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ABSTRACT

As technology advances, the need for lightweightenads for equipments, aircrafts, vehicles and epatations,
has become imperative. In view of this, Microstuuat analysis of aluminium alloys becomes very ®tEskin
establishment of their physical properties. 16 sesmwere cast and heat treated at Z5@or 1 hr, after which the
samples were annealed, and quenched in water aedl ersgine oil. Tensile, fatigue and hardness t@ste carried
out on the samples (Using ASTMB557, E466 and E&Pertively). Microstructural analysis was effectexing
metallurgical microscope with magnification of 40@&nd digital camera attachment. The samples were
characterized by hardness of 59.8, 60.5, 69.1 &h@ BHN for as-cast, annealed, used engine oil goetd and
water quenched samples respectively. The results tiat the hardness increased with increasing gheseverity.
When the samples were subjected to 3.924, 7.848hiAd@2 Nm, the yield at varying stresses, and murobcycles
for each of the samples, the ultimate tensile giferobserved were 115.159, 77.057, 70.772 and 81MI§/nf
which increased with decreasing quench severitjuehch media. The microstructure showed the presehpores
and magnesium grains validating the fact that ahiomh and magnesium generate pores during casting.
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INTRODUCTION

Modern day engineering materials are required thighe weight and corrosion resistant, coupled vhithh strength
and hardness. Since no material in nature possalithese properties, alloys and composites haen leveloped
(Agbanigoand Alawode, 2008). Aluminum alloys haveeb the material of choice for aircraft construttio
since1930s and hence, aerospace industry religilyhea 2xxx and 7xxx alloys (Tan and Ogel,2007heEe alloys
are used in commercial aircraft structures suctiuaslage and lower wing surface due to their goathabe
tolerance, resistance to fatigue crack propagati@hfracture toughness(Kamp et al., 2007; Khanaadrn®,2008).
Another advantage, which is equally important fram environmental point of view, is the fact thatrainum
components may be recycled at relatively low eneagts (Moustafa, Samuel and Doty,2003)is has lead to the
cost effectiveness of the production and applicatibaluminum alloys is being constantly improved. eat present
an average European automobile contains about $0@&tycled aluminum alloys out of the total shaf@laminum
alloys in an automobileHogerl, 1996; Panuskova,Tillova and Chalupova, 208®wever, the cost of recycling
aluminium alloys can be very expensive, considetheg stages, materials additives and machineryviioatd be
involved. The addition of alloying elements such Mg and Cu make these alloys heat treatatmefurther
improving their mechanical properties and allowthgir use in new, more demanding applicatisnsh asengines
and cylinder heads Ranuskova,Tillova and Chalupova, 2008he presence of magnesium improves strain,
hardenability and enhances the material strengtobg solution (Alfonso et al., 2006).
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Aluminum—-Magnesium alloys have excellent resistataceorrosion in seawater. This is the main redsortheir

widespread use in the naval industry. In most napalications, these alloys are exposed to sewatmtlynamic
conditions (Jafarzadeh, Shahrabi and Oskouei, 2Bf8yn, 1999). To date, only a few studies haventreported
in the open literature on the use of A1-Mg alloycomposite solid rocket propellants. One studyrieg that the
use of Mg-A1l alloy resulted in the complete constiarpof the metal in the reaction (Deevi, Deeviaretneker,
1996). Although the Al-Mg alloy sheets have manyaadages comparedto conventional materials, theindbility

is lower than that of steel sheets. Moreover, anstrface of sheets the stretcher-strain (st-stksmaequently
appear during the metal-forming processes. Obwoussich st-st marks are not required, since theyedse the
quality of final products such as outer panelsasEcMoreover, the marks may sometimes lead tindtealization

and fracture (Nakaand Yoshida, 1996; Nakaand YasHifl98; Naka et al., 2003).

