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 ZA-27 alloy, in particular it has been used in bearings and bushing applications and in 
bronze bearings because of its low cost and equivalent
classified as a high strength alloy with a tensile strength substantially higher than that of ordinary cast aluminium alloys. Present work is 
focused on improving  the metallurgical and mechanical properties such as grain structure and Hardness of zinc Alloy (ZA
alloy (ZA-27) with graphite reinforced  metal  matrix  composites  produced  by  the  squeeze  casting  method.  
graphite reinforcement in the zinc alloy (ZA
commercial applications, prepared metal matrix composites were poured into the die cavity and sound casting will be obtained.
reinforcing graphite particulates in the MMC’s vary from 0%, 3% and 5% by weight and the squeeze pressure and stirrer speed varies from 
60 to 120 MPa and 200 to 600 rpm. The response of this study revealed  that  if  the  input  process  parameters  increase,  
be  significant increases in hardness but due to the gradual increase in weight percentage of graphite particulate will leads
hardness property. 
 
 
Key words: Squeeze casting process; ZA-27 alloy; graphite particulate; various process
properties.  

 
INTRODUCTION  
 

Metal matrix composites (MMCs) have emerged 
as an important class of advanced materials giving 
engineers the opportunity to improve the material 
properties according to their needs. Essentially, these 
materials vary from the conventional engineering 
materials in the homogeneity point of view. In 
composite materials, controlled distribution of one or 
more reinforcement materials in a 
matrix phase is possible. These component materials 
need not necessarily be generically different. Carbon
carbon composite is a typical example in which the 
reinforcement is simply a different form of the 
matrix material. However, in MMCs, the 
reinforcement is always uniquely different from the 
matrix. The present research work involves the 
reinforcement of graphite particulate in ZA alloy.
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ABSTRACT 

27 alloy, in particular it has been used in bearings and bushing applications and in a automotive industries as a replacement for 
bronze bearings because of its low cost and equivalent or superior quality bearing performance. Moreover, Zinc Alloy (ZA

alloy with a tensile strength substantially higher than that of ordinary cast aluminium alloys. Present work is 
nd mechanical properties such as grain structure and Hardness of zinc Alloy (ZA

27) with graphite reinforced  metal  matrix  composites  produced  by  the  squeeze  casting  method.  
he zinc alloy (ZA-27) enhances the low thermal expansion and improves good self

commercial applications, prepared metal matrix composites were poured into the die cavity and sound casting will be obtained.
particulates in the MMC’s vary from 0%, 3% and 5% by weight and the squeeze pressure and stirrer speed varies from 

60 to 120 MPa and 200 to 600 rpm. The response of this study revealed  that  if  the  input  process  parameters  increase,  
be  significant increases in hardness but due to the gradual increase in weight percentage of graphite particulate will leads

27 alloy; graphite particulate; various process parameter; Metallurgical and Mechanical 

Metal matrix composites (MMCs) have emerged 
class of advanced materials giving 

engineers the opportunity to improve the material 
properties according to their needs. Essentially, these 
materials vary from the conventional engineering 
materials in the homogeneity point of view. In 

, controlled distribution of one or 
 continuous metal 

matrix phase is possible. These component materials 
need not necessarily be generically different. Carbon-
carbon composite is a typical example in which the 

t is simply a different form of the 
matrix material. However, in MMCs, the 
reinforcement is always uniquely different from the 
matrix. The present research work involves the 
reinforcement of graphite particulate in ZA alloy. 

It can be said that the develop
fabrication techniques coupled with the ever
increasing demand for low-density materials with 
high specific strength and stiffness have promoted 
considerable scientific and technological interest in 
the research and development of numerous high
performance composite materials as serious 
competitors to the traditional engineering alloys
Metal matrix composites with particulate 
reinforcement can results by increase in strength at 
much lower additional costs than those of continuous 
reinforcements [2,3]. In applications where isotropic 
properties are required, these composites can 
outperform continuous Fibre-
and they enhance low thermal expansion and 
withstand high thermal conductivity 
said that of all the zinc-based foundry alloys, ZA 
alloys have inducing the most rapidly growing 

