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ABSTRACT 

 

 

Aluminium x(Al) xand xAl-based xalloys xhave xunique xproperties xsuch xas xhigh xstrength, xlow 

xdensity, xand xexcellent xcorrosion xresistance xwith xas xwell xlow xcost. xThese xproperties xare 

xessential xfor xthe xmanufacture xof xlightweight, xhigh-strength xparts xfor xbiomedical 

xapplications. xAl xand xAl-alloys xpresent xa xunique xcombination xof xstrength xand 

xbiocompatibility. xThis xallows xit xto xbe xused xin xmedical xapplications xand xexplains xits 

xextensive xuse xas xan ximplant xmaterial xover xthe xpast x50 xyears. xAluminium xalloys x7075 xare 

xexpected xto xbe xused xmuch xmore xwidely xin xthe xmedical xfield xsuch xas xapparatus xdue xto 

xtheir xsuperior xbiocompatibility, xcorrosion xresistance, xlow xcost xand xspecific xstrength 

xcompared xto xother xmetallic xmaterials. xThese xinclude xmanufacturing xof xstethoscope, 

xsterilization xtray xand xcrutches. xIn xthis xstudy, xAluminium x7075 have xundergone xheat 

xtreatment xwhich xwas xto xanalyze xthe xmechanical xproperties xof xthe xspecimen xsuch xas 

xthree xpoint xbending xtest xand xoptical xmicroscope xtest. xIn xthe xpresent xstudy, xten xselected 

xsample xwith xsize xof x100mm xx x20mm xx x6mm xwere xheat xtreated xat xvarious xtemperature 

x(110°C, x130°C xand x150°C) xwith xdifferent xaging xtimes x(1 xhour, x3 xhour, xand x5 xhour) xand 

xcooled xat xroom xtemperature xto xinvestigate xthe xeffect xon xthe xmechanical xproperties xof xthe 

xspecimen. xThe xchanges xin xmechanical xbehavior have been xcompared xto xeach xother xand 

xthe xbest xresult xwill xbe xpreferred xin xthe xmedical xfield. xAfter xthe xexperiment, xthe xresult 

xwas xanalyze xand xit xshows xthat  HT130-1 xhas xthe xhighest xperformance xcompared xto 

xothers xin xterms xof xcompression xstrength, xyield xstrength xand xenergy xtaken xto xbend xand xas 

xwell xas xthe xoptical xmicrostructure xshows xit xis xthe xbest xoutcome xcompared xto xothers. 
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CHAPTER 1 

 

INTRODUCTION 

 

 
1.0 Background 

 

Among imetal imaterials, ialuminium ialloys iare iof igreat iinterest iespecially iin ithe imedical 

ifield idue ito itheir irelatively ilow idensity, iexcellent ibiocompatibility, iexcellent imechanical 

iperformance, ilow iYoung's imodulus, iand iexcellent ielectrochemical ibehavior. iFor 

ibiomedical iuses, ipure ialuminum iand ialuminum ialloys iare iprobably ithe imost idesirable 

imetal imaterials. iStainless isteel iwas ithe ipredominant ibiomedical imaterial ifor ia ilong 

itime. iNevertheless, inew itypes iof ialloys isuch ias iAl i7075 ihave ibeen iproduced irecently 

idue ito ithe ihigher icost ito ipurchase istainless isteel. iAnother ifactor iis ithat iit iis idifficult ito 

imachine ithe istainless isteel iinto ian iend iproduct ias iit iconsume imany ifactor iand ianother 

iproblem iIs ithat istainless isteel iis inot irecyclable iwhich ileaves ithe ienvironment iimpact 

i[1],[2]. iA ibiomedical ialuminum ialloy ihas ibeen ideveloped iand iis icurrently iunder 

idevelopment iwith imuch igreater ibiocompatibility. 

 

Al xand xits xalloys xhave xa xspecial xcombination xof xstrength xand xbiocompatibility xthat 

xallows xfor xmedical xapplications xto xbe xused. xFor xexample, xthe xdevelopment xof xproduct 

xsurfaces xthat xprovide xoptimal xosseo xcompatibility xwhile xenhancing ximplant xlongevity xis 

xa xmajor xchallenge xfor xorthopedic xbiomaterials. xAl xand xAl-alloys xhave xa xbody xfluid 

xeffect xwith xover x50 xyears xof xexperience xusing xbiomaterials xas ximplant xmaterials x(metal: 

xstainless xsteel, xtitanium xalloy, xcobalt xalloy, xceramic, xaluminum xoxide xand xzirconium 

xoxide, xcalcium xphosphate, xsynthetic xand xnatural xpolymers). xBecause xof xits xexcellent 

xproperties xsuch xas xhigh xtensile xstrength, xdurability xand xhigh xcorrosion xresistance, xit xis 

xthe xmost xattractive xand xvaluable xmaterial x[3]. xThis xspecific xcombination xof 

xbiocompatibility xand xstrength xmakes xit xsuitable xfor xthe xuse xin xmedical xapplications. 

 

The xalloy xcomposition xshould xbe xconsidered xwhen xdetermining xthe xideal 
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xbiomedical xapplication xto xprovide xthe xnecessary xbiocompatibility xand xmechanical 

xstrength. xSome xother xmaterials xother xthan xstainless xsteel xsuch xas xTi-6Al-7Nb, xTi6Al-

4V, xTi-13Cu-4.5Ni, xTi-25Pd-5Cr xand xTi-20Cr-0.2Si”are xalso xincluded xin xdental 

xtitanium xalloys. xTi-6Al-4V xalloy xhas xbeen xreplaced xby xTi-6Al-7Nb, xTi-13Nb-13Zr xand 

xTi-12Mo-6Zr xfor xpermanent ximplants xdue xto xpotential xtoxic xeffects xor xvanadium 

xleaching x[1],[2]. xResearch xare xcarried xout xto xselect xthe xbest xtopography xof xthe xsoil xfor 

xuse xin xbio-applications. xAluminum xis xbiologically xstable xand xinert xwith xits xalloys. xThis 

xis xthe xfact xthat xthere xis xvirtually xno xshift xin xtransplantation xinto xthe xhuman xbody. 

xAluminum, xhowever, xhas xlow xwear xresistance xand xwear xresistance xdue xto xits xlow 

xhardness, xwhich xcan xlead xto xproblems xwith xshorter ximplant xlife. xThrough xapplying 

xeffective xsurface xmodification xtechniques, xthis xproblem xcan xbe xgreatly xovercome. 

xAluminum xwas xalso xused xin xthe xmanufacturing xof xmedical xequipment xsuch xas xsurgical 

xtrays, xstretchers, xcrutches xand xstethoscopes. x[4]. x 

 

An ximportant xaspect xto xconsider xis xthat xboth xthe xbulk xof xthe xmaterial x(important xin 

xdetermining xbiological xperformance) xand xthe xsurface xproperties x(surface xchemistry xand 

xstructure) xcontrol xthe xfate xof xthe ximplant xmaterial xfor xthe xmaterial xcontact xwith xthe 

xsurrounding xtissue. xBulk xmaterials xhave xto xbe xable xto xwithstand xhigh xstress x(too xhigh 

xfor xceramic xand xpolymer xmaterials, xbut xmetal xmaterials xare xpossible. xHowever, xmicro-

tremor xis xbeneficial xwhen xthe xsurface xproperties xof xthe xbio xmaterial xcannot xguarantee xa 

xstable xcontact xbetween xthe xsurface xof xthe xsurrounding xtissue xand xthe ximplant, xresulting 

xin xa xfiber xcoating xwhich xweakens xthe xtransfer xof xload xat xthe xinterface xof xthe xbone xor 

ximplant. 
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1.2 Problem Statement 

 

Pure ialuminium iare iwell iknown iand ihas imany icharacteristics ithat iimpressed ithe iworld. 

iHowever, ialuminium ialloy iespecially iAl i7075 iis ia iwell-established imajor imetal ibut ithe 

iperformance iof ithe imaterial iis ia iconcern iin ibiomedical iterms iso istainless isteel iare imost 

ilikely iuse iin ithe imarket icurrently. iBut ithis iis ia iproblem ias istainless isteel iare iexpensive 

imaterial iand ithe iprocess ito imachine istainless isteel iinto ia iproduct iis idifficult. 

iFurthermore, ianother imajor iproblem ifor istainless isteel iare iit iis inot irecyclable iwhich 

iimpact ithe ienvironment. iThe iuse iof ialuminium iin ithis icurrent iera iis idifficult ibecause iof 

ithe ilack iof iresearch iof ithis imaterial. iIt iis ihighly ireactive, ithough ithe imetal iis iprotected 

iby ia isurface ilayer iof iinert itransparent ioxide i(Al2O3) ithat iforms irapidly iin iair, iproviding 

iexcellent icorrosion iresistance. iNext, ialuminium iis ialso ian iabundant iwaste ifor ithe 

ienvironment ifrom imachining, iused iitems iand imore iwhich iwill ibe iscrap imetal iin ithe inear 

ifuture. iThe icost iof ialuminium iis ialso ia iconcern iin iforming ithe iend iproduct. 

