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 يهخص انبسث .

 انظباكت انخاصت بخقُُتحقُُى بعض يظبىكاث الأنىيُُىو انًُخدت 

   A356اٌٝ دساعت اٌخٛاص اٌّيىأيىيت ٚاٌبٕيت اٌّجٙشيت ٌغبيىت الإٌِٔٛيَٛ :َهذف هذا انبسث

بعذة طشق ِخخٍفت. ٚحؤريش اضافت دبيباث  أوغيذ  ِخشيتإٌأٛ  ZrO2اٌّمٛاٖ بّعاٌجت دبيباث

مٕيت اٌخمٍيب ٚوزٌه ح( بؤعخخذاَ ZrO2  % 5-1)ٔغب حخشاٚح بيٓ  30nm ِخشيتاٌضسوٛٔيَٛ إٌأٛ

 .A356عٍٝ اٌخٛاص اٌّيىأيىيت ٚاٌبٕيت اٌّجٙشيت ٌغبيىت الإٌِٔٛيَٛ  T6حؤحيش اٌّعاٌجت اٌذشاسيت

 :قظى انبسث انً ثلاحت اخشاء

 ِخخٍفت حصٕيع ٚاٌّعاٌجت بعذة طشق ِخشيتإٌأٛ  ZrO2حؤحيشدبيباث: اندشء الاول يٍ انبسث          

( عٍٝ اٌخٛاص اٌّيىأيىيت ٚاٌبٕيت Direct ,capsulate ,regular))إٌّخظّت, اٌىبغٌٛت, اٌّباششة ( 

صُّ ٌٙزا اٌغشض فشْ   .((Rheo-castingبطشيمت شبٗ صٍبت    A356اٌّجٙشيت ٌغبيىت الإٌِٔٛيَٛ

 ة دليمخاْ عٕذ عشعتذارٕاء الأضافت ٌٍّصٙٛسٌّ ِخشيتِضٚد بآٌيت ِيىأيىيت ٌخمٍيب اٌذبيباث إٌأٛ

 َ.° 610-595 رُ صب اٌعيٕاث عٕذ دسجت دشاسة ٌفت فٝ اٌذليمت، 670

اٌّعاٌجت بعذة  طشق   ِخشيتإٌأٛ  ZrO2دبيباث افتضحؤحيش أ :اندشء انثاًَ يٍ انبسث          

اٌخٛاص اٌّيىأيىيت ٚاٌبٕيت اٌّجٙشيت  ي( عٍ ZrO2wt. %1- 5 )ٔغب حخشاٚح بيٓ حصٕيع ِخخٍفت

 .A356 ٌغبيىت الإٌِٔٛيَٛ

عٍٝ اٌخٛاص اٌّيىأيىيت ٚاٌبٕيت  T6 حؤحيش اٌّعاٌجت اٌذشاسيت يٍ انبسث: اندشء انثانث          

إٌأِٛخشيت ٚاٌّعاٌجت  ((wt. ZrO2 %3  ذبيباثب اٌّمٛاة  A356 اٌّجٙشيت ٌغبيىت الإٌِٔٛيَٛ

 monolithic بذْٚ اضافاث ِع ( وافضً ٔخيجت في اٌجضء اٌزاcapsulateٝٔ) بطشيمت اٌىبغٌٛت

cast alloy  ٌٙا حُ اٌخبشيذ رُ اجشيج ٚبعذ رٌه عاعاث 2َ ٌفخشة °550 باٌخغخيٓ عٕذ دسجت دشاسة 

 .عاعاث 2،4،6َ ٌفخشاث °180َ ٚ°170شاسةعٕذ دسجت د( aging) اٌخعخيك عٍّيت

حؤحيش الاضافت عٍٝ اٌخٛاص اٌّيىأيىيت ديذ وأج افضً ٔخيجت حُ  يٍ اهى َخائح هذا انبسث          

، باعخخذاَ طشيمت إٌأِٛخشيت  % ِٓ دبيباث أوغيذ اٌضسوٛٔي3َٛاٌخٛصً اٌيٙا عٕذ اضافت ٔغبت 



 ِماِٚت اٌشذأعٍٝ  ، ( Capsulate) feedingالإٌِٔٛيَٛالإضافت بٛاعطت وبغٌٛت ِٓ سلائك 

165MPa% 60، ٚاٌصلادة4.7، ٚالاعخطاٌتHRB   اظٙشث إٌخائج عذَ أخظاَ دبيباث ٚوزٌه

اٌّعاٌجت اٌذشاسيت اجشاء ٚوزٌه بعذ .  matrixفٝ اٌبٕيت اٌّجٙشيت ٌغبيىت الإٌِٔٛيَٛ  ِخشيتإٌأٛ

