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____________________________________________________________________________________________________________ 

ABSTRACT--- In this work the development of new sintering technology using plasma which is generated by DC-Arc 

for sinthesizing of biomaterial based on MgZn is reported. Magnesium alloy is suited as implant material due to its 

young modulus which is close to natural bone and bio-compatible with the human body. The MgZn biomaterial is 

composed of Mg and Zn powder in 94:6 ratio of weight. The mixture was ball milled for four hours, and then isostatic 

pressed at 570 MPa to form a coin of 1.5 cm in diameter. The coin was subsequently consolidated in the Arc Plasma 

Sintering (APS) for 30 seconds. For this experiment the APS was operated at 12 Volts and 1 Amps. As comparison, 

one sample coin was sintered in a conventional furnace at temperature of 350 
o
C for one hour. The formed MgZn 

alloys were characterized by using X-Ray Diffraction (XRD) and Scanning Electron Microscopy equipped with an 

Energy Dispersive X-ray spectroscopy (SEM-EDX). The result showed the sample sintered in APS exhibits high 

homogeneity with lattice parameter slightly smaller than sample sintered in the furnace. It can be an indication to the 

higher solubility of Zn in Mg matrix processed in APS. The 6 wt.% Zn addition formed MgZn alloys in the form of 

solid solution with smaller distance of crystal planes. Synthesizing of MgZn biomaterial can be performed using APS 

in short time and low energy. 

_____________________________________________________________________________________________ 

 
1. INTRODUCTION 

 
The role of MgZn alloy for treatment of bone fracture becomes more and more important mainly due to its bio-

compatibility, low cost and relatively large availability of raw materials. The major advantage of MgZn as biomaterial 

are that it could easily self destroyed and dissolve completely in body tissue [1, 2, 3, 4]. Moreover, Magnesium (Mg) has 

the Young’s Modulus between 41-45 GPa little higher to those of the natural bone (3-20 GPa) than to those of iron 

(ca.211,4 GPa) or zink (ca. 90 GPa) [3, 5]. Zn is the important substance and could quick degrade in human body. MgZn 

alloy shows good mechanical properties suitable for application as human bone [2, 5, 6]. MgZn alloy could be 

sinthesized both by melting and casting [7,8] and by sintering process [9, 10]. However, because of its low melting point 

the production of MgZn alloy through these conventional techniques is very susceptible to oxidation. 

The aim of this work is to test a new technology for synthesis of biomaterial based on MgZn by using plasma heat 

in arc plasma sintering (APS). APS can be controlled relatively precise to be operated at very low energy down to 12 

Watt. As comparison, some samples were produced by conventional technique using electrical furnace. SEM and XRD 

analysis were used in order to get insight into the process during the MgZn alloy formation.  

 

2. EXPERIMENTALS 
 

The materials used for the experiment are Mg and Zn powder of 99.8 % purity from Aldrich. MgZn alloys 

were obtained by mixing Mg and Zn powder with a weight ratio 94 : 6. The mixture was then homogenized in a ball 

milling for 4 hours. The Mg-Zn mixtures are and compacted in a dye 1.5 cm of diameter using uniaxial compacting 

machine at a pressure of 570 MPa to get green pellet coin. The sintering processes were performed both in the APS and 

in a conventional furnace. Sintering process with APS was conducted in an argon gas environment to avoid oxidation. 

The APS was operated at the 12 Volts and 1 Amperes with exposure time 30 seconds. On the other hand, during sintering 

in the conventional furnace the sample pellet was air tight capsulated in a quartz glas. The sintering was performed at a 

temperature 350 
o
C for 1 hour.  

After APS and conventional sintering both samples were then characterized using X-ray Diffraction (XRD) at 

range of 2 of 25
o
-80

o
. The phase identification was done using the software High Score Expert and the Full Width at 
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Half Maximum (FWHM) calculation was performed using the software Match 2.2.1. The morphology of sintered pellet 

was identified using Scanning Electron Microscopy (SEM) which is equipped with Energy-Dispersive X-Ray 

Spectroscopy (EDX). The XRD and SEM-EDX characterization was done at National Nuclear Energy Agency (BATAN) 

at Serpong, Tangerang Selatan 

 

3. RESULTS AND DISCUSSIONS 
 

3.1 Microstructure of MgZn Alloy 

Figure 1 shows the SEM micrographs of Mg and Zn particles as received. It can be seen in Figure 1a that Mg particles 

exhibit plate like shapes and their size is obviously larger than Zn particles. Figure 2b (taken at magnification of 2000x) 

shows that Zn particles are homogenously distributed over the Mg particles after 4 hours ball milling which occupy the 

Mg particles surface rifts.  

 

  

Figure 1. SEM micrographs of Mg and Zn powders as received. 

  

 

Figure 2. SEM micrographs of Mg-Zn mixture after 4 hours of ball milling process (a-b) and its coresponding EDX spectrum 

(c). 

The SEM micrographs and EDX spectrum of MgZn alloy after APS sintering process are showed in Figure 3. 

Figure 3(a) shows the presence of Zn precipitation in form of small dendrites which are found along the grain boundaries 

as obvious by the white color. The Zn dendrite formation indicates that the plasma temperature has exceeded the melting 

point of Zn. So that during the sintering Zn has probably completely melted which during cooling process forms 

characteristic dendrites structures. The EDX result in figure 3b confims that the alloy grains consist of 97 wt.% Mg and 3 

Mg Zn 

(a) (b) 

(c) 
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wt.% Zn. This means that part of Zn has been homogenously dissolved in Mg matrix. The solubility limit of Zn in Mg 

alloy was reported to be 6.2 wt.% at 340 
o
C [5]. 

