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ABSTRACT

The present work consecutively on synthesis and characterization of composites, Al/Al alloy A 384.1 as matrix in
which the main ingredient as Al/Al-5% MgO alloy based metal matrix composite. As practical implications the low
cost processing route for the fabrication of Al alloy A 384.1 and operational difficulties of presently available
manufacturing processes based in liquid manipulation methods. As all new developments, complete understanding
of the influence of processing variables upon the final quality of the product. And the composite is applied
comprehensively to the acquaintance for achieving superiority of information concerning the specific heat
measurement of a material through the aid of thermographs. Products are evaluated concerning relative particle
size and mechanical behavior under tensile strength. Furthermore, Taguchi technique was employed to examine the
experimental optimum results are achieved, owing to effectiveness of this approach.
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INTRODUCTION

A | and Al alloy based ceramic particulate compasitave been characteristic as futuristic matefisla number of
engineering purposes. And the material are morieipeal by engineers because of their great strefmgthdensity,
enhanced and tailored high refractoriness promertiiffness and damping capabilities [1-2]. Théngple
advantage is that MMCs can be use to a significahigher temperature. Increasing quantities meteltrix
composites MMCs being used to replace conventionaterials in numerous applications, especially he t
automobile and recreational industries. MMC's pileva better combination of Specific strength andiuhgs
compared to monolithic alloys [3] like aluminum, gmesium, copper, nickel and steel in relevance nconty light
weight and energy savings are essential designiderasions. Although magnesium is less dense thamiaum,
these alloys are high-quality for their relativghliness and strength [4]. The alloy designatiorAfds based on four
digits subsequent to the principle alloying elersefithe mainly important alloying elements in aluamn alloy
systems are Copper (2xxx), Manganese (3xxx), Sili¢bxxx), Magnesium (5xxx), and zinc (7xxx). Pd#ic
reinforced composites have superior plastic formdagabilities than whisker or fiber reinforced angsignesium
alloys are valuable light weight structural matksriaecause of their low density, good die-castitgbilveld ability,
recyclability and abundance [5]. Grain refinementan effective practice to enhance the mechanioglepties of
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magnesium alloysThere are extremely few materials that are impraeah reinforced aluminum composites [6].
The Magnesium oxide has various striking charagties: fire resistance, moisture resistance, moid @ildew
resistance, strength, and general repair applitati/hile current applications for this class otenial are primarily
limited to aerospace and automobile applicatitisir development continuous with resulting novedducts for
instance high voltage transmission lines and hed¢ssfor electronic components. It is likely thas MMC
applications continue to expand, the spectrum dgérias and processes employed will remain relgtiwéde.

The aluminum based ceramic of Mg O, particles andezided in the form of reinforcement that is emirfen
excellent temperature and weight reduction in niteelevance. The metal matrix can be strengthdryedarious
thermal and mechanical treatments [7]. And solidifion characteristic of metals and alloys in vasimetallurgical
processes which help in producing quality materdadd improving age hardening factor of the materj&i9]. By
observing the difference in heat flow between #ra@e and reference, differential scanning calowénseare able to
measure the amount of heat absorbed or releasrdintransitions. The metal matrix composites (MMi@sng of
very high interest for the aerospace industry,i@aerly to build up thermal-structural componeritss important to
have available technique which are easy and sitoptenduct for characterization of the mechanit@rgth of the
material. [10-11]. Furthermordaguchi techniques for investigate variation inexkpents, and generally approach
of system, parameter and acceptance aim have kgreficant in improving [12] man-made quality wowitle. And
it emphasizes a mean performance characteristievabse to the target value rather than a valtleirwcertain
specified limits, thus improving the product qualit3-14].

MATERIALSAND METHODS
A.Materials
The material selected for the present investigatias based on the Al-Mg-Si matrix alloy, designabgdthe
aluminum associated as A 384.1. The MgO particidsch were used to fabricate the composite, havavanage
particle size of 0.22m. The MgO particle reinforcement assorted frono @.20 wt. % and the nominal chemical
composition (in wt. pct) of the matrix alloy is giv in Table 1.

