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 
Abstract:This paper shows that the outcome of analysis by the 

machining of Al-6061–ZrB2.which has done through in-situ 
reactions. Al 6061 alloy is reinforced with zirconium diboride by 
stir casting method.The reaction of K2ZrF6 and KBF4 will form 
ZrB2 at a temperature of 860°C and a holding time of 45 minutes 
using in-situ reaction. The molten metal matrix composite is 
poured into the pre-heated die with diameter of 50mm and length 
500 mm. Influence of reinforcement ratio of 0, 5 and 10 wt% of 
ZrB2 on machinability are examined. By the turning operation 
cutting force was reduced, when the cutting speed has increased. 
The increment in ZrB2 particles within the matrix decreases the 
cutting force. Surface roughness is enhanced due to improvement 
in surface roughness and cutting speed deteriorated because of 
more addition of reinforcement. 

Keywords :. Al6061,ZrB2,MMCs 

I. INTRODUCTION 

Aluminum alloys are noteworthy for their strong 
machinability factor and most preferred in automotive and 
aviation industries because of its characteristics  like high 
strength to its weight ratio, exceptional less performance in 
temperature and outstanding corrosion resistance, chemical 
inertness to most often used in cutting tools.[1-3]. MMCs 
were  basically used in fiber reinforced pistons and reinforced 
cylinder surfaces as well as particle-strengthen brake disks in 
automotives, notably in the automotive industry [ 4, 
5].MMCs consists of metal matrix and reinforced material or 
filler material that gives high mechanical performance and 
could be categorized as continuous or discontinuous 
reinforcement. 
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MMCs with dimensionless reinforcements are generally 
much cheaper to develop MMCs reinforced with longitudinal 
fiber.  In this project work, the dimensionless reinforcements 
are used. Zirconium diboride and silicon carbide was 
introduced as reinforcements. The melting temperature of 
zirconium diboride is 3245°C and silicon carbide is 273°C. In 
this present research zirconium diboride is selected as 
reinforcement, which remarkable enhances the mechanical 
characteristics of  the composite. The stir casting set-up is 
used to fabricate the insitu composite of Al-ZrB2. Insitu 
process is defined by synthesizing the ceramic particles of the 
halide salts within the molten alloy by the chemical reaction 
.In-situ synthesize of a ceramic second stage particles gives  
great influence over the size and amount of reinforcements as 
well as the architecture of metal matrix reinforcement, 
leading to better suiting of the composites [13 ]. 

In-situ composites have benefits such as being more 
homogeneous in their microstructure and being 
thermodynamically more stable as well as having better 
interfacial bonding between reinforcements and matrices. 
Turning process includes the use of a lathe and is mainly used 
for the production of cylindrical or conical parts. With 
specific devices, curved surfaces can grind flat faces, and 
boring on a lathe can be done. Strengthening tool life, 
boosting surface precision, increasing cutting force and chip 
thickness in turning operations is indeed useful. Surface 
roughness and cutting force play the most important roles in a 
turned part's performance among these four characteristics. 
Cutting speed, feed frequency, cutting length, tool-work 
piece content, tool configuration and coolant conditions are 
the turning parameters that have a major impact on 
performance measurements and on material removal levels 
and machining quality such as surface quality. For to reach 
the proper dimensions, the part generated by the composite 
materials which  requires  machining process. So, without 
solving  machinability problems.composites would be 
difficult for industrial application. Surface finish, wear of the 
tool, cutting temperature. cutting force are the main indices 
for evaluating the behavior of machinability[ 19, 20]. 

II. EXPERIMENTAL SETUP 

Aluminium is melted in a graphite crucible to about 840C. 
The graphite crucible is pre-heated in the pre-heater.  
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The Al 6061 rods are heated in a crucible to about 840°C 
and stirred using the stirrer in the stir casting furnace which is 
shown in Fig.1. The composition of K2ZrF6 and KBF4 salts 
are added into the crucible and were stirred intermittently for 
45 min. The process is an in-situ process meaning the 
chemical reaction takes place inside the crucible. It has a 
preheating temperature indicator where the temperature can 
be set to about 700°C The molten metal Al6061 with ZrB2 
,which is pre-heated which can be takeninto the cylindrical 
die of  diameter 50 mm and length of 500 mm.  

The workpiece is fixed in the Kirsloskar made 
Turnmaster-35 lathe using surface gauges and keys. The 
machining parameter selected for the turning operation are 
cutting speed (30, 60 ,90 & 120 m/min) for a constant feed 
rate (0.12 mm/rev) and depth of cut (0.5 mm). The cutting 
force was measured using Kistler dynamometer (model no: 
9857B). Fz graph in the four graphs displayed by the 
dynamometer is considered and the Fz value is taken as the 
cutting force value. The surface roughness has  measured by 
the surface roughness tester which was made by Mitutoyo 
(model no: SJ-210). 

 

Fig. 1. Stir casting furnace 

III. RESULT AND DISCUSSIONS 

A.  Microstructural  Analysis of the AA6061/ZrB2 
Composite 

ZrB2 particles are spread at all weight proportions in the 
matrix equally. The K2ZrF6 and KBF4 reaction with molten 
aluminum formed different sizes of ZrB2 particles. Many of 
the ZrB2 particulates have a spherical shape, some of them 
have an elliptical form. The  in-situ reaction produces very 
fine nano scaled particles, which combines to form clusters 
that depends on the temperature of the synthesis, holding 
time ,rate of cooling and rate of reaction. ZrB2 particles ' 
structure, size and physical arrangement have an impact 
mechanical properties of the composite. ZrB2 particle 
distribution in the matrix is linked directly to the matrix alloy 
solidification process.  

 
Fig. 2a SEM micrograph of Al6061-5%ZrB2 

 

 
Fig. 2b SEM micrograph of Al6061-10% ZrB2 

B. cutting speed on cutting force 

From the results  proposed it conforms  that the cutting force 
is larger in Al-6061 with 5% ZrB2 than 10% ZrB2 
reinforcement .Therefore the cutting force is reduced by the 
increment in ZrB2 reinforcement ratio. Gain in reinforcement 
will minimize the build-up edge formation, which shuns the 
cutting force .As the cutting speed builds up its rpm which 
gradually effects the chip tool contact length and  results the 
reduced cutting force in each Al 6061 metal matrix 
composite. Therefore cutting force is reduced  by increase in 
cutting speed. 

 

 
Fig. 3  Cutting speed Vs Cutting Force 
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IV. CONCLUSION 

Al6061 alloys were reinforced with ZrB2 metal matrix 
composites has been fabricated by the in-situ reaction of 
K2ZrF6 and KBF4.SEM micrographs clearly revealed the 
presence of ZrB2. Most of the ZrB2 particles could be in 
spherical shape and some show elliptical shape. The effect of 
machinability factors that are cutting speed, feed rate, and 
depth of cut on, cutting force and surface roughness during 
turning operation were analysed and the following results 
have been obtained.  From the analysis of means at different 
levels which shows that adding of ZrB2 reinforcement raises 
surface roughness and reduces cutting force. The cutting 
force and surface roughness were less at higher cutting 
speeds. 
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