Network for Scientific Information publisher  

JOURNAL OF APPLIED SCIENCES RESEARCH 

2015 October; 11(19): pages 151-155.   

               Research Article 

Department Of Mechanical Engineering, JCT College of Engineering and 

27/Graphite Reinforced Composites 

industries as a replacement for 
or superior quality bearing performance. Moreover, Zinc Alloy (ZA-27) is 

alloy with a tensile strength substantially higher than that of ordinary cast aluminium alloys. Present work is 
nd mechanical properties such as grain structure and Hardness of zinc Alloy (ZA-27) and zinc 

27) with graphite reinforced  metal  matrix  composites  produced  by  the  squeeze  casting  method.  Due to the presence of 
27) enhances the low thermal expansion and improves good self-lubricating property. In 

commercial applications, prepared metal matrix composites were poured into the die cavity and sound casting will be obtained. The 
particulates in the MMC’s vary from 0%, 3% and 5% by weight and the squeeze pressure and stirrer speed varies from 

60 to 120 MPa and 200 to 600 rpm. The response of this study revealed  that  if  the  input  process  parameters  increase,  then  there  will  
be  significant increases in hardness but due to the gradual increase in weight percentage of graphite particulate will leads to decrease its 

parameter; Metallurgical and Mechanical 

It can be said that the development of new 
fabrication techniques coupled with the ever-

density materials with 
high specific strength and stiffness have promoted 
considerable scientific and technological interest in 
the research and development of numerous high-
performance composite materials as serious 
competitors to the traditional engineering alloys[1]. 
Metal matrix composites with particulate 
reinforcement can results by increase in strength at 
much lower additional costs than those of continuous 

In applications where isotropic 
properties are required, these composites can 

-reinforced composites 
and they enhance low thermal expansion and 
withstand high thermal conductivity [4]. It can be 

based foundry alloys, ZA 
alloys have inducing the most rapidly growing 
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interest among the research community. It has been 
documented that nearly 25% of zinc production goes 
to the making of zinc-based alloys in advanced 
countries like the USA and England [5]. 

Zinc–aluminum alloys (ZA alloys) over the past 
few decades are occupying attention of both 
researchers and industries, as a promising material 
for tribological applications. At this moment, 
commercially available ZA alloys have become the 
alternative material primarily for aluminum cast 
alloys and bearing bronzes due to good castability 
and unique combination of properties [6]. 

 
Experimental Set Up: 

Aluminium stir casting furnace: The Fig. 1 

shows the aluminum stir casting furnace 
(ALSCF900). The equipment comprises of a 
cylindrical furnace capable of attaining 1000 ˚C with 
top and bottom opening. The furnace is fitted with 
stainless steel retort which is heat\corrosive resistant 
and with a leak proof bottom pouring arrangement. A 
stirrer assembly with UP/DOWN movement is 
provided to stir the melt at a variable speed (100 -
1500 RPM). Provision is made to pass argon gas 
during melting with suitable arrangements for 
partially controlling and avoiding the atmosphere to 
enter into the closed setup. High temperature non-
stick coating is applied on the retort and stainless 
steel (SS) blade prior to avoid sticking of melt and to 
reduce the wear & tear.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Squeeze casting machine setup 
 
Squeeze casting setup: Melt is directly poured 

into the die through pathway which is attached on the 
squeeze casting setup. Hydraulic press is used to 
squeeze the casting at desired pressure with suitable 
motorized hydraulic power pack and digital pressure 
indicator. The pressure can be varied from 60 to 100 
tonnes. Pathway tube from furnace to squeeze 
casting setup is also heated to avoid the cooling of 
molten metal. The temperature of this heating system 
is controlled separately by regulator on the control 
panel. 