TABLE | Chemical composition of investigated alloy AL-384.1(WT %)

Mass Fraction
Elements (WH%)
Mg 4.98
Cu 1.91
Si 2.92
Fe 0.84
Mn 0.73
Zn 0.61
Ni 0.94
Sr 0.7%
Ti 0.47
Pb 0.04
Cr 0.01
Al Res

B. Preparation of the Composite

In which Stir casting is a primary process of cosifproduction whereby the reinforcement ingretiieaterial is
incorporated into the molten metal by stirriMghile magnesium matrix composites reinforced wisintigulates and
short fibers [15] show improved creep resistancispatsion-strengthening holds the highest potenfial
improvement of high temperature properties of mawme, as shown in several other metal systems [LBis
involves stirring the melt with ceramic particlesdathen allowing the mixture to solidify. This che frequently
prepared by means of fairly conventional processiqgipment and can be carried out on a continuadssami
continuous basis by the use of stirring mechanid¢®18]. This method is mainly cost-effective to riahte
composites with particulates. In this process, madtloy (Al-384.1) was firstly superheated oves imelting
temperature and then temperature was lowered ghadlmaer than the liquidus temperature to keepriredrix alloy
in the semi-solid state [19]. As this temperatihe preheated MgO particles were introduced ineodlurry and
mixed. The composite slurry temperature was ineeas fully liquid state and automatic stirring wamntinued for
5 min. at an average stirring speed of 38&D r/min [20]. The melt was then superheated aliquélus temperature
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and finally poured into the cast iron permanentdnol product is obtained having microstructure hevs in
figurel.

Fig: 1. Photo micrographic image of Al-MgO

C. Thermal Characterization by DSC Techniques

Apart from the more common applications to polymegtasses, and pharmaceuticals calorimetery, applie
extensively to the analysis of light metals; espciAl, Mg, and Ti based alloys. Thermal analysiethods
specifically, measure the heat evolution from apdanin a controlled temperature program. For ligtatals for
structural applications, DSC is used mostly forlgsia of solid-solid reactions with precipitatiadissolution and re-
crystallization, for determining temperatures ofifrient melting, and for solidification studieghe technique is
broadly used as a routine quality test and as @arel tool and the equipment is a rapid and reigihctice of
thermal analysis. The fundamental principle undegythis technique as the sample undergoes a rahteri
transformation for instance phase transitions,tikelly heat will necessitate to flow to it than theference to
maintain both at the same temperature. By obseieglifference in heat flow between the sample rafierence,
differential scanning calorimeters are capable dtivities the amount of heat absorbed or exposethgiusuch
transitions. Thermal analysis is used to persigtesudidification characteristics of metals and ydlin a extend of
metallurgical processes which facilitate in prodgciguality materials and civilizing age hardenirgtér of the
materials In presentstudy, shows that the differential scanning caleteny (DSC) may enable us to measure the
energy ofcohesion in the matrix interface area of an alumirnomposite reinforced by MgO whiskers. The sample
is positioned in a suitable pan and sits upon atemtan disc on a platform in the DSC cell withhaoenel wafer
instantaneously underneath.

[ETS——

Fig:2. Typical DSC curvefor partical size,(0.220) ver sesMgO, (x=0.10)

Heat flow is measured by comparing the disparitiemperature across the sample and the referenomeh

[Ep———

Fig: 3. Typical DSC curvefor particle size, (0.220) verses MgO, (x=0.15)
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wafers. The homogenization and solution treatméM@O based alloys are found in the present studyRSC is
effective as it provides a quick assessment ofteéhgperature range fatissolution of soluble phas&éhe material
used for the present investigation was a MgO pgartiinforced A 384.1 aluminum alloy composite. Toenposite
has reinforcement of MgO content by volume withaaerage particle size 0.2®. The powder of A 384.1 alloy
used in the experiment was prepared by the argogrsonic atomization. In the course of the DSC megsents, a
high purity Al sample of the similar mass to th&the specimen was used as reference. The stuttie ohaterial in
the form of varying particle size, range from0Ox10 to 0.2Qm. The characteristic of different particles arevgh in
Figurel, 2, and 3. The effectspdrticle can change accordingly the climax patterns

DSC curves for particle size 0.220 (MgO)
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Fig:4. Typical DSC curvefor particle size,(0.220) ver ses MgO, (x=0.20)

There is slightvariationtake place as the percentage of MgO increases Wiiittmrespect to x at the sarparticle
size of 0.2am. DSC has proven to be a very practical and repmibte technique for the study of phase
transformations and has been extensively applistuidy precipitation in Al/MgO alloys.

