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ABSTRACT

The present work was intended to estimate thermoelastic behavior of AA2024/magnesium oxide nanoparticle
metal matrix composites. The RVE models were used to analyze thermo-elastic behavior. The stiffness of
AA2024/ magnesium oxide nanoparticle metal matrix composites decreased with the increase of temperature.
Below 0°C and above 100°C MgO nanoparticles were fractured except in range of 0°C to 100°C where the

interphase has fractured.
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I. INTRODUCTION

The exploit of reinforcing particulates as stiffening agents in the metal matrix composites has received
considerable attention for variety of applications. Aluminum alloys are valued for comprising low density and
high ductility, but they lack the strength and stiffness. By reinforcing an aluminum alloy with nanoparticulates
of stronger and stiffer material such as SiC [1-5], alumina [6-10], alumina trihydrate [11] or carbon [12], it is
achievable to fabricate a composite that preserves the light weight of the aluminum alloy while attaining greater
strength and stiffness. Apart from Al-alloys and Mg-alloys [13] are widely suitable as matrix materials in the
metal matrix composites wished-for for automotive applications.

Thermal stability of the nanoparticulates and matrix materials is exceptionally essential to appraise the
suitability of these materials in diverse applications. Thermal decomposition kinetics and interaction of thermal
energy between particulate and matrix are imperative for sustainability of metal matrix composites for high
temperature purposes [14, 15]. For instance, acquaintance of the coefficient of thermal friction (CTE) of metal
matrix composites is obligatory in computing dimensional changes and induced internal stresses when
composites are suffered to temperature changes.

Magnesium oxide (MgO) has elastic modulus of approximately 300 GPa, shear modulus of 122 GPa and CTE
(coefficient of thermal expansion) of 12 pm/m-°C. The MgO nanoparticles have high surface reactivity and high
chemical and thermal stability, which make MgO a hopeful material for applications in fields of sensors,
semiconductors, etc. AA2024 alloy has elastic modulus of 71.7 GPa, shear modulus of 26 GPa and CTE of 7.4
um/m-°C. AA 2024 alloy is used for motorbike or bicycle frames and armored vehicles.

The present work was planned to investigate the thermoelastic behavior of nanoparticulate MgO/AA2024 alloy

matrix composites. Finite element analysis (FEA) was implemented to measure the local response of the
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material using representative volume element (RVE) reinforced by a single particle subjected to hydrostatic and

isothermal loading.

Table 1. Mechanical properties of AA2024 matrix and MgO nanoparticles.

Property AA2024 | MgO
Density, g/cc 2.78 3.54
Elastic modulus, GPa 73.1 330

Ultimate tensile strength, MPa | 395 166

Poisson’s ratio 0.33 0.35
CTE, um/m-°C 21.1 12.0
Thermal Conductivity, W/m-K | 121.0 60.0
Specific heat, J/kg-K 875 1030

I1. MATERIAL AND METHODS

The matrix material was AA2024 alloy. The reinforcement nanoparticulate was MgO of average size 100nm.

The mechanical properties of materials used in the current work are given in table 1. The volume fractions of

MgO nanoparticles were 20% and 30%. In this investigation, a square RVE (Fig. 1) was outfitted to interpret the

thermo-elastic (compressive) behavior AA2024/MgO nanocomposites. The PLANE183 element was used in the

matrix and the interphase regions in the RVE models. The interphase between nanoparticle and matrix was

discretized with CONTACT172 element [16]. The maximum contact friction stress of g, /V/3 (where, o, isthe

yield stress of the material being deformed) was enforced at the contact surface. Both uniform thermal and

hydrostatic pressure loads were applied simultaneously on the RVE model.

MgO nanoparticle

Interphase

Fig. 1. The RVE model.

Poisson's ratio can have positive or negative values of large magnitude in anisotropic materials. For orthotropic

materials, Poisson's ratio is bounded by the ratio of Young's moduli E as follows [17, 18]:

V12| < (Ex /Ey )1/2

o))

The other definition of major Poisson’s ratio is as follows:
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In the present work, Poisson’s ratio vy, was calculated to validate the results.

I11. RESULTS AND DISCUSSION

The finite element analysis (FEA) was carried out at -100°C to 300°C isothermal conditions. The hydrostatic
pressure load was applied RVE model to investigate micromechanics thermo-elastic tensile behavior of
AA2024/MgO nanoparticulate composites. The volume fractions of MgO nanoparticles in the AA2024 matrix
were 10% and 30%.
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Fig. 2. Influence of temperature on thermoelastic strain.

