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Tensile behaviour of Mg-Zn alloys

Alloys show much 
greater ductility than 
pure Mg (10-30% strain)

Pure Mg: little tensile 
ductility (<10% strain)
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Concentrated alloys, c = 0.5~2.6at.%
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In the concentrated 
alloys Zn causes 
extensive hardening 
by SRO on the Basal 
planes

Effect of solute on 
Prismatic slip?

CRSS
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(RT)

?

CRSS
basal
(RT)

Akhtar & Teghtsoonian, 1969;  Chun & Byrne, 1969;  
Cáceres & Blake (2002);  Blake & Caceres,( 2005)

Most likely

Random Sol Solution
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Alloys studied and grain size
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Compressive behaviour
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Yield Strength vs. Zn content
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Strength exhibits a peak 
at low Zn contents

Strength at RT

Strength at -50ºC

Need to correct for  
non-uniform grain size
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Origin of Minima in the CRSS prism  (Temperature)

The athermal component 
increases with c due to 

RSS & SRO

Thermal component 
decreases with c due 

to solid solution 
softening
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prism
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Akhtar and Teghtsoonian, 1969
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Origin of Minima in CRSS prism   (solute)
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Hypothesis:
RSS and SRO off-set 
solution softening
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Solute effects on σo and k 
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Solute contributions to Hall -Petch’s σo
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Solute effects on prism slip k = a (CRSSprism)1/2
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Composition effects on Hall-Petch’s k-values
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grain size = 38 µm
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Calculated strength vs. composition
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Strength calculated 
using A&T ’s CRSS prism
data plus SRO and RSSExperimental data 

consistent with a 
maximum in solid solution 
softening at ~0.5at%.
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•The strength behaviour of polycrystalline Mg-
Zn solid solutions at low and room temperature 
can be traced back to the temperature and 
solute effects on prismatic slip. 

•Solid solution softening effects on the prism 
planes appear to go through a maximum at 
concentrations of the order of 0.5at.%Zn.

•Solute softening effects are offset by hardening 
due to short range order in the higher alloys.

Conclusions
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Prediction #1: ductility shows a maximum at 0.5at.%Zn

Tensile  
ductility

Blake and Cáceres, TMS, San Francisco, 2005.
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Hall-Petch plots for Mg alloys  (Compression)
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Hall-Petch’s k  
shows a 
minimum at 
0.5at.%Zn

k
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Prediction #2: Hall-Petch’s k shows a minimum at 0.5at.%Zn
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