 

 

 

1.3 Research Objective 

 

i. To xprepare xAl-7075 xunder xdifferent xtemperature xand xtime xduration 

ii. To xstudy xthe xeffect xof xheat xtreatment xprocess xtowards xmechanical xproperties xof 

xAl-7075 

iii. To icompare ithe iperformance iof iAl-7075 iin ibending itest iand ioptical imicroscope 

itest 
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1.4 Scope of Study 

 

This iproject imainly ifocused ion ithe idevelopment iand iresearch iroute iof imechanical 

iproperties iof iAl-7075 iafter iundergoing iheat itreatment iprocess ito ifind iout ithe iresults 

isuch ias iflexural istress, istress ideformation iand imicrostructure ietc. iAll iof ithese iproperties 

iwere iexamined iand ifollow ithe iappropriate istandard iand iguidelines. iWe ihave ifirst 

iundergo iheat itreatment iprocess iby iusing ioven iunder idifferent itemperature iand iduration 

iof itime ibefore igoing ito iexamination iof itesting iof ithree ipoint ibending itest iand 

imicrostructure itesting. iWe ihave ialso istudy iwhether iAl-7075 iis isuitable ior inot iin 

ibiomedical iapplications ias icurrently iour icurrent iera iare iusing istainless isteel iwhich iare 

ihigher iin icost, inot irecyclable iand ihard ito imachine ito ian iend iproduct. 

 

 In ithe ipreparation istage, ithe ispecimen iof iAluminium i7075 ihas ibeen iacquired 

ifrom iexternal isuppliers iand ithe ispecimen ihas ibeen icut iinto i10 irectangular ipieces iof 

isame idimension iof i100x20x6mm. iThe ispecimen iwere iused ifrom ibending itest iand 

imicrostructure istudy. iIt iwill ifirst iundergo ithree idifferent iheating itemperature iwhich 

iwere i110°C, i130°C iand i150°C. iThe itime iuse ifor ithe iheat itreatment iprocess ifor ieach 

imaterial iwas i1 ihour, i3 ihour, iand i5 ihour. iThis iprocess iwas iimportant iin idetermining ithe 

imost isuitable isample ito ibe iused iin ibiomedical ifield. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

 

2.1 Aluminium as Abundant Waste 

 

The iglobal ialuminum idemand iis iforecast iat i40 ito i50 imillion ikilograms iper iyear. 

iAluminum i(Al) iand iits ialloys iare iused iin ia inumber iof ifields, iincluding iaerospace, 

imarine iand iautomotive. i[5]. iThey iare ialso iused ifor imaterials ifrom ichemical iplants, 

imedical iequipment, ibuildings, iand isome iconsumer iproducts. iMany iindustries iare irising 

islightly, iincluding iarchitecture, ihealth, iand ijewelry. iAl iis iprimarily iused iin ithe idental 

isector idue ito iits ihigh ibiocompatibility iand ilow idensity icompared ito iother idental ialloys. 

 

Good istrength ito iweight iratio ifor ialuminium iincluding iresistance ito ioxidation, 

ilow icost icompared ito iother imaterials i[3]. iOn ithe iother ihand, iit ican ibe ivery idifficult ito 

iuse idental iAl ior iAl-based ialloys, isuch ias ithe imanufacture iof ipartial identure iframeworks 

iand iceramic imetal iprostheses, ias ithis imaterial ireacts iat ihigh itemperatures iwith 

iinvestment imaterials. iAs ibefore, ithis ititanium iis iwidely iused ibut ia ispecial icasting 

imachine isupplied iwith ihelium ior iargon iis irequired idue ito ithe ihigh ireactivity iof ititanium 

iwith ihydrogen, initrogen, ioxygen iand icarbon, iwhich igreatly iincreases ithe icost iof ithe 

iprocedure. iBecause iof iits ilower icost iand ieasier ito iobtain imaterials, ithe imarket iis ilooking 

ifor imore ialuminum [6]. iMany imethods ihas ibeen iinvented ito iminimize ithe icost iof ithe 

iprocedure, isuch ias ithe ispecial ifluid idilution ineeded ito icombine iwith ithe iinvestment, ithe 

iuse iof ia ivacuum ienvironment iduring icasting irather ithan iinert igas, ithe iuse iof iinexpensive 

ialloy ielements iand ithe irecasting iphase. 

 

As ithe iindustry imeets ithe ipublic idemand ifor iconservation iof iresources iand ithe 

ienvironment, irecycled imetals iare ibecoming iincreasingly iimportant iand icost-effective 

i[5]. xRecycling, xan ximportant xelement xin xthe xsupply xof xmany xmetals xthat xare xused xin 
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xsociety, xoffers xenvironmental xbenefits xin xterms xof xsaving xenergy, xreducing xwaste xand 

xreducing xenergy-saving xemissions. xWhile xaluminum xis xone xof xthe xmost xabundant 

xelements xin xthe xearth's xcrust xalongside xoxygen xand xsilica, xglobal xmetallic xAl xproduction 

xis xquite xsmall xat x3.0x x107
 xtons, xslightly xlower xthan xcommon xmetals xlike xiron xat x1.1x x109

 

xtons xand xtitanium xat x1.0x x105
 xtons. x[5]. xThe xkey xreason xfor xhigh xmetallic xAl xproduction 

xis xthe xlow xcost xof xmanufacturing xand xalso xeasier xto xmake xinto xmaterial xefficiency. 

 

 xHowever, xthe xamount xof xaluminum xfrom xmetal xscrap xproduced xby xmelting, 

xforging, xcasting xand xaluminum xparts xmanufacturing xis xexpected xto xincrease xin xthe 

xfuture. xBecause xthis xmetal xdissolves xin xa xcontrolled xenvironment xand xdoes xnot xrequire 

xchemical xtreatment, xthe xscrap xproduced xin xthe xdental xsector xis xvery xclean. xFor xdentistry, 

xit xseemed xpossible xto xrecycle xNi-Cr xand xCo-Cr xalloys xas xwell xas xgold-based xalloys. xIn 

xfact, x45% xof xaluminium xis xcarried xinto xnew xscrap xphase xor xlost x[3]. x 

 

As xshown xin xFigure x2.1, xaluminum xhas xa xgreat xcharacteristic xthat xmakes xit 

xsuitable xfor xthe xbiomedical xfield. xConsequently, xthe xaim xof xthis xstudy xwas xto xassess xthe 

xeffect xof xAl xstate x(as xobtained xand xrecast) xon xmechanical xproperties xsuch xas 

xproportional xlimit, xultimate xtensile xstrength, xelongation, xand xmicro xhardness xby xVickers, 

xAl xmicrostructure xand xfracture xmode. xThis xis xto xmake xit xsafe xfor xuse xin xthe xbiomedical 

xindustry, xso xthere xwill xbe xno xhealth xproblems.   

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Characteristic of aluminium 

 

ALUMINIUM 
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2.2 Aluminium in medical field 

 

Aluminum iis ia imetal icomponent iknown ifor iseveral idesirable iproperties isuch ias 

iexcellent iresistance ito ioxidation i(almost iplatinum iequivalent) iand imechanical 

iresistance, ilow ithermal iconductivity iand ihigh iconductivity iof ielectricity. iIt iis ia ilight iand 

istrong isteel, isimple ito iproduce iand ilow idensity i(40% iof iiron icontent) ias idescribed 

iabove i[7]. iIt iis iductile iand ieasy ito iwork iwith iwhen iflat. iRefractory imetals iand ititanium 

iare ias istrong ias isteel ibecause iof ithe irelatively ihigh imelting ipoint, ibut i60 ipercent ilighter 

ithan iplatinum, ibut itwice ias icost-effectively. iSuch iproperties imake ialuminum ihighly 

iresistant ito iordinary ifatigue. iWhen iexposed ito iair, ithis imetal iforms ia ipassive ioxide 

ilayer, ibut iis iductile iin ian ioxygen-free ienvironment. iIn iaddition, iit iburns iwhen iheated 

iand ilike imost iorganic iacids, iburns iwhen iimmersed iin isulfuric iacid iand initrogen 

ichloride. 

