
IJE TRANSACTIONS B: Applications  Vol. 33, No. 8, (August 2020)   1579-1589 
 

  
Please cite this article as: M. Azadi, H. Aroo, Temperature Effect on Creep and Fracture Behaviors of Nano-SiO2-composite and 
AlSi12Cu3Ni2MgFe Aluminum Alloy, International Journal of Engineering (IJE), IJE TRANSACTIONS B: Applications  Vol. 33, No. 8, (August 
2020)   1579-1589 

 
International Journal of Engineering 

 

J o u r n a l  H o m e p a g e :  w w w . i j e . i r  
 

 

Temperature Effect on Creep and Fracture Behaviors of Nano-SiO2-composite and 

AlSi12Cu3Ni2MgFe Aluminum Alloy  
 

M. Azadi*, H. Aroo 
 
Faculty of Mechanical Engineering, Semnan University, Semnan, Iran 

 
 

P A P E R  I N F O   

 
 

Paper history: 
Received 21 February 2020 
Received in revised form 26 March 2020 
Accepted 07 June 2020 

 
 

Keywords:  
Creep Property 
Piston Aluminum Alloy 
Aluminum Alloy Matrix Nano-composite 
Temperature Effect 
Fracture Behavior 

 
 
 

 

A B S T R A C T  
 

 

In the presented article, the temperature effect was studied on creep properties and fracture behaviors of 

AlSi12Cu3Ni2MgFe aluminum-silicon alloys, unreinforced and reinforced with SiO2 nano-particles. For 

such objective, standard specimens were fabricated by gravity casting and stir-casting methods, for 
aluminum alloys and nano-composites, respectively. Then, force-controlled creep testing was performed 

on standard specimens at 250, 275 and 300°C, under 100 MPa. Then, to find failure mechanisms, the 

fracture surface of test samples was also analyzed by the field emission scanning electron microscopy. 
Experimental results depicted the temperature changed creep behaviors of both materials, effectively. 

Moreover, a significant improvement in creep properties was observed by reinforcing the aluminum 

matrix with nano-particles, besides a heat treatment process. Such an increase in the creep lifetime was 
higher at 300°C. In addition, the fracture surface investigation of both materials implied the same brittle 

behavior, with quasi-cleavage marks. The failure location changed from inside the intermetallic phase 

into boundaries of the intermetallic phase in the nano-composite.   

doi: 10.5829/ije.2020.33.08b.16 
 

 
1. INTRODUCTION1 
 
Nowadays, aluminum alloys have been vastly utilized in 

engine and automotive industries, due to advantages such 

as good casting behavior, low density, proper wear 

resistance and moderate thermal behavior [1-3]. In order 

to improve these characteristics, especially at higher 

temperatures for engine piston applications, the addition 

of the nickel element to the alloy and the heat treatment 

process could be used. As an innovative approach, 

ceramic-reinforced aluminum matrix composites have 

been developed by adding nano-particles. 

According to the operation condition of engine 

pistons, high-temperature behaviors of the material 

should be investigated, such as the creep lifetime and the 

stress relaxation. In this field of study, different articles 

were presented for aluminum-silicon alloys. Although 

investigations about creep properties of metal matrix 

composites are still rare. In following paragraphs, a 

literature review could be seen for aluminum alloys, not 
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in details. Since the main topic is to highlight the nano-

composite. 

Ishikawa et al. [4] studied creep behaviors of highly 

pure aluminum at lower temperatures. They showed that 

the creep rate depended upon the applied stress and the 

cyclic stress had an effect on the creep lifetime. Jenabali 

Jahromi [5] presented creep behaviors of the spray-cast 

heat-treatable AlZnMgCuZr aluminum alloy. Their creep 

rate results at 120°C indicated a much lower rate of the 

alloy, compared to the ingot-cast 7075 aluminum alloy. 

Ishikawa and Kobayashi [6] found that the minimum 

strain rate was seen instead of the steady state condition 

in creep and rupture behaviors of the A5083 aluminum-

magnesium alloy. Dobes and Milicka [7] studied creep 

behaviors of Al-5.5wt.%Mg and Al-13.7wt.%Zn 

aluminum solid solutions, at 300 to 500°C. Srivastava et 

al. [8] investigated the low-stress creep behavior of the 

7075 high strength aluminum alloy, at 350-410°C to find 

the stress exponent. Lin et al. [9] demonstrated that the 

stress had a significant effect on the whole creep 
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deformation process at 250°C for the pure copper and at 

150°C for the aluminum alloy.  