RESULTSAND DISCUSSION

Taguchi the design of experiment is a techniquiyoout experimental say investigation, studiesyey or tests
plan in most logical, economical, and statisticalys Potentially benefit from it and determine theast desirable
design of product, best parameters combination ttwprocess, most robust recipe for formulatioth permanent
solution for production problems. While some of #tatistical aspects of the Taguchi methods arstmumble,
there is no dispute that they are frequently agpieedifferent processes. Taguchi method, whickffisctive to deal
with responses, was influenced by multi-variablg#sis method drastically reduces the number of experts and
achieving the highest possible performance is nbthby determining the optimum combination of dedagtors.
The experimental results are analyzed using amsabfsimeans and variance to study the influenceactiofs. The
main trust of Taguchi’s techniques is use of patamdesign, which an engineering method for produgtrocess
design that focuses on determining the paramedetd(f) setting producing the best levels of a gqualharacteristic
(performance measure) with minimum variati@rthogonal arrays are often employed in industrigderiments to
study the effect of numerous control factors. Atth@gonal array is a type of experiment whereverctiieamns for
the independent variables are orthogonal to onéhanaBy orthogonal array the analysis is simpld Enge saving
in the experiment effort. To describe an orthogamedy, one must identify

TABLE |1 Experimental layout using L ¢(3%) orthogonal array

Lo (3%) Test

[

OO (N [W]|N
wlw|W|N (N |N|P PP
O)I\JHwI\Jb—'wNHN

In present study, the experiments were performegemsthe standard orthogonal array. The assortrogiihe
orthogonal array was based on the condition tretdégree of freedom for the orthogonal array shbeldjreater
than or equal to the sum of varying parameterghisttime investigation anglorthogonal array was chosen, which
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has 3 rows and 2 columns as shown in Table2. Athpliaguchi's approach was built on traditionaloemts of
design of experiments (DOE) is a body of statistieahniques for the effective and efficient setlafa for a number
of purposes. Two significant ones are the investigeof research hypotheses and the accurate eesbhhe relative
effects of the many different factors that influerthe quality of a product or process. DOE canrbpleyed both in
product design phase and production phase. The giseameter selected for the experiment was (1) §@ Nk),
and (2) Particle size of MgO as shown in Table3e €Rperiment consists of 9 tests (each row in ttfeogonal
array) and the columns were assigned with parameter

TABLE Il Process parameterswith their valuesat threelevels

Level | % MgO (X | Particle siz
1 0.05 0.053
2 0.10 0.106
3 0.20 0.220

Table4 indicates the factors and their levels. Maén effects of MgO and Particle size values ofdliferent levels
shown in Table4. In which the observed values &Sfdwe overall process which can exist in termisE1.

TABLE IV Main effects (aver age effects of factors and interactions)

Column # levell | Level2 | Level3| L2-L1
Factors
1 % MgO 428.666 |  447.666] 446333 19
2 Particle size | 439.333 441 442333 1.666

In this type bigger is better as shown in Tabledspnts the main effect graph. The average valubtsvels at L1,
L2, L3 of given particle size; 439.333, 441, an®883. The quality characteristics investigatedhis study that
the combination of parameters and their levels ntakebest combination say optimal quality charastierto be
achieved.

Fig: 5. Multiple- graphs of main effects

and the average effects of percentage of MgO asrshoFigure 5. At level 1, 2, and 3 respectiveueal as average
at the point are 428.666, 447.666, and 446.333fandain effect graph shown in figure6.
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Figure6. Main effect graph between aver age effects of % MgO and levels of % MgO

Utilize this step to review a number of standardlgses to build the confidence in interpreting éx@erimental
results. The purpose of the analysis of variandé@¥A) was to investigate which parameters signifibaaffected
as the percentage contribution of MgO is 92.953% dhality characteristics as shown in Table5. Tokective
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error associated in the ANOVA table was approxiyadbout 6.851%.

