.2. The same type of them are inside of grains and the others on the grain boundaries. However,
the size of the secondary phases was different. AZ31-1Ca alloy includes finer secondary phases which mostly distributed
separately on the grain boundaries partially inside of grains. However, when the 0.2%Ce is added to AZ31-1Ca alloy, the
secondary phases clearly are becoming larger and the majority of them located on grain boundaries. Moreover, as the
amount of Ce is 0.5%, the same secondary phases formed finer and placed inside of grains. On the other hand, many of

the secondary phases dissolved in the matrix when the amount of Ce is 1.0%.

Figure.2 SEM images of sample a) AZ31-1Ca, b) AZ31-1Ca-0.2Ce, c) AZ31-1Ca-0.5Ce and d) AZ31-1Ca-1.0Ce.

As presented this Fig.3 twins more occurred when the amount of Ce is 0.2%, however the more Ce addition
limited the twins formation on microstructure. Further, twins fraction is obtained by addition of 1.0%Ce as a minimum

amount (See Fig. 3).
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Figure.3. Twins Fraction of Samples

The average grain size of samples was presented in Fig.4. As seen in Fig.4, Ce addition does not make an
important difference in size of grains when it is in the range of 0.2% to 0.5%. However, as Ce is 1.0%, the average size

of grains is the biggest [9].
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Figure.4. Average grain size of samples.

The immersion test results of the studied materials were shown in Fig. 5. As seen this Fig.5, the metal loss of

AZ31-1Ca-1Ce alloy occurred excessively. However, the lowest metal loss was observed at AZ31-1Ca-0,5Ce alloy.
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Figure. 5. Immersion corrosion test results of samples.

Fig. 6 illustrates the SEM images of 0.2%Ce and 0.5%Ce added alloys after immersion test in 3.5% NaCl solution
for 72 hours. As seen this Fig.6, the corroded section of samples mostly occurred on matrix material. However, the
secondary phases resist the corrosion and protect their stable condition. The main and important difference of secondary
phases of 0.2%Ce and 0.5%Ce is the location and size of them. 0.2%Ce added alloy have bigger sized secondary phases
and they are accumulated on grain boundaries. However, 0.5%Ce added alloy includes finer ones and they mostly

distributed inside of grains [10].
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Figure.6. SEM images a) AZ31-1Ca-0.2Ce and b) AZ31-1Ca-0.5Ce after immersion corrosion test

Conclusions
The result of this study was sequenced as following;
1. The average grain size is more dominant to determine of corrosion resistance than twins fraction.

2. The distribution and size of secondary phases effect the corrosion resistance effectively where the larger

and located on grain boundaries are desirable properties to obtain stronger corrosion resistance.

5.

Acknowledgment

This work was financially supported by the Scientific Research Projects Coordination Unit of Karabiik

University, Project Number: KBU-BAP-16/2-DR-081

6.

[1].
2.
3.
[4].
[5].

[6].

(91

References

L. Meng, P. Yang, Q. Xie ve W. Mao, “Analyses on Compression Twins in Magnesium,” Materials Transactions,
49, 710-714, 2008.

A. Styczynski, C. Hartig, J. Bohlen ve D. Letzig, “Cold rolling textures in AZ31 wrought magnesium alloy,” Seripta
Materialia, 50, 7, 943-947.

F. Cao, G. Song ve A. Atrens, “Corrosion and passivation of magnesium alloys,” Corrosion Science, 111, 835-845,
2016.

L. Wang, B. Ping Zhang ve T. Shinohara, “Corrosion behavior of AZ91 magnesium alloy in dilute NaCl solutions,”
Materials and Design, 31, 857-863, 2010.

Zhang, L. Tong, Z. Jiang, L. Cheng, S. Kamado ve H. Zhang, “Influence of Ca-Ce/La synergistic alloying on the
microstructure and mechanical properties of extruded Mg—Zn alloy,” 708, 11-20, 2017.

G. Fei, Z. Dingfei, Y. Xusheng, J. Luyao, C. Sensen ve P. Fusheng, “Influence of rolling speed on microstructure and
mechanical properties of AZ31 Mg alloy rolled by large strain hot rolling,” Materials Science and Engineering: A,
607, 383-389, 2014.

]. M. Sanjari, High strain rate deformation of Magnesium alloys, Montreal: McGill University, 2013.
. Kara, I. H., Yousef, T. A. 1., Ahlatci, H., & Turen, Y., “Ca and Ce Effect on the Corrosion Resistance of Hot-Rolled

AZ31 Mg Alloys”. Engineering, Technology & Applied Science Research, 10(1), 5113-5116,2020.
S. Li, W. Zheng, B. Tang, D. Zeng ve X. Guo, “Grain Coarsening Behavior of Mg-Al Alloys with Mischmetal
Addition,” Journal of rare earths, 25, 2, 227-232, 2007.

[10]. H. Feng, S. Liu, Y. Du, T. Lei, R. Zeng ve T. Yuan, “Effect of the second phases on corrosion behavior of the

Mg-Al-Zn alloys,” Journal of Alloys and Compounds, 695, 2330-2338, 2017.

90