Requena and Degischer [10] presented creep 

behaviors of unreinforced and short fiber reinforced 

AlSi12Cu3Ni2MgFe aluminum alloys at 300°C. They 

found that 15 vol.% of the reinforcement was the highest 

creep resistant, while 20 vol.% had lower creep resistant 

than 10 and 15 vol.%, due to its higher defect density and 

larger interface area. Couteau and Dunand [11] studied 

the creep behavior of aluminum syntactic foams at 500°C 

and showed that the minimum strain rate varied with the 

stress, by changing the stress exponent. Kandare et al. 

[12] modeled creep-based lifetime prediction of 

aluminum in fire. The model was validated by fire 

structural tests, performed on a non-age-hardening 5083 

H116 aluminum alloy. Li et al. [13] presented modeling 

of high-temperature creep behaviors of 7075 and 2124 

aluminum alloys by continuum damage mechanics, with 

a good agreement. Maximov et al. [14] modeled strain 

hardening and creep behaviors of the 2024-T3 aluminum 

alloy at different temperatures. The constitutive model 

authenticity was proved experimentally, besides finite 

element simulations. 

Zhan et al. [15] studied effects of process parameters 

on mechanical properties and the microstructure of 

creep-aged 2124 aluminum alloys. Their results implied 

that the creep strain and the creep rate increased by 

increasing the ageing time, the temperature and the stress. 

Fernandez-Gutierrez and Requena [16] investigated the 

effect of the spheroidization heat treatment on the creep 

resistance of a cast AlSi12CuMgNi aluminum alloy. 

They indicated that the highest creep resistance gradually 

decreased by increasing the solution treatment time, due 

to the loss of the load bearing capability of rigid phases. 

Zhang et al. [17] evaluated asymmetric tensile and 

compressive creep behaviors in the ZL109 aluminum 

alloy. They found that at high temperatures or high stress 

levels, the ratio between tensile and compressive creep 

rates was as large as 10. Spence and Makhlouf [18] 

indicated that residual compressive stresses on the 

machined surface caused the material to creep and the 

creep rate increased by increasing the temperature in 

4032-O and 6061-T6 aluminum alloys. Yang et al. [19] 

simulated the AA2524 aluminum alloy in creep age 

forming at temperatures of 180-200°C.  

Lie et al. [20] showed that due to fine transgranular 

precipitates, the creep-aged 7050 aluminum alloy with 

initial tempers of the solution and the re-solution 

exhibited higher mechanical properties than that of the 

retrogression with coarse transgranular precipitates. 

Erdeniz et al. [21] studied the effect of vanadium micro-

alloying on microstructural and creep behaviors of Al-Er-

Sc-Zr-Si aluminum alloys, with and without L12-ordered 

coherent Al3(Er,Sc,Zr) nano-scale precipitates. Xu et al. 

[22] found that the creep strain magnitude of the 2524 

aluminum alloy greatly increased with increasing the pre-

strain due to the precipitation process, reducing the 

average size of Al2CuMg phases. Li et al. [23] developed 

a unified constitutive model for creep-ageing of the 

AA2050-T34 Al-Cu-Li alloy. Yang et al. [24] 

investigated the effect of the pre-deformation on creep 

age forming of the 2219 aluminum alloy. Their results 

indicated that the pre-deformation could prolong the 

duration of the primary creep stage and considerably 

facilitated the creep strain.  

Spigarelli and Sandstrom [25] presented basic creep 

modelling of the pure aluminum, which was compared to 

experimental data. Lei et al. [26] investigated thermal-

mechanical loading sequences related creep ageing 

behaviors of the 7050 aluminum alloy. They showed that 

the alternative of the ageing furnace or the autoclave 

could cause inverse thermal-mechanical loading 

sequences, including loading prior to heating in the 

ageing furnace or heating prior to loading in the 

autoclave. El Amri et al. [27] performed thermal and also 

thermo-mechanical simulations in the 6061 aluminum 

alloy. They applied a numerical procedure to assess the 

thermo-mechanical damage at high temperatures, using 

the ABAQUS software. They depicted that the 

performance of the proposed model was good. 