Heat treatment involves solution and aging heaittnents during which a series of changes in miasosire occur
which then lead to the improvement of strength. sehehanges in microstructure include the dissalutd
precipitates, homogenization of the cast structigech as minimization of alloying element segregati
spheroidization and coarsening of eutectic silicmmg precipitation of finer hardening phasBarfuskova,Tillova
and Chalupova, 2008; Kisand Skoéovsky,2005; Mageréwne&naand Nicoletto,2006.iquid aluminium is prone
to hydrogen absorption and oxidation, gas porasity oxide incursion are inevitably found in alurami casting. If
casting is not properly done, shrinkage porositguos. Quantitative methods of predicting the relahip between
mechanical properties and defects has been devkldftbough it is still not possible to fully accaufor effect of
pore shape and defect type on the mechanical gregpebut the fact is that there is deteriorationriechanical
properties with increasing porosity. Cast aluminiatioys are often considered to be unreliable ewbf their
mechanical properties due to the presence of yaoktasting defects. Consequently design stressmting are
usually very low compared with those allowed ingiag (Nyahumwa, 2005).

MATERIALSAND METHODS
Preparation of samplesusing casting
The samples in their pure form were obtained amiaium and magnesium. From the percentages giveneab
various weights of alloying elements were calcwatg taking into consideration the specific gravifythe base
metal, aluminium-2.7g/ct Since the samples to be cast are in cylindribaps, the formula for the volume of a
cylindertr®h was used for the calculation.

Experimental Calculation
The samples to be cast in cylindrical form, therefiie volume of the cylinderm?h

h - height of the rod = 200mm, r - radius of thd r012/2 mm = 6mm, m - mags; density, V — volume, density of
aluminium = 2.7g/crf) 80% aluminium, 20% magnesium

22 .
V= arth = — X 0.6%x 20 = 22.63cm®

m= 2xV=27x2263=6llg
Mass of aluminium

— 80 —
mAl= °Y/ ,, x61.1=4888g

Mass of magnesium

mMg= 20/ 0 x611=1222g

The cylindrical rods of dimensions 200mm long, 12whiameter was used as pattern for moulding. Thedwtal
moulding was done in the cope and drag-mouldingwbite the melting of the samples was done in dysitace
using small size of melting pot.

The metals were charged into the pot, after becgminlten was thoroughly stirred before being pared the
mould. The mould had two runners and the upper wi@e vented so as to allow gas to escape in oodavdid
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trapped air that may result from in gas bubbles pburing was done at constant rate to avoid shutAfter the
casting the samples were knocked out of the saddhengating system were cut off using hacksaw.

Heat treatment

Heat treatment of the castings was carried out fur@ace. This was done by heating the sampless@@Ciand
holding temperature constant for 1 h. some of tampdes were quenched in Water and used engine oil
(LubconADRENALIN 20W/50 —PremiumQuality Multigradengine Oil) at a room temperature and the remaining
samples were left in the furnace to cool with theméce for annealing. The different types of quéargimedia were
selected arbitrarily to investigate the effect eating on hardness, microstructure, fatigue ansileeproperties.

Tensiletest

The samples used for tensile tests were machined/amious test piece sizes with the aid of latteehine. The test
piece was machined to comply with ASTM B557 (staddi@st methods for tension testing wrought and cas
aluminum- and magnesium-alloy products). The téstgs were subjected to constant extension rasldetest
(CERT). The samples were clamped to the tensonagitiea load of 100kg was used to apply stress ensilé
manner. As the stress is being increased, theitest showed an increase in length and the pdiatdre machine
automatically indicates the value of the stresslieppWhen the elastic limit is reached, the pairde the dial
flickers, as soon as the yield point is exceedecktlis an indication of increased stress.

Microstructure

The microstructure changes was observed by pa#isingpecimen through a series of preparatory psaoeshich
the specimens were cut with a hack saw on the Wwerich held with a vice to small size. Immediatdtgracutting,
the specimen is grinded using emery paper / clidtlk.emery cloths used was from the coarsest téirtest in order
to achieve a very smooth surface.

The specimen was then polished to remove paraitelvgs that were scratched into the specimen duhiedinal
grinding. This was done using polishing powder #@nsl to achieve mirror finish. On completing thibe specimen
is then inserted into an etchant (NaOH) for a fewosds and then dipped into water to stop the redgem
reacting with the specimens. This process is calteding. After etching, the specimen is ready @pdied under a
metallurgical microscope to a magnification of 400ke picture is then taken with a digital camdp&C1 35)
attached to the microscope for all the samples.

