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Introduction 
 

Motivation  --  Magnesium (Mg) is desirable for engineering applications due to its low density 
of 1.74 g/cm3 (about 1/4 that of steel); however, before Mg can be further used, its deformation 
mechanisms need to be fully understood.  We are studying pure, single-crystal magnesium in 
hopes of attaining a better understanding of how it fails.   
 

By conducting experiments on magnesium at such a small scale, we can learn what impact 
size has on the material’s response to loading as well as study the deformation mechanisms 
involved.  This information then can be input into the multi-scale modeling of complex systems  
in the future. 
 

Background -- Recently, microcompression has been employed to study “size effects” in certain 
materials.  These materials do not behave the same at all length scales.  The stress (ratio of load 
per area) changes depending on the size of the sample, as is shown in Figure 1 for nickel. 
 

Magnesium has a hexagonal close packed (hcp) crystal structure.  The crystal structure, as well as 
the common slip planes for hcp materials, is illustrated in Figure 2. 

Research Results 
 

Orientation [0001]  --  The post-mortem pillar in Figure 5 illustrates basal slip (refer to  
Figure 2), as slip occurs perpendicularly to the [0001] loading axis.  The figure on the right  
shows the size effect, as the decreasing pillar diameters result in increasing stress measures.   
Note sizes vary from 10 micrometers in diameter down to the submicron regime. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Orientation [2 -3 1 4]  --  The post-mortem image in Figure 7 illustrates the impact of orientation 
on the deformation mechanisms, as now slip is occurring at an angle.  Figure 8 also shows a size 
effect; however, note the lower overall stress measures.  Because the dominating basal slip planes 
are more inclined to the loading axis, not as much force is required for this deformation to occur. 
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Research Method 
 

Prepare Bulk  --  We mechanically polish a 99.999% pure single-crystal magnesium, followed  
by a chemical etch to remove the external damage layer.  
 

Fabricate Samples  --  We mount the Mg inside a dual-beam focused  
ion beam, the FEI NOVA 600.  This consists of a scanning electron  
microscope (SEM) and a focused ion beam (FIB) which is used to  
remove surrounding Mg atoms, leaving a micropillar with a uniform  
cross-section and a height that is twice the diameter, as can be seen  
in Figure 3. 
 

Compress  --  We use a square flat punch diamond tip in an MTS  
Nanoindenter XP to compress the pillars at constant loading rates  
along the vertical axis of the pillar.  Experiments are conducted on  
pillars with crystallographic orientations [0001] and [2-314].  See  
blue and red arrows, respectively, in Figure 4. 
 

Image  --  We perform post-mortem microscopy to analyze  
deformation mechanisms involved. 
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          Conclusions 
 

•  Different orientations do show strong anisotropy (different material response depending on the  
   orientation).  The orientation of the densely-packed basal planes (refer to Figures 2 and 4)  
   dominates the failure and strength of these magnesium micropillars. 
 
•  Increasing the resolved shear stress on the basal planes decreases the strength significantly. 
 