Belodedenko et al. [28] studied fatigue resistance models 

of structures for the risk-based inspection. They proposed 

two basic models, including the lifetime general equation 

and the lifetime dispersion equation. 

Consequently, in the mentioned literature review, all 

articles were about creep behaviors of aluminum alloys. 

However, in the following, more details of another 

literature review could be seen for aluminum matrix 

composites whose articles are rare in comparison to those 

of aluminum alloys.  

Cadek et al. [29] studied the threshold creep behavior 

of discontinuous aluminum and aluminum alloy matrix 

composites. They showed that the creep-strengthening 

effect of silicon carbide particulates, silicon carbide 

whiskers and alumina short fibers was high, although 

particulates, whiskers and short fibers did not represent 

effective obstacles to dislocation motions. Ji et al. [30] 

investigated the creep behavior of TiCP/2618 aluminum 

matrix composite at 250, 300 and 350°C. Their results 

indicated that both the stress exponent and the apparent 

activation energy of the composite were higher than those 

of the 2618 aluminum alloy. They depicted that the 

existence of TiC particles significantly improved the 

high-temperature creep property of the 2618 aluminum 

alloy. On this research, Gonzalez-Doncel and Fernandez 

[31] presented some comments. They improved the creep 

response of 2618Al with 15 and 20 vol.% of TiCP, 

assuming a mechanism of the load transfer from the 

aluminum alloy matrix to TiCP. Fernandez and Gonzalez-

Doncel [32] checked the creep fracture behavior of 

aluminum alloys and aluminum alloy metal matrix 

composites. They found a good correlation between 
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experimental data and results of the phenomenological 

Monkman-Grant model. 
Choi and Bae [33] investigated creep properties (at 

250°C) of aluminum-based composites, containing 4.5 

vol.% of multi-walled carbon nanotubes (CNT). They 

depicted that the composite had higher creep resistance 

at the applied stress, higher than 200 MPa. Below 110 

MPa, the composite showed a negligible dependency of 

the strain rate on the stress, due to the diffusional flow of 

the matrix, which was significantly restricted by 

nanotubes. Sudharshan Phani and Oliver [34] performed 

a comparison of high-temperature nano-indentation 

creep and uniaxial creep measurements 27-550°C for the 

commercial purity aluminum. Uniaxial power-law creep 

parameters (the stress exponent and the pre-exponential 

term) were calculated from indentation data, for the 

comparison of results to uniaxial data. Their results 

demonstrated a good agreement with literature values. 

Saberi Kakhki et al. [35] studied impression relaxation 

behaviors of Al/4%-SiC nano-composites. They showed 

a constant relation between the stress relaxation and the 

compression creep rate. SiC nano-particles acted as 

work-hardening areas, the porosity and the non-

symmetrical distribution of SiC caused variations of the 

steady state relaxation rate or creep rate. Zhao et al. [36] 

improved elevated-temperature mechanical properties of 

Al-Mn-Mg, containing TiC nano-particles. They 

indicated that TiC nano-particles significantly increased 

the strength at the ambient temperature and at 200°C. At 

higher temperatures, such strengthening effect 

diminished, due to the activated dislocation climb.  

As a conclusion on the second part of the literature 

review, it could be concluded that several articles were 

published on creep properties of aluminum alloys. 

Moreover, creep properties of the nano-composite were 

rarely published. Different nano-particles were 

introduced such as CNT [33], SiC [35], TiC [37], Al2O3 

and CuO [38], with the weight percentage of 1-4% 

[35,38]. In addition, creep behaviors of piston aluminum-

silicon alloys, with and without SiO2 nano-particles, as a 

special case study, were experimentally studied in this 

research. This could be the novelty, since no report could 

be found on such a material. Besides, this article has been 

presented to complete previous researches [1-3]. It 

should be noted that in the literature [38], 2% SiO2 nano-

particles were added to the aluminum alloy, which led to 

lower creep properties. In this report, the weight 

percentage of nano-particles reduced to 1% and creep 

experiments were done under different temperatures. For 

this objective, standard test samples were casted, 

machined and tested under creep loading under a 

constants load. Then, obtained results are presented in 

figures and tables. Therefore, the structure of this article 

includes the introduction, experimental works, results, 

the discussion and conclusions.  