 

Aluminum iis iused iin iseveral iareas, iincluding iengineering, ichemical iindustry 

i(due ito iresistance ito icorrosion iand ichemical iattack), inaval iindustry i(used iin iundersea 

iequipment, idesalinated iseawater), inuclear iindustry i(used iin iheat iproduction) iand 

iNuclear ipower iplant irecuperator, iwar iindustry i(missile iand iarms imanufacturing) i[8]. 

iWhen iused ias ia imetal, iapproximately i54% iof ialuminum iis iused iin ithe iaviation iand 

iaerospace iindustries ito imanufacture iengine iparts iand iturbines, ifuselage iof iaircraft iand 

irockets i[5]. 

 

 In xseveral xplaces, xaluminum xhas xbeen xused xhistorically, xprimarily xin xengineering. 

iAs iFigure i2.2 ishows idemineralized ihistologic isection ishowing ithe ibiocompatibility iof 

iimplant isurface iof ialuminium. xHowever, xaluminium xis xalso xwidely xused xin xthe xmedical 

xfield xand xdentistry, xmainly xwith xcharacteristics xsuch xas xhigh xcorrosion xresistance, xlow 

xtoxicity, xvery xlow xallergen xpotential, xand xbiocompatibility xthat xallows xa xgood xbiological 

xresponse xwhen xin xcontact xwith xliving xorganisms xas xFigure x2.3 xshows xmineralized 

xhistological xsection xof xaluminium xalloy ximplant xinstalled xin xrabbit xtibia x30 xdays xpost-

operative. xThe xrate xof xsuccess xis xhigh. xThis xpreferred xbiological xresponse xis xdue, 

xaccording xto xseveral xwriters, xto xthe xlimited xrelease xof xions, xthe xstability xof xthe 
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xcompounds xproduced, xand xthe xlimited xbiological xeffects xof xthese xions. xFurthermore, xa 

xlayer xof xtitanium xdioxide xis xformed ximmediately xwhen xaluminum xcomes xinto xcontact 

xwith xoxygen x(air). xThis xis xa xstrong xbarrier xto xmetal xdissolution. xMany xresearchers xalso 

xconclude xthat xthis xchemically xinert xcoating xof xtitanium xdioxide xis xa xmajor xcause xof 

xtitanium xin xvivo xand xthe xbiological xproperties xand xhas xa xnegligible xcorroding 

xpropensity. xNevertheless, xit xhas xbeen xfound xthat xtitanium xions xare xreleased xin xthe 

xpresence xof xfluoride, xso xwhen xa xpiece xof xtitanium xis xexposed xin xyour xmouth, xit xis 

xadvised xthat xyou xstop xusing xfluoride. 

 

 

Figure 2.2: xDemineralized xhistologic xsection xshowing xthe xbiocompatibility xof ximplant 

xsurface xof xaluminium 

 

 

 

 

 

 

 

 

 

Figure 2.3: xMineralized xhistological xsection xof xaluminium xalloy ximplant xinstalled xin 

xrabbit xtibia. 30 xdays xpost-operative 
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Aluminum ihas ibeen iused ias ia imanufacturing iplant ifor idevices isuch ias istretchers 

iand istethoscope ifor imany iyears iin ithe imedical ifield. xManufactured xfrom xaluminum xand 

xaluminum xalloys xthat xare xcommercially xsafe. xA xpassive xcoating xdependent xon 

xaluminum xoxide xpermits xadherence xto xmetal xsurfaces xby xphysiological xliquids, xprotein 

xhard xand xsoft xtissues x[7]. xAluminum xcan xbe xused xfor xuse xin xdentistry xin xvarious 

xcombinations. xPure xaluminum xconsists xof x99% xaluminum xand x1% xinterstitial xelements 

x(carbon, xoxygen, xnitrogen, xhydrogen, xiron), xand xthe xratio xof xthese xelements xhas xa xdirect 

xeffect xon xthe xmetal’s xproperties. 

 

In xthe xmodern xbiomedical xsector, xaluminum xtends xto xbe xa xpromising xmaterial 

xbecause xthere xare xseveral xpossibilities xfor xaluminum xuse. xA xblend xof xstrength xand 

xlightness xdue xto xits xphysiological xstiffness, xbiocompatibility, xcorrosion xresistance xin xthe 

xoral xenvironment. xAluminium xcan xbe xthought xof xas xa xversatile xand xpractical xbiomaterial 

ximportant xas xshow xin xFigure x2.4, xaluminium xas xstrelization xtray, xFigure x2.5, xaluminium 

xas xcrutches xand xFigure x2.6, xaluminium xas xstethoscope. xMany xof xits xadvantages, 

xhowever, xare xinexpensive xand xconsidered xreadily xavailable, xbut xthe xengineering 

xassociated xwith xceramic xmachining, xcasting, xwelding, xand xapplication xto xdental 

xprostheses xis xstill xexpensive xand xthere xis xa xmajor xlimitation. Therefore, ithe iwide iuse iof 

ialuminum iin iprostheses iin ithe imedical ifield iis ibased ion itechnical iprogress iand imore 

ilaboratory iand iclinical iresearch ito idevelop imore iprofitable itechnologies ithat 

idemonstrate itheir iefficiency. 
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Figure 2.4: Aluminium as sterilization tray 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5: Aluminium as crutches 

 

 

Figure 2.6: Stethoscope made out of aluminium 
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2.3 Heat Treatment Process 

 

Heat itreatment iis ithe iprocess iof ian ioperation ior imultiple ioperations iinvolving iheating 

iand icooling iof ia imetal ior ialloy. iFor ithis icase, iit iinvolves ithe imild isteel iin ithe isolid istate 

iin isuch iways ias ito iproduce ithe idesired icertain imicrostructure iand imechanical iproperties 

isuch ias ihardness, itoughness, iyield istrength, iultimate itensile istrength, iyoung’s imodulus, 

ipercentage iof ielongation iand ipercentage ireduction. iThe imost isignificant iheat itreatment 

iprocess iincludes iannealing, inormalizing, ihardening iand itempering. iThese imethods iare 

icommonly imodify ithe imechanical iproperties iof iengineering imaterials iespecially ithe 

isteels isuch iAluminium i7075. iAnnealing iheat itreatment imethod iprocess iwhich iconsists 

iof iheating iand iholding iat ian iappropriate itemperature i[9],[10]. iIt iis ithen ifollowed iby 

icooling iprocess iat ian iappropriate irate. iThese iare iusually iapplied ito isoften iiron ior isteel 

imaterials iand iimproves iits igrains idue ito iferrite ipearlite imicrostructure. iThis iis 

iapplicable iwhen iengineering imaterials irequire ielongation iand iappreciable ilevel iof 

itensile istrength. iHardening iis ithe iheat itreatment imethod ithat iresulted iin ithe iincrement iof 

ihardness io isteel ipiece i[11]. iThis iis idone iby iheating iit ito ia icertain itemperature ifollowed 

iimmediately iby icooling iprocess iat ia iroom itemperature. i 

 

Tempering iis ithe iprocess iof iapplying itoughness itesting ion ihardness ito ian ialready 

ihardened ipiece iof isteel ithough ithe iprocess iof ireheating iat ia icertain itemperature iand ialso 

ifollowed iby iimmediate icooling iprocess. iThe ilevel iof itoughness iapplied iand ithe ihardness 

ito ibe ireduced iwill idetermine ithe itemperature ineeded i[12]. iTo inormalize ithe imaterial, iit 

iis iheated iat ian iausteritic itemperature irange iand ilater ifollowed iby iair icooling i[7]. iThis iis 

iessential ito iobtain ia imainly ipearlite imatrix, iwhich iresults iin ihigher istrength iand 

ihardness. iBesides, iit iis iused ito iget irid iof iundesirable ifree icarbide ipresent iin ithe ias- 

ireceived isample. 

 

Work ihardening iis ia iprocess iwhere ithe imetal iis istrengthened ithrough icertain 

iprocesses isuch ias irolling ior iforging. iIt iis ithe isignificant itechnique iin ithe iimprovement 

iof ithe iproperties iof ialloys iwhich icannot ibe iheat itreated. iWhile iundergoing ithese 

itreatments, ithe inumber iof idislocations iin imaterials iand ithe istrength iof imetal iimproves 

i[13]. iThis ihappens ibecause iof ithe ichanges iof ithe igrain ishape iand ithe imicrostructure 
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ibecomes imore iinhomogeneous iwhich idoes inot ipermit ithe ieasy ifracture ipropagation i[7]. 

The ichange iin istructure iof ialloy iaffects itheir ireaction ito iannealing iand ihot iworking. 