TABLEV ANOVA
Column # DOF Sum of Sqrs. Variance | F— Ratio | Pure Sum | Percentage
Factor: ® (S) V) (@) (8] P (%,
1 % MgO 2 674.862 337.431 55.278 662.654 92.953
2 Particle size 2 13.609 6.804 1.114] 14 0.196
Other error 4 24.415 6.103 6.851
Total 8 712.88t¢ 100.00¥

TABLE VI Optimum conditions and performance

Column # Level description| Level Contribution
Factors
1 % MgC .1C 2 6.771
2 Particle siz .05 3 1.44¢

Contribution From, All Factors are 8.221, Currema@ Average of Performance 1.444 and Expected IResu
Optimum Condition 449.109 observed. The optimunetabpresents the predictive equation for perfoiceanf the
optimum condition and or any other possible conditiThe numbers shown are computed for the optimum
condition. The optimum condition is determined lohea the quality characteristic selected for thalysis. It is a
common practice to only include the significanttéeqnot pooled) in calculating the expected parfance. At level

2 and 3 this shows that the contribution of thecprtage (%) MgO, more significant the optimum onteaf both
factors are shown in Table6. And the optimum caeodiand performance can be obtained by these semudt which
can be participate and in concert a significark tssworking on various tests.

A. Effects of Interaction between two factors

The control factor in the inner array by combinimigh an outer array of noise factor provides "faflormation” on
control-by-noise interactions is emphasized. Tweidies 1 and 2 are considered to have interactiowds: them
when one has influence on the effect of the othetof respectively. The interaction facilitates as:

* Interaction is an effect or output and does notifgdbe trail condition.
* Interaction can be determined even if no colummeserved for it.

* Interaction can be fully analyzed by keeping appgedp columns empty.
« Interaction affects the optimum condition and tRpezted results.

The total number of sample available divided by tlwenber of repetitions capitulated the size of &neay for
design. The array size dictates the number of faciad their appropriate levels included in thalgtas shown in
Figure?.

Fig: 7.Effectsof Interaction between two factors (2,3or4 levels).

B. Relative Influence of factors and Interaction

Significant factor and interaction influences tafpem experiments; at this step it is importantramdomize the
trails in order to diminish the systematic errodahe error means there are various other facthishacan be
considered in general practice.
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Fig: 8. Relativeinfluence of factorsand interactions.

C. Confirmation Test

The confirmation tests were performed by selectirgset of parameters as shown in Table6. And enéidence
level is taken as 95%. The best value is 449.1108. dn expected result at optimum condition. Ftom analysis,
error is shown in figure7. However, the error agded with all the experimental results were uf2%66. This may
be due to the multiphase microstructure of the ausitps.

CONCLUSION

Metal matrix composites derive their excellent natbal strength from combination of a hard reinéonent phase
as MgO and a ductile matrix material, aluminumwinich particle reinforcement aluminum formed usliogiid
metal handling particularly stir casting by varyitige % MgO at different levels ranging from 0.059410%, and
0.20% and the particle size 0.053, 0.106, and éa2&spondingly and the result of study suggedtwiith increase
in composition of MgO, an increase in tensile gjterhave been observed. The Al/MgO based alloyshich the
type, shape and spatial arrangement of the reinfprphase in metal matrix composites are key caimtrin
determining their mechanical behavior by relatirgtiole size 0.22 by thermal analysis to deternsioidification
characteristic of metals and alloys in various thaigical processes, which help in producing gyatitaterials and
improving age hardening factor of the materials dwpwing thermal properties relating to fabricatedtenal.
Taguchi the design of experiment is a techniquilustrate experimental analysis under tensilergjtie of various
results within which to attain the optimal conditiand performance at % MgO: 0.10, and particle: 92853, and
expected results for UTS: 449, is the most desratddsign of product, best parameters combinatiom fthe
process, and permanent solution and it can beetiy confirmation test.

A conclusion section is not required. Although axa@asion may review the main points of the paper,nibt
replicate the abstract as the conclusion. A coimmugight elaborate on the importance of the worksoggest
applications and extensions.
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