 

2. EXPERIMENTAL WORKS 
 
In this article, the studied material was a piston aluminum 

alloy. The chemical composition of this material was 

12.5 wt.% Si, 0.4 wt.% Fe, 2.4 wt.% Cu, 0.7 wt.% Mg 

and 2.2 wt.% Ni, besides the aluminum matrix. The 

flowchart for the whole stages of experimnetal works in 

this research is shown in Figure 1. 

To reinforce the material, SiO2 nano-particles were 

used to add into the aluminum matrix. Azadi and Aroo 

[38] reported that 2% SiO2 nano-particles reduced the 

creep lifetime of the material. Therefore, in this research, 

the weight percentage was considered as 1%. For this 

objective, nano-particles were firstly coated by 

aluminum micro-powders in a planetary ball mill device. 

More details of such works were presented in the 

literature [1-3]. As an important note and based on 

previous reports [1-3], the X-ray diffraction (XRD) 

analysis and images of the transmission electron 

microscopy (TEM) showed a proper process for coating.  

The fabrication technique for the piston aluminum-

silicon alloy was the gravity casting approach. The 

production method for the aluminum matrix nano-

composite was the stir-casting process. Cylindrical 

specimens were initially casted in a cast-iron permanent 

mold for aluminum-silicon alloys, unreinforced and 

reinforced by nano-particles. After casting, nano-

composite specimens were also heat treated at 500°C for 

5 h, quenched in water and aged at 180°C for 9 h [39]. 

More details for fabricating samples could be seen in the 

literature [38]. 

 

 

 
Figure 1. The flowchart of experimnetal works in this 

research. 
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For the experimental investigation, creep tests were 

carried out on the studied material, based on the ASTM-

E139-11 standard [40]. The applied stress was 100 MPa 

in all creep tests on both materials. This loading case was 

considered due to working conditions of engine pistons 

[38]. However, the temperature was considered as 250, 

275 and 300°C. Since the maximum temperature of 

pistons in internal combustion engines has been around 

300°C [10, 16]. The creep specimen geometry is depicted 

in Figure 2. Dimensions are in millimeter in Figure 2. 

Standard specimens were machined from casted 

cylinders, made from the aluminum-silicon alloy and the 

aluminum alloy nano-composite. Creep tests were 

performed by the SCT-300 creep testing machine 

(SANTAM Company). More descriptions of tests could 

be observed in the literature [41]. 

To study the fracture surface, the field-emission 

scanning electron microscopy (FE-SEM) was used based 

on the MIRA TESCAN model, in the secondary mode. 

In addition, the energy dispersive X-ray spectroscopy 

(EDS) map was utilized to indicate the chemical 

composition of materials, in the back-scattered mode of 

FE-SEM images. In addition, the other objective of the 

back-scattered FE-SEM image was to check the 

distribution of nano-particles in the matrix. Then also, to 

find the effect of the heat treatment and nano-particles, 

before testing, microstructures were examined by the 

optical microscopy (OM), using the Olympus model. For 

such objective, a polishing process was firstly performed 

on specimens and then, a Keller etchant was used [1,3]. 

 

 

3. RESULTS and DISCUSSION 
 
As a first result, the microstructure of aluminum-silicon 

alloys, unreinforced and reinforced with nano-particles, 

before creep testing, can be seen in Figure 3, including 

OM images. It should be noted that the nano-composite 

was also heat treated, as mentioned. According to Figure 

3, both materials had almost the same microstructure, 

based on observed phases. However, the size of different 

phases was not the same in the aluminum-silicon alloy, 

with and without nano-particles. 
 

 

 

 
Figure 2. The specimen geometry in millimeter of creep 

testing, based on the ASTM-E139-11 standard 

 
(a) 

 
(b) 

Figure 3. Microstructures of aluminum alloys, (a) 

unreinforced and (b) reinforced with nano-particles, before 

creep testing. 

 

 
The investigated material had different phases [1,3]. 