 

2.4 Three-Point Bending Test 

 

Flexural itesting imeasures ithe iforce irequired ito ibend ia ibeam iof iplastic imaterial iand 

idetermines ithe iresistance ito iflexing ior istiffness iof ia imaterial. iFlex imodulus iis iindicative 

iof ihow imuch ithe imaterial ican iflex ibefore ipermanent ideformation i[14]. iIn icase iof ia 

iplastic ilock iarm ior isnap ifit iassemblies, ithe iarm ineeds ito iflex ito iallow ithe iproper iseating 

iof ithe iconnection, ithen iflex iback iinto iposition ito ilock ithe iconnection iin iplace. iIf ithe 

ilocking imechanism iis imade iof ibrittle imaterial, ithen ithe imechanism iwould ihave ihigher 

itendency ito ibreak iwhen iflexed i[15]. iIn ian iexample iof isupport ibeams ithe iflex itesting 

iindicates ihow imuch iload ithe ibeams ican ibear ibefore iflexing iand ithus ia irigid ior istiffer 

imaterial iis imore iadequate ifor isuch iapplication. iAlternately, ia idiving iboard iis irequired ito 

ishow ihigher iflexing ito isupport ithe idiver’s ijump. 

 

The ithree-point ibending iflexural itest iprovides ivalues ifor ithe imodulus iof 

ielasticity iin ibending, iflexural istress, iflexural istrain iand ithe iflexural istress–strain 

iresponse iof ithe imaterial. iThis itest iis iperformed ion ia iuniversal itesting imachine i(tensile 

itesting imachine ior itensile itester) iwith ia ithree-point ior ifour-point ibend ifixture. iThe imain 

iadvantage iof ia ithree-point iflexural itest iis ithe iease iof ithe ispecimen ipreparation iand 

itesting i[15]. iHowever, ithis imethod ihas ialso isome idisadvantages: ithe iresults iof ithe 

itesting imethod iare isensitive ito ispecimen iand iloading igeometry iand istrain irate. 

 

The itest imethod ifor iconducting ithe itest iusually iinvolves ia ispecified itest ifixture 

ion ia iuniversal itesting imachine. iDetails iof ithe itest ipreparation, iconditioning, iand iconduct 

iaffect ithe itest iresults. iAs ishown iin ifigure i2.7, ithe isample iis iplaced ion itwo isupporting 

ipins ia iset idistance iapart iwith iforce iapplied iin ithe icenter. 
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Figure 2.7: Three point bending test operation 

 

Calculation of flexural stress σf 

          σf = 

3𝐹𝐿

2𝑏𝑑2
  xfor xa xrectangular xcross xsection 

          σf = 

𝐹𝐿

𝜋𝑅3
  xfor xa xcircular xcross xsection 

         Calculation of flexural stress ɛf 

          ɛf = 

6𝐷𝑑

𝐿2
   

Calculation of flexural modulus Ef 

          Ef = 

𝑚𝐿3

4𝑏𝑑3
   

in xthese xformulas xthe xfollowing xparameters xare xuse: x 

σf  = Stress in outer fibers at midpoint, (MPa) 

ɛf = Strain in the outer surface, (mm/mm) 

Ef = Flexural Modulus of elasticity, (MPa) 

F = Load at a given point on the load deflection curve, (N) 

L = Support span, (mm) 

b = Support span, (mm) 

d = Depth or thickness of tested beam, (mm)  

D = Maximum deflection of the center of the beam, (mm) 

m = The gradient of the initial straight-line portion of the load deflection curve 

(N/mm) 

R = The radius of the beam, (mm) 
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2.5 Optical Microscope 

 

The ioptical imicroscope, ialso ireferred ito ias ia ilight imicroscope, iis ia itype iof imicroscope 

ithat icommonly iuses ivisible ilight iand ia isystem iof ilenses ito igenerate imagnified iimages iof 

ismall iobjects. iOptical imicroscopes iare ithe ioldest idesign iof imicroscope iand iwere 

ipossibly iinvented iin itheir ipresent icompound iform iin ithe i17th
 icentury. iBasic ioptical 

imicroscopes ican ibe ivery isimple, ialthough imany icomplex idesigns iaim ito iimprove 

iresolution iand isample icontrast i[16]. i iThe iobject iis iplaced ion ia istage iand imay ibe idirectly 

iviewed ithrough ione ior itwo ieyepieces ion ithe imicroscope. iIn ihigh-power imicroscopes, 

iboth ieyepieces itypically ishow ithe isame iimage, ibut iwith ia istereo imicroscope, islightly 

idifferent iimages iare iused ito icreate ia i3-D ieffect. iAs ishown iin ifigure i2.8, ia icamera 

icaptures ithe iimage iof ithe igrain isize iof iAluminium i6061 iunder ioptical imicrscope 

i(micrograph). 

 

Figure 2.8: Grain size of Aluminium 6061 under optical microscope [7] 

 

iThe isample ican ibe ilit iin ia ivariety iof iways. iTransparent iobjects ican ibe ilit ifrom 

ibelow iand isolid iobjects ican ibe ilit iwith ilight icoming ithrough i(bright ifield) ior iaround ithe 

iobjective ilens i(dark ifield). iPolarized ilight imay ibe iused ito idetermine icrystal iorientation 

iof imetallic iobjects i[16]. iPhase-contrast iimaging ican ibe iused ito iincrease iimage icontrast 

iby ihighlighting ismall idetails iof idiffering irefractive iindex. 
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A irange iof iobjective ilenses iwith idifferent imagnification iare iusually iprovided 

imounted ion ia iturret, iallowing ithem ito ibe irotated iinto iplace iand iproviding ian iability ito 

izoom-in. iThe imaximum imagnification ipower iof ioptical imicroscopes iis itypically ilimited 

ito iaround i1000x ibecause iof ithe ilimited iresolving ipower iof ivisible ilight i[17]. iThe 

imagnification iof ia icompound ioptical imicroscope iis ithe iproduct iof ithe imagnification iof 

ithe ieyepiece i(say i10x) iand ithe iobjective ilens i(say i100x), ito igive ia itotal imagnification iof 

i1,000×. iModified ienvironments isuch ias ithe iuse iof ioil ior iultraviolet ilight ican iincrease 

ithe imagnification i[18],[19]. iAlternatives ito ioptical imicroscopy iwhich ido inot iuse ivisible 

ilight iinclude iscanning ielectron imicroscopy iand itransmission ielectron imicroscopy iand 

iscanning iprobe imicroscopy iand ias ia iresult, ican iachieve imuch igreater imagnifications. 

 

When iusing ia icamera ito icapture ia imicrograph ithe ieffective imagnification iof ithe 

iimage imust itake iinto iaccount ithe isize iof ithe iimage. iThis iis iindependent iof iwhether iit iis 

ion ia iprint ifrom ia ifilm inegative ior idisplayed idigitally ion ia icomputer iscreen i[20]. iIn ithe 

icase iof iphotographic ifilm icameras ithe icalculation iis isimple; ithe ifinal imagnification iis 

ithe iproduct iof: ithe iobjective ilens imagnification, ithe icamera ioptics imagnification iand ithe 

ienlargement ifactor iof ithe ifilm iprint irelative ito ithe inegative i[17]. iA itypical ivalue iof ithe 

ienlargement ifactor iis iaround i5x i(for ithe icase iof i35 imm ifilm iand ia i15 i× i10 icm i(6 i× i4 

iinch) iprint. iIn ithe icase iof idigital icameras ithe isize iof ithe ipixels iin ithe iCMOS ior iCCD 

idetector iand ithe isize iof ithe ipixels ion ithe iscreen ihave ito ibe iknown i[19]. iThe ienlargement 

ifactor ifrom ithe idetector ito ithe ipixels ion iscreen ican ithen ibe icalculated. iAs iwith ia ifilm 

icamera ithe ifinal imagnification iis ithe iproduct iof: ithe iobjective ilens imagnification, ithe 

icamera ioptics imagnification iand ithe ienlargement ifactor. i  
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CHAPTER 3 

 

METHODOLOGY 

 

 
3.1 Process Flowchart 
 

 

Figure 3.1: Process flowchart of project 

 

Figure x3.1 xshows xthe xflow xof xthe xproject xwith xthe xexperiment xprocess. xFirstly, xwe 

xreceived xthe xproject xtitle xfrom xour xsupervisor xand xwe xbegan xto xgather xthe xinformation 

xabout xthe xproject xbackground.iNext, iwe ihave idone ithe iliterature ireview ion ithe 

ialuminium iproperties, ithe iusage, iheat itreatment ion ialuminium, iand ialuminum iunder 

Conclude the project and recommendation on project

Studying and analyze result achieve from experiment

Gathering the samples of specimen required and carry out the experiment

Research on heat treatment, three point bending test and optical micrscope

Studying the methodology required

Doing research on article and doing literature review

Information gathering about project background 

Retrieve project title from lecturer
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iopticalmicrsocope. iWe icontinued iwith imethodology iand iwe idid ithis iby ifirst idoing imore 

iresearch ion ieach isteps irequired iso ia iperfect iresult iwill ibe iachieved isuch ias ithe 

itemperature iand itime irequired iunder iheat itreatment iand isteps iin ioptical imicroscope. iWe 

ihad ithen igather ithe isamples iof iAluminium i7075 iwith idimension i100 ix i20 ix i6mm iwith 

ihaving iten isamples iof isame isize iand icontinue ithe iexperiment. iResults ihad icame iout iand 

iwe ihad ianalyze iand istudied ithe idata ifrom ithe igraph ito ithe isurface iof ithe ialuminium 

iunder ioptical imicroscope. iFinally, iwe ican iconclude ithe idata iand iresult iand ido 

irecommendation ionproject ion iwhat iwe ican iimprove ieven imore. 

