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Abstract- 319 type aluminium alloy is a high strength heat treatable alloy having wide range of engineering applications. The most 
common chemical treatment consists of modifying the morphology of silicon eutectic phase from acicular to fibrous form, thus 
improving the mechanical properties. The basic properties of this alloy can be improved by the proper choice of melt treatments 
such as grain refinement and modification followed by precipitation hardening treatment at optimum heat treatment condition of 
temperature and time. The present study envisages optimizing the ageing condition of 319 alloy. The melt treatment involves grain 
refinement with Ti-B master alloy and modification with Al-Sr master alloy. The alloy cast in permanent mould is machined to 
make samples for evaluation of mechanical properties and metallographic studies. The machined samples were subjected to 
solution treatment at a constant temperature of 500°C and aged at different temperatures. The effect of ageing on 
microstructure will be discussed 
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I. INTRODUCTION 
 
An increased emphasis on weight reduction 
promotes the use of aluminium and its alloys in 
automobile and aerospace industries, because the 
density of aluminium alloys is less than that of iron 
and steel. The demand of aluminium alloys are on 
rapid growth not only in automobile and aerospace 
industries, but also in electronics and other industrial 
applications due to their excellent machinability and 
good castability. But aluminium alloys are seldom 
used in as cast state since it yields relatively poor 
mechanical properties. Chemical and thermal 
treatments are applied to this alloy in order to obtain 
improved mechanical properties. 
The morphology of eutectic silicon in Al 319 alloy 
have a strong influence on the mechanical properties 
of the casting. The silicon particle morphology can 
be controlled by the addition of strontium containing 
master alloy to the melt. The addition of strontium 
results in a fine and fibrous silicon structure during 
the solidification and produces several benefits. The 
strontium modification may improve the ductility, 
fracture and impact properties. Furthermore 
strontium modification can be effectively used to 
reduce the solution treatment time of the alloy. 
Despite these benefits there is a degree of 
apprehension associated with the modification 
primarily because of the apparent increase of 
porosity in the casting. The Sr addition can reduce 
the rejection rate and improves the casting quality. 
Approximately 0.02%.wt of Sr addition will refine 
platelets in to fibrous form.  
Under modification and over modification can occur 
with modification process. The excessive amount of 
Sr will result in formation of undesirable compounds 
such as SrSi2 and Al2Si2Sr. As a general rule slight 
over modification is preferable if control of the Sr 
level is not good enough to achieve optimum Sr  

 
content. The mechanical properties and fluidity of Al  
319 alloy is improved by the modification of eutectic 
microstructure brought about by the addition of 
strontium. Large brittle flakes of Si present in un 
modified 319 alloy are transformed in to globular 
structure resulting in substantial improvement in 
elongation, tensile strength, hardness and density. 
Strontium modification of 319 alloy has significant 
role on the presence of porosity in the casting. The 
presence of porosity in the casting is detrimental to 
its mechanical properties. Observations have been 
made that the addition of Sr increases the porosity in 
the casting in terms of volume fraction of porosity, 
pore length and pore number.  

 
II. EXPERIMENTAL DETAILS 
 
A. Casting preparation 

The 319 ingots were cleaned using acetone to 
make it free from moisture. Cast iron moulds are 
used for casting. Graphite coatings are provided 
inside the moulds for easy separation of the 
castings from the mould after solidification. The 
moulds are then preheated to a temperature of 
250°C  
B. Sequence of casting operation 

8.5kg of 319 alloy is weighed using a weight 
balance. The pit furnace is heated to 700°C to 
become red hot and the alloy is charged in the 
crucible. Coverall flux of 85gm is also added in to 
the crucible while charging the 319 alloy. Hexa 
chloro ethane tablets were added to degas the 
melt after 319 ingots gets completely melted. 
0.02%wt Sr is added in to the melt. After the 
additions are over the melt is subjected to 
nitrogen degassing for 45 minutes.  

After degassing the molten metal is poured in 
to the pre heated moulds. While pouring the 
temperature of melt should be at 720°C. After 
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solidification, the castings are removed from the 
mould.  
C. Specimen preparation 

Samples are cut from random portions of castings 
for metallographic studies. 
D. Heat treatment 

After solution treatment the samples were subjected 
to natural ageing for 12 hours. After that artificial 
ageing was carried out in an air oven at 150°C. The 
ageing period was varied from 3-6 hours. Set of 
samples were withdrawn from the ageing oven in 
every 1 hour duration and air quenched.   
E. Metallographic samples  

Initially the samples were polished using 
different grades of silicon carbide papers of 
progressively fine grades of 220, 400 and 600 
grits. During paper polishing water was used as 
the cleaning agent.  
 