The first phase was the matrix (α-Al) whose color was 

light gray. The second phase was Si, which was 

homogeneously distributed in the matrix in a blocky 

form, including polyhedral crystals with a flaky 

morphology. Zainon et al. [42] reported that there were 

two types of Si phase, including the flake-like form and 

the coarse primary Si particle. The intermetallic phase 

was (Al,Ni), which could be seen in a black-colored 

regime. Another intermetallic phase was (Al,Cu) with a 

brown color. Such obtained results are consistent with 

those reported in the literature [43-45]. 

The heat treatment increased the amount of the 

(Al,Ni) intermetallic phase in the aluminum matrix. Such 

phenomenon could enhance and improve the strength of 

the material. In addition, the shape of the Si phase, after 

the heat treatment, became the flake-like morphology. 

Then also, adding SiO2 nano-particles to the aluminum 

matrix caused to change the morphology of the (Al,Ni) 

intermetallic phase, into the flaky shape. Besides, nano-

particles were joined to the Si phase and therefore, higher 

amount of Si could be seen in the microstructure of the 
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nano-composite. However, the size of the Si phase 

decreased by nano-particles. As a result, the ratio of the 

diameter to the length for intermetallic phases and the Si 

phase decreased. Such presented results were reported in 

the literature [45-46]. In addition, Issa et al. [47] found a 

decrease in the grain size, when ceramic nano-particles 

reinforced the matrix.  

Besides OM images, in order to illustrate the 

distribution of nano-particles in the aluminum matrix, the 

back-scattered FE-SEM image was also checked. More 

details about this investigation could be found in the 

literature [1,3]. As a result, based on the reported results 

in previous works [48-49], the maximum size of nano-

particles in the matrix was less than 100 nm, which 

showed no agglomeration. Besides, the distribution of 

nano-particles in the aluminum matrix was also proper. 

Obtained results from creep testing, including curves 

of the strain versus the time and the strain rate versus the 

time can be seen in Figures 4 and 5. It should be noted 

that a logarithmic scale was used for the time and the 

strain rate, to show all data in a wide range. As another 

note, one creep test was stopped for the nano-composite 

at 250°C, due to limitation of facilities. This long creep 

time was more than 46.8 h, which is equal to about 2 days 

of testing. As another note, for data at 300°C, curves of 

the strain and also the strain rate were logically 

differentiated from curves for two other temperatures. 

The reason for such a behavior was the creep lifetime at 

300°C, which was too short (1.6 min and 33.4 min for 

specimens, without and with nano-particles), comparing 

to other creep lifetimes at two other temperatures. 

Besides creep curves, Table 1 shows creep results, 

including the minimum strain rate, the rupture strain and 

the rupture time. Based on these results, as expected, by 

increasing the temperature, the creep lifetime of materials 

decreased. This creep lifetime of the nano-composite 

improved 1135 (at least), 46 and 1988%, when compared 

to the creep lifetime of the aluminum-silicon alloy, at 

250, 275 and 300°C, respectively. The second value 

(46%) for such improvement at 275°C of the material by  

 

 

 
(a) 

 
(b) 

Figure 4. The strain versus the time for aluminum alloys, (a) 

unreinforced and (b) reinforced with nano-particles 

 

 
(a) 

 
(b) 

 
Figure 5. The strain rate versus time for aluminum alloys, 

(a) unreinforced and (b) reinforced with nano-particles 
 

 

 

adding SiO2 nano-particles was not in the order of other 

enhancement values. It means that the sample could have 

higher creep lifetime. The reason was to have a big 

microstructural defect due to the casting process. 

However, the creep lifetime of the nano-composite was 

still higher than that of the aluminum alloy, without nano-

particles. This claim could be proved by FE-SEM images 

of the fracture surface as follows.  
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TABLE 1. Results of creep testing on aluminum alloys, 

unreinforced and reinforced with nano-particles 

Temperature 

(°C) 

Minimum strain 

rate (1/min) 

Rupture 

strain (-) 

Rupture 

time (min) 

 Without nano-particles 

250 0.000286 0.0885 227.3 

275 0.000306 0.0658 140.1 

300 0.028907 0.0616 1.6 

 With nano-particles 

250 Not finished 
Not 

finished 

>2807.1 

Not finished 

275 
0.000179 

Diff.: 42% 

0.0618 

Diff.: 6% 

205.1 

Diff.: 46% 

300 
0.001014 

Diff.: 96%  

0.0531 

Diff.: 14% 

33.4 

Diff.: 1988% 

*Diff.: Percentage difference comparing to data without nano-particles. 

