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ABSTRACT

Metal Matrix Composite (MMC) are most vital invention in the field of material processing due to their flexibility in
the mechanical properties such as tensile, impact and hardness by modifying the reinforcement weight fraction to
the matrix and the desirable property can be obtained by just changing the reinforcement material where as the
property is extinct to the matrix metal. Solution hardening is widely used hardening process for non ferrous alloys
and sometimes to ferrous alloys to improve the hardness and it is very effective in improving the hardness of the
aluminum based alloys and it is widely accepted as one the hardness i mprovement process.
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INTRODUCTION

Metal matrix composite: Since the early 1960s,ahsrdemand for new and improved engineering nedeviith

advancement of modern technology interest in tlemsaof aerospace, automotive industries had foaceapid
development of Metal Matrix Composite [10]. Metabivix Composite is a part of composite materialsctvthas
metal as the matrix or base metal and particukelgcted reinforcement material for the desireg@rty required
for the particular application. The composite gefigrhas superior characteristics than those of eadividual

component are distributed in the continuous or matsmponent [4]. A composite material is a matec@nsists of
two or more physically and chemically distinct pb&$1]. In composites, materials are combined chsauway as
to enable us to make better use of their parenemahtwhile minimizing to some extent the effectstbeir

deficiencies. The simple term ‘composites’ givedi¢ation of the combinations of two or more matenaorder to
improve the properties. Following figure explaihe tomposite in a simplest manner.
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Figure 1 Composite Materials

Solution Hardening: Solution hardening / precipitation hardening £ dmrdening is commonly used to process
aluminum alloys and other in ferrous metals for pwrcial use. The examples are aluminum-copper, erepp
beryllium, copper-tin, magnesium-aluminum and sdereous alloys. The strength and hardness of sorel
alloys may be enhanced by the formation of extrgragiall uniformly dispersed particles of a secohdge within
the original phase matrix; this must be accomptishg appropriate heat treatment. The process isdcablution
hardening / precipitation hardening / age hardeniidch involve three distinct steps: solution treaht to
minimize segregation in the alloy, quenching toateea supersaturated solid solution and aging dilitéde the
formation of coherent precipitates which strengttienalloy by interfering with dislocation movement

Steps in Solution Heat Treatment

Solution Treatment or Solutionizing is the first step in the precipitation-hardeningpgess where the alloy is
heated above the solvus temperature and soakesl tihél a homogeneous solid solutiar) (s produced. Thé
precipitates are dissolved in this step and angegggion present in the original alloy is reduced.

Quenchingis the second step where the salids rapidly cooled forming a supersaturated sotititson of ags
which contains excess copper and is not an equitibstructure. The atoms do not have time to déftsspotential
nucleation sites and thsprecipitates do not form.

Aging is the third step where the supersaturatedss, is heated below the solvus temperature to produfteely
dispersed precipitate. Atoms diffuse only shortalises at this aging temperature. Because thesatpeated: is
not stable, the extra copper atoms diffuse to noosenucleation sites and precipitates grow. Theéion of a
finely dispersed precipitate in the alloy is thgeative of the precipitation-hardening process. Tihe precipitates
in the alloy impede dislocation movement by forcthg dislocations to either cut through the preatpd particles
or go around them. By restricting dislocation moeatnduring deformation, the alloy is strengtheréte Figure 2
depicts the micro-structure changes while the aagubjected to solution hardening.
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Figure 2 Showing the Three Steps of the Solution Hdening

Effects of Solution Hardening

The most important factors of solution hardening temperature and the time elapsed for the pro@Esag
duration) and mode of aging (natural or artifi@ging). The changes in the properties to the reated alloy to the
solution hardened solution depend upon the changég aging temperature and time.

Solution hardening increases the hardness of tbg tal an acceptable range.

« Relive the internal stress formed during the mattuféng process to some extent.
« Refine the internal structure of the alloy.

¢ Reduces the ductility of the alloy.

* Reduces the strength of the alloy.

Experimental procedure

The specimen prepared for the investigation ofcéfelution hardening was prepared with aluminuloyahl7075
which is commercially available in the markets iamyg grades, in this study Al7075 T6 grade andailicarbide of
40-50micron were used. Stir casting methodologdiapted for the processing of the composite.

The following flow chart depicts the steps for pgssing specimen and solution hardening is as fsllow
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Figure 3 Flow Chart

Methodology

Material Processing: There is a variety of manufiacyy processes available for discontinuous metatrim
composites; stir casting is generally accepted garticularly promising route, currently practiceasimmercially. In
general stir casting of MMCs involves producing elthof the selected matrix material, followed byraducing
reinforcement material into the melt, obtaining witable dispersion through stirring. Its advantagiesin its
simplicity, flexibility and applicability to largejuantity production, It is also attractive becatgeprinciple this
method suitable for engineering application in trmof production capacity and cost efficiency [8]stir casting

method is one of the most competitive methodsdbri€ating SiC particle reinforced aluminum matomposites
because of its low cost with competitive quality.

