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ABSTRACT 
 
In the present era, in automotive, aerospace, electric and communication industries 
AZ91 Mg alloys are extensively being used and it would increase if their strength and 
castability were improved. Mg- Al alloys have large freezing range, so is susceptible 
to the formation of coarse grained structure. Magnesium alloys are therefore dealt 
with grain refinement. Refinement of microstructure can be done either by chemical 
method in which grain refiners are added to refine the microstructure or by vibrations, 
where vibrations are imposed on solidifying melt. The various techniques to impose 
vibrations are; mechanical vibrations, electromagnetic vibrations and ultrasonic 
vibrations. In this paper, the effect of mechanical vibration on the microstructure and 
mechanical properties during solidification of Mg- 9Al alloy was investigated. This 
was tested in the frequency range from 0 to 40 Hz at constant amplitude 3mm. 
Mechanical tests such as tensile test, hardness test were carried out on the samples. 
It was concluded that on increasing the frequency of mechanical vibration during 
solidification refines microstructure and improves mechanical properties. 
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INTRODUCTION 
 
Magnesium alloys have found major applications in automobiles, electronics, 
aerospace and aircraft industries. Since they have low tensile strength and ductility, 
poor cold formability and inferior resistance to corrosion and oxidation, the 
application of magnesium is limited as a structural material. Specific strength and 
specific stiffness of materials and structures play a vital role in the designing of 
weight saving components. Therefore, especially components for automotive bodies 
require importance of weight saving, where energy consumption and power 
restrictions are a major concern [1]. Recently, because of the fine grained structure of 
the wrought magnesium alloys reported to be superior to those of cast magnesium 
alloys [2, 3]. 
  
The primary problem is that the developed dendrites are always yielded in normal 
castings because the alloy has a large freezing interval, in which a constitutionally 
under cooled region can be readily produced and thus to form dendrites. Therefore, 
suppression of formation of coarse dendrites is a key issue in improving the alloy 
properties. Various researchers have seen that the aforementioned defects can be 
overcome by microstructural refinement or through the morphological modification 
from dendrite grains to spherical ones through different types of vibrations during 
solidification of metals and alloys. During solidification the induced vibration usually 
lead to grain refinement, improve fluidity, and reduction of the concentration of the 
dissolved gases [4, 5] resulting in the improvement of mechanical properties.             
As there are three ways of inducing vibrations: ultrasonic vibrations, electromagnetic 
vibrations and mechanical vibrations, but here only mechanical vibrations are used to 
observe the effects on mechanical properties. Also there is no need of large or 
special device in mechanical vibration and can be easily imposed [6] also it is the 
most promising method of applying vibrations to solidifying the melts due to its 
simplicity and the ruggedness of the equipment needed for introducing vibration.            
 
 
EXPERIMENTAL PROCEDURE 
 
 
Materials and Sample Preparation 
 
The AZ91 magnesium alloy (with a nominal composition of Mg-9 wt% Al- 1mass% 
Zn) was treated by mechanical vibrations. The AZ91 Mg alloy was prepared by using 
ingots of pure Mg (99.95%), pure Al (99.99%), and pure Zn (99.9%).  
 
Figure 1 shows the experimental set up. The elements were kept in a steel crucible in 
a bottom pouring furnace in an argon atmosphere and under proper flux cover 
(MgCl2.MgO.CaCl2.NaCl) to coagulate and separate the slag from the melt. The 
stainless steel mold with a preheated temperature of 160˚C was transferred to the 
heat-preserving furnace and then the melt was poured into stainless steel mold for 
mechanical vibration. The amplitude was kept constant 3mm while the frequency was 
varied for three times i.e., 31, 35 and 40 Hz. Experimental parameters are given in 
Table 1. 
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RESULTS AND DISCUSSIONS 
 
  