 

 

The rupture strain decreased, when the temperature 

enhanced, for both aluminum-silicon alloys, 

unreinforced and reinforced one with nano-particles. The 

rupture strain for the nano-composite was lower than the 

rupture strain of the aluminum-silicon alloy, at all 

temperatures. Besides, by increasing the temperature, the 

minimum strain rate increased. This minimum strain rate 

decreased when nano-particles were added to the 

aluminum alloy, without nano-particles. Such results 

were also represented in the literature [6,12], for 

aluminum alloys. Ishikawa and Kobayashi [6] indicated 

that the minimum strain rate had the dependence to the 

applied stress and the temperature. Besides, increasing 

the temperature caused to the enhancement of the 

minimum strain rate. Such same results were observed in 

the research. Kandarea et al. [12] showed that by 

increasing the temperature, the creep lifetime decreased, 

which showed a good agreement with the obtained results 

of this article. 

To find the activation energy (𝑄) for the creep 

behavior in aluminum-silicon alloys, unreinforced and 

reinforced with nano-particles, the following equation 

could be used [50]: 

𝜀�̇�𝑖𝑛 = 𝐴𝑒𝑥𝑝 (
−𝑄

𝑅𝑇
)  (1) 

in which, 𝜀�̇�𝑖𝑛 is the minimum strain rate, 𝐴 is a material 

constant, 𝑅 is the gas global constant, which is 8.314 

J/mol.K and 𝑇 is the temperature in Kelvin. By using a 

logarithmic scale for such equation and curve fitting, one 

obtains: 

𝑙𝑛(𝜀�̇�𝑖𝑛) = 𝑙𝑛(𝐴) − (
𝑄

𝑅
)
1

𝑇
  (2) 

And comparing to a linear equation, such as 𝑌 = �̅� −
�̅�𝑋, where: 

𝑌 = 𝑙𝑛(𝜀�̇�𝑖𝑛), �̅� = 𝑙𝑛(𝐴), �̅� =
𝑄

𝑅
, 𝑋 =

1

𝑇
  (3) 

the material constant and the activation energy could be 

found. Obtained results for such investigation is shown 

in Figure 6.  

The coefficient of determination for the aluminum-

silicon alloy, without nano-particles, was about 74%, 

according to the mentioned problem for the sample at 

300°C (having a sudden failure and very low creep 

lifetime and high minimum strain rate). For the nano-

composite, there were only two data, since the creep test 

at 250°C was not finished. However, it was over-

predicted in Figure 6. Therefore, no proper conclusion 

could be generally obtained from these results, since 

there was a non-proper variation in experimental data. In 

further investigations, the repeatability of testing would 

be performed for a proper conclusion. However, the 

number of experimental data was enough for comparing 

results of aluminum alloys, with and without nano-

particles. Thus, is could be claimed that reported 

experimental data was reliable.    

However, based on obtained results in Figure 6, the 

activation energy was calculated as 181.2 and 226.6 

kJ/mol, for aluminum-silicon alloys, unreinforced and 

reinforced with nano-particles, respectively. 

Consequently, the addition of nano-particles into the 

matrix reduced the activation energy of the material. 

However, this statement could not be correct due to the 

non-proper variation in testing. In other words, this range 

of activation energy (181.2-226.6 kJ/mol) was due to the 

low repeatability of testing and it seems that nano-

particles have no significant effect on the activation 

energy. The only claim for such values is that the range 

of the obtained activation energy for aluminum alloys 

was in agreement with presented values (in the range of 

142-249 kJ/mol) in the literature [6-8, 27-30, 34]. Ji et al. 

[30] represented the activation energy for aluminum 

matrix composites in the range of 226-272 kJ/mol. 
 
 

 

Figure 6. The curve for 𝑙𝑛(𝜀�̇�𝑖𝑛) versus 
1

𝑇
 for aluminum 

alloys, unreinforced and reinforced with nano-particles 
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Besides the activation energy, the material constant, 

𝐴, for the nano-composite had lower value (3.3×1013), 

comparing to that of the aluminum-silicon alloy 

(5.7×1018). Therefore, the nano-composite had lower 

minimum strain rate and higher creep lifetime.   