The MgZn alloy microstructure sintered in electrical furnace is shown in Figure 4. In contrast to that observed in 

the sample produced by using APS no dendritic Zn precipitations can be found in the alloys after conventional sintering. 

This can be interpreted that the sintering temperature was low which was below the melting point of Zn. This result is in 

fully aggreement with the microstructure of MgZn alloy that reported by Paliwal and Ho Jung earlier [12]. Based on 

EDX spectrum and the MgZn phase diagram it can be concluded that the bright colors (position 2 and 3 in Figure 4) 

constitute to the Zn which occupies almost the alloy grain boundaries. This results shows that Zn only present in the 

grain boundaries, some of them forms agglomeration as showed Figure 4 position 3. The matrix constitutes of single 

element Mg. 

 

  
 

 

Figure 3. SEM micrographs of MgZn alloy after APS sintering process (a-b) and EDX spectrum of the Mg matrix as indicated 

by the square mark. 

 
 

 

 
 

Figure 4. SEM micrograph of MgZn alloy after sintering in the electrical furnace and its corresponding EDX sprectren. 

(b) (a) 

Zn 

Mg 

1 

2 

3 

(c) 
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3.2 Phase of MgZn Alloy 

Figure 5 shows the XRD diffraction patterns of the Mg, Zn and Mg-Zn powder before sintering process. 

Diffraction pattern of Mg-Zn mixture (green color) is clearly a combination of the diffraction pattern of Mg (blue color) 

and Zn (red color), in which the maximum peak Zn is visible on the position 2θ of 43
o
. 

  

 

 

Figure 5. XRD diffraction patterns for powders of Mg, Zn and mixture of Mg-Zn before sintering process. 

  

The diffraction pattern of Mg-Zn mixture after sintering process using APS and Furnace showed in Figure 6. It 

can be seen that there is no new peaks appearing after sintering process using neither APS nor Furnace. It seems to be 

there is no new phase formed after the both sintering processes. The Mg peak pattern correspond with previous studies 

reported by Jojor for matrix Mg [11]. However, in more detailed view, there are shifting of Mg peaks to the right for both 

of sintering methods APS and Furnace and reducing the Zn peaks intensity (even a Zn peak missing) after the sintering 

process. 

 

Figure 6 XRD diffraction patterns for MgZn before sintering process, after APS sintering process, and after Furnace sintering 

process. 

The shifting of Mg peaks can be clearly seen in Figure 7. This behaviour can be intepreted that some Zn atoms 

have been dissolved and replaced some Mg atoms in their lattices that may change the distance between the crystal 

planes Mg. Based on the Bragg law, the distance between the crystal planes (d) is inversely proportional to diffraction 
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angle (θ), therefore the diffraction pattern which is shifted to the right (of grater 2θ) indicates the distance between the 

crystal planes (d) is getting smaller. The distance reduction of crystal planes is caused by the Zn atom radius that smaller 

than Mg atoms. The crystal system of Mg becomes shrivelled due to atomic shifting during atomic substitution process. 

Dissolution of Zn into Mg is also confirmed by the reduction in Zn peak intensity after the sintering process, as shown in 

Figure 8. Shifting of Mg peaks and reducing Zn peak intensity after process of sintering showed that the MgZn alloy has 

been successfully synthesized using either APS or Furnace. There is no new phase other than solid solution MgZn alloy. 

These results are corresponding to MgZn phase diagram as shown at [13]. 

 

 

Figure 7 The shifted peak pattern of Mg at MgZn alloy diffraction pattern. 

 

 

 

 

Figure 8. The decreasing peak intensity of Zn at MgZn alloy diffraction pattern after APS sintering and electrical furnace 

sintering. 

 

Further phase identification was done using software high score plus with ICSD database as shown in Table 1. From 

these results it is known that the alloy produced by either APS or furnace consists of two phases, Mg and Zn phase that 

both have the space group P63/mmc (194). Mg phase lattice parameters listed in Table 1 is the result of refining with the 

Chi square value of 4.708 for using APS sintering and of 1.875 for using furnace sintering. The lattice parameter of Mg 

of the alloy results using APS is smaller than that of sintering in the furnace, in other words the distance between the 

crystal field using APS is smaller. It is also seen in Figure 7. The smaller distance between the crystal planes of Mg 

indicating that more dissolved Zn in Mg, thus it can be said that the sintering process using APS can solve more Zn in 

Mg than using conventional furnace.  
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3.3 Crystallite Size of MgZn Alloy 

Crystallite size of MgZn alloy that results on this study was calculated by Scherrer equation and Scherrer modification 

equation [13], as shown in Table 2. Crystallite size calculation is done for each treatment, where θ and FWHM values 

obtained from the analysis phase using Match 2.2.1 which is then converted to units of radians.  

Based on Table 2, it can be seen that the MgZn alloy crystallites size are bigger after the APS sintering process. 

The large crystallite sizes indicate that the re-crystallization occurred during the heat treatment by sintering [14]. From 

this it can be seen that the sintering treatment using the APS has a higher temperature than the electrical furnace. 

  

 

4. CONCLUSIONS 
MgZn alloys have been successfully synthesized by sintering using either APS and electrical furnace. The MgZn alloy 

appears as a solid solution, Zn completely dissolved in the Mg matrix and caused the shrinkage of the Mg crystal plane 

distance. APS can be used for prodution of MgZn alloy with higher success for only 30 sec at very low energy. MgZn 

produced by this method exhibits high grade of alloying as obviously verified by the XRD result.  
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