
the electrode connection point. The appropriate counter and 

reference electrodes, were also connected to the potentiostat and the 

cell was filled with 0.6 M NaCl. One hour of  open circuit potential 

(OCP) measurement followed by linear sweep voltammetry (LSV) at 

a scan speed of  5 mV/s to ±750 mV versus OCP was obtained. The 

positive potential scan versus OCP gave the anodic corrosion data 

and the negative potential scan versus OCP gave the cathodic 

corrosion data. This was repeated three times for both anodic and 

cathodic corrosion data for all alloys (Graph 1). Mass loss according 

to ASTM B17 specifications was also conducted on two samples of  

each alloy to measure corrosion rate over one week. 

Energy dispersive spectroscopy (EDS) was used to determine the 

local elemental composition of  each alloy. In ZK60 alloys, Ge was 

located near zirconium (Figures 4 & 5). No Ge could be identified in 

the WE43 alloys. There was no significant change in corrosion rate 

between alloys as cast and alloys heat treated at T5 temper.
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Both WE43 and ZK60 alloys were cut using a Struers Discotom-

65 abrasive saw. The mass of  the alloy that fit in the crucibles was 

recorded and Ge was added such that the final concentration of  Ge 

would be 0.3 wt. %. The crucible was loaded into an Indutherm

VTC800VTi induction furnace (Figures 1 & 2), heated to 

approximately 700 °C under vacuum conditions, and held for five 

minutes. The alloy was then cast into a copper mold and allowed to 

cool to room temperature. The alloys were then heat treated at 175 

°C for 36 hours (T5 temper).

Potentiodynamic polarization of  the samples was performed using 

a flat cell (Figure 3) with the alloy (working electrode) attached at
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Introduction

Magnesium (Mg) is a cheap and lightweight metal, giving it use in 

many applications in the electronics and automobile industries (Chu 

et al., 2015). Common Mg alloys use different elements to improve 

characteristics such as strength, ductility, and castability (Chu et al., 

2015). However, Mg and its alloys have a high corrosion rate in 

aqueous environments, limiting the commercial use of  Mg alloys. 

Some commercially available Mg alloys are WE43 and ZK60, both 

of  which have a high alloy strength and corrosion rate. This leads to 

limited commercial use of  WE43 and ZK60 due to the high 

corrosion rate (Chu et al., 2015).

Germanium (Ge) reduces the corrosion rate by preventing 

hydrogen recombination in pure Mg and many Mg alloys (Liu et al., 

2016). The dominant oxidation (corrosion) reaction is 2Mg (s) →

2Mg2+ + 2e–, while the hydrogen evolution reaction is 2H2O + 2e– →

2OH– + H2. The purpose of  this project was to determine if  Ge 

additions to WE43 and ZK60 reduced the corrosion rate of  the 

alloys.

Materials and Methods

Methods and Materials (cont.)

Results

Results (cont.)
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Conclusion

Adding Ge to the ZK60 alloy reduced the corrosion rate of  the 

alloy as shown by a reduction in both anodic and cathodic reaction 

rates, however those same alloys had a rapid apparent corrosion rate 

according to mass loss testing. There is no conclusive result of  Ge 

additions to ZK60 in respect to corrosion rate, a potential result of  

the Ge-Zr intermetallic that was identified within the alloy using 

EDS. Germanium was not identified in tested regions of  the WE43 

alloys, likely sitting at an increased concentration on the bottom of  

the alloys instead, a result of  the melting parameters.

The purpose of  this study was to determine if  adding Ge to WE43 

and ZK60 alloys would decrease the corrosion rate of  the alloys. 

Future studies could research the Ge-Zr intermetallic and the effects 

they have on the alloy. A re-creation of  the WE43 alloy with Ge and 

appropriate testing would also be a topic for future study, as there 

was no Ge found in the WE43 alloy.

Figures 1 & 2 (above): Induction furnace loaded with WE43 alloy 

pieces and Ge powder. The alloy pieces and Ge powder are inside 

a crucible which is placed within the induction furnace coils. 

Figure 2 is the emphasized region from Figure 1.

Figure 3 (left): Flat cell used for 

polarization experiments. The salt 

solution goes in the glass container 

in the center, the alloy sample goes 

to the right, the reference electrode 

goes in at the top and angled 

towards the alloy sample, and the 

counter electrode is on the left.Electrode connection 

for alloy sample

Reference electrode insertCounter

electrode

Opening for salt solution

Graph 1 (above): Graph of  the Potentiodynamic polarization of  the ZK60 alloys 

with and without germanium. Both alloys with germanium have noticeably less 

corrosion rates due to the greater potential difference at higher currents. ZK60–

0.3Ge (T5) is located behind the ZK60–0.3Ge (as cast) curve.

Figure 5 (above right): Energy Dispersive 

Spectroscopy map from the SEM image 

in Figure 4. A higher concentration 

yields a brighter corner. Each square 

represents an area of  the alloy with a side 

length of  ~37.5 nm.
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Figure 4 (above left): Scanning Electron 

Microscopy (SEM) image of  ZK60–

0.3Ge (as cast) alloy.
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