
The effect of different initial deformation states (450°C vs. 300°C) 
on grain sizes of high and low speed rolled alloys 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Phase Fraction Results – As rolled samples 
 
 
 
 
 
 
 

Having the lowest density among all structural metals[1] , 
magnesium has opened new horizons for developing commercial 
alloys with successful use in a wide variety of applications[1]. 
Therefore, recently , the usage of wrought magnesium alloys has 
increased in the automotive and electronic industries. However, 
there is  still difficulty in rolling magnesium into sheets, primarily 
because of its low room-temperature formability and preferred 
crystallographic orientation  (texture)[2], which necessitates its 
production to be performed at elevated temperatures. 

Introduction 

Annealing samples rolled @ 
(300°C  and 450 °C ) and rolling 

speed of  15 and 1000 m/min ) at 
350°C for specified times 

Mounting of sample in resin 

Grinding and polishing 
sample 

Etching using Picric etchant 

Sample Analysis 

Hardness 

Grain Size 

Phase Fraction 

0 min 1 min 

15 min 30 min 60 min 

4 min 

Mg-4Zn-1Ce – rolled @ 1000 m/min and 300°C 

Results 

Procedure 

These samples were annealed 
at 350°C at different times 
and  then quenched. 
The initial as-rolled  (0 min) 
microstructure is non-
recrystallized . The 
microstructure begins to 
recrystallize after 1 min  and 
the grain size increases with 
the annealing time. After 15 
min the grain size increases 
and  at 30  min small and 
large grains can be observed. 
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Mg-4Zn-1Nd – rolled @ 1000 m/min and 300°C 
This sample was also high-
speed-rolled at 300°C and 
annealed at 350°C for the 
times specified. As shown 
in the  pictures ,the grain 
size increases, yet 
stabilizes around 15 
minutes, and experiences 
reduced grain coarsening 
when compared to the 
Cerium sample. 

Mg-4Zn-1Ce – High Speed 
Rolled - 300°C 

Mg-4Zn-1Nd – High Speed 
Rolled - 300°C 

Samples alloyed with Cerium 
exhibited a higher phase fraction 
when compared to samples 
alloyed with Neodymium. High 
speed rolled alloys with Nd and 
Ce had phase fractions of 1.37% 
and 4.18%, respectively  

Conclusion 
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Mg-1Zn-1Nd 
The change in initial deformation 
state does not cause a significant 
difference in this alloy. As shown in 
the graph, the alloy undergoes 
recrystallization around the 15 
minute mark. As well, low speed 
rolling yields larger grain sizes. 

Low Speed Rolled - 
300°C – 15 min 

Low Speed Rolled - 
450°C – 15 min 

Hardness results - 300°C rolled samples 

As exhibited in the grain size 
results, recrystallization occurs 
between 4 and 15 minutes. 
Hardness of samples stabilizes 
after recrystallization  and 
there is not a large difference  
in final hardness between the 
different alloys 

It has recently been found that the addition of rare earth elements 
significantly weakens the rolling texture of Mg alloys and 
minimizes grain coarsening[4]. Therefore, the main objective is to 
investigate the effect of adding two rare earth elements including 
Neodymium and Cerium (separately), rolled at different initial 
conditions (temperature and rolling speed) on the annealing 
behaviour as well as the possibility of minimizing grain coarsening 
by discovering the  optimum level of adding these elements.  

Objective 

Grain Size results of the Mg-1Zn-
1Ce and Mg-1Zn-1Nd alloys 

Mg-1Zn-1Nd - Low 
Speed Rolled - 
300°C – 60 min 

Mg-1Zn-1Ce - Low 
Speed Rolled - 
300°C – 60 min 

*All photographs shown are taken at 
500x magnification 
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• After annealing for 15 min, hardness does not change significantly for different alloys 
with further annealing time. 

• Cerium and Neodymium alloys both recrystallize around the same point; however, in 
the alloys  containing  Ce, the grain coarsening  is faster  than the Nd containing alloys 
resulting in much larger grains.  

• The effect of alloying element is more significant on the static recrystallization 
behaviour and final grain size after annealing. 

• The minimum grain size after annealing were obtained for Mg-1Zn-1Ce and Mg-1Zn-
1Nd with the highest rare-earth /Zn ratio in both alloying systems 
 