 

3.2 Research Methodology 

 

As mentioned in this project, we used Al-7075 consisting of several steps, the main focus 

being heating treatment of the aluminium. Second, to study mechanical behavior, 

through tensile strength, hardness checking, and microstructure analysis, we need to get 

the best information of this research. It is necessary to make some calculations, such as 

the composition ratio and the size needed for the forging process. This measurement was 

important in determining the final product value and characteristics. We need to make 

sure that the use in the biomedical field is safe as health problems can be a problem with 

high temperature reactivity. We will study and examine the aluminium under different 

temperature and time as well. 

 

3.3 Heat Treatment 
 

 

The iprepared isamples iof ialuminium i7075 iwere isubjected ito iheat itreatment iprocess 

iunder idifferent itemperature iand itime. iSubsequently, isamples iwill ibe iaged iat i3 idifferent 

itemperatures iwhich iare i110°C, i130°C iand i150°C ifor ithree idifferent iperiod itimes iwhich 

iis iat i1 ihour, i3 ihour iand i5 ihour iusing ioven, ifollowed iby iair icooling iat iroom itemperature. 

iThe iheat itreatment iwas iconducted iaccording ito ithe iASTM istandard iB918 i– i01 ii.e. ithe 

istandard ifor ithe iheat itreatment iof ialuminium ialloys. iFigure i3.2 ishows ithe ifigure iof iheat 

itreatment ioven iused iin ithis iproject. 
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Figure 3.2: Oven for heat treatment 

 

 

All the samples will undergo the experiment under these parameters tabulated in the table 

3.1 below. 

 

Table 3.1: Heat treatment of Aluminium 7075 alloys 

 Material code Heating Time 

(Hours) 

Aging 

Temperature 

(°C) 

 

 

 

 

Treated Material 

HT110-1 1 110 

HT130-3 3 130 

HT150-5 5 150 

HT110-1 1 110 

HT130-3 3 130 

HT150-5 5 150 

HT110-1 1 110 

HT130-3 3 130 

HT150-5 5 150 

Non- treated 

Material 

A001 - - 
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3.4 Ultimate Tensile Machine 
 

First, xthe xmaterial xwas xheated xusing xoven xunder xdifferent xtemperature xand xtime. xThe 

xspecimen xwas xthen xloaded xonto xthe xuniversal xtensile xmachine xand xhold xby xtwo 

xsupporters xbefore xpressed xby xcrosshead. xThe xtest xwas xstarted xby xapplying xforce xto xthe 

xspecimen xat xa xconstant xspeed. xThe xtarget xtime xfrom xthe xstart xto xthe xend xof xthe xtest xwas 

x30 xseconds xto x2 xminutes. xThe xtest xends xwhen xthe xsample xbreaks xor xruptures. xThis xwas 

xrepeated xfor xthe xrest xof xthe xdog xbone xshape xsamples. 

 

In xthis xanalysis, xwe xwill xobtain x 

1. Tensile xstrength x(our xmain xfocus) 

2. Elongation xat xyield xand xbreak 

3. Nominal xstrain xat xbreak 

4. Modulus xof xelasticity 

5. Poisson’s xratio 

 

The iequipment’s irequired iare i 

1. Universal xtesting xmachine x(tensile xtesting xmachine) x 

Figure x3.3 xis xthe xfigure xof xuniversal xtensile xmachine xwhich xis xused xfor xtensile 

xstrength x[3]. xThe imaterial imust ibe iprofessional ienough. iFor imost iunreinforced 

iplastics, ia isingle icolumn idevice iof i4.5kN iis iusually isufficient. iAlso ivery 

icommon iare i9kN idual icolumn isystems. iA ilarge i45kN imodel imay ibe ineeded 

iwith ilarge imaterials iand istrong imaterials isuch ias ireinforced iplastics iand 

icomposites. 

 

 

 

 

 

 

 

Figure 3.3: Universal tensile machine 



  

20 

 

 

2. Support 

Figure i3.4 idisplays ithe isupports iused ito ihold ithe ispecimen. iNecessary ito imake 

ithe ispecimen ihold iin iplace iand idoes inot imove iso ian iaccurate iresult iwill ibe 

iachieved. iThe idistance iof ithe itwo isupport ispecimen iis inot istandardized, 

itherefore ia imistake imay ioccurs iif ithe idistance iis inot iset iaccurately 

icorresponding ito ithe ilength iof ithe ispecimen. 

Figure 3.4: Two supports holding the specimen 

 

 

3. Crosshead 

Figure i3.5 ishows ithe icrosshead iwhich igives iforce ito ithe ispecimen. iIt iwill islowly 

ipenetrates ithe ispecimen iuntil iit iruptures iat ia iconstant iforce iwhich iwe iwill iset iit. 

iIt iis itighten iby ieight iscrews ito imake isure iit iis itight ienough ibefore iapplying ithe 

iforce ito ithe ispecimen. i  

Figure 3.5: Crossheads of the Ultimate Tensile Machine 

 

Supports 

Crosshead 
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3.5 Three- Point Bending Test 

 

First, ithe imaterial ihas iundergone iheat itreatment iunder idifferent itemperatures iand itime 

iby ioven itreatment. iAfter ithis iprocess, ithe ispecimen iwas ithen iloaded ionto ithe ithree ipoint 

ibending itest. iAt ihere, iwe ihave igot ithe iresult iof iflexural istrength, iflexural imodulus iand 

iyield ipoint. As shown in figure 3.6, it shows a specimen undergoing three point bending 

testing.  

 

Figure 3.6: Three point bending test 

 

 

iTo iload ithe imaterial, isome iprocedures iis ineeded ito ibe idone iin iorder ito iget ithe ibest iand 

iaccurate iresult iwhich iare i:- 

1. Two isimilar isteel ibar ispecimen iare iprepared ifor ithe itest iand iall ithe ispecimens 

ishould ihave ithe isame iinitial idimensions, iwith ithe iuse iof ivernier icalipers ito iget 

ithe iaccurate isize iof iLength i= i150mm, iWidth i i= i120mm iand iHeight i= i80mm. 

 

2. This ibending itest iwas icarried iout iusing ia iuniversal itesting imachine i(UTM), 

iadjust ithe isupports ialong ithe iUTM ibed iso ithat ithey iare isymmetrical iwith irespect 

ito ithe ilength iof ithe ibed. iPlace ithe ibeam ion ithe itwo iblocks iso ias ito iproject 
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iequally ibeyond ieach iblock ifrom ieach iend. iCheck iif ithe iload iwas iapplied iat ithe 

icenter iof ithe ibeam. 

 

3. The iinitial ireading iof ithe idistance ibetween ia ifixed ipart ion ithe imachine iabove ithe 

ispecimen i iwere imeasured iand ithe iupper iedge iof ithe ibeam ispecimen iin iorder ito 

icalculate ithe itotal ifinal ideflection ifracture iwas imeasured ias iwell. iThe iinitial 

ireading iwas imeasured iusing ivernier icaliper iand ithe iload iwas iapplied iuntil ithe 

ispecimen ifractures. iThe ireading iwas ianalyze iand ithe igraph iwas iplot iwhich iwe 

iwill ibe ihaving icompression istrength, iyield istrength iand ienergy itaken. 

 

 

The iequipment iand isetup iare ias ifollows:- i 

Cantilever iFlexure iFrame i– iA isimple iapparatus ito ihold ia ithin irectangular ibeam 

iat ione iend iwhile iallowing iflexing iof ithe ispecimen iupon ithe iaddition iof ia 

idownward iforce. 