ديذ حُ حٛصيع بأخظاَ دٛي اٌذبيباث   eutectic silicon lamellaeدذد حغيش فٝ شىً ٚحجأظ

ضافت عٍٝ اٌخٛاص اٌّيىأيىيت ديج دذد ٚوزٌه ٕ٘ان حؤريش ٚاضخ ٌلا interdendriticٚداخً 

حذغٓ في ِماِٚت  ٚوزٌه%، 3صيادة فٝ ِماِٚت اٌشذ ٚالاعخطاٌت ٚاٌصلادة الاضافت ٌٍذبيباث بٕغبت 

% 4.5، ٚوزٌه صادث ليّت الاعخطاٌت ِٓ 198MPa اٌٝ  MPa 119اٌشذ ِع اٌغبيىت الاصٍيت ِٓ

ٔجذ حؤحيش دبيباث  .HRB .70اٌٝ  23HRB % ، ٚوزٌه صاد ِخٛعظ ليّت اٌصلادة 6.4ِٓاٌٝ

ٚوزٌه ٚجذ اْ  .ْٚ اضافاثذيت عٍٝ اٌخٛاص اٌّيىأيىيت افضً ِٓ عبيىت الإٌِٔٛيَٛ بِخشإٌأٛ

يت عٍٝ اٌخٛاص ِخشٕأٛاٌذبيباث اٌاضافاث فٝ  اٌّعاٌجت اٌذشاسيت ٌٍغبيىت افضً ِٓ اٜ صيادة

 اٌّيىأيىيت

 كهًاث انبسث:         

 اٌّعاٌجت–اٌصلادة –يت_ ِماِٚت اٌشذ ِخشٔٛإٌا  ZrO2_دبيباثاٌغباوت باٌخمٍيب_عبائه الإٌِٛيَٛ

 اٌذشاسيت
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ABSTRACT 

       The main objective of this work is to study the enhancement of 

microstructure & mechanical properties of A356/ZrO2 Metal Matrix 

nano composites. For completing such study different treatments 

were executed for the additives at different volume fraction using stir 

casting technique. Also heat treatment affected the fabricated 

composites was studied. 

       Recent investigation has-been divided into three parts: 

Part I: This section describes the effect of using different 

nanoparticles feeding routes (direct, capsulate & regular) treatments 

of nanoparticles (as additives) on the microstructure and mechanical 

properties of A356 alloy. 

        A number of cast samples of A356 alloy were prepared by rheo-

casting in a specially designed and built resistance furnace unit 

allowing feeding ZrO2 nano- particles (30nm) in to the slurry in the 

semi-solid state with mechanical stirring at constant parameter (temp 

stirring 595-610°C, stirring speed 670 r.p.m at stirring time 2 

minute). 

Part II: This section presents the effect of different weight% of nano 

particles addition (1%, 2%, 3%, 4% & 5%) on the microstructure and 

the mechanical properties of the nano ZrO2 reinforced A356 cast 

alloy. 

 Part III: This section presents the results obtained in this work 

for the microstructure and mechanical properties of capsulate  

feeding 3% ZrO2 nanoreinforced A356 alloy with compare to 

monolithic cast A356 alloy in T6 heat treated condition. The 
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samples were solution treated at temperature of 550°C for 2 hours, 

followed by aging at different temperatures (170°C&180°C), for 

different aging times (2, 4 & 6 hours).  

        The results showed that microstructure of the nano composite 

samples revealed grain refinement in aluminum matrix support 

dendrite and inter lamellar spacing in the eutectic silicon phase for 

the nano composite ZrO2 .The capsulate treated feeding at 3% ZrO2 

alloy has the best mechanical properties (Strength 165MPa, 

%Elongation 4.7& Hardness 60 HRB), compared to monolithic cast 

alloy (Strength 119MPa, %Elongation 4.5& Hardness 23 HRB). The 

heat treatment T6 produced for capsulate feeding 3%ZrO2 Alloy 

result has better than monolithic casted alloy (Strength from 119MPa 

to 198MPa, %Elongation from 4.5 to 6,4 , Hardness from 23 to 70 

HRB), an effective change on morphology of the eutectic silicon 

lamellae. More details discussed using SEM and EDX analysis. 

       The nano-composites exhibited better mechanical properties 

when compared with the A356 monolithic alloy, also the addition of 

3% ZrO2 nanoparticles, and heat treated T6 process has the best result 

in mechanical properties. 
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