Fatigue Test

The samples for fatigue test were machined onatielto conform to ASTM standard E 466 (standasttire for
cutting constant amplitude fatigue test for metafiaterial) (Agbanigo and Alawode, 2008).This wanel by
applying reverse loads (of equal magnitude buediffit signs with / without any static load) on #heery Denison
7305 fatigue testing machine. For the pure bentistwhich we are considering, the loads were iaga one
end of the specimen by an oscillating spindle dritg means of connecting rod, crank and eccenffies. loads
were applied in form of bending moment, the ecdéentias mounted on the shaft of the electric motat @an be
adjusted to give the required range of bendingemndt is graduated by half degree intervals ireotd indicate the
angle of oscillation imposed on the specimen. Hwelution counter fitted to the motor record thener of cycles
to failure. When the specimen breaks, cut out $wicattached to the machine stops it automaticalys

procedure was repeated on all the specimens incgeagnding moments 3.924, 7.848 and 11.772 Nms i
evaluated using the following:

6 =32M
nd®

where M-bending momens;bending stress and d-diameter.

Brinell Hardness Test

The samples used for the hardness test were mactoneonform to ASTM standard E 10.This was donehmn
universal testing machine by assembling the britesit compression attachment to the machine. Thgssion
dial and the ball bolster were inserted. The mgrevas adjusted up to zero, and the polished testepivas held
against the steel ball indenter of 5mm diameterthedoad was applied with quick acting handle. @pplied load
of 250kg was held for 25 seconds. The specimen thes removed from the machine and the diametehef t
impression will be measured with brinell readingrascope and the corresponding load recorded.
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RESULTSAND DISCUSSION

Tensile properties

The variations of the tensile properties of thecast, annealed, water quenched and used engirgu@iched
samples are shown in figure 1 and figure 2. Thesilenest result of the as-cast sample indicatedliamate tensile
strength of 115.159 MN/fhwhile as the samples were being heat treatedtiyegsh reduced to 77.057, 70.772 and
61.146 MN/nf for annealed, used engine oil quenched and watenaped respectively. While the percentage
reduction in area varied from the annealed samgdette highest of 4.30% and the water quenchedlsdraging
the lowest of 1.99%. In case of percentage eloogathe highest is annealed with 2.63% and useéhengj!
guenched having the lowest of 1.12%. It is obsetiatiboth the percentage elongation and reduatianea do not
follow any particular trend.The implication of this that quench medium is a factor that should @esiclered
during material selection, casting and heat treatme
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Figure 1: Plot of Ultimate Tensile Strength of Samples
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Figure 2: Plot of Per centage Elongation of Samples

Percentage Elongation (%)

The result also showed that the ultimate tensiiength decreased with heat treatment. As the apahite of the
guenching media used increases, the strengthedsmes. It can be said that strength is inverselggrtional to the
guench severity of the cooling medium. Water with highest cooling rate has the least tensile gtihemvhile used
engine oil quenched sample which has a slowermgat that of water has a higher tensile strenggtimealing has
the slowest cooling rate but has the highest terdilength of the three heat treated samples, wideas-cast
sample has the highest strength for all the testatples.

Fatigue properties

The variations in fatigue properties of the tegtcémens are shown in fig 3. In the test, all sasplere subjected to
same set of moment yielding different stressesvamging number of cycles. For the as-cast sampke,stresses
yielded are 319.918, 639.837 and 959.755MN/m andingal00, 400 and 800 cycles respectively. The alaake
sample has less stresses yielded but with greateber of cycles i.e. at lower stresses where thdlyfumction,
they will undergo a high number of cycles. Thifant makes the sample more ductile than the as-Eastwater
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guenched sample has the lowest number of cycldssirigésses less than that of the as-cast sampledhar than
that of the annealed sample.
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Figure 3: Plot of Fatigue Stress against Number -of-Cyclesto Failure