FE-SEM images in different magnifications for 

aluminum-silicon alloys, unreinforced and reinforced 

with nano-particle, after creep tests is depicted in Figure 

7, to check failure mechanisms based on fracture 

surfaces. Based on this figure, both materials had a brittle 

fracture behavior, according to the observed quasi-

cleavage marks on all fracture surfaces. In addition, 

micro-cracks could be seen on quasi-cleavage planes. 

Such marks were reported by Wang et al. [46,51] for the 

piston aluminum alloy, under cyclic loadings at 120-

425°C. They indicated that at 280°C, brittle quasi-

cleavage fractures of the aluminum matrix, with broken 

silicon platelets and other intermetallic particles, were 

observed at fracture surfaces. At 350°C, the fracture 

surface morphology was same as that of 280°C, with 

some dimples, as a ductile fracture mark. However, at 

425°C, the fractography of aluminum alloys changed to 

a typical ductile fracture with micro-dimples and broken 

silicon platelets [46]. In other words, increasing the 

temperature caused to change in fracture characteristics, 

from brittle to ductile fractures. Such behavior showed 

that the temperature had a significant effect on 

mechanical properties and fracture behaviors of 

aluminum-silicon alloys. It should be noted that fracture 

surfaces of the aluminum-silicon sample at 300°C had a 

sudden rupture, since the creep lifetime was 1.6 (min). 

Therefore, there was no clear cleavage planes and no 

plastic deformation induced. As another result, the 

cleavages plane seemed to be bigger for the nano-

composite. Bigger cleavage areas and less tear ridges 

showed the poor ductility [49]. In the literature [46], such 

results, including lower elongations for the nano-

composite, were obtained. 

Two important notes for Figure 7(b) are about the 

sample with nano-particles and low improvement of the 

creep lifetime at 275°C. For the first note, the standard 

sample at 250°C was not broken, since the creep test was 

stopped after about two days. As the second note, it 

should be mentioned that at 250°C, since there was no 

fracture, the crept surface of the cylindrical specimen 

could be compared to the initial sample surface, before 

testing. After creep testing, the roughness of the 

specimen surface increased, according to the plastic 

deformation. For the third note, lower improvement of 

the creep lifetime at 275°C was due to a big 

microstructural defect (on the left-hand side of the 

fracture surface), as mentioned before.  Although the 

sample could experience higher creep lifetime than 205.1 

min. 

Figure 8 shows back-scattered FE-SEM images with 

EDX maps for aluminum-silicon alloys, unreinforced  

 
(a) 

 
(b) 

Figure 7. The FE-SEM images of fracture surfaces for 

aluminum alloys, (a) unreinforced and (b) reinforced with 

nano-particles 
 

 

and reinforced with nano-particles, after creep testing at 

275°C under 100 MPa. As can be seen in Figure 8, the 

gray-colored regime included Al and Si elements and the 

white-colored regime included the Ni element, which 

showed the (Al,Ni) intermetallic phase. As a note, the 

distribution of other elements had no meaning, in both 

materials. Based on the EDX map, micro-cracks were 

observed more inside the intermetallic phase, in the 

aluminum alloy, without nano-particles. However, in the 

nano-composite, such micro-cracks were observed at 

boundaries of the intermetallic phase.  
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(a) 

 

 
(b) 

Figure 8. The back-scattered FE-SEM image with the EDX 

map for aluminum alloys, (a) unreinforced and (b) 

reinforced with nano-particles, after creep tests at 275°C 

under 100 MPa. 

 

 

It seems that the failure mechanism improved, when 

nano-particles were added to the aluminum matrix. The 

crack path changed from inside the intermetallic phase 

into boundaries between (Al,Ni) intermetallic and Si 

phases. Therefore, the creep lifetime increased for the 

nano-composite. The crack length in the nano-composite 

was less than the crack length in the aluminum-silicon 

alloy, without nano-particles. 