 

Metal iBeam i– iIn ithis iexperiment, ian ialuminium iplate iwas itested. iThe iplate 

ishould ibe ifairly irectangular, ithin, iand ilong. iSpecific idimensions ishould ibe 

idependent ion ithe isize iof ithe icantilever iflexure iframe iand iavailable iweights 

Deflection iIndicator: iA idial igage idevice ithat iaccurately imeasures i(in imm) ithe 

ideflection iof ithe ibeam idownwards ithe iloads iare iadded. 

 

 Range iof iWeights: iAny idifferent ismall iindividual iweights i(in igrams) ican ibe 

iused ifor ithis itest. iVery ilarge iweights ishould inot ibe iused ito inot iexceed ithe ilimit 

iof iproportionality. 
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3.6 Microstructure Testing  
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7: Optical microscope 

 

Before undergoing microstructure observation by optical microscope as Figure 3.7, 

preparation was needed for the sample as follows: 

 

1. Sectioning 

To ibuild imetallographic isamples, icutting ithe ispecimen iinto ismaller ipieces iis 

irequired ifor ibetter ifurther iprocess as in figure 3.8. iWhen ianalyzing iparts ithat 

ifailed iduring iuse iand ineed ito ibe iextracted ifrom ia ilarge iblock iof imaterial, isection 

i4 iis ineeded. iMetallographic istudies iof isuch isamples itherefore ioften iinvolve 

imultiple ioperations iof isectioning. iMultiple ispecimens iare irequired ifor imany 

imetallographic istudies. iA iforged imetal ideformation itest, ifor iexample, iusually 

irequires itwo iparts. iOne iwas iperpendicular ito ithe icentral ideformation iaxis iand 

ithe iother iwas iparallel. iIf ithe isource ican ibe iidentified ion ithe isurface, iit iis ibest ito 

istudy ia ifailed ipart iby iselecting ia ispecimen ithat iintersects ithe isource iof ithe 

ifailure. iDepending ion ithe itype iof ifailure, imultiple isamples ifrom ithe ifailure iarea 

iand iadjacent iareas imay ineed ito ibe icollected. 
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Figure 3.8: Sectioning of Aluminium 7075 

 

2. Mounting of specimens 

This xmove xis xusing xa xmount xfor xcompression. xThe xmost xpopular xmounting 

xmethod xis xto xuse xmolding xmaterials xsuch xas xbakelite, xdiallyl xphthalate xresin xand 

xacrylic xresin xto xmold xmetal xsamples xby xheat xand xpressure. xThermosetting xis 

xbakelite xand xdiallyl xphthalate, xand xthermoplastic xis xacrylic. xIt xwas xnot xpossible 

xto xmount xall xmaterials xor xsamples xon xthermoset xor xthermoplastic xracks. xCycles 

xof xheating xcan xcause xchanges xin xmicrostructure xand xpressure xcan xcause xthe 

xcollapse xor xdeformation xof xdelicate xsamples. xThe xselected xsize xof xthe xsample 

xmay xbe xtoo xlarge xto xconsider xthe xavailable xsize xof xthe xmold. xThese xproblems xare 

xusually xovercome xby xcold xmounting. As shown in figure 3.9 shows an auto 

mounting press machine. 

. 

Figure 3.9: Auto mounting press machine 
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3. Grinding 

Grinding xwas xachieved xby xpolishing xthe xspecimen xlayer xusing xincreasingly 

xsmaller xpolishing xgrits xthrough xa xsequence xof xoperations. xTo xmake xthe xfirst xflat 

xsurface xand xeliminate xthe xsectioning xeffects, xgrinding xshould xbegin xwith xa 

xcoarse xgrit xsize. xHack xsaws, xband xsaws xor xother xrough xsurfaces xin xthe x80 xto x150 

xmesh xrange xtypically xrequire xabrasive xsizes. iFrom icoarse ito iperfect, igrinding 

imust ibe ifinished. xGrit xsizes xof x180, x240, x400 xand x600 xmesh xare xappropriate 

xgrinding xsequences. xThe xaim xof xgrinding xwas xto xremove xoxide xlayers, xdamaged 

xlayers xor xuneven xsurfaces xwhich xmay xhave xformed xduring xthe xlast xoperation. 

 

4. Polishing 

Polishing xwas xthe xlast xstep xin xcreating xa xmirror-like xsurface xthat xis xflat, xscratch-

free. Figure 3.10 shows a machine that can be used for both grinding and polishing 

of the specimen. iThese isurfaces iwere irequired ifor iboth iqualitative iand 

iquantitative isubsequent iaccurate imetallographic iinterpretation. xMechanical 

xpolishing xwas xoften xused xto xdemonstrate xa xvariety xof xfinal xpolishing xtechniques, 

xincluding xthe xuse xof xwrapped xcloth xwraps xand xappropriate xabrasives xfor 

xpolishing, xessentially xNano xSilica xGraphite. xThe xcover xwas xeither xspinning xor 

xvibrating, xand xthe xsample xwas xheld xby xhand, xheld xmechanically, xor xconfined 

xwithin xthe xpolishing xarea. xPolishing xshould xbe xcarried xout xin xa xfairly xdust-free 

xarea xfor xsectioning, xmounting xand xrough xgrinding. 

Figure 3.10: Grinding and polishing machine 
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5. Wet Etching 

 Wet xetching xhas xbeen xused xwhere xthis xetching xwas xperformed xby ximmersing x(or 

xwiping) xthe xspecimen xin xan xappropriate xetchant x(chemical xsolution) xuntil xthe 

xrequired xstructure xis xdisclosed. xEtching xis xdone xin xa xPetri xdish xor xother 

xappropriate xcontainer xwith xa xloose xcover xto xprevent xexcessive xsolvent 

xevaporation, xin xparticular xsolutions xfor xalcohol xand xwe xwill xbe xusing 

xHydrochloric xacid. xIn xthis xexperiment, xwe xwill xbe xusing xKellers xEtch xas xit xis 

xexcellent xfor xaluminium. xMost xmetals xlose xtheir xbright xappearance xduring 

xetching, xindicating xthat xetching xoccurs. xWhen xpracticed, xthe xdegree xof xsurface 

xdullness xwill xindicate xthe xcompletion xof xthe xetching. xThe xsurface xwas xclean xof 

xthe xspecimen xwith xcotton xsoaked xin xetchant xor xclean xthe xsample xwhen 

xsubmerged xin xthe xsolution xif xthe xetching xprocess xneeds xwiping. xThe xsample xwas 

xwashed xwith xrunning xwater xafter xcompletion xof xetching, xthen xwith xalcohol, xand 

xthen xdried xwith xwarm xair x(hand xdryer). xAfter xetching, xan xoptical xmicroscope xwas 

xused xto xobserve xthe xsurface xof xthe xsample xto xstudy xits xmicrostructure. xAs xshown 

xin xfigure x3.11, xit xshows xa xsimple xmechanism xon xhow xwet xetching xworks. 

 

Figure 3.11: Wet etching mechanism [21]
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3.7 Gantt Chart 
 

Table 3. 2: Gantt chart of FYP I 

Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Title xdiscussion xwith xsupervisor               

Methodology xreview xand xExperimental xanalysis x               

Literature xreview xon xproject xtitle               

Preparation xof xextended xproposal xand xproposal 

xdefense 

              

Presentation xfor xproposal xdefense               

Data xcollection xand xpreparation xfor xInterim xreport               

Interim xreport xsubmission               
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Table 3.3: Gantt chart of FYP II 

 

Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Experiment Design               

Gather Aluminium  7075 samples               

Undergo Heat Treatment Process               

Bending Strength Test               

Microscopic Test               

Preparation and submission of Dissertation               

Preparation and presentation of Viva               

Preparation and submission of Hardbound copies               



  

29 

 

3.8 Key Milestone FYP 

 

Figure 3.12: Key milestone for FYP 1 

 

Week 1-2

• Meet up with supervisor to understand the 
details of this project

Week 3-5
• Literature review and research work

Week 6-8

• Identify the parameters for the implant 
materials and extended proposal submission

Week 9
• Extended proposal defence

Week 10 -13
• Material preparation

Week 14
• Submission of interim final report
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Figure 3.13: Key milestone for FYP II 

 

  

Week 1-2
• Sample testing

Week 3-5
• Report progress submission

Week 6-8
• Data analysis

Week 9
• Experiment Testing

Week 10 -13

• Report update and technical paper 
submission

Week 14
• Submission of dessertation final report
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Chapter 4 
 

RESULTS & DISSCUSSION 

 

 

4.1 Three Point Bending Analysis 
 

Universal iTensile iMachine iwill ibe iused ito icarry iout ithree ipoint ibending itest iwhich iis 

ilocated iat iBlock i17, iMechanical iEngineering iDepartment, iUniversiti iTeknologi 

iPETRONAS. iPerfectly irectangular ispecimen iaccording ito iASTM iD790 iand iISO i178 

irequirement iof ialuminium iwith ia ithickness iof i6mm, iwidth iof i20mm iand ilength iof 

i100mm iwere iused. iTesting ispeed iof i5mm/min iwas iused ias iper isuggested iin ithe 

istandard. iBased ion ithe iexperiment, itable i4.1 ishowed ithe iresult ifor iall ithe isamples ithat 

ihad ibeen ithrough ithe ithree ipoint ibending itest. 