= ey Argon
| H Cu tube
Stirring rod

— Furnace
Graphite Crucible
pilug

Figure 4 Schematic Diagram of Experimental Stir Casng Setup
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Initially the aluminum alloy in billet form is cleeed manually to remove the dust and other foreagtigles then the
aluminum billet are weighed to determine the wefgattion of the reinforcement used. Experimentsied out for

a wide range of particle weight percentage varfiogh 2% to 8% in steps of 2%[1]. The reinforcemeaitigles are
measured with respect to the aluminum alloy usdterAhe measurements are completed the stir casttup is
prepared for the process.

The parameter for the processing of the aluminuintasting is selected by the following literatueiew.

Aluminum alloy 6061 was melted in a crucible by tiegin a muffle furnace at 800°C for three to fdwurs. The
alumina particles were preheated to 1000°C to 9G8%pectively for one to three hours at the same to make
their surface oxidized. The furnace temperature fstsraised above the liquidus temperature ofatwninum near
about 750°C to melt the Al alloy completely and wiasn cooled down just below the liquidus to keegp slurry in

semisolid state. Automatic stirring was carried with the help of radial drilling for about 10 mit@s at the stirring
rate of 290 RPM. At this stage the preheated alanparticles were added manually to the vortex.him final

mixing processes the furnace temperature was dimutravithin 700+10°C. After stirring process thextuire was
then pour in the other mould to get desired shépecimen was shared by Ajay singh et al by thereriment[2].

Balanced aluminium alloy with copper were meltedjyiaphite crucibles. At the same time the SiC paldite was
preheated in a muffle furnace set at 1100°C for@pmately 2 hour to remove surface impurities asdist in the
adsorption of gases. The ceramic particles wene ploeired slowly and continuously into the moltertahand the
melt was continuously stirred at 600 rpm was sgi&bubham mathur and Alok barnawal by their st@ly [

The vortex method is one of the better known apgrea used to create and maintain a good distributfathe
reinforcement material in the matrix alloy. In tiiethod, after the matrix material is melted, istisred vigorously
to form the vortex at the surface of the melt, &mdeinforcement material is then introduced at sfte of the
vortex was said by Srinivasa Reddy et al by thd#rence by experiment [11].

Density of the particle is one of the importanttéas determining the distribution of the particlesmolten metal.
Particles having higher density then molten mesal settle at the bottom of the bath slowly and lodensity can
segregate at the top. During subsequent pouringpefcomposite melt, the particle content may vaomf one
casting from one region to another was said by Ajagh et al in their study [2].

From detailed literature review the following paeters and composite processing are selected dowéal for the
this study, initially after cleaning the aluminiuatioy billet surface the furnace temperature wasechto 850°C and
maintained for one hour to remove the moisture eamnin the boron nitrate coat given in inner sifi¢he graphite
crucible, simultaneously the reinforcement Silid@arbide is preheated to 1000°C in a muffle furnadfeer the

removal of the moisture content the alloy billetrevenelted to form liquid alloy and then the liqusdalloy is

lowered to 750°C to form a slurry in form of senliddo facilitate uniform dispersion of the reiné@ment in the
matrix. And then after attaining the temperaturbc@®n Carbide was poured to the vortex formed duehte

continuous automatic stirring at 600RPM the stgriaifter the inclusion of the reinforcement is cadrifor 15

minutes.

After the uniform dispersion of reinforcement witte matrix, the liquid composite was allowed tonflm to the die

through the crucible bottom pouring arrangementrotled by pneumatic control circuit. Figure bel@hows the
experiment setup.
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Figure 5 a) stir cast setup b) stirring unit

Solution Hardening: The solution hardening of thepared specimens were carried as follows, theapeep
specimen was first raised above the re crystaitindemperature of the aluminum alloy(450+30°C) amaintained
for 8hrs and then the hot specimen is quenchedilled water and then the chilled specimen is redgéo 180°C
for 2 hrs.

RESULT AND DISCUSSION

Tensile test: The tensile specimens for the tedtimy the prepared composite materials are prepayess per the
ASTM standards (ASTM E8/E8M-2009). The machine usedesting of the composite is UT 100 - San:n€h
As the solution hardening on aluminum metal maliiis a negative effect on the material as mentiabede. A
negative effect on the tensile strength was infewéh related to pure Al7075. As the negative effef the solution
hardening on the tensile property of the compo#iigre is an increase in rapid improve in brittlene$ the
composite was noticed.