3.1 Micromechanics of Thermo-Elastic Behavior

Thermo-elastic strains as a function of temperature are showed in Fig. 2. The increase of temperature increased
the tensile strains along the load direction while the compressive strains along the transverse direction
decreased. In the composites having low volume fraction (20%) of MgO nanoparticles, the matrix (AA2024
alloy) had experienced the large tensile strains as the temperature changed from -100°C to 300°C temperature as
showed in Fig. 3(a). The MgO nanoparticle had experienced the compressive strains for the temperature loading
of -100°C and 0°C, while the interphase experienced the compressive strains for temperature loading from -
100°C to 300°C as shown in Fig. 3(b). The same kind of trend was observed in the composites having high
volume fraction (30%) of MgO nanoparticles (Fig. 4). The strains were higher in the composites comprising low
volume fraction of MgO than those induced in the composites comprising high volume fraction of MgO as
revealed in Figs. 2, 3 and 4. The behavior of tensile strains was linear and it was quadratic for the compressive
strains. Tensile and compressive strengths as a function of temperature is depicted in Fig. 5. The tensile strength
increased with the increase of temperature as showed in Fig. 5(a). The tensile strength deteriorated with increase
in the volume fraction of MgO. This is due to fact that the tensile strength of AA2024 matrix alloy and MgO
nanoparticles are, respectively, 395 MPa and 166 MPa. The compressive strength decreased with increase of
temperature from -100°C to 100°C and later on it was increased from temperature change from 100°C to 300°C

as showed in Fig. 5(b).
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Fig. 4. Raster images of compressive strains of AA2024/30% MgO composites.
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Fig. 5. Influence of temperature on strength.
Fig. 6 and 7 show raster images of stresses induced in the composites having 20% MgO and 30%MgO
nanoparticles, respectively. The orientation of tensile stresses were along the direction of loading as showed in
Figs. 6(a) and 7(a) whereas it was in the transverse direction of tensile loading as showed in Figs. 6(b) and 7(b).
The transfer of stresses increased with the increase of temperature from the matrix to the nanoparticle as seen
from the order of colors. It is also observed that the nanoparticles had experienced different local stress fields as
indicated by the spectrum of different colors bands in the particles. The MgO nanoparticles are heavily loaded

(high stress color bands such as red). This is because of the lower threshold value (low tensile strength of 166
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MPa) of MgO nanoparticles. As the temperature increases the maximum stress band propagates from the matrix
to the centre of the MgO nanoparticle through the interphase.

The tensile elastic modulus along x-direction decreased with the increase of temperature as showed in Fig. 8(a).
This kind of phenomena was also observed in [19] and [20]. The compressive elastic modulus along y-direction
increased initially from -100°C to 0°C and later on it decreased from 0oC to 300°C. The tensile elastic modulus
was very high below 0°C whereas the compressive elastic modulus was low below 0°C. The MgO nanoparticles
are very stiffer to undergo deformation under tensile loading while they undergo shortening at very low
temperatures. This phenomenon is also confirmed with the variation of major Poisson’s ration with the

temperature (Fig. 9). Poisson's ratio is bounded by the ratio of Young's moduli E as mentioned in Eq. (1).
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Fig. 8. Influence of temperature on elastic modulus: (a) E, and (b) E,.
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Fig. 9. Influence of temperature on major Poisson’s ratio.

3.2 Fracture Behavior

Fig. 10 describes the von Mises stress induced in the composites. The von Mises stress decreased with the
increase of temperature from -100°C to 0°C and later it increased with the increase of temperature. The von
Muises stress was higher in the composites having 20% MgO nanoparticles than that in the composites consisting
of 30% MgO. Below 0°C and above 100°C MgO nanoparticles (Fig. 11) were fractured except in range of 0°C
to 100°C where the interphase has fractured. This indicates that AA2024/MgO nanoparticulate metal matrix
composites are not suitable for the applications below 0°C and above 100°C temperatures. The damage of MgO
nanoparticle is illustrated in Fig. 12. Multidirectional cracks are seen in the MgO nanoparticle representing the

multi local stress fields.
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Fig. 10. Influence of temperature on von Mises stress.
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Fig. 11. Raster images of von Mises stress of AA2024/MgO composites: (a) 20% MgO and (b) 30% MgO.
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Fig. 12. SEM image illustrating damage of MgO nanoparticle.

IV. CONCLUSIONS

The tensile elastic strains increased with the increase of temperature. The tensile strength increased with the

increase of temperature. Interestingly, the stiffness decreased with increase of temperature for AA2024/MgO

nanoparticulate metal matrix composites. Below 0°C and above 100°C MgO nanoparticles were fractured except

in range of 0°C to 100°C where the interphase has fractured.
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