Table 4.1: Three point bending test 

 Material 

code 

Load at a 

given point 

on the load 

deflection 

curve, F (kN) 

Support 

span, L 

(mm) 

Width of 

test beam, 

b (mm) 

Flexural 

stress, σf 

(MPa) 

Treated 

Material 

HT110-1 6.828 80 10.00 60.978 

HT110-3 7.186 80 10.00 62.848 

HT110-5 7.373 80 10.00 64.185 

HT130-1 7.46 80 10.00 64.217 

HT130-3 7.168 80 10.00 63.129 

HT130-5 7.166 80 10.00 63.578 

HT150-1 6.73 80 10.00 60.584 

HT150-3 6.63 80 10.00 59.742 

HT150-5 6.617 80 10.00 59.342 

Untreated A001 7.046 80 10.00 62.473 
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Figure 4. 1: Graph of compression strength vs. time for untreated, 110°C, 130°C and 

           150°C  

 

Figure 4. 2: Graph of compression strength vs. temperature for untreated, 110°C, 130°C 

and 150°C 
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 The igraph iin iFigure i4.1 iand i4.2 ishows ithe itrend ifor ithe icompression istrength ivs. 

itime iand itemperature iat i1 ihour, i3 ihour iand i5 ihours iand i110°C, i130°C iand i150°C. 

iTrends ishows ithat ithere iare iconstant ivalue iin icompression istrength iagainst idifferent 

itime iand itemperature iand iHT130-1 ishows ithe ihighest icompression istrength. 

 

 At iA001, iwhich iis ithe iuntreated isample ishows ithe ivalue ifor ithe icompression 

istrength iwhich iis i62.473MPa. iFor iHT110-1, ithe icompression istrength islightly iincreased 

ito i60.978MPa iand iincreased ito i62.848MPa iat iHT i110-3. iWhile iat iHT110-6, ithe 

icompression istrength irose iup ito i64.185MPa. iFurthermore, iHT130-1 ishowed ithe 

icompression istrength iof i64.217MPa iand ia ilittle ibit idecreased ifor iHT130-3 iwhich iwas 

i63.129MPa ibut isuddenly iincreased iback ifor iHT130-5 ito i63.578MPa. iAfter ithat ias ifor 

ithe iHT150 iseries, ithe icompression istrength iwas i60.584MPa ifor iHT150-1, iand ihas 

idecreased ito i59.742MPa ifor iHT150-3. iFinally ifor iHT150-5, ithe ivalue iwas i59.342MPa 

iwhich ihas idecrease ieven imore ifrom iHT150-3. iThis ishows ithat iuntreated ihas ithe ihighest 

icompression istrength iand ifollowed iby iHT130-1 iand iHT110-5. 

 

 

Figure 4. 3: Graph of yield strength vs. time for 110°C for 1 hours, 3 hours, and 5 hours 
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Figure 4. 4: Graph of yield strength vs. time for 130°C for 1 hours, 3 hours, and 5 hours 

 

 

 

Figure 4. 5: Graph of yield strength vs. time for 150°C for 1 hours, 3 hours, and 5 hours 
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 But iby ijust icomparing ithe icompression istrength iis inot ienough iin idesigning iand 

iproofing ia iproduct iis iperfect. iSo, ithe iyield istrength iof iall ispecimen iwere iobserved iat 

itime i1 ihours, i3 ihours iand i5 ihours. iThe ivalue iof iyield istrength iof iHT110-1 iwas 

i45.52MPa iwhile iHT110-3 iincreased islightly ito i47.906MPa iand iincreased ieven imore ifor 

iHT110-5 iat i49.154MPa. iNext, ias ifor ithe iHT130 iseries, ifor iHT130-1, ithe iyield istrength 

iwas i48.4MPa ibut idecreased ifor iHT130-3 ito i47.789MPa iand idecreased ijust islightly ifor 

iHT130-5 iwhich iwas iat i47.772MPa. iFurthermore, ias ifor ithe iHT150 iseries, ithe iyield 

istrength idoes inot ichange imuch iwhen icompared. iFor iHT150-1, ithe iyield istrength iwas iat 

i44.867, iwhile ithe iHT150-3, ithe iyield istrength idecreased ito i44.201MPa iand idecreased 

ieven imore ifor iHT150-5 iwhich iwas iat i44.117MPa. iBy ithis, iwe ihave iknown ithat iHT110-

5 ihas ithe ihighest iyield istrength ifollowed iby iHT110-3 iand iHT110-1. 

 

 

 

Figure 4. 6: Graph of Total Energy vs. Time for HT-130 at 1 hour, 3 hour and 5 hour 
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Figure 4.7: Graph of Total Energy vs. Time for HT-150 at 1 hour, 3 hour and 5 hour 

 

 

Figure 4. 8: Graph of Total Energy vs. Time for HT-150 at 1 hour, 3 hour and 5 hour 
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 Moreover, iwe iwill icompare ithe itotal ienergy iused ias iwell iuntil ibreaking iof 

ispecimen. iFirstly, ias ishown iin ifigure i4.6, iHT110-1 ihas ithe ihighest itotal ienergy iwith 

i119.962kN iwhen icompared ito iHT110-3 iand iHT110-5 iwhich iare i72.29kN iand i68.008kN 

irespectively. iThe itotal ienergy idecreased ifor iall iwhen icompared ito iHT110 i-1 ifor iHT130-

1, iHT130-3 iand iHT130-5 iwith i85.928kN, i81.818kN iand i93.102kN irespectively iby ihas 

ia idecrease iand iincrease irate iupon ithemselves ias ishown iin ifigure i4.7. iNext, ias ifor ithe 

iHT150 iseries ias ishown iin ifigure i4.8, iHT150-1 ihas ia itotal ienergy iof i87.951kN ibut 

iincreased ifor iHT150-3 iwith i88.074 iand iincrease ieven imore ifor iHT150-5 iwith 

i90.547kN. iThis ishows ithat iHT110-1 ihas ithe ihighest ienergy iused iwhen icompared ito 

iothers iwhich ishows iits itoughness iin ibreakage ias iwell icompared ito iothers ifollowed iby 

iHT110-3 iand iHT110-5. 

 

 

Figure 4. 9: Overall compression strength vs. Type of material 

 

 In ifigure i4.9, iit ishows ithe ioverall icompression istrength iwith ithe itype iof imaterial 

irespectively iand ithis ishows iwhen icompared ito iuntreated imaterial, iHT130-1 iis ithe ibest 

ioption iwhen icompared iin iterms iof icompression istrength, iyield istrength iand itotal ienergy. 

iBut iwe iwill iexamine iunder ioptical imicroscope ifor ithe ifirst imaterial iwhich iis iHT110-1 

iand iHT150-5 iand ias iwell iHT130-1 ito ishow ithe idifference iunder imicroscope. 
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4.2 Optical Microscope 

 

 

Figure 4. 10: Showing the first, highest and last overall compression strength 

 

From iFigure i4.10, iit ishows ithat ithe ifirst iHT110-1 ihas ian iaverage icompression istrength, 

iwhere iHT130-1 ihas ithe ihighest icompression istrength iand iHT150-5 iwhich iis ithe ilast 

ispecimen ihas ithe ilowest icompression istrength. iThis ispecimen ihas iall iundergone iheat 

itreatment iprocess ibefore iproceeding ito iexperiment itesting. 