Impact Test: The Charpy impact test procedure veasetl to determine the impact strength of the cositp
material. The test was carried as per the stanqEs@s148-01-2009). Hence there is an improveménbritlleness
in the composite material in this mechanical té&st ave inferred a negative effect of solution haidg.

Hardness test: The hardness test was carried oVitiers hardness testing machine to ASTM E384-2011
standards under the HV5kg scale and the valuethéonoted down in a tabulation. By the result of#difrom the
testing clearly shows a increase in a hardnessi@fcomposites and with respect to the increas&enweight
percentage of the reinforcement with the matrixeriat.

Table 1 hardness chart

Weight % | HV number
2% 66.77

4% 68.77

6% 70.67

8% 81.7%
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CONCLUSION

By the experimental results it is clear there ipositive effect of solution hardening on the prepgacomposite
materials is experienced by the reduction in thetitity of the composites material as compared he parent
material and increase in the brittleness of thepmsite material as compared to the parent matétaice we need
a further more detailed study on the process pasmor the solution hardening to obtain the optimresult with

unaffected tensile and impact properties.

It is good to study the dispersion of the reinfoneat to micro level and testing may also be caraeshicro level to
determine the best result. It is advisable to redhe range between the composite weight fractiatetermine the
better result.

Acknowledgment

The authors gratefully acknowledge the grant preditly Department of Science and Technology, NevhiReider
Science and Engineering Research Board projecSB&-TP/ETA-0047/2014 to carry out research on fieisl.
The authors also acknowledge thanks to Managenfi&fgldrech for constant encouraging towards redearc

REFERENCES

[1] Abhishek Kumar, Shyam Lal, Sudhir Kum&013 Journal Of Material Research And Technology 2(3), PP
250-254.

[2] Ajay Singh, Love Kumar, Mohit Chaudhary, Om Naray&allavSharma, Piyush Singh, Bhaskar Chandra
Kandpal, Som Ashutost2013 International Journal of Advanced Engineering Technology, E-ISSN 0976-3945,
[IV/II/July-Sept., PP 26-29.

[3] Daljeet Singh, Harmanjit Singh, Som Kumar and Gahal Singh,2012 International Journal on Emerging
Technologies 3(1), PP 178-184.

[4] Dinesh Pargunde, Prof. Dhanraj Tambuskar, SwapnKugkarni, 2013 International Journal of Advanced
Engineering Research and Sudies, / 11/ 1V/July-Sept., PP 49-51.

[5] Gowri Shankar M.C, Jayashree P.Ka, Raviraj Shethutha Kinia and Sharma S.S2013 International
Journal of Current Engineering and Technology, Vol.3, No.3

[6] Han Jian-min, Wu Zhao-ling, Cui Shi-haia, Li Wengi and DuYong-ping,2006 Journal of Ceramic
Processing Research. Vol. 8, No. 1, PP. 74~77.

[7] Manoj Singla, D. Deepak Dwivedi, Lakhvir Singh, Wik Chawla,2009 Journal of Minerals & Materials
Characterization & Engineering, Vol. 8, No.6, PP 455-467.

68



Sumathy Muniamuthu et al J. Chem. Pharm. Res., 2016, 8(4):62-69

[8] Rajeshkumar Gangaram Bhandare, Parshuram M. Soea@(t8 International Journal of Engineering and
Advanced Technology, Volume-3, Issue-2, PP 61-65.

[9] Shubham Mathurl,Alok Barnawa(13 International Journal of Science and Research, Volume 2 Issue 12 PP
395-398.

[10] Sozhamannan.G.G, Balasivanandha Prabu.S, Venkapagay. V. S. K2012 Journal of Surface Engineered
Materials and Advanced Technolog, 2, PP 11-15.

[11] m.Sreenivasa Reddy, Soma V. Chetty, Sudheer Prerak2012 Int. Journal of Applied Sciences and
Engineering Research, Vol. 1, No. 2, PP 176-183.

[12] veeresh Kumar G. B, Rao C. S. P, Selvaraj N, MBlsagyashekar201Q Journal of Minerals & Materials
Characterization & Engineering, Vol. 9, No.1, PP 43-55.

[13] Vijaya Kumar G., Venkataramaiah R013 International Journal of Engineering Research and Applications,
Vol. 3, Issue 1, PP 409-415.

[14] wahab M. N., Daud A. R. and Ghazali M. 2009 International Journal of Mechanical and Materials
Engineering, Vol. 4, No. 2,PP 115-117.

69