Zolfaghari et al. [49] reported that in aluminum-

silicon alloys, the failure could be initiated by cleavage 

marks from intermetallic or Si phases. They added nano-

particles in the aluminum matrix to decrease the size of 

Si phases in the matrix and therefore, increased the 

fatigue lifetime of the nano-composite. At this condition, 

Al/Si interface debonding occurred as the failure 

mechanism, due to the weak interfacial strength. Then, 

adding nano-particles would increase the strength of the 

Al/Si interface in the nanocomposite [49].  

As another failure mechanism, they also implied that 

intermetallic phases had significant influences on brittle 

fractures of aluminum-silicon alloys [49,52]. 

Rezanezhad et al. [52] presented that the dispersed 

distribution of tiny intermetallic phases would increase 

mechanical properties of aluminum-silicon alloys. After 

Si particles, the second phase, which had higher phase 

percentage in the microstruture, was related to the (Al,Ni) 

intermetallic phase [52]. The third phase in the matrix 

was the (Al,Cu) intermetallic phase [52]. They claimed 

that lower content of the (Al,Ni) intermetallic phase 

could enhance the fatigue lifetime. In this case, the crack 

nucleated usually from large intermetallic phases. Then, 

these cracks encountered intermetallic phases and they 

might progress along intermetallic phases [52]. 

Therefore, lower amount of the (Al,Ni) intermetallic 

phase caused higher lifetime. 

 

 

4. CONCLUSIONS 
 
In the present article, the temperature influence on creep 

and fracture behaviors of the aluminum matrix nano-

composite was investigated and then, compared to those 

of the AlSi12Cu3Ni2MgFe aluminum-silicon alloy. 

Experimental data can be described as follows, 

• The effect of the temperature on the creep lifetime 

of materials was significant. There was a decreasing 

trend for the creep lifetime by increasing the 

temperature. Besides, by increasing the 

temperature, the minimum strain rate increased. 

• The improvement of the creep lifetime by the 

addition of SiO2 nano-particles to the matrix was 

severely significant. Besides, the minimum strain 

rate for the nano-composite was lower than the 

minimum strain rate of the aluminum alloy.  

• FE-SEM images of the fracture surface indicated a 

brittle fracture behavior, based on quasi-cleavage 

marks, for aluminum alloys, unreinforced and 

reinforced with nano-particles. However, the 

cleavages plane was bigger for the nano-composite.  
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• Back-scattered FE-SEM images with EDX maps 

showed more micro-cracks inside the intermetallic 

phase, in the aluminum alloy. However, in the nano-

composite, the failure location changed to 

boundaries of the intermetallic phase.  
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Persian Abstract 

 چکیده 
تقویت نشده و تقویت شده با ذرات نانو، مورد بررسی قرار   ،سیلیسیوم  -آلومینیوم  AlSi12Cu3Ni2MgFe، تاثیر دما بر خواص خزشی و رفتار شکست آلیاژ  مقالهدر این  

 -نیرو  آزمون خزشامپوزیت، ساخته شدند.  گری گردابی، به ترتیب برای آلیاژ آلومینیوم و نانوکگری ثقلی و ریختههای استاندارد به روش ریختهمنظور، نمونهاین    ایگرفت. بر

سطح    های خرابی،برای شناسایی مکانیزم  مگاپاسکال انجام شد. سپس،  100درجه سانتیگراد و سطح تنش    300و    275،  250های استاندارد در سطوح دمایی  بر روی نمونه   کنترل،

دما، بصورت موثری، رفتار خزش هر دو ماده را تغییر    طالعه قرار گرفت. نتایج تجربی نشان داد کههای آزمون با میکروسکوپ الکترون روبشی نشر میدانی، مورد م شکست نمونه

 300چنین افزایشی در عمر خزشی، در دمای  مشاهده شد.    در خواص خزشی  با افزودن ذرات نانو و عملیات حرارتی به ماتریس آلومینیوم، بهبود قابل توجهیبعلاوه،    دهد.می

نانوبود. در نمونه   کلویجبا آثار شبه  بررسی سطح شکست هر دو ماده نشان داد که رفتار شکست بصورت ترد   ،همچنینبیشتر بود.  درجه سانتیگراد   ، موقعیت کامپوزیتیهای 

 د. فلزی تغییر کرفلزی به مرزهای فازهای بینشکست از داخل فازهای بین

 
 