 
Experimentation Procedure: 
Preparation of Composites: 

The ZA/graphite composites were prepared by 
vortex method using a standard particle size of 
90µm.The graphite particulate used for the 
preparation of composites varies from 0, 3 and 5% of 
weight. This is because when the graphite particulate 
exceeds 7% and above will leads to rejection of 

metal from the melt occur. Initially, the graphite 
particle is preheated in the preheater and maintained 
at 2000 c and added at the rate of 100 g/min into the 
molten zinc alloy whose melt temperature is at 8020 
C. The vortex is created in the melt using a 
mechanical stainless steel stirrer coated with 
aluminate in order to prevent migration of ferrous 
ions from the stirrer material into the zinc alloy melt. 
The melt is rotated by varying the assigned speed of 
the stirrer (150-350 rpm) and the adjustment is done 
by regulating the knob in the control panel. The 
degassing agent is spread over the melt in order to 
escape of oxygen from the melt to atmosphere. Then, 
the die is pre heated above 4000c to attain equal and 
uniform distribution around the die and to obtain 
progressive solidification. Now, the molten metal is 
poured into the permanent mould for casting and 
defect free sound casting is obtained by applying the 
different squeeze pressure (60-140mpa) through the 
punch on the die.
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Table 1: Level of experiments conducted in L9 Array 
  Wt% of 

Squeeze Stirrer 
 

Composite No of graphite 
 

pressure speed in 
 

material levels reinforcem 
 

(MPa) rpm 
 

  
ent 

 
     
      

Za 27 Level 1 0 60 200  
      

alloy/C Level 2 3 90 400  
      

 Level 3 5 120 600  
      

 
Table 2: Experimental Result for ZA-27/graphite particulate composites 

Wt % of 
Squeeze Stirrer 

Hardness 
pressure Speed in 

graphite (BHN) 
(MPa) rpm   

    
0 60 200 133 
    
0 90 400 135 
    
0 120 600 138 
    

 
3 60 400 117 
3 90 600 119 

    
3 120 200 122 

    
5 60 600 110 

    
5 90 200 113 

    
5 120 400 115 

    

 
Results And Discussion 

 
Good mechanical properties are achieved by 

progressive solidification, optimum stirrer speed and 
also through optimum squeeze pressure thereby 
defect free (blow holes, shrinkage etc) castings are 
obtained. The major contribution of zinc improves 
strength, toughness ductility and hardness 
tremendously due to their superior quality in 
formability, high thermal conductivity, high impact 
and corrosion resistance and low coefficient of 

thermal expansion. By increasing the weight 
percentage of graphite particle reinforcement the 
hardness has been significantly decreased this is 
because of the presence of graphite particle which is 
considered as soft material but its good self-
lubricating property, low thermal expansion, high 
thermal conductivity and improved high thermal 
stability, it can able to withstand high abrasive wear 
so that it can be used as a best alternative in the 
replacement of two moving frictional parts in an 
automotive sector.

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Variation of mechanical properties on Hardness 
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Examination of microstructure: 
Optical microscope was utilized to determine the 

grain size of ZA-27 alloy / graphite reinforced 
composites. For microstructure study, specimens cut 
from squeeze casted samples. The specimen of 
height and diameter of (5mm X 10mm) were 
machined and prepared for microstructure 
observation. The specimen is mounted inside the 
specimen mounting machine and graphite powder is 
added above the specimen. At a temperature of 

150°C the specimen and graphite powder gets hard. 
Then the specimen is ground with grit paper of 
different grades, polished with diamond paste and 
etched with nitric acid. Specimen is prepared using 
ASTM E3-11 Fig shows the (SEM) microstructure of 
ZA-27 alloy/graphite reinforced composites. The 
obtained image shows the fine grain structure 
(dendrite) and better distribution of graphite 
particulate reinforcement of ZA-27 alloy fine grained 
structure.

 
 
 
 
 
 
 
 
 
 

Fig. 3: Sample preparation for microstructure 
 

 
 
 
 
 
 
 
 
 
 
 
(a) ZA-27 alloy 
 
 
 
 
 
 
 
 
 
 
 
(b) ZA-27 alloy/ graphite 3% 
 
 
 
 
 
 
 
 
 
 
 
(c) ZA-27 alloy/ graphite 5% 
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Conclusion: 
Based on the result obtained under the 

experimental condition, the following 
conclusions are derived 

1. The property of hardness decreases because 
of the increasing of graphite particulate as this is 
considered as soft material but the reinforcement of 
graphite will enhance good self-lubrication property, 
low thermal expansion, and high thermal 
conductivity and improve high thermal stability.  

2. Because of squeeze pressure the hardness of 
the ZA-27/graphite particulate composites has been 
increased.  

3. Microstructure of the tested samples shows 
that the formation of good dendrite arm spacing with 
finer grain structure.  
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