Microstructure 
 
The microstructure of as cast AZ91 magnesium alloy is composed of α- Mg matrix, 
divorced eutectic β-Mg17Al12 phase and secondary precipitated β-Mg17Al12 phase. β-
Mg17Al12 got distributed in Mg matrix during the crystallization process. Coarse 
dendrites of the primary phase (α- Mg) are formed throughout the alloy and the 
eutectic β-Mg17Al12 phase appeared on the grain boundaries in as cast alloy. 
However, on imposing the vibrations to the melt, a uniform distribution of the fine 
grains of the primary α- Mg phase was achieved, and a dense network-like eutectic 
β-phase solidified. Also, the precipitation of α-Mg dendrites releases latent heat, 
which causes an increase of the melt temperature ahead of the solidification interface 
and decreases the degree of super-cooling that suppresses the growth of α-Mg 
dendrites, leading to the grain refinement.   

                                                                                                                                     
 

Mechanical Properties 
 
Tensile tests 
The tensile tests of non- treated and mechanically vibrated treated AZ91 magnesium 
alloys is shown in Fig.3.1 and Fig.3.2. It can be seen that the tensile strength and the 
elongation are increased markedly with the mechanical vibration treatment.                  

                                                                                                                             

Hardness 

Figure 4 shows that the hardness is also increasing as the frequency has been 
increased. Maximum hardness is at frequency 40Hz. This  could  be  explained  that  
the  structures  of  the Mg-Al-Zn  alloys  consist  of  a  solid  solution  and  the 

(β  phase),  at  the  grain boundaries the quantity   12Al17compound  Mg  intermetallic
and character of these intermetallic compounds greatly influence the mechanical  

, as the phase solidifying last, 12Al17properties  of  the  component. The compound Mg
fills interdendritic cavities and thus influences flowability, shrinkage, porosity, and the 
development of cracks. The strength and elasticity properties of the alloys depend on 
the character of the intermetallic phases.                                                                        
     

 

CONCLUSIONS 

  

• The resulting microstructures of all the investigated alloy samples showed that 
the vibrations affect the microstructure. Coarse dendrites of the primary phase 
(α-Mg) were formed throughout the alloy, and the interdendritic eutectic β-phase 
(Mg17Al12) appeared on the grain boundaries without the mechanical vibration 
pretreatment. However, by applying frequency to the melt, a uniform distribution 
of the fine grains of the primary α -Mg phase was achieved, and a dense 
network-like eutectic β -phase solidified. 

• The tensile strength of the alloys is found to be affected as a result of imposition 
of vibrations. With the increase in the frequency of vibration, increase in the 
tensile strength has been found. 
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• Hardness of the alloys also increased with the increase in the frequency. The 
alloy with the maximum frequency was found to have greater Brinell hardness 
number than the alloys of lower frequency and without frequency. 
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Fig.1. Experimental Set Up. 
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Fig.2.  Microstructures of specimens obtained at 100X with frequencies (a) as cast 
(b) 30.90 Hz (c) 35.16 Hz (d) 40.25Hz at constant amplitude 3 

 
 
 

 
 

Fig. 3.1. Relation between the frequencies of vibration and Ultimate Tensile Strength 
of the samples. 
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Fig. 3.2. Relation between the frequencies of vibration and % elongation of the 
samples. 

 
 

 

 
 

Fig. 4 Effects of frequency of vibration on the hardness of the samples. 
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Table 1. Experimental parameters. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table 2. Results of various mechanical properties at constant amplitude and different 
frequencies of mechanical vibration 

 

Frequency 
(Hz) 

% 
Elongation 

UTS 
N/mm2 

BHN 

0 7.58 99.1 55 

31 8.77 146.6 61 

35 9.85 153.3 70 

40 13.06 160.3 96 
 

 

S.No 
Frequency 

(Hz) 
Amplitude 

(mm) 

Pouring 
Temperature 

( ̊C ) 

1. - - 700-740 

2. 31 3 700-740 

3. 35 3 700-740 

4. 40 3 700-740 