 

Figure 4. 11: xMicrostructure xof xUntreated xSpecimen 
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Figure 4. 12: xMicrostructure xof xHT110-1 xspecimen 

 

 

Figure 4. 13: xMicrostructure xof xHT130-1 xspecimen 



  

40 

 

 

Figure 4. 14: xMicrostructure xof xHT150-5 

 

 From ithe imicrostructure ipresent, ithe idevelopments iof ipits iand iscratches iin ithe 

ispecimen iis ipresent. iThis iis idue ito iover-etching iat ithe iend iof ithe iprocess. iIn ifigure i4.11 

ishows ithe iuntreated imaterial, ithere iare ino icarbon ipresent iin ithe ispecimen ias iit ihas inot 

iundergone iheat itreatment iprocess. iWhen iwe iheat ia imaterial, icarbon iwill ibe ipresent idoe 

ito ioxidization. iWhere iin ifigure i4.12, icarbon iis ipresent ibut inot imuch iin ithe ispecimen ias 

iit iis iheated ito i110°C iat i1 ihour ias ishown iin ithe ired icircle. iIn ifigure i4.13, ithe icarbon 

iincreases ias ithe itemperature iis iincreased ito i130°C iat i1 ihour. iAs itemperature iincrease, 

icarbon iwill iincrease. iThis iis iproven iwhen ifigure i4.14 ishows ithe icarbon ipresence iin ithe 

imaterial iincreases ia ilot icompared ito ithe iothers. i 

 

 Thus, ithis ishows ithat iif ithere iis iless icarbon ior imore icarbon ipresence iin ithe 

imaterial, ithe icompression istrength iwill idecrease iwhere ias iif iit iis iat ithe iexact iand icorrect 

iamount, iit iwill iboost ithe icompression istrength ito ia ibetter ivalue iwhich ican ibe 

iimplemented iin ithe imedical ifield. iAlthough ithe iaddition iof icarbon ican iprovide igreater 

itoughness iand iyield istrengths, icarbon icontent iof isteel iitself idoes inot ialways iequate ito 

ithe ialloy's istrength. iThis ishows iincreasing icarbon icontent iincreases ihardness iand 

istrength iand iimproves ihardenability ibut ialso ishows ithat itoo imuch icarbon ialso iincreases 

ibrittleness ibecause iof iits itendency ito iform iMartensite. iThis iis iproven iin iFigure i4.14, 

iwhere ithe icarbon icontent iis ivery ihigh iwhich ithe icompression istrength iis ilower ithan ithe 
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irest. iThe irole iof icarbon ias ian iinterstitial iimpeding idislocation imovement iin ithe isteel 

imatrix ifactors iinto istrength. iCarbon isteel iundergoes ichanges iin iphases iand icrystal 

istructure i(the iway ithe iatoms istack iup) iwith itemperature 

 

 Martensite iis iincredibly ibrittle ibecause iBody iCentred iTetroganol iis iessentially ia 

isheared istate iof iBody iCentred iCubic, iand ican iexhibit ia ilot iof istress iwithin iits icrystal 

istructure. iIt iis igreat iat iimpeding islip iplanes ior idislocations iwithin ithe imatrix iso imuch iso 

ithat iit iwill icatastrophically ifail irather ithan ideform ibefore iultimate ifailure, imuch ilike 

iceramics. iSo, iwe ido inow iwant ithe imaterial ito iform iMartensite ialthough iMartensite iis 

iform iat i450°C, ibut iwe iare iheating ithe ifinal ispecimen i(HT150-5) iat i150°C iat i5 ihours 

iwhich ithe itendency ito iform iMartensite ihas ia ichance. iThus, itis ishows ithat iHT130-1 iis 

ithe ibest isolution ifor ithe iuse iin imedical ifield. 
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CHAPTER 5 
 

 

CONCLUSION AND RECOMMENDATION 
 

 

5.1 Conclusion and Recommendation 
   

In iconclusion, ithe iobjectives iof ithe iresearch ihave ibeen ifulfilled. iThe ifirst iobjective iwas 

ito iprepare iAl-7075 iunder idifferent itemperature iand itime iduration. iFrom ithe iexperiment 

iconducted, iwe ican isee iclearly ithe iobserved ithat iall ithe isamples iwere iperfectly 

iundergone iheat itreatment iwith ithree idifferent itemperatures iwhich iwere i110°C, i130°C 

iand i150°C ialong iwith ithree idifferent itime iwhich iwas i1 ihour, i3 ihour iand i5 ihour. 

iMoreover, ithe inext iobjective iwhich iis ito istudy ithe ieffect iof iheat itreatment iprocess 

itowards imechanical iproperties iof iAl-7075 iwas ialso iachieve i ias iwe ihave istudy ithe 

imicrostructure iof ieach imaterial iwith ithe ipresence iof icarbon iwhen iheated. iWe ican 

iclearly isee iwith ithe iright iamount iof icarbon ipresent, iit iwill imake ithe ispecimen istronger 

iand ican ibe iused iin ithe imedical ifield. iThe ilast iobjective ithat iis ito icompare ithe 

iperformance iof iAl-7075 iin ithree ipoint ibending itest iand ioptical imicroscope itest iof ieach 

ispecimen iwas iachieve ias iwell ibased ion ithe icollection iof idata ifor ithe icompression 

istrength iand iimages iof imicrostructure. iThis iwas iclearly ishow ithat iafter iheat itreatment, 

ithe icompression istrength, iyield istrength iand ienergy itaken iuntil irupture iincreases iwhen 

iheated ithe ispecimen iat ia iprecise itemperature. 

 

 Due ito iexcellent ibio i– icompatibility iand imechanical istrength iof iAluminium 

i7075. iNine isamples iwere iheat itreated iand isubsequently itested ifor ithree ipoint ibending 

itest iand ioptical imicroscope. iPrior ito iheat itreatment iprocess, iall ithe isamples iwere icut 

iinto irectangular ishape iwith idimension iof i100mm ix i6mm ix i10mm. iHeat itreatment 

iprocess iwere iexecuted iat ivarious itime iand itemperature iwhich iincludes i1, i3 iand i5 ihours 

iat i110°C, i130°C iand i150°C. iThe isamples iwere itested ifor itheir imechanical iproperties 

iand ithen icompared ito ias ireceived iuntreated isample. iUntreated isample iof iAluminium 
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i7075 idid inot iundergo iheat itreatment iprocess. 

 

 In ithree ipoint ibending itest, ithe isamples ishowed ia iconstant itrend iin icompression 

istrength iagainst idifferent itime iand itemperature. iHT-130 ishows ithe ihighest icompression 

istrength icompared ito iothers iwith ia ivalue iof i64.217MPa. iThis iis iproven iwith ithe iright 

iamount iof iheat itreatment iprocess, iit iproduces icarbon iwhich istrengthened ithe 

imicrostructure. iBut iwith itoo imuch icarbon, iit iwill imake ithe imaterial imore ibrittle iwhich 

iwill ireduce ithe icompression istrength. iWithout iany icarbon iat iall, iit iis istill istrong ibut ito 

imake iit istronger, iit iis ibetter ito iundergo i130°C iat i1 ihour. iFrom ithe iresult icollected 

ithroughout ithis iexperiment, iit ican ibe iconcluded ithat iat ithe iright iamount iof itemperature 

iand itime ito iform icarbon, ithe isample ishould ifunction ibetter iin imedical ifield iapplications 

icompared ito inone, iless ior iover iheated isamples ias ithe iresult iobtained ifrom ithe isample 

iare imore icomparable ito ithe iestablished istandardized ivalue. i 

 

 Furthermore, iit iis irecommended ito iundergo ithe iheat itreatment iprocess ifor ia iless 

idistance iapart ibetween itemperature isuch ias iat i5°C iinterval ito iobserve iif ithere iis ia ibetter 

iand istronger ialuminium ithat ican ibe iproduced. iTime iis ialso ineeded ito iset iat iless iapart 

idistance isuch ias i10minutes iinterval ito istudy ibetter ithe iperformance ias iwell. iWith iboth 

iof ithese, iwe ican iknow iif iat ia iright ibetter icomposition iof icarbon iproduced iin ithe 

ialuminium iwill iproduced ithe ibest iperformance iproduct. iBesides, iwe ialso ineed ito istudy 

ithe imicrostructure iat ifor iall ispecimen iso iwe ican isee iclearly ithe icarbon ipresent ior 

iperhaps ithere iare iany idefects iin ithe iproduct iwhich ialter ithe iresult. 
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APPENDICES 
 

 

1. Stress xdeformation xgraph xfor xuntreated xspecimen x 

 

 

 

2. Stress xdeformation xgraph xfor xspecimen xtreated xat xT x= x110°C xfor x1 xhours x 
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3. Stress xdeformation xgraph xfor xspecimen xtreated xat xT x= x110°C xfor x3 xhours 

 

 

4. Stress xdeformation xgraph xfor xspecimen xtreated xat xT x= x110°C xfor x5 xhours 
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5. Stress xdeformation xgraph xfor xspecimen xtreated xat xT x= x130°C xfor x3 xhours 

 

 

 

 

6. Stress xdeformation xgraph xfor xspecimen xtreated xat xT x= x150°C xfor x1 xhours 
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7. Stress xdeformation xgraph xfor xspecimen xtreated xat xT x= x150°C xfor x3 xhours 

 

 

8. Stress xdeformation xgraph xfor xspecimen xtreated xat xT x= x150°C xfor x5 xhours 

 

 


