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Abstract 

The study here under describes the impact of adding a nano-scaled 

ceramic particles on the mechanical and fatigue behaviors of aluminum 

matrix composites AMCs containing 0.5 ,1.0 ,1.5, and 2 % wt. of nano-

scaled B4C and Al2O3 particles were dispersed in molten aluminum by the 

stir-casting process. Vickers, tensile, and fatigue devices were utilized to 

evaluate the mechanical behavior of composites in the fabrication 

process. The results show that increasing the weight percentage of nano-

ceramic particles increased the hardness, maximum tensile stress, and 

fatigue strengths of the base alloy. Furthermore, all of the above 

behaviors of AMCs reinforced with B4C particles are better than those of 

AMCs reinforced with Al2O3 particles. 

Keywords: Hardness, Ultimate tensile stress, Aluminum matrix composites, 

nano- ceramic particles. 

 الملواة المنيوم الاساس ذات المتراكبة نلمواد امكلال و الميكاهيكية الخواص دراسة

  الالمنيوم اوكس يد و امبورون كربيد ناهوية بجس يمات

 سالم عزيز كاكو

 الخلاضة:

ضافة ثأ جير امبحث هذا يطف  وامكلال الميكاهيكية الخطائص على امناهوي املياس ذات امسيراميم دكائق ا 

 من وزهية وسب٪  2 و ، 0.0 ، 0.5 ، 5.0 على تحتوي امتي AMCs امومنيوم اساس ذات متراكبة لمواد

 مطهور الی دمجها و  اضافتها تم وامتي امناهوية Al2O3  و B4C  الالمنيوم اوكس يد و امبورون كربيد جس يمات

 المتراكبة المواد الخواص مفحص امكلال و امشد و فيكرز اجهزة اس تخدمت.  بالخلط امطب بطريلة ال مومنيوم

 مكلا اموزهية امنسب زيادة مع تزداد الملواة نلمادة امكلال و امشد ملاومتي و امطلادة أ ن امنتائج أ ظهرت.  المطنعة

 بجس يمات الملواة المواد خواص وان  الالمنيوم اوكس يد و امبورون كربيد المضافة امناهوية المادة جس يمات من امنوعين

 . Al2O3  الالمنيوم اوكس يد بجس يمات ثلويتها تم امتي ثلك من افضل كاهت  B4C امبورون كربيد

 .سيراميم ناهوية ،جس يمات المنيوم اساس ذات متراكبة مواد ، املطوى امشد ،ملاومة امطلادة:  المفتاحية كلماتام

1. Introduction  
Metal Matrix Composite (MMC) is a novel type 

of engineering material in which a strong ceramic 
reinforcement is dispersed into a metal matrix to 
enhance  behaviors such as strength, elastic modulus , 
tribological characteristics, excellent corrosion 
resistance, and high fatigue properties that are 
impossible to obtain in bulk metals or super 
alloys[1][2] . MMCs are composed of metals or alloys 
as matrix phase and particles or whiskers, continuous 
or discontinuous fibers as reinforcement. There are 
many reinforcements  have been used as functional  
reinforcement for promoting  the mechanical  
properties of aluminum-based alloys AlN [3], TiO2[4] 
, Al2O3 [5], SiC [6], and B4C [7] .  

MMCs combine the metallic features of matrix 
alloys (ductility and toughness) with the ceramic 
behaviors  of reinforcements (high strength and 
modulus), resulting in increased shear and 
compression strength [8].  

MMCs can be fabricated  by different  

manufacturing processes , including  mechanical 

alloying [9] , powder metallurgy  and various melting  

processes [10]. Melting process which includes the 

dispersion of ceramic reinforced particles into molten 

metals and alloys offers certain significant advantages, 

such as stronger matrix-particle bonding, easier 

matrix structure control, simplicity, and cheap 

processing cost when compared with the powder 

metallurgy. However, the melting process has two 
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fundamental problems which are first, the poor wet 

ability between the molten metal matrix and ceramic 

particles, and secondly, the ceramic particles tend to 

be float over the surface of the molten matrix and 

this due to their low density in compare with the 

liquid metal, hence, the dispersion of the ceramic 

particles will not be uniformly as required.  