It is observed that the as cast and the used emirpienched samples fractured at almost the saimeber of
cycles, which means that depending on the hardeegsred, the as cast and used engine oil quersdmagles can
be used interchangeably. It is also observed beetwas not much differences in the in the resgmobserved for
all samples, an indication that that all the sampéssted find there application in areas with asigue so as to
make the material perform properly and reduce ffailu

Hardness properties

The distribution of the brinell hardness propertéshe samples is shown in fig 4. The brinell sk test result
shows that the water quenched sample has the highemess, while the as-cast sample has theHaeditess. This
is an indication that the hardness of Al-20%wtMgréases as the material is heat treated, whichrisvierse to the
ultimate tensile strength. As quenching is caroetion a metal basically in order to harden itfedént quenching
media have varying Cooling rates that affect how ltlardness is distributed across the metal cragoses the
guenching process is taking place.

Water that has a fast cooling rate is observedte lthe highest hardness value while the used emgiguenched
has a slower cooling rate to that of water. In afing the cooling rate is much slower and has #astl value.
Although too fast cooling rate leads to unevenritistion of hardness, therefore leading to deferits eventually
cracks.
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Figure 4: Plot of Hardnessvaluesfor the samples
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Microstructure

Figure6: Microstructure of Annealed Sample

Figure 7: Microstructure of Water Quenched Sample
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Figure 8: Microstructure of Used Engine Oil Quenched Sample

The microstructure images of all samples were taketh are shown in figure 5, figure 6 figure 7 aiglife 8.

Aluminium has a face centered cubic crystal stmagctwith an atomic radius of 125pmwhile magnesiurs ha
hexagonal cubic structure with an atomic radiug¢®fpm(Hatch, 1993). This implies that magnesiunmatevould

fit into the crystal structure of aluminium therefblfing the inter and intra atomic spaces (intiiat spaces),
reducing the possibility of pores.

The as-cast sample, the magnesium atoms fitted evebiting little space for interstitial spacesrgs) along the top
right hand corner and towards the bottom left corag the magnesium and aluminium matrices are evenl
distributed along the microstructure. The pores$ #na present are of irregular shaped (shrinkage)p®his is the
reason why the sample failed at a lower numbeyolies compared with the annealed sample. The assheaimple
has irregular shaped pores (shrinkage pores) tbdliem while the regular shaped pores (hydrogerg)cstretch
from the right side to the centre of the specinire used engine oil quenched sample has more slgengores
distributed to the sides, having very little traxfehydrogen pores. This responsible for the sarhpléng the least
number of cycles for all applied moment and samglestly, the water quenched sample has tracesrofkage
pores to its bottom right side and centre rightilevhlso traces of hydrogen pores is visible.

The heating is continued at constant temperaturétHour several changes will have occurred in therastructure.

On cooling in the different quenching media, sontleep changes occur depending on the quench sewardy
cooling rate of the quench medium. Water has aciasling rate, as it is used to cool the samplehswoling rates
generally leads to the development of excessivernat stresses, distortion and even crack. Fros) the water
guenched sample will have a higher number of padsh is shown in its poor response to repeatedihgpin the

fatigue test result.

In case of the used engine oil quenched samplecdbbng rate is slower compared to that of waldris slow
cooling rate reduces the possibilities of defeatrifation. The rate of cooling experienced in anmeggis the slowest
of all. The sluggishness gives room for pore foiamatThese can all be seen in the fatigue testtresu

CONCLUSION

After the interpretation and discussion of all teeults of the samples tested, it can be concltiadAlloying of Al
with Mg improved the ultimate tensile strength ¢dirainium and the Ultimate tensile strength of Al92@tMg
reduced with increasing cooling rate of quenchaedun cooling. Also, the Hardness of Al-20%wtMgrigased by
heat treatment and Hardness of Al-20%wtMg increagédincreasing cooling rate of quenchant usedoioling. In
addition, all the tested samples can function welbw stress of 1000MN/mand the as-cast and used engine oil
guenched samples can be used interchangeablyaiioreto stress limit, but the used engine oil g sample is
harder than the as-cast sample.
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