III. RESULTS & DISCUSSIONS 
 
A. Effect of Strontium Modification  

As melt treatment of the order of 0.02%.wt was 
added to the alloy during melting in the form of Al-
10% Sr master alloy in order to modify the eutectic 
silicon morphology to achieve better mechanical 
properties. The alloy cast in permanent mould was 
cut to make samples for evaluating metallographic 
studies Fig.1 shows microstructure of unmodified 
319 alloy in which the Al2Cu phase appears in blocky 
form and distributed very non uniformly. Fig.2 shows 
as cast microstructure of strontium modified 319 
alloy. The blocky form of Al2Cu has reduced 
considerably and the distribution was also found to 
be better indicating that Sr addition was effective to 
some extent in distributing the Cu atoms in the 
matrix. As regards porosity in the casting is 
concerned, it has been observed that less than around 
1% porosity was present in both unmodified and 
modified alloy casting indicating that Sr addition has 
no effect on the porosity content on the casting. The 
as cast microstructure of Al 319 alloy consists of α 
Al dendrites, needle shaped eutectic silicon, β shaped 
Al5FeSi inter-metallic and equilibrium Al2Cu. The 
morphology of eutectic silicon, namely size and 
shape plays an important role in determining the 
mechanical properties of this alloy. Under normal 
cooling conditions the eutectic Si appears as long 
acicular needles which act as stress raisers, thereby 
decreasing the mechanical properties. It has been 
reported that the addition of elements such as Sr/Na 
can modify the morphology of eutectic silicon from 
needle shaped one to fibrous one. The modified 
eutectic Si in fibrous form will not act as stress 
concentrator and hence the mechanical properties of 
the alloy will be improved. However, the Sr 
modification results in segregation of Cu phase 
(Al2Cu) which makes it difficult for them to dissolve 
during solutionising heat treatment. The possibility of 
incipient melting of the undissolved Al2Cu during 

solutionising heat treatment, thus, cannot be ruled 
out. On the other hand, it has been reported that Sr 
addition improves the Cu distribution in the matrix 
which will lead to the better distribution of the 
hardening Al2Cu precipitate on heat treatment. The 
selection of proper solutionising conditions 
(temperature and time) the Cu phase can be evenly 
distributed which will further improve the 
mechanical properties. 
B. Effect of heat treatment 

The microstructural studies showed that the 
eutectic Si morphology has changed from 
acicular/fibrous to rounded one indicating that the 
heat treatment was effective (fig4.6). Artificial aging 
of the alloy was carried out for different periods. T6 
heat treatment of 319 type alloy involve solutionsing 
heat treatment at higher temperature (around 5000C) 
followed by quenching to near room temperature and 
artificial aging at higher temperature (around 150-
1550C). The solutinonsing treatment dissolves the 
Al2Cu phase in the Al   matrix and   on quenching to 
a lower temperature a supersaturated solid solution of 
Al2Cu in Al matrix is obtained. Artificial aging at 
higher temperature and sufficient long period will 
result in the fine precipitation of Al2Cu which are 
fine and coherent with matrix are distributed 
uniformly in the matrix. This fine hardening 
precipitate of Al2Cu, which cannot be resolved under 
optical microscope will hinder the movement of 
dislocations thereby hardening the material. In the 
peak aged conditions the precipitated particles are 
maximum, extremely fine and distributed uniformly 
in the matrix. It was reported that during heat 
treatment the Al2Cu phase undergoes necking which 
takes at several points along the length of the particle 
and further it leads to its breaking into smaller 
fragments and is followed by the diffusion of Cu 
atoms into the surrounding matrix.  

Strontium has the effect of segregating Al2Cu in 
the matrix. But the segregated Al2Cu can be 
dissolved in the matrix by the proper choice of the 
soutionsing conditions (temperature and time). In the 
present investigation considerable reduction of Al2Cu 
segregation was observed after heat treatment, which 
shows that the soutionsing conditions adopted in the 
study was sufficient for the dissolution of Al2Cu to a 
great extent.  

Microstructures of the alloy containing Sr and aged 
at different periods are given in fig 4.2 -4.6. It may be 
noted that the morphology of eutectic Si has changed 
from fibrous one to rounded one due to heat 
treatment in all the samples. The amount of 
precipitation of the fine hardening phase of Al2Cu 
could not be resolved by optical metallography. This 
demand for better microstructural analysis using 
SEM/TEM.  
 
CONCLUSION 
 
The addition of Sr of the level of 0.02% to Al319 
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alloy was effective in modifying the morphology of 
eutectic Si from needle shapes to fibrous one. The 
solutionising and aging conditions adopted are 
effective in improving the mechanical properties of 
the Sr modified 319alloy. However, the effects  

 
 

Fig 4.1: Microstructure of Al 319 without Sr 
 

 
 

Fig 4.2: Microstructure of as-cast Al 319 S sample 
 

 
 

Fig 4.3: Microstructure of heat treated Al 319 S 3 hrs aged 

 
 

Fig 4.4: Microstructure of heat treated Al 319 S 4 hrs aged 
 

 
 

Fig 4.4: Microstructure of heat treated Al 319 S 5 hrs aged 
 

 
 

Fig 4.6: Microstructure of heat treated Al 319 S 6 hrs aged 
 
of varying the solutionising conditions need further 
investigations. Though the microstructural analysis 
gives good assessment of the alloys, both unmodified 
and modified, in terms of eutectic Si and Al2Cu 
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particle size, shape and morphology, the presence of 
porosity level, etc. It cannot be used to understand the 
aging behaviour of the material. High resolution 
microscopy TEM/SEM and EDAX are required to 
understand the aging sequence/kinetics in the 
material. 
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