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Improvement of Mechanical and Corrosion Properties of Mg-Ca-Zn
Alloy by Grain Refinement
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Abstract Magnesium has a higher specific strength than other metals and is widely used industry wide due to its
excellent vibration absorption ability and electromagnetic wave shielding property.For example, it is used for
automobile parts such as car seat frames and cylinder heads, and is widely used in electronic products such as
notebook cases and mobile phone cases. In addition, it is in the spotlight as a bone-implant material used to assist
in the treatment of damaged bones when the bones are cracked or broken. Currently, Ti alloy, stainless steel and
Co-Cr-Mo alloy are used as the implant material, and the Mg alloy remains in research stage. The current problem
with bone implant implants is that the patients must undergo reoperation to remove the implants after joint surgery.
Magnesium, however, can achieve sufficient strength compared to current materials. In addition, since it is
self-decomposed after the recovery, reoperation is not necessary. In this paper, Mg alloys were designed by adding
harmless Ca and Zn to the human body. In order to improve the strength and corrosion resistance, the final alloy
was designed by adding a small amount of Sr as a grain refiner. The radioactive elements of Sr are harmful to the
human body, but other naturally occurring Sr elements are harmless. Microstructure analysis of the alloys was
performed by optical microscopy and scanning electron microscopy. The mechanical properties and corrosion
characteristics were evaluated by tensile test, potentiodynamic test and immersion test.
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Table 1. Chemical Composition of alloy 1, 2, 3

Ca| Zn | Sr Fe Cu Ni Mg

Me-0.5Ca-3Znl, 5,1 5 0.002 | 0.002 | 0.001 | bal

(alloy 1)
Me-0.5Ca-4Znl ) | 5 g 0.001 | 0.002 | 0.001 | bal

(alloy 2)
Mg-0.5Ca-4Zn

20.65  |0.51] 4.1 | 0.6 | 0.002 | 0.001 | 0.001 | bal

(alloy 3)
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1] 7Z(SEM: Hitachi S-4300)0.% W] A|%AS #2at9] o
w, EAS AAEHATE Q1A E S R&B 301 Unitech
L =do] <A Hgu|ES ALg3te] ASTM B557M
sub-size TFZ°l = AlHEE A2kl F3sIATH

AR 713848 41 A9 Electrochemical
interface Solatron 12875 ©|&3lo] =43} T) olu,
71 S (reference electrode)> Ag/AgCIA=E, 3l
ZA=(counter electrode)> MF AF(25mm x 25mm,
60mesh) S AR&-3}31 oM, 3| M(electrolyte)> -2l
#] Hank’s solution(Table. 2)& AFH-3} T} AlHL2 SiC
ArEA] #60074A] AwkstAaL, 5 Al A2 A AlEE

]

Asftol HAAA vlwA P A2 {FAAT F
HAHS] 0.3 V vs. OCP ~ -1.0 vs. REFllA] scan rate
0.2mV/sec® 17Fste] AlFS AAlstSTh AAAE 9
Al &YE Hank’s solution®l|4] 7} 96 h, 144 h, 264 h
AR F 3% ek 80 TE FAE 20 wt%
CrOs+1wt%AgNOs & dlol| A AP ES glel o
sl AAG F A FHF, oMIE FA2 AHE
Zy Al o] B S S S4% A e
25 ZF S AP RAEES ol S o]
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corrosion rate = 87.6*W/A*T*D

W FAZE () A =FWH ()

D: ¥X (gen) T : x=EAZF (Hour)

Table 2. Concentration of Hank’s Solution

Component Concentration(mg/l)
KCl 400
NaCl 8000
KH,PO,4 60
Na,HPO4 48
CaCly 140
MgSO47H,0 200
NaHCO; 350

3.1 O/ =2 2M
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Fig. 1. OM image of Mg alloys
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(c) alloy 3

Fig. 2. SEM image of Mg alloys(alloyl, 2, 3)

Fig. 3. SEM Mapping image of alloy 2
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Mg-Ca-Zn-Sr

Fig. 4. SEM Mapping image of alloy 3
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Table 3. Tensile properties of alloy 1, 2, 3

Y.S(MPa) UTS(MPa) Elongation(%)
alloy 1 48 130 9
alloy 2 63 158 13
alloy 3 80 194 14
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Fig. 5. Stress-Strain curve of alloy 1, 2, 3
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Table 4. Potentiodynamic polarization data of alloy

1,2, 3
Ecorr(V) Icorr(A/em’)
alloy 1 -1.49 2.78E-05
alloy 2 -1.42 7.16E-05
alloy 3 -1.42 5.48E-06
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Fig. 6. Potentiodynamic polarization curves for the alloy
1, 2, 3 in Hank’s Solution
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Fig. 7. Corrosion rate of alloy 1, 2, 3
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Fig. 8. SEM image of corroded surface
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