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Mg alloys have experienced a wide development lately, being recognized as biodegradable metallic materials with orthopedic applications due to some

essential characteristics of biocompatibility, biodegradability, and acceptable mechanical properties [1-4]. This paper presents the results of experimental

research on obtaining and characterizing Mg-Zn-(Mn) alloys obtained by PM (Powder Metallurgy) technique and consolidated by plasma sintering

technology (SPS-Spark Plasma Sintering), intended for orthopedic implants. The alloys Mg-5% Zn and Mg-5% Zn-0.3% Mn (wt.%) were obtained by

mechanical milling (MM) of the elemental metal powders of Mg, Zn and Mn, at different milling times (5, 7 and 10 h), in humid environment (petroleum

ether) and controlled atmosphere (Ar) and sintered in plasma, at a temperature of 450 oC, with a holding time of 5 min., in vacuum, at a maximum

pressure of 40MPa. The resulting alloys were investigated in terms of structural, physical, chemical, and mechanical characteristics. The increase of the

milling time from 5 to 10 h, as well as the addition of Mn (0.3 wt.%) in the composition of the Mg alloy, determines the greatest hardening effect of the Mg

matrix, by finishing the granulation, the milling time having the greatest influence in producing this hardening effect. From the analysis of the physical-

mechanical properties, densities of 1.7 ... 1.72 g / cm3, as well as the highest values for the Vickers hardness 129 ... 133 ± 5 HV, the plasticity index

15.12 ... 15.89 ± 0.5 (%), and for the modulus of elasticity 45 ... 46 ± 2 (GPa) were obtained for the Mg alloys synthesized by MM at the longest milling

time (10 h), which recommends them for biomedical applications such as orthopedic implants.
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➢Raw materials: Pure Mg powder of min. 99,8 % and particle sizes >45 µm (1,6%) and <45 µm (98,4%); pure Zn powder of min. 99,9% and particle

size in the range of 44-105 µm and pure Mn powder of min. 99,95 % and particle size <44 µm, from Thermo Fisher Scientific, Germania;

➢Milling agent: Petroleum ether from SC Chimreactiv SRL, Romania.

➢Technological flux: powder mixtures homogenization in a glavebox, in Ar atmosphere – mechanical milling (5, 7 and 10 h) in humid environment

(petroleum ether) and controlled atmosphere (Ar), in a planetary ball mill of Retsch PM 400 type – spark plasma sintering at 450oC/5 min. in vacuum at

40MPa with a spark sintering plant type HP D25 (FCT Systeme GmbH, Germany)

Fig. 3. EDX analysis for Mg-5%Zn-0.3%Mn sample ( wt.%) (AM2-10h).

Fig. 1. Effect of mechanical milling time on the crystallite size (nm) of 

composite powders compared to those of the initial powders

Fig. 2. Vickers microdurity (HV) (a) and Young Modulus (b) maximum 

and minimum values for the Mg-based biomaterials

a) b)

Of all the Mg alloys analyzed in terms of physico-chemical, microstructural properties, physico-mechanical properties, it stands out the Mg-5% Zn alloys 

(wt.%) and Mg-5% Zn-0.3% Mn (wt.%) respectively, obtained by MM of composite powder mixtures at the longest duration - 10h, and sintered at 450oC, 

5 min., in vacuum, at a pressure of 40 MPa, for which there were obtained:

❑ microstructural homogenization and uniform dispersion of Zn phase (Mg-5% Zn alloy) and of both phases, Zn and Mn (Mg-5% Zn-0.3% Mn alloy) in 

the matrix, density 1.7 ... 1.72 g / cm3;

❑ values of Vickers microhardness 129 ± 13HV (Mg-5% Zn aloy) and 133 ± 5 HV (Mg-5% Zn-0.3% Mn alloy); 

❑ values of the elasticity index 15.116 ± 0.574 (%) (Mg-5% Zn aloy) and 15.887 ± 0.623 (%), (Mg-5% Zn-0.3% Mn alloy);

❑ values for Young Modulus 45 ± 3 (GPa) (Mg-5% Zn aloy) and 46 ± 2 (GPa) (Mg-5% Zn-0.3% Mn alloy),

which recommends them to the targeted application: orthopedic implants (density 1.8 ... 2.1 g / cm3, Young Modulus 3...20 GPa) .
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