AMCs strengthened with dispersion ceramic 

particles such as SiC, B4C or Al2O3 are gradually 

grown and increasingly employed in variety of new 

applications. They are considered competitive to 

other materials in many industry fields  such as  

automotive industries like (connecting rods, pistons, 

cylinder heads ), and airplanes due to their 

improvement against the fatigue failure.[11] .  

Fatigue failure usually occurs in a numerous of 

machine components as well as structures subjected 

to dynamic and variable loads. Under these 

conditions , the  failure can occur  at a stress level 

that is much lower than the tensile or yield strength 

for a static load Furthermore, it is both catastrophic 

and insidious, happening very quickly  without 

forewarning[12][13]. 

 

2. Literature review:  
A lot of researches have been done to study the 

mechanical characteristics of AMCs reinforced with 
nano-ceramic and their fabrication. Alalkawi et al. 
[14]touched upon using the stir casting technique to 
manufacture a 10% wt% of Al2O3 nano-composites 
by adding 50nm Al2O3  nano-ceramic 
particles to the 6061 Al  alloy. The experimental 
results observed that the addition of 10 wt% Al2O3 
improved constant and cumulative fatigues. The 
experimental outcomes displayed that the dispersion 
of 10 wt% Al2O3 enhance constant and cumulative 
fatigues. While Faisal and Kumar [15] studied the 
effect  of the presence of nano-SiC on the mechanical 
& tribological behaviors   of AMCs containing 0, 0.5, 
1, 1.5, 2, and 2.5 wt.%  of nano scaled SiC which are 
added by mechanical stirring . The results showed 
that adding these particles had increased wear 
resistance, tensile strength, elastic modulus, shear 
modulus, and flexural shear modulus, as well as 
increased brittle behavior. Meanwhile, Venkatesh and 
Deoghare [16] created an aluminum-kaoline 
composite using a powder metallurgical method. 

They reported that the addition of hard ceramic 
particles like Al2O3 and SiO2 in Kaoline improved the 
hardness, tensile, and compression strength of the 
manufactured composite. Srivyas and Charoo  [17] 
reviewed different reinforcements , fundamental 
mechanical and tribological  behavior on AMCs in 
dry and lubricated sliding circumstances. It has been 
demonstrated that various metal matrix 
reinforcements may be used to reduce friction and 
wear in tribological implementations.  Bodunrin et al. 
[18] tried to investigate the various reinforcing 
material blending used in the manufacture of hybrid 
AMCS .The findings of this study on different 
reinforcements are encouraging, since they showed a 
significant improvement in the properties of the 

composites produced when compared to the 
unreinforced alloy. 

This study aims to investigate the mechanical and 
fatigue property of the AAl6061 alloy strengthened 
with B4C and Al2O3 particles. 
 

2. Experimental work  
1- Materials  

The matrix material in this study was AAl6061 
alloy, which has a wide range of uses , easy to 
fabricate[19], while 50nm B4C particles and 50nm 
Al2O3 particles with weight fractions  ( 0.5, 1 , 1.5 , 
and 2 ) wt % were  employed  as reinforcements[20]. 
Spectro Spark Analyzer machine (CE, Gmb and KG 
Co., Germany, 2008) was used for the chemical 
analysis of the AAl6061 alloy. The chemical analysis 
of materials is shown in Table1. 
 

Table (1): The chemical analysis of (AAl6061), 
composition in wt % 

Elemen
t  

Mg Fe Si Cu Mn V Ti Al 

Weig
ht % 

2.2
6 

0.1
7 

0.
6 

0.3
2 

0.
8 

0.5
2 

0.0
1 

Balanc
e 

 

2. Composite Synthesis and Testing 
Procedure 

Initially, 750 grams of AAl6061 alloy were 
charged into the crucible in tiny cut pieces and heated 
in an electrical resistance furnace to 700 degrees. 
After melting 1% magnesium coated with aluminum 
foil was added to molten alloy with the aim of 
increasing more wettability of the alloy[21][22] . Also, 
0.5, 1, 1.5, and 2% of preheated nano-scaled B4C 
were added to the molten mixture and mixed with 
mechanical stirring until the mixture reached semi-
past stage with the goal of achieving good particle 
distribution in the molten alloy. Finally, the mixture 
was poured into metallic mold. The billets were air 
cooled to room temperature after fabrication. Al2O3 
particles were used in the same way[23] . The resulted 
composites and unreinforced base alloy billets were 
machined out to tensile tests [ASTM] and fatigue 
samples on CNC lathe machine showed in Figs (1) 
and (2). The surface of samples was grinded on 1000 
grit abrasive papers .X-ray diffraction XRD and 
scanning electron microscope were used for 
recognizing the base alloy and investigation changings 
in its structure after adding and dispersion 
reinforcements in it. Micro-hardness testing for the 
produced composites was performed using a vickers 
diamond indenter. The load was applied for 15 
seconds. The test was done three times, with the 
average being kept. While tensile testing machine was 
used for measuring tensile strengths of base alloy and 
composite samples. Fatigue samples were tested on 
fatigue tester machine MT3012, Germany. The tester 
is driven by an induction squirrel cage motor 3000 
r.p.m. On one side, the motor is coupled to a counter 
mechanism that reads a seven-digit number, and on 
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the other side, it is tied to a shaft with a conical 
fixture for holding fatigue samples. 

  

 

 

 

The loading device is made up of a spherical ball 
bearing and a tiny switch that shuts down the motor 
when a failure occurs. 

The loading on the test sample is increased by 
turning the loading wheel clockwise. The loading is 
measured using a spring balance (F). The value of (F) 
was discovered to be as follows. 
σ bending = FL / d3   [24]         ……………(1)   

σ bending = 0.4 б σmax              ...…….……... (2) 

Where:   σ bending is the bending stress in MPa 
 F is the applied load in N at the free end of the 
samples 
 L and d are the length and diameter of the fatigue 
sample 
 σmax is the ultimate tensile stress in MPa for 
aluminum alloy = 310 MPa. 

 
Fatigue samples subjected to different stresses 

50,100,150,200,250,300,350 and 400 MPa, On the 
other hand, the number of cycles during which the 
test samples were subjected to fracture was recorded.  

 

4. Results and Discussion: 
The fabricating AMCs which containing ceramic 

particles during casting process is typically 
problematic due to poor wettability and 
agglomeration of nanoparticles in the melting alloy. 
Figure (3) XRD pattern shows Al6061 aluminum 
solid solution. While figure (4), SEM shows the 
developed AMCs. Regular distribution and dispersion 
of nanoparticles besides agglomerated nanoparticles 
of B4C were seen in the base matrix. 

XRD pattern of the Al2O3 reinforced composite 

presented in Figure (5). It shows that the fabricated 

composite is consisting of aluminum and Al2O3 in 

addition to spinel (Al Al2O3Mg). These phases are 

formed after the casting and fabrication of the AMCs 

which all shall modify the properties of the 

composite. 

 

 

. 

 

 

  

 

 

 

 

Figs. (6) and (7) show the result of micro-Vickers 

hardness number and the ultimate tensile stress of 

base alloy and composites versus weight fraction of 

ceramic particles. It was recorded that the hardness 

and maximum tensile stress of composites are higher 

than the base alloy because of the function of nano-

ceramic reinforcements in the aluminum. These 

particles act as: firstly, the ceramic particles tend to 

prevent the mobility of the grain boundaries and limit 

the grain growth. Secondly, the change in 

deformation of hard ceramic particles and soft 

aluminum matrix during plastic deformation assists in 

the fragmentation of grains. It was also shown that 

hardness and maximum tensile stress of B4C 

reinforced composite is higher than Al2O3 because 

the hardness and stiffness of B4C higher than Al2O3. 

Fig. (2): shows fatigue sample 

Fig. (1): shows tensile sample 

Fig. (3): Explains X-ray diffraction pattern for 
 nano Al2O3 reinforced AMCs 

Fig. (4): SEM micrographs showing particle 

distribution in (a) 0.5 wt% B4C, (b) 1 wt% B4C, 

(c) 1.5 wt%  B4C,  and (d) 2 wt% B4C 

Fig. (5): Shows X-ray diffraction pattern for 

nanoparticles Al2O3 reinforced AMCs. 
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Furthermore, the thermal expansion coefficients of 

B4C are different. Additionally, the variation in the 

coefficient of thermal expansion for B4C and Al2O3 

(4.5 *10-6 /°C for B4C and 8.8 * 10-6 /°C for Al2O3) 

also is another factor in reducing the hardness.  

 

 

 

 

Fig. (8), Fig. (9) and Fig. (10) indicate the result of 
cycles to failure versus composites weight fraction of 
nano-ceramic particles. The number of cycles to 
failure increase with increasing of weight percentage 
of reinforcement due to addition and dispersion of 
these reinforcement particles in the base alloy. These 
particles block the movement of dislocations and 
produce a definite strengthening effect. The average 
block increase with increasing weight fractions of 
reinforcement. Also, it was shown that the cycles to 
failure of AMCs reinforced with B4C are slightly 
greater than AMCs reinforced with Al2O3 particles. 
This is attributed to the high mechanical properties of 
B4C particles compared with Al2O3 particles in which 
the ultimate tensile strength of B4C and Al2O3 is 6.5 
GPa and 1.5 GPa. At the same time Vickers hardness 
for B4C and Al2O3 is 2500 kg/mm2 and 1100 
kg/mm2 respectively. 

Figures (11) and (12) indicated the relation between 

the cycles to failure versus fluctuating stress for the 

base alloy and AMCs. Increasing cycles to failure 

result from elastic–plastic fracture mechanism. This 

mechanism causes the nucleation and growth of a 

crack due to the applied cyclic stress. Due to this 

reason the fatigue failures seem occur so suddenly 

that the bulk of the changes in the material are not 

visible. Also, it seems that the unreinforced base alloy 

and AMCs do not have a fatigue limit because of 

external factors (such as: the internal structure of 

material, the alignment of sample, the general shape 

the sample test, the surface roughness of the sample 

under stress), in addition to the external factors 

(fabricating and specifications). 

 

 

 

 

 

 

 

 

Fig. (10): Cycles to failure versus Ceramic 

particles weight fr ction wt% under 400 MPa 

Fig. (6): Shows ultimate tensile strength versus 

ceramic particles weight fraction 

Fig. (7): Shows micro-Vickers number 

versus ceramic particles weight fraction 

Fig. (8): Cycles to failure versus ceramic particles 

weight fraction wt% under 50 MPa 

Fig. (9): Cycles to failure versus ceramic 

particles weight fraction wt% under 250 

MPa 
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5. Conclusions 
In this investigation, the impact of addition 

0.5%,1%,1.5%,2% B4C and Al2O3 nano-scaled 

ceramic on mechanical properties and fatigue 

behavior of AA6061 alloy were studied. The ceramic 

inclusion had shown noticeable improvements in 

mechanical behaviors (i.e., hardness and maximum 

tensile stress). and fatigue behavior.  

 The hardness value of AMCs increased with 

increasing of wt% of ceramic particles. 

 The maximum tensile stress of AMCs increased 

up to 303 MPa. 

 The hardness value and maximum tensile stress of 

AMCs reinforced with nano-scaled B4C is a little 

bit higher than nano-scaled Al2O3  

 The addition of 0.5%,1%,1.5%,2% B4C and 

Al2O3 nano-scaled ceramic cause improvement in 

the fatigue life of the